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Fig. 13. Relation of pressure head fluctuation at different stratum by drainage well works.

B-13-a 1oRd & 51z, 19834E1 A5 10 A £ T EMKREEN CEURTYS —1.07m (L@
LoES 15 m), FHHRHBEANTHE —589 m (PBLOKS 26 m) BEELEBATH
—9.31m (FBILOES 35m) Th -1z, 1983 F 8 A THO BRI & b B KRBT Tkt
BN 422 mm B8Rl h, =B (k- - FEfD oFE/IK#EREZELZH —0.38 m,
—5.12m, —890m ¥ T LR L7, Ft, 2FLR + L—F —BRHEFLTOH TR OBRRKER L,
BIEGBEM S 125 LLERENIC X » TREKMETH L 7o Fic bR T o v 7 k0%
FIES AKX BEBICIE 2~10m QK ERBA SN, T Eicky, ToREDO LT
oy 2T, HEJ7KEO ERSERICSBICRIN L TWaA Z EMERS I,

5T, COMEOTE oy 7 TIHETFEOEKH 2 SMEK 1I5mBEn TRES N LB
L GEx 18m) & FEFL (BX 27 m) OBAKER (K-13-b) Itk 5 &, 1983410 AH 5 1984
7 B % coBRIER < HBTLEE/KEE —11.5 m, FEFLEEKE —129 m pERllanz,
D5 bO FREILOKELH)IZ, K-13-biRd LT, 1984FE 3 H» S 7 HE coEfREMIc



14 g &£

X USHHIT EF 32 &b o1,

—7%, BAFOHBEOWHINBERAOEI/KEICEZ 2 E8%55 L, K13 OHAFSO,
@, ©®, O WRT &I, BKHF 1L SoHEOEHIERICE, ZBFLE SENIKEER 2%
EnRonih o, ZHNIEREKHORIE Z-ICE NV S VEFEA L THERAHFLOH FKDEFZ
AB X CERHARGED S ORKEH CHIRICLZbDEEZ SN D,

B2H HKR—U VTILOEANIC K D EHKEDET

B-13 IR d & S i, K1 BSTOERFKE—) v 7HILoWEEI, BROBELRT 5k
WIT 1984 D 1 A & 8 Bt o O LI TIT - oo RINCEIKHNO TEEKRE—Y ~
SHOBTICEFL, 1 A5 10 ADHEKKR— ) v S TEET- 7, FEROEKL—) v 7o
EHIFICRED 2 A» ShEOEKE— Y v I THSERKICET L. @L@DEEILM%» 3
&, ZEALOE/KEOETAHBICED Sh 5, BKE—) v ST E/KEOETE
i3, LA 3 7 AEEE/KEOBAKROZEL LT, £#hEhn 1.6m (EEF), 49m (f
BFD, 172m (FEf) TH 2, FCTELTORE/IKERRKEEF LI, &, K130

©)
0
No1ﬂﬁﬁ'l,..

39

0
-5 3 -1 b5 p———
4 -10F 4 o

-10

-15F 1 -1sf 1 -15p
~201 4 -20} 4 -20F
-25r 1 -25f 1 -25f7

-30f 1 -sor 1 -s0f
-35F 1 -3 -35f

-40 40 ] -40 ]
1083|718 OTIO[112[1]2]3[4] 163 7[8]8[O[12[1]2] 3] 4] 1983 78] 0Ol 112 1]2][3]4
@ ®

390
No |

39

0
No2 FL1E HY
° by

0 ———; 0 0
S h -5 f—r———— 1 -5F
L] e 1 10 r—"—"ﬁ 1 -10F
-15f . 1 -15f 1 -15F
-20f 1 -20r 1 -20f
-251 1 -25f 1 -251
-30f 1 -3or 1 -sor
-3s5[ 1 -35p 1 -35f
-40 - -40 -40 -
wea[ 7] 8]0lo[t 12 1]2]3]4] 1esa[ 7] 8]0 1O 1f12[ 1]2]3]4] 10s3| 7[8]0tCf1 12 1]2]3] 4

X-14 HKkH 1 SOTEREKK - v 7 ILOMHIAR & /KEOERFE (20 1)
Fig. 14. Relation between excavating direction of horizontal borehole and pressure head
fluctuation at lower stratum of No. 1 drainage well (one of the same).




g~ i TR O2EBY 1< B 2 RERAIBTF 15

®, ®LQOEEIIRTIE, ZhENTBRIA, LB IAREPEIADEKRF—) v IHBHELS
N, O LB 9EADEKE—Y v I ALOBILEKEO A =BFLOFEIIKEDOETHED S/,
ZREAOFEHKEOETRIZZHNZFN 053 m, 1.34m, 024 m HE SNt FRiCHBILISHIEL
TVWABEILE EBT—BAREH 134 m OETEMNA N, —F, HKH2SOBAIFLO
EHKERIE, QO TFE12AEBO LR 11 KOEKK—) v 7HTickd 6.65m (EREFD,
8.06m (FBFL) DIETHA LNz, ULDFHAITE, WTFnbEBOESIKENERBED & D X
DK T DEIGHKE W,

1. WHEE - FAIC &L B3EHKEOER

X-14 38EKkH 1 ETBTOREKE— ) v 7ILOBEIAE L KHEOEBRERERK/RL /b D
Thb b, BKK—Y v IILOBEISFESEKIFHEOESIKIEICG A 2HELRITT 509, &
KA 5258 & HE T AR & OBAR A2 D 5 Q% TORERT/RL TV 3, 9 OREK
OMEREDONAERS &, O® EXIZEKI 1 SFHEOFEKTH », FIKHF 1 SITEVER
FLoOKIHEEEZ DO FRITR Lz, TRIB/KIEHEEL & bicHEOBEI THFHRLBEBEL TRLTY
3, 1z, M-15 138Kk 1 B TEB L UHBROEKE - v 7 FLOEEIAE S EJIKEROE T

@ ®

390

No8F. e Ml
So,

370)

b

1350

sk
10k
-15}
a0k
-251
=30 -30}F
-35- 1 -3f
-40 0 -40
1es3|7]8Jonof 2 1] 2[3]4] 1083 7[8]010ON M1 1]2]34] 19e3

® Q)

390

-5k
—10F
~15}F
—20}
=25

No4 7L 1 HI
*o

0 0 ]
-5k -5 F -SF

___.J\———A——-—___—_______\‘ ! ——-—J--—-———-—~—-——-—_x\
-10F {1 -1oF {  -10F
-15f 1 -18p 1 -5

-20F ‘ 1 -20F 1 -20f
-25¢ . i -osf 1 -2t
-aof - 1 -aor {1 -a0f
-5 1 - 1

-35 -35
-40 -40 ~40
1o 7[8]9N0[ M2 1]2]3]4] rses|7]8]0f100 N2 1[2[3[4] 1esa[7[8T0N1CMIMI2[1]2[3]4

®-14 #k#H 1 SO FREKE Y v 7 ALOERIGE & KBHOZELBE (£ 2)

Fig. 14. Relation between excavating direction of horizontal borehole and pressure head
fluctuation at lower stratum of No. 1 drainage well (two of the same).




16 E £ OB
o .
_55 ﬁﬁ'|17’718mﬁ5&5;7k4 ‘/min” J:'?{.
i ! ‘/gczsmﬁfpt’ bR

—RED.6. QROWMMMM

E \

- h } o~
K-20f . :
i ] 3 ; :
(m) _p5 | o B

{ﬁﬁﬂazmﬁﬁgmo; ‘/;nan

CRTUAN |

® C©BId [©)

LT .
(ﬁ)q’ 20 g } i
&;g | SEOBMMMFEH |

@
1984 18 4R | 58
O~OEMADES HEH' -] . Eﬁ.‘l Y

X-15 SkH 1 SORKFR~ ) v 7 BHIC & 2 FLAEK E HKEEOE T B

Fig. 15. Relation between groundwater discharge and drop of pressure head by horizontal
borehole of No. 1 drainage well.

TRA
BV57-4H,

BAfRAERT, LITOITIER-14 LK-15 B L7eA55, MHIEE » A & 3FES/KEOE
B amitd 5,

9, K-156 D FEOEKE—) v FHOWMENRIL AR 5, 1984E1 13 H» 54 H
24 Hi</p i T 10 ROWAITHE ST e, TED No. 1 FLOHEHE] GBHIAEIZK-14 O@IiTR
)i, LA 13 H»SBEY, 16 BIEBHIERE 17~18 m fHETOE/K 4 1/min & & bz K —
VIO — vy SRS St A=V Yy S AR RKEBHUORIASEN LE L. <
D EEDOFEIPKESBIAET Lo 2 LT 17 HICIEHIZER 27.5 m OB WAIE D S A TEK
30//min &% 0, FESKENKRALIET L1, No. 2 FLOEY] (X-14 o@icmt4R) 1, 21
HIZHHIRER 14~17 m fHEIc B3 21E7K 3 I/min THEAKESBRZ IETF LTV, No. 14
BLU No. 2 FLOFR— Y Y I EZEEL TWEWEHE (25 H~29 HORM) 1< & EA/KEELE T
LTV, No. 5 fLoEH| (K-14 0@/~ AR (&, REF RS /KEEERAFLICE - TH 0, ##
HIBAS TESKBEREIC 28l m K F Lk, T/, FEBABXOhBILOKAIZE/LLE
» = fee No. 11 FLOYER] (K-14 o®i/Rd AR &, 27X b v —F —BUAFL BV57-4 i2[d] -
TE0, 29 B2 0HHEIMNEE D, 10 HICHEHRER 32 m I TE/K 60 [/min 255 H Z DB,
T D BV57-4 LM AR DIE TSR SNt DK, WEHIEEE 35 m (HETH — v v 7 05EIHF
S, WHIEELTIRICE > 7, 13 BRI SHEHILE L, 14 HRIEYEEE 39 m £ ClEFHi
A THEIL 7205, 15 BiCHER v 7iEEEO 12, BUEEIEELdksh, 181 0H
B L CTHEHIFEE 55 m & THEHIX vtz #RIZ No. 11 FLISIE W No. 10 Fl, No. 9 FLoIEY! (50-14



Hg-~ b Hukt Tk OEFBA S 2 KEREIBTAL 17

D@, ®WRTHRM) T, BV5T-4 FLOMITFKAAEIC 17.7 m KT L 72. No. 4 FLE LU No. 3
FLowmHElE, WEIFRHED - THEFKEEEHIFLICE - TH D, No. 4 FLIEHI (K14 oOQlRd
HED <& 0K 1 S TFBLOKENZDETL, &5 No. 3 FLOEEI (K-14 D@IT/RT
HED TT70lmiEF L7,

Pl EOREMRS & ESKBAOIE T A R 3 &, E//KEOE FIREKE - v 7RO
Kom PIPICE L 7o & & EHIFLEICBARSRAE Lo & JIcRE L TV 3, K 1 SOFEALICHE
BlL7- No. 1 L5 No. 5 FLE TP 5 BOEKF — ) v VAL =EFLOKEOE BB D - TW
2o L2 L, FERITIENIG 3 & =BILOESI/KIEIZ & £ 0 BB E(LERE W T &b b - 1,
—7, BV57T-4 FLOHTAMOET ZEKR—Y v 7O No. 9 L& No. 11 FLOHHIKE <
BEEL1-,

Rkic, K15 1R$HEROEKE -1 v 7ILOWENEE S EJ/KEEOZEL & #Etd 5, 1984
F2H8H255H 11 i3 TI0 RO TEMBTONID, Z£0D 55D 5 KIFEHIFLOKH
LEEDVHRTELVOTHERTRL o BENCHBHIL 72 5 AORRIT> W TEHIAT 5, No. 3
FloEdliz2 A8 B, Sia% b, 11 HICHEHIER 16.5 m L TH/K 10 //min &3z —v v
7 HREDAT T S NIBEIEEN LIZS (ki » ., 2 LT 23 HICHFA SHEILEL, 28 H
F TIIEHIEER 55 m AL 720 L LREFLOFESIKBEOE T BRSNS - e, £ DR,
No. 4 fL7»5 No. 7 FLE TIERIC 4 KEWHIL /2o ZOHER, FEATCOEIKELZNLZH
No. 4 FL¢ 2.10 m, No. 5 7. 0.63 m, No. 7 LT 1.07 m & T L 7z, Z 0z, LEALTOFES
KER G E THROEKRE—Y v 7HAOEEHIC L D BRABETLTW A ESED O, 14
B, No. 7 FLOEHIEHCIZFED No. 4 FLOFEFFCIERIL TW50DT, ZOEELEL O5N D,

2. € bL—F—BHAFLOM T KL ZEE

£KE—Y v SHLOEWHNHES 2FLR b v —F —BRFLAN O T ARSI, K16 iRT &
51z, BV57-4 & BV58-5 MAIC 19m, 8.7 m O/KAE T 2B Sht, Lrl, £k 15T
DOEBFLICITY BVE6-7 FLOKELIZ, 1FEAEELB -1, UEOERMPSA 2L, HK
*—) v IHLOBKNRELFLR b U —F —BEFLOM T /KA Sl 5 C & IREES < & A8
HEahtk, 2ORKRE LT, —BicHiT XTI NDBEIC X > T HSEILZh T
3 12 HHITF K ORRES, MBS & OKXEEsEETH D, Lrd, #iT XD MioT/KOZEEL,
2 OFHABHSEPCERICB VTR - LBHERT I LEMFZTVEADBET ONG,

3. $KKR—UVITHITANTOFRAII/NNITERY T3 FHER

HER DT~ EHEDEAKEOEE I >\WCHETHT S B L - KBS EEE T 3 -
b, NV TORRIRIEERAZIT > oo 7V T ORAILBIEFEER L, HRNICERBELLEBKK—Y V7
LIRTOFOWR SV T RO AT, ST 2B 3 2 ik b £ odbkigae%E —IFHicfEIR X
KR O FEFKEHRFLOEH 2IEA 5 C LWHNTH 5,

K-13 IR &5, EAkH1E0 3B V7, 19854 2 Athfa)h o 2 BRAEFIEL, Z0
HBHERE IR L 7o T DR 4 ATEE TRIIICBAILL, 4 AHRRLIBIC FBROABIKL 7o
F A ERIM P IREKIE 2 B0V T IIEBHRI NIARETH - o, ZORRELT, BKkH
1 E0=@A.OFESKEDOZES v 7 2B U 7o B EI7kEAMSEc ER LTl /N
TRBKT 2O LRIBIZZFNEN 1.97m, 3.35m, 2.38 m D Sht, B THHERIC
SHd BE LA EB O ESIKEHED LREBSRE O RKE V., BEILA SR L LS,



18 -} =

e KRKHIZEIILY
ARKEMETEEDS
nt,

BV57-4H,

~ ve g
BV57-2H,

o k‘\—JVM\NWJ

-13
-4} BV57-3F,
-5
_6-
-7

-9 BvS6-57%

() M
-13 b M

o o | e
-10 Y/hf:n

-14

-18

-22
-10

-11} BV57-1H, S— M
-12 W
-5 BVS&—H’LM W
-7 W\\W

-9

-4
BV58-1F. .
-6 ~—_ WJ\J\,\W *\Nf\\,\

-8
200

8 100
)

(mm) 0

1983 1984 1985
1 [2] g4 [5[6[7] s|ofrolslnd 1]2] 34 [s]6 7] 8o 1121 |2]3[ 4l5]6[7] & gt
X-16 £FLR b L —F+ —BRIFLOH T KAL)

Fig. 16. Groundwater level fluctuation at the observation borehole.
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Table 3. The maximum permissible volume of pressure head in a period of closing valve
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drainage experiment at No. 1 drainage well.
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drainage experiment at No. 2 drainage well.

LR

~
~

180 mETF L7z, 2%, BROKEETLEELL FTBILOEIKENLZEL K EF LI, 8L«
1986 FED /)L TIMETIREKH 2 BEOBRIC & 2 /KEEELOFERIR S NEH» - 108, SHEHD
PNV TRIETIREENRD Sl

@D®BIETIE, 9 B HE0EFHEER 138,56 mm OFE TERERATFLOKESKIRIC LR L7, F
I TFBILOKIEIRZ#IC 434m FRLTH S, ZOFTOKEER->-TVWE, TORRELT
i3, EkE—-) v IHoBET Y ORETH T KO RS-0, 2 VIFE O EREES
SiEES N FKE I WESKESE#RIC LR LR ENEZ 5N S,

2. #IKKR—U THMD DR

BI-17 £ B-18 1759 1986 £ & 1987 HEDERTHOLNWAEKBOF— 5BV T, BRO
Tk ZEKBOBVSRIBSNAZDOTENERICKRIT 5, BKEBEIEROEKF-1Y v 7
oo 0RFHE TR,

o, K-1712R L7 19864 8 A > 0QDEIEIC & 3 LB E TERORKEDOZIHICEHR
T2, NUTEBEFLEKIC, REBIEIE—2ZIGEL, 20KV > ARKENERLIR, £/
HAKBOE L WEINNS D, ©—2hENk, FI0 -7 BKkBIELIHRIBEKE -V ¥
SERNICER LK acHEa N cp EEL SN D, BEOE— 7 BKEICHED 2 HREI,
9H 18,5 3 HOMIC 171 mm OEFEENRSH D, TOFEBLEDLN S,

wuT, M-17 RS 1987 0%k 1 SOERIE, FER, V7 EHBIREIC LTS E,



24 [ £

KERE;, VT O—EERIEL, L L, 11 Adfh 5 KEROMT/KARN -0, WEE L
TODPAIEEBRIIR I~V 7TEIEAZE U CEBfIC L7, KEBOHITKIE, Z0OHi® 9 Ab 5
10 A £ TOMRMERN 284 mm OEETE//KESEBIC ERL, HHshtbnEEL LB,
—h, NUVTERECLZEKEOREZ, 9H 29825 10 A 26 HE T LB/ SV TOA LK
LEROSRKEEA S L, LRIOEKBEMBELTEE DL LV, FASTBIESKE L
TEREIh - ETFRaN S,

F=i, K18 1R LKA 2 BOBHE, F//kil, EkE%42 &, H5iC 1987 4E 11 A
hR) o ORKBIERLFIL VEL, L b TRBILOENKEO FRES -5 32 &85
N5, 1987 & 11 AHERKBOEKENE U & Ficld, B UBHO D FL & HgENE 1o
TR HOEEHED i,

3. Emik $£kR FEHKEOHERBRF

1986 £ & 1987 Fick U 2[R ME, H/kH 1 SZROEKE (BRBROKRKEHE), =BAOE
TOKSRESOEREREIC, ZOMERMHRZELTICKRIT 2, 9, K-19 105 L2 SigERe s
BKEBORGREHS 5 &, BREOKINC L 2EKED FRBEZEASED SN D, i LBICKET
SHELC OMTILBTOREKENROEV, T, BEVWIREEKEIDE L, >F VER» OO
FEBIURILEEIC L - THEAKBNER 2,

Riz, K-20 1R L7c v 7EAIEBEE ES KA ERE (BESE KRS -~V 7 BB o
ETKBEDZE) LOBREA S E, ZBE bICHHBLSEOMERFRE & » T\WB, FAKELR
BRE TEALL BT GRRLFEE oFhAE, EKEAEV LB TRKEH [
ABRDNE W NV TEERS Z\VIEHICEET 2 AER LD, TOFHKELRE~NORE
PHEHOFBRKEVI EHHBAL 72, £HidE 3 EBORRE KT 3,

700

®KH#H18
O EE o
600 | @ : PR
*: FTE
500
®
400
* |
& 300}
(m3/h)

200

0 50 100 150 200 250 300 350 400 450
EHEEFEE (mm)
K-19 EFERENE & EKE 0BG
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AL 5 k25
EEEKE K E TEEKE FEREKE TEREKE
s H—y vy Y Hey v - vy -y v
FE 15m ZERE 25 m #E 35m ZEE 18 m FE 27m
cc/min (%) cc/min (%) cc/min (%) cc/min (%) cc/min (%)

1 7. ‘ 4 0 (0.0)

2 3. 0 (0.0)

3 3. 0 (0.0)

4 3. 0 (0.0)

5 5. ©. 0 (0.0)

6 (0. 0 (0.0)

7 . 0 (0.0)

8 ( 0 (0.0)

9 ( 0 (0.0)

10 ( 0 (0.0)

11 ( 0 (0.0)

12 (©.

13 a.

3 4860 (100.0) | 2360 (100.0) 1280 (100.0) 0 (0.0) 180 (100.0)
m?/ H 7.0 3.4 1.8 0.0 0.26
HEH 5H27H 68248 4H29H 5H13H 50138
R 5/14-5/27 6/11-6/24 4/16-4/29 4/30-5/13 4/30-5/13
ARWE 100.0 mm 21.0 mm 51.0 mm 31.0 mm 31.0 mm
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LHEDTITONI S,

AEITE, RS N I8 2 BKHETEI®R oMb S L CHERBRDO F— 4 (514 7
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BRI ARG T 5 O REEEMESHBER, 1981~1989 £ 1), K24 1351 7D ¢ A B L UH
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EEHD 72T, 1982FE L 6K T oy 7K — ) Y 7 ETW, A 7O T HE A0 T 72,
ZOFER, 19824138 A, I AnEREOEBETCARB, 1B FRBICHI~XEELE SN,
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Fig. 24. Location of pipe-strain meter and land inclinometer.
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Fig. 25. Annual change of pipe-strain meter.
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W, HRT 1986 i N TEREDSEIE E ek, BKHTEO O T AHOREEEHSEL L 2
5T EDED SN,
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1.0 m), BV57-1 Gll»AE 03mLlt), BV57-2 (Al AE 02mLit), BV58-5 (GAlrAE
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OB TAUBNTL OF I KFEMTL © HarEsist

K-26 B»AFHEL D BEEHSED SN BAE
Fig. 26. Moving position by measurement stick.
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Table 7. Relation between plus minus sign and slope direction by land inclinometer
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Fig. 27. Annual change of land inclinometer.
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OR—EHERL, BOEARINEITL, 20K SWHMICHEE L C#BLTW3, £/
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6 A1 HM»S 10 ARE T SW ARNREEZRL, Z0O% REZHERLTWS, 1985 FED
4 A~6 AE T3 N HRIOBEITH 345, #D#, SE I UEU NE~E HFEICEITLTWL 3,
EHENIc 8 H31 HE TEBMBKRE L, L d, BRECEHSKE B IHRBELN S,
1986 D 7 HEEEFHR T 1981 FITRVT/NE (B> TV 5B, 1988 Fick W\ T HHIg <D~
PR 5h, ThIEHEBORENRBEEHEEL SN2,

k-3-1 13 1982~1983 &£ TRWNMKICRABEHENIREZ(RH 5N, SW ARINOEEHE
Vo 1984 FEREFBEI/NS (ZHEH %2R LI 5 N>E-E—>S—>W HajicZE) L B ER)IC
H 5, 1985 F LB IIE L BMERICH %, 1986 FIIRBITH %, 1987 EDORBEEEFI/NE
VW, 1988 LI, U HIEARREL L > TV 3,

k-4 & k-5 13 1981 FBIRIBAIED © 1985 % TeEICETHRBIVNE K 7 B FEEFHE 6 7]
%, BOEETHELEEZ B,

DI EOREBRFER L Y, EAAMETLORTANC BV T 1982~1983 4 F TR I H{E
HMoBRBEENKELED SN, 1984 13 2 HoEKFOMIEM TS, 1985 FEEILEZIC
B ALTHBIIELFMERICH 2, UL, 1986 FEh SEKIFO v TEAILRIEDEB S N,
1987~1988 £ ¥ THURERIZT k-1, k-2, k-2-1, k—3 K EOEFRTRBEH LK E {TiFEn
too fERIET O REEH SR E S 2 2 FERE SV TRAILBEICEROEEPE-TnWEEEISh
%,

4. NIVTHREICKZESKE Skl BEHROBEERMFE (1986 F& 1987 FDXER)

1986 4E & 1987 4E D~V 7 DRAEAIRIE & F I/KEEOEFBAZROFEMIZ T TITE 4 =BV T
HRLTWB, ST TREELERT, £9, X-28 IT/R7 1986 FDOERI, FEH/ L 7 AR
REEIC L TH X, EBRE, UV T0—8ARKRL I, £kH 1 SoBAERLY, ZBEOTN
DOFESIKEEOZELEE I TO L It v o s, OLETOHIKIR, FEOES/KEICE
T5, LL, TRBOKEICIEELLZV, QBB ToHKE EEDEKEICEDEEST 512
ETohbh, TEOKEICEELLY, @METOEKELRE, FRETOREIIKERICHEELL L,
@FSKEETOHEE R E, FBIcH~NTTFTETREY, OBNOETEE, hETcoEIk
SHOEEPRD 5N 5,

X-28 ic/R g HEKH 1 50 1987 FOFEER L, FER, VT EEBIREIC L Tk %, Ehk
NN TO—EREEAIE L, LinL, 11 BAhEh S kEOH T /KrEN 0T, MEELTI1 A
ha)e & 2 A E TORIEERIERTIC v TIRIEAZE U CHEBIRKIC Ui, 2V TEIELIRTO
9 A» 5 10 A TOIER 284 mm OFETHE/KENSEZEIC LR L, KREOH T A B &
NzboEBEZI OB, —F, NVTEBIECKZEKBE~NOFEBIIDEV, T1b5, 9 H29H
510 26 BE CLEERASVTOBABKRLABEROEKEE A S L, LHIOEKEL L
THEDEBLBEV, AP TBICESKE LTERESNLETFHSNS, £, K28R
K 2 BOMEHE, E/1KkEE EKEOEEBERES S L, 1986 F & 1987 FEOEKH 2 S50#
SR 2EEN S TERIESESIKERIC S F D FEEL TV,

Wiz, EIKHAHTICHRE L - ERE &4 7O TR O RBBOLHEIR AR T 2, B
—IZ, 1986 LED W TERIEIC & B354 7O T A O RBEHEOBIRIZ, K-28 IT/RTEKH 2
BOOQDO NNV TERIEES B L, BkH 2 B50EFAICEEL /2 BV57-1 fLOZEE 295 m iIc B



Hord <0 HHTF 7R O 258 i B 5 BRI ST 41

k;

B
oF
—e
J7:’1
1E#®

1

:&

18 K
f\‘#
Ye
E
B

1E
B

{ k-1

i Z

i ]

g ;k—z

o ]

:k-Z—l
f: { BV56-5
e ]
4}
El
% ]
LUNGY { BV58-5
¥ ]
;suuo, & ]
4000 o 2 1
(1T 2kv=)0 p = s A otk ¥4 { BV57-1

4000 [ ———\/\ S %:
-8000 |- 2908 17. 6w N Bl

B 100 |

il agk .ILL..L I-JJ s, u A e PR | Ll-Jl.l._lll N

ik 1986 ‘ 1987

wm) (4 ]5]6/7]8]9M10[1112[1[2[3 [4a[s5][6[7]8[910]11]12]1]2]3

27 Bk B A TBIE B AT ERLE D~@ N 7HERIEOE S
BV56-5FLDEXEEIFERE (5.5m) (9.5m) (11.5m) (17.5m) (19.5m) (23. 5m) (29. 5m)
BV58-5FLO & EWEE (1.5m) (3.5m) (7.5m) (11.5m) (13.5m) (19.5m)(21. 5m) (23. 5m) (29. 5m)
BVST-1FL> & EEHIEHE (7.5m) (17.5m) (19.5m) (21.5m) (29. 5m)

BI-28 <0 7HRIEIC & B FEAKEES L OBBROZEEER (1986 4F £ 1987 £F)

Fig. 28. Relation between pressure head and displacement by controlling drainage experiment
(in 1986 and 1987).
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T, W72 10 14H25 11 H10 HETHIET 32 2 &tk » TO T ABOEINS—IR1IC
—8000 (X107 R L — ) WREL BT, D, BURIETIZDI ENEDONI, T/
ST ERARTSE, SHIROTAENR 4000 (X107 2 L —2) OFHEEEED 2XFHIC
IRLTOWBZ EDbhrotz, TOBRENSABE, NV THIMRIEOBE R X - CERICECE
KOTHENGZ ok BEBIEENE LN, BUOEET O TH S5, Mgz
LB bnTiRIEL, BEBERILOIEDBIMPIEE S LI &k 21 EO—HZTE & FRY 5,
7o, K28 1T/RTHEKH 2 ST (BKHOEKEFEN) O THT 0 v 7icdh b X HEERICHE
B & N HERE k-2 OZBE, B U/ S0 7 ORI EAR ic —BRIc R X S BN L 72 C & 83w
57 Bl L7z BV57-1 FLOZEREE 295 m OBRBEH OB E T 2 2 bbb -1,

BT, K28 1Rd 1987 FEOFS/KEE, HRERIET, 4 7O T AHOBIKEEREE 4 3 &,
QOFEHMIcBVT, BRI 25 TEOSVTEBIEZ4H 21 A2 S 7 A 6 B % THIEERES
TV, Z OO k-1, k-2, k-2-1 OHRERF O ERH 5 Hhah S8BT W3, 20K, b
7% 4 EEFEKRL Th SEHUNVT2EIE L7, 8 A 31 Bic s 7HIRRIEN KD 5 £ THEK
H 2 5fHIo k-2 & k-2-1 OMBERET L, ZHEORBOROVTHLLEHLTVWE I &N
Aot T, BKF2EMEICEBLLANS J7O0F A BVST-1 FLOEE 756m &
175 m ORBEH LBD Sh i,

@DEMEIZ 1987 & 9 A FA)H S @A 138.5 mm OB T & ERITLO KNS KIE I F&
Lo Btk H 2 BOTEALOKERBZIC434m FRLTH 62D T OKIEAEE > TV B,
Z O, BKH 2 BfHIICEE L7z BV56-5, BV58-5, BV57-1 /¥4 7O+ A3 0LEHE & [F
RRICELL TV B T Ebhstc, 2F 0, BERICEED X0 EMAEOHEFIKEED 7 AR E
#at &~ 7O FHEHOBBEOBEINCEREINCEEL TV 5 T EFED SN, FHTEKHE2
STV BVES-5 LDV TARBEBEI DML ER L T/KELRORFRE KT 52 Ehb
Moto, BB UIEKRE - v 7 5o KEOH F/RBHEK AN -8R E b —Fd 5,

5. NIVTRIEICKBIENKEALBEE LS OBFR (1988 4 1989 )

X-29 12779 1988 EOERRI, FHE v 7 ABAIRREIC L TH &, EBE, LT 0—#%
BAIE L7, v 7 DEEES DA EFET L, NV 7 ORIEEIER 6 A LA 5Fic 88
FELTCEICBOIRUIREETET L, LA L, 198849 H 27 HicEAH 2 BETFBRTONLT
BT 5 FERICIE, BAKBOEEBHEE 7 0 — b SN TE L L -, 9A 27T HA S
11 A22 A TONNVTRERFEHE & &> TNV T OBIE 2 BURMER I U, ZOREEIZ
K-29 i RdOLQDEIEEA B &, BKH 1 FEEO IV TAE L ERICHBILOFE K
AN 087Tm kR L7, £LC, 8 H2 B 6 LBV T ABIKRT 5 &, FEAEBERLOFEK
gEAS 048 m & 096 m KT L, Z0Di%, EEMEHE 90 mm »M%Ey, EJ/KeESD L ERL 72,
SNV TERIEIC K BRI 1 SOKEEE D 2EITECLICER BT T2 E08bhot, —
7. Bk 2 S OFEIKEOEE) LIV TERIESFES KIS EE L T L, Lnl, B
MOLETKIELFALA SN,

X-29 i RS HERE & BBHEOBIANKEE - A 2 &, 1988 £ (FEREMA T VS, NIES KB
FOBRTEEL TWE, AEEKGHFEWIZDR, 8HEIHTH S, HicsH 108015
9HG6HETDH—HAT40 mm DI LOBKED 9 HREEHINTVSE, 20D& XDRBNE
& 517mm Th -7, Lord, 8H2H»S 11 A 22 B TEENRIE2 ETED V7D
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Fig. 29. Relation between pressure head and displacement by controlling drainage experiment

in 1988.
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Fig. 30. Pressure head fluctuation by controlling drainage experiment in 1988 and 1989.

T OEHESHDA) BEIL>TWb, ZOFRTHHE T v v 7 OBEEICEES N k-3
DHIAMERZHIREOHENCEE L7z, C OHBIERETOZEIIBEL VEL < BV THIT <D
MR OB EBIR MRS S e, 70, BIKH 2 BT BV56-5, BV58-5, BV57-1 LD ¥4 7
O3 BB R E S EH Uz, I BV56-5 FLOZEE 115 m & BV57-1 OEE 7.5 m,
195m, 21.5m iBVT, OTFBORRBEISBD St

—F, 1989 FEDHERIT 1988 4F & iHIC IV 7 DIEHBEED 5 41T - 120 K-30 127754 1988 4F
L 1989 FEDERBRAHE T 5 &, 1989 F0DQDRIEERIE LBTL & hEFLo F S7kEaEs
1988 FDERE LY ER U7z, L L, 2EMIC/KBEOLEMER IZERNEIE - Td X UL
TW3,
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6. SKKR—UvTEREKE (1988 F& 1989 5F)

BEKF BT 2EKEERIEKFAD SRIRCEE L EKE - v 7ick->T, @LHT
198644 H 29 HE 5 A 13 HITfT» o Z DFERIS, BKH 1 SLEKH 2 ZOEKKE—-Y ~
THAEKRBOGRE S B L, FKkH 1 SOEKEGOFVIIE, R HEANRESH, TERIZL
B 2ERIV D 5, FkH 2 5O TERTIIHT/KOREB O SINCEST L, FKENIABICE
3, Lo, AL 7 1987 EOBEREROBIMIFERIC L 2 &, HBIKH 2 BHIIcEKE L 7o
ERET &4 7O THHEBEL O BBEELEVTHMILLEH L TVWE, LrbFEHKiED FR
LEKRE—Y VIO RBOMTFABEIKENRHRE G —FT 2, Dbl Ens, 19874
IR 2 SO N BB OB A LW 2 SR S HIh O AR L A# 2 Licfew, K
AEDHEL 0 F kA ERRET ZAEEM N B 5 EFEZ S,

FIT, 19884F & 1989 FFOE/KEFEER TIZ, 1987 FicHid ~ 0 MM B L < S L 1o
DBERERFHFDO TR, O DEKBIT KIS E D hERENE 0, BkH 1 5TFRESEKHA2 5 TFE
KB BREKE—) v I o 0HKERAIE L 7o, BIELRMIE, 198846 H21 05
198941 B 7T HETHEH16[E], 19894 9 H 26 HH» 5 19904 2 A 17 HE T&:F 14 [HfT -
foo FZ-91T/R Y 1988 4E & 1989 FE D EKBE IZEKRHF 1 S TETD 13 FLOEKE S b,
No.1 (FE¥®—1 ¥ No. 1), No.4, No. 10, No. 12 ® 4 FLOEKEIEIE V. 5T No. 12 D
FLizfhoFLic B L TEKEBROEZ VL, L b, K-31 12”7 No. 12 OFLOEKEIEFROE
Bk KB OEMA K X 125, No.1,No. 4, No. 10 @ 3 FLIZFEN & ORERS R S W —E
DEKEEH ->TWVW5, B 9FLOEKEIED TRV, —F, EkH 25 TR TOVEEKE
BISHOEKEDS B, KTE 21T 1986 F &L v 5FLIHER 7o L d, EKENSAEICHEM
L7 FRIT, X-31 iKRT8KH 25D No. 4 OFLOEKBIIMDFLICHE L TRKEVP KRGS
{, BROEEL VEKED ERABGBSED Shtc, SRIOWMEOHRTEKE - v 7 ALBIEK

F#-9 HKE—) v SABIEKE

Table 9. Drainage volume by horizotnal borehole cc/min(%)
e 8Kk 1 5 TFEREKE H£kH 2 STEEKE
k=3
198644 A 29 H | 1988-1989 ‘FHgfE/KkE | 198645 A 13 H | 1988-1989 HE g% KE

560 (43.7) 0 (0.0 33 (3.4)
0 (0.0) 38 (3.8)
0 (0.0) 69 (7.0)

(3.7)
9.1)
11 . . 32 (3.2)
12 . 783 (29.2) 0 (0.0 24 (2.4)
13 . 75 (2.8)
g 1280 (100.0) 2678 (100.0) 180 (100.0) 990 (100.0)
ZHENE 51.0 mm SEH 53.0 mm 31.0 mm 3 44.0 mm
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Fig. 31. Relation between drainage volume and cumulative rainfall.

BofRE, F4EOFRETE SN 1986 FEKBAZ T 2 &, HT/KOREHSHHIICE
13 2K TR T 1987 FICEKIFHT O~ #sE OB Ic L S BB X - THIh DK
AL EEABURELEb o Ebbho o,

AW EBAE

1986 FEr 5 1989 £ & TREKHD NV TBFIC L - TEBONERIc L 2 &, EhkH1E
TREBZNZEESKEHEOZELEEDSBE S Ic s D, BRNOEEIC X 2 EKBOEVHRE X
Nico BRI 2 @F NV T ORI D5ET UL, RISV TRIENREIKEEICH 0
FEBLTOEO, BKH 25 EERD 11 FLETED 12 fLid—, oA 2RV TEIcEKE
O, FEEKRE—Y v I s 0EKBRED SNV, TERTIRHIT/KOREHSIANIC
oL, £KENHEBICEKR S, EhkH 2 50MIMRIIEFHLMICH > TVELWOT, Ek
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HOBIZNREZAEICHET 24BN H B EEL T, £CT, 1990 FOERIZEKIOHTE)
ROYEEBE P OMRIITS 123, T IHBERET R/ 1 7O T HHDEFHLBFELE L Wz
W, 1990 Ficfifgit 1 EE D 7oy 7 OBEEO—HEHTINIMMBICRE L1z, BEK
FHO VT ORBAOHE LRI, OF/KH 1 SLEKH 2 BEORE L TABKT 2, OB/
2 B RAMBIRETEKE | BO—BZ v T REKT 2, OFkHE 1 B L&A 2 EORE
NN T BT Bo @FKH 2 52 ORETEKH 1 BEO—B SV TEBIKT B, D
477 —2%FM Lo PRI OV 7 RIEOHIMTORE L HET 2720, £-10 1TRTFR
ABRMOBEREEZSZ L, BWNREAEBRAZVER 6 A2 5 10 Blchd ) 28T
11 A 28 B» 5%k 2 504 v 7OAIEEER L 12,

FoH EBRERSLUER

1. EROEMZE(LEFEAKEOER LR

(1) HABEWE:

© 1980 FLKE 11 FHOBEREICS>WT, HEREBOHKI£EF-101KTT, Chickd &
1980 74> & 1990 FF D ERIERE I, A 1621.0 mm (1982 4F), £/ 676.5 mm (1987 4E),
51224 mm ThH B,

@ R <OHUKIE 6 AN 5 9 Bich I TRNENE{, 1989 FORPOBRRIRLT
FE EEb-TV 5, BFEENE D 8 BOBNEIL, 19824 8 D 456 mm 27k ¢ 454 mm
AioER L7,

@ 1990 F 11 A 3% K 354.5 mm OEREETTFEL 72, 1990 FoBED FEKIZ 6 BTH
D, EEHFEROEAI, FLEHNNORESE 2854511 A 30 Hic EFEL T 1951 o Tl
ROEC EBELLBRE L > 12 (Wb « #1Id <0 E#HT€ >~ % —, 1990),

(2) HIERE:

O F10ICRITHEABRNRICK S L 1982 FH LU 1983 Ik EE I & 3 EIEFHLEH
L7eo BEROBEABHMRNEIR 1982 FE 8 A 1 HD 280 mm, 9 A 12 HD 247 mm 255 b, BA
FEREETE L 455 mm 23088 L 72,

@ 198843, 1982 FB LT 1983 D & 5 WEPEFHE LW, BHIIEEESELRED
ANEZS R £ O BERASERE L TV 3, RIELRZS VD, 8 HE9ATH 24, e
8 H10 H~9 A 6 BOMOH—#» AT 20 mm P LOBRES 7 Hi0sE L 72,

® 1989 FER3WEWHU D 7 A TAH» 5 9 AT T TR LBECERIC X b Rt
KEBFEL o FIRHTXOMTIIABRRE200mm Ll 147,89 ACiEiL 1o BA
HEERNEIR 8 A 27 HiIC 165 mm 2350, ChiRBRA17TEL360TH 2, KIC8A6HD
158.5 mm WE %8k L 7o

@ 1990Fi38 A 10HA”5 11 H 30 HE ToO#EARD I X 0 TR EIZBEEDR 5
fBICH 7% 491 OMENDH D, 1990 FEOREMK ORI 40% % & to BB « Hid ~ o Hifi+
¥F—, 1990), 8 H»»5 11 B TORMEIL 1283 mm %2528k L1c, BHicBE 282 (11 A
27~30H) &% 4 HEOZHEBERRIZ 3185 mm KE L 72, HAHBHEIZ 8 10 Hic
206.5 mm %E08FE L 72,

(3) HESKEHOELEZAL:
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Fig. 32. Annual change of pressure head by drainage well.

T

X-32 1% 1983 F£» 5 1990 £ & TORMATEIKEOEENRIERL TWBE, ThEZ=HICH
F5 &, OEKHBETHL, QIETED, @ v 7HERIEERIZ S OB 2, D~
QURAIELAE 3 EBLUVEA4ETHRN, L L, @D 1990 FEERITBED I THBIERME
LiE> TATHICHIT N ZREI R IERTH D, TOBREEKRTHEL RN 3, 22T,
TROEHEOEIIKEOEH 2 BN SESL SHFICERITNEEI >V TR LT X2
W

%9, 1987 FORSKEHORE FRBERERTT 2, 9 B3 HA S 7 HE TITiE 1385 mm
OIS O, BKH 1 E5TE ES 35m) OBIRIFLER  thoBIRIFL OKIBRAFLLEL) T
F—BEFNCIRAIAS ER U fco BKH 2 5 T8 (BE 27 m) OBAIFLBZ 0% 2y — vt —N— L
TLEWL, ZOBREIKENZOF FHBFINE IS -k, ZOHEKDOFERITIZ=D DN
Zzoh 5,

%1 IEEHRIZSSMOMENS RN CARIER S EAETHR L2 2 &,

FE2REKE—) VY IFUTHBR LR b L —F — A THEH 2 VA0, BiExoic



50 &

i

F72

L > TKABEMNHAES NI T &,

%3 BEFEROBETTIKES LR L, N0 BBEHELFE, T LT3 7REIHME
OEFICE > T, LEOKSEHED > TRIRGESIKESFEL 2 &,

FTE1DESIT 1987 E 9 B 7 HicEkH 2 SO TEOE//KEIEHICEF L, Z0%
A=A —N—=LTLEL, LW SAREHBSEETH L, LirL, Z0kr5 1989 F%
TEHILF— 233> 2 0iRash, BRICL3EKED LR H o nc0T, Khitk
BEOERIIIHRTE 2 LEI LN, RICE2ICOVWT, BAHOEKE—) v IFIc X BHT
KOPERIZR b L —F =1 7OHES 0 KRR TREVEKBREE T 22 TFMAEZ V., L
ML, ERIcEKE—) v Irho0dkBERZ E, LaiLoRBDLERIIZRONT, Ksb
DOFAENFERE 2 AEREHEREVWEEZ S b (K17 LX-18 OFERESR),

RERICE 3 OBATRBNOEE L MT N BHHRROBFREHRT L2 TR 5V, Bl
BicoW\WT, 19874F9 A3 H» S 7HIZIZ 1385 mm DI, BEIANLONELZ
<, 4 Ao 72mm 2BV T 9 AE TEA 100 mm DL EORESH - 7o, it 9 Hid 324 mm i
#ELt, EAKBERENSICHIGLTERL, £/kH 1 B LEBEEKH 2B TRBOBEIL TS
T T - FelxE/KETR L TV 5, IOKEKEEZTHLDIE8 ATAT, 8 Hohf
DS TANCHIFT 200 mm L EOBRMMS 120 £ LT, TOEEDEK NNV TERIEIIBBURE
218> TWh, LrL, =ZHMIT 100 mm O@EGERRNSH O, 5% Ticis (KEY LR L LRER
EEZ LN B,

& SITHER L7 1987 £ & 1988 FEDOMRMICHES MIT RO BEFER BT 5 &, REcRE
Lt 70§ 251 S HBERETOBEISHER ISR S NI, Lok - T, SRS L Ui
X0 BED, FEKEO FREBEICHBEIhE LIt -RRTH B LEERTE %, THb
5L 3 DFAVEBOERIEWEEZL SN B,

RIT, 1983 &5 1990 £ & TOEMBRNE/KEOEEH = % & o THRETT 5,

EKHHE T OEEEA/KEE (19834 & 1984 ) B L UHEKFH Tk O FEE J1/KEH
(1985~1989 FED <)V 7TRIEERERIARED dRDO K Hicli 3,

© SHEAKHELRTOFIESIVKER (1983 & 1984 £F):

£kt 1 EoBRIFL: FEFL-1.07 m, 1EFL-5.89 m, FEFL-9.31 m.

£kH 2 SOBEIF: EEFL-11.5 m, FTEF-12.9 m.

® HEKHHETHRORESFESIKEE (1985~1990 DK IV 7 IRIEERREIRD |

1988 FEDHmAMKE (8 H 24~28 H DOEHIER 136 mm) IfE S 8KkH 1 5 LEORESET]
7KEEIE —0.86 m ASECsEa h, HIKH 250D No. 2 BifllFLd —1028 m OREEE -1, Lk
b, EJIKEREKHHE TRIOEIESKEEE L Eb > TV 5,

F72, 19904F 11 A FHEICEFERER 2975 mm 250, [EEICEKH 1 5 L8k 2505
TRV TS ATHIRE T2 TEHEI N, SBRTFLOKEIZH I EF LA L 7o Rkt 2
S LBoOBRFLSRE/KE — 141 m iz -z, U EORENSRN S, BkEE SBESIKEH
D _LF & ORENSIREICERY i,

(4) 2fLR r v—F —EBRIFLOH TR O RS

X-33 3X-24 ic/R L7c A-A" JIRICif - TERAISh7clE R — ) v 7ILoRBIKAEH TH
3, IKABIRIFLIEKA | BB X UEAF 2 SOMEICEEL TV 5, I OEIIGFERMT <D
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Fig. 33. Annual change of groundwater level.

o7 a v 7 AL TH 7oy 7 OMIcH D, HEMTROFEHNEDOSNTVWEEIATH
%o 10¥, X-33 DBRIER»SA 5L, BN (6 H~9 ) OMEEHIT/KAIZIEFICL <X
BLTWBZEDBHSDLTH B, BRFHOPKBENSR SN % BV58-5 FicH W\ T, HEKHHET
AR DK BRI A LB % &, BARICES T L b h B,

2. HEKHADNNTRIELDHTXYBRICEZ 8

X-34 iTR T ERIOOBRIEPE cEEKFA DV 7225k L CHEICH T /KOEER 41T -
feo QOBIEHMICB VT, BAH 250N TE2LBMLTED, EkH 1 B0 T L
7% 4EEBR L Th SNV T EBAIE L e, 2 DR IIEKH 1 S0 LEFLE FEFLO EF/KER
D R U7z, 8 A FAIOEBENE 240 mm OBE cEKH 2 Bo FBALO/KEES 1.1 m
EF U2, BHBERIEIEASEDONLE L, Z0%, 9 HD 4475 mm OBFOBE cEAH
1 50 LELE TBILOFESIKES R L I ER L, £72, 10 AIC/ERE 139.5 mm »FD, L
b, BKH1SO=ZE VT OIESEL Y, FKkH 2 BO T LEMIREET, BEIEY
MUHRNC 5~6 mm RELE L 72,
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Fig. 34. Relation between pressure head and displacement by controlling drainage experiment.

QOB ELREIcBWT, 9 AL 10 AP S0 RBEONESENOTHEEL LT 11 A»S
v T —A AT Lic, ZOBOBEHRIEV-1CARD, F/EWES51 mm OFLET
DU, & 5@ EHMIcB VT, 11 A 28 H» oHKkH 2 502 V7 OMIL%E
EW L1z, F0%, FHANOEE 285411 A 301 EPEL T 1951 65 TR GEC LEE
LicBRES -7z (BB« T <€ 5 —, 1990), % DB EFMERE 228.5 mm (27
B»5 30 HE TENEFN 1 mm, 43.5 mm, 6 mm, 178 mm) 7if&b, HEKH 1 5D=F/ L7
ORI ICEKF 2B BNV TOBIENEN -2 I 3BHBOEL MU HRICH
30 mmEH L7z, Zhic, HAH 1B LEKH2F5OXBOBRAIFLOKES RigIc LR LT
EMFH LN, TDOXHIT, 11 ATFEICHETICKIBSESNED Shicoid, BkH 150
ZBANVTOBIRIC L AEELD S, Bk 2B BNV EAIELALIEBRECEELT
Wit tEIL LN,

SEIOER» SR B L, KA 1B EHEAHA 250/ VT EZAL S Eid, BkH 1 5EHEK
H 2 BfhETcoMERO B TRIB/KE:S ERESE3MBLE b Enbh T, £, Ihb
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DA S, BRI REECBAIFLTOEIKEO LRSS A L, Zhstis <o B OE
ZT AHE—H L TWVWE, DT EDS, BNk 3 ESKEO LR ST <Y FEDFRA
L5 TWVWB I EDNERITKRIES 1L,

B6H F&o

SR R0 Hc B1F BEKHOEKE - ) v 7HLAERE L TEABHIEFERETS Ltk
0, EKIAHEOHIT N IS OBTEEE I > W, BRI S FHKED FRBSEKFAED
BT OEIC G2 3 BEBAH LI Lic, & 5T, $ki 15 L8k 2 50 THRE
OFF AT N O ATHIBEIC L > TRIEL, RO & 5 SFERME NI,

1) 19864 & 1987 EDOERRFERE A 5 &, BRI X0 EMEDOETIKEAD EA 131
BERE & oA 7O A OBRBBOMEINICS A 3 EEVENTEY SN, BIcEKkH 2 5+
D BV58-5FL& BVS7-1 FLO V¢ ARBIIBEIVEML KA L TOKHLELROBRE -T2
TEDbh ot Ld, EKE—Y VI O KREOHIT/ASHIKS N ABHR E b—HTF 5,

2) 19884F & 1989 FEDEKFE -V v 7 LBIEKEDRIREH 5 &, £AH 15 TELIEK
H2 ETROEKRE, LEMTHEMNL, &8KR—1 v SILOEKELSIHBICEL 5, FRT,
#KkH 1 ED No. 12 OFLEHEKH 2 5D No. 4 OFLOEKEBRIBROEE L HEKED FFES
FOFEDONIz, TNODOERLE, FA4EOHERTESNA 1986 FEKBELZIET 2L, HIT
TKDOFREN DS ET T B EKH TR TIE 1987 FITE/KIMHEOHIT N HIAR OB LS
Py - THihOKAL EEKBBRESEb s>l &b o T,

3) fE/kH 2 BOMTAIER, BEKHD IV TEHIHBEERIC X > TEAFORBOESK
gEmAEIC ER L, T oy 7 OBERICEKE Uit s AR BERE SO ol L
K& > TEDOREMFE T X 72, T7b B, BKH 2 5OBTHEE ATHIHT X BEKOK
AL VBEERHS ML,

BT = W

Mg RO MIALES BT IRT NOFEEE ST &iE, HTROVHROFKRKORETH 5,
Doz, HTNOEET T 0—>& LT, $XOEMEOMBIKEAET S CHitg
NOHIAREXE S [EKFEZAVIH T AEERT] A ERASN TV,

PEROEKIEIC L AHIT /KBTS, EkHOHBELILRA L —F —ICXBEKK=Y) v 7
O LT K EBER T 2K TR TH 50 T OLEI & » TEKHADHERLOH TF/KB L O
2+ L—F KR - v SERBRANORKBOR TKEBRT 5 L TE 5, —fKITEK
K= v 7y OEBHENOM F/KEOE TR, BKE—Y v o, SHEIEIITo2hn
RELRABEABRON S, T OHREHFHEBARELENRICEAT S LICL RGN
TETW3, ¥/, BKE—Y v SO LHE LM TKEOE TFTEORFRICODVWTHE DA
BITbh T3,

UL, EEoMid~viEgicBis+ 28T /KE, FEETOBBEKEE & - /M FKkTid
{, TROEMEICEET 2HERMTKTH S, 2 LT, BRESEICXEZ20L S EH#IFKDR
BUKED FRHTXOERIEAMERAIEZELCRLE, TN IRoRECEHELEES
Z, HiT~OEHWERILT 2D TH B, Lihi-T, EKHREICL > THHETOHTKE



54 ] I

HEBR L T, TN EHOMENR~DFE /NI VWEEZ SN, LR IHIT N ES)
OWFID 72Dz iE, TNOEICIERT 2 AR TKREPBR T N&E ThH 5 T EMBLEID» SIERF s
T&E T,

—fiic, SEkHERVIHTKBBRTESERICENTH > e h E5 03, K370 bEEICH
iETBILdTES, Thid, OMTXDIOTBORE—H, QRIB/KEPLEKEDEBIR;E
KRERS B L, BEZIOND, OIBEL TR, T THHAEE I ATV B LHKT
B RERET, MIT KA & 52 CRYISHI AR T2 ERd 2 2 & 3R TH 3,
UL g ot T koS, B4 OFEMSESCEEICBOTELS - B8HERT I &0
£, LEch->T, HEOAOMTABERTIR, +XOEIIEHT 3MEBAKEDKT.2 6753
TEBRTERLD, LD -T, BRKHTEOBENHL 75> TRKRT 2FHIBH 5, £ TH
AEKICEDL 2 dDE LT, BKRHALSOEKK—) v 7Ic Lk ZMT/KEEBRTABENTH 3
M, —RICBEKRE—) v IreRIEbID A L —F—INL L bDE2HOWTHIF KR %17 -
TWA Y, TXOEMEOBBKEDE T4 L & HEICINET 2 &M TERL L, L
HHHIT N BE) L QORIBIUKE & DRARAEERNICTHET 5 C S hRETH 5,

AwX T, COBRIARCET ZRESEBRT 200, FB2ECBLTbRRLLI I,

) BRIFX—) v IANOTXOEMEDAH IR F L—F —% AN, % ICKMGFHERE
L THESIKER (RBKE) oZ(b28RId 5,

2) HIKHEALOM FKRDIZAB X CEKHNEDKDEL~DIRKER < 1o, RIEOZE
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Summary

Pore water pressure fluctuation has been proved to be an important cause of landslide
movement in landslide areas, but it is difficult to observe the mechanism of pore water
pressure fluctuation at the various depths of the slip surface. The first purpose of this paper
is to examine the pore water pressure fluctuation in shallow and deep stratum at the slip
surface. The data used in this study was collected at the Tairasawa landslide area during
1983-1985. Two observational methods are considered. (1) The pressure heads were
measured in the vertical observation borehole with a screened section at the designated
depth of slip surface. (2) The horizontal borehole of drainage wells were drilled for confined
groundwater in a screened section at the same depth of the slip surface. The rainfall,
pressure head and drainage discharge were observed before and after the drainage well
works.

The results indicated that after drilling a horizontal borehole, the pore water pressure
was low in shallow and deep strata at the slip surface. It is possible to judge the effects of
drainage well works by comparing the drop in pore water pressure before and after the
works. Furthermore, the drop in pore water pressure at the slip surface has two significant
characteristics. First, the drop of pore water pressure corresponds to the drilling depth and
seepage water in a horizontal borehole. Secondly, the drop in water pressure can be clearly
seen when the drilling direction of a horizontal borehole nears the vertical observation
borehole.

The second purpose of this paper is to examine the mechanism of pore water pressure
fluctuation and to grasp the environment of underground hydrology in the landslide by a
controlled drainage experiment. First, the results of experiments on the pore water
pressure fluctuation at the slip surface are explained. Second, the drainage effects of the
horizontal borehole are confirmed quantitatively. Finally, the environment of underground
hydrology in the Tairasawa landslide area is clearifled. The data was collected at the
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Tairasawa landslide area during 1986-1987. The results are as follows:

1) In this natural slope, the geological structure of hydrology around the No. 1
drainage well has three confined groundwater strata with a three-stratum (upper, middle
and lower) underground structure. It is proved that the confined groundwater flows
between the upper and middle strata, but this is not so in the lower stratum. Furthermore,
the dropping velocity of pore water pressure in the lower stratum is slower than the other
strata, and the pore water pressure fluctuation in the upper and middle strata responds to
rainfall.

2) Compared with the upper stratum, the dropping volume of pore water pressure in
the middle stratum (strong weathering rock stratum ) at the No. 1 drainage well is larger,
but the drainage volume is smaller. It is also found out that the increase of drainage volume
and pore water pressure fluctuation due to rainfall differ with the degree of weathering of
the rock stratum and depth of the observation borehole.

3) The No. 1 drainage well is a three-stage structure design. Each stage drains
groundwater away from horizontal boreholes. The distribution of the drainage volume has
a tendency to be concentrated at the lower stage. The drainage effect of the No. 2 drainage
well is partial at some horizontal boreholes of the lower stage, and the drainage volume of
each horizontal borehole is clearly different.

The third purpose of this paper is to examine the characteristics of land deformation
around the drainage wells and to estimate the effects of drainage well works at the
Tairasawa landslide area by a controlled drainage experiment. The data was collected
during 1986-1990. On the whole, it is proved that the rise of pore water pressure caused by
rainfall at the slip surface influences land deformation around the drainage wells. The
detailed results on this paper are as follows:

1) The rise of pore water pressure caused by rainfall at the slip surface has a direct
influence on the cumulative variation of measurements mady by land inclinometers and
pipe strain gauges during 1981-1987. The strain variation at borehole BV58-5 and
BV57-1, around No. 2 drainage well in particular, is more marked than that which had
been observed in the past, and is consistent with the increase of drainage volume.

2) The drainage volume of No. 1 and No. 2 drainage wells at the lower stage horizontal
borehole were measured during 1988-1989. The drainage volume increased overall but
each horizontal borehole was clearly different. The increase of drainage volume due to
rainfall was also confirmed at borehole No. 12 of the No. 1 drainage well and borehole No. 4
of No. 2 drainage well.

3) The effects of work at the No. 2 drainage well were estimated by comparing the
pore water pressure fluctuation and cumulative deformation before and after the controlled
drainage experiment.

In conclusion, the study of landslide phenomenon currently has two methodologies.
One is theoretical analysis using seepage theory. The other is by case study. The results
show that the detailed case study analysis plays an important role in groundwater research
in landslide area. Characteristics of pore water pressure fluctuation were obtained from
detailed observation of pore water pressure and drainage volume at the slip surface. It is
thought that this research will aid drainage well works in the feature.

Key words: Landslide, Pore water pressure, Horizontal borehole, Slip surface, Drainage
well



Abstract

Experimental Study on Groundwater

Fluctuation in Landslide Area
—the Relation between Groundwater Drainage
Works and Landslide Movement—

Tsungming TsAo

Pore water pressure fluctuation has been proved to be an important cause of landslide
movement in landslide areas, but it is difficult to observe the mechanism of pore water
pressure fluctuation at the various depths of the slip surface. The purposes of this study are
as follows: 1) to examine the pore water pressure fluctuation in shallow and deep strata at
the slip surface. 2) to examine the mechanism of pore water pressure fluctuation and to
grasp the environment of underground hydrology in the landslide by controlled drainage
experiment. 3) to examine the characteristics of land deformation around drainage wells
and to estimate the effects of drainage well works. The data used in this study was
collected at the Tairasawa landslide area of Saitama prefecture during 1981~1990.

The results show that the detailed case study analysis plays an important role in
groundwater research in landslide area. Characteristics of pore water pressure fluctuation
were obtained from detailed observation of pore water pressure and drainage volume at the
slip surface. It is thought that this research will aid drainage well works in the feature.

Study on the Morphological and Ecological Characteristics
of the Genus Larix with Special Reference to
Its Molecular Phylogeny

Hiromitsu KISANUKI

The interspecific relationships in the genus Larix were clarified using phenological
observation, cpDNA RFLP, rbcL, and RAPDs. Significant differences in the time of needle
coloring, defoliation, and seed fall were revealed between Larix species. In the DNA results,
the North Eurasian species formed a clade, while the South Eurasian species was the most
isolated taxa in Larix. The North American species were distinct from the Eurasian species.
These results were somewhat different from the morphological classification and phenolog-
ical results, although they correspond to chromosome characters reasonably well. Larix is
postulated to consist of three clades, which match the geographic distribution.



