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Study on Estimation Method of the Base Layer Depth

in Construction of Cut—off Wall for Underground Dam

Keisuke Omura

An underground dam builds a water barrier in the underground aquifer to block outflow
of groundwater and underground water. And it Store water in the gap in the ground. It is
installed mainly for the purpose of utilizing groundwater as agricultural water or drinking
water in areas where it is difficult to secure water resources. In Japan, there are examples
of construction in Kagoshima (Amami Islands), Nagasaki, Fukui, Iwate, Okinawa, etc. In
particular, there are many cases including dams under construction on remote islands in
Okinawa. This study collected data from underground dam construction in Miyakojima

In order to secure the storage performance of the Underground dam, it is necessary to
secure the water-stopping performance of the wall by constructing the water-stopping wall
without clearance and by securely grounding it to the base layer (impermeable layer)
below the aquifer. However, there is no way to determine the base layer in real time.

In this paper, in order to ensure the grounding to the foundation layer, we investigated a
method of estimating the depth of the foundation layer from the data of the load and the
current of the speed reducer by the ground improvement machine at the time of
constructing the water stop wall by the SMW method. It was confirmed that the
relationship between the suspension load and the electrical current changed. In addition, it
was confirmed that the injection pressure of the drilling fluid tended to increase when the
auger penetrated into the base layer. The method of estimating the depth of the base layer
from the change of the injection pressure of the drilling fluid was also examined. These
method was verified by using the data in Construction of Cut-off Wall and the model test.

And in this study, I examined the possibility of detecting the base layer using machine
learning.

From the above examination, it was suggested that the depth of the foundation layer
could be estimated from the data acquired from the ground improvement machine at the

time of constructing the water stopper wall.
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General application of sand dams. %
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Sub-surface dam construction site
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KA4T FAENOEICDERBHERE Lo &
THELTHERLE-EBERE L,

HEAE DAL (i ] 7= ) R
B DO FE A B HEE R FE AR JE 1R P
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ARENZIBNTUE, T P9I B AR o i g A R A AR L, N A — 0 — i A L K0 i
B9 22 & THRATHI L2 E MERY IR L7 R BB 2 e il L7, £ U C, IEME BRI
EAEEL TWDHURIC XL, Bl oA E, A — T —F—XOAMEIR, B ILIKO
HEANESOT —2%IELT, 3.2.3 HilsL N 3.2.4 Hi CRLIZHEE FIEOFIMEZMHEL

o BONTEREREFLDDLU T OEBITHS.

(1) FEHi T CTHERR S LRARIS, fif LA E R ORI ZLT2HR PR T
&7o. 3.2.3 Hi TR LI FIE IS KA 47 B AT BT OB R 2D HEE L7 AL e TR

BEIE, VRS Rl O SR TR L LR IV DD T L AR LT,
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(2) F2hi T LR BRICA —H —Fetn N AR E ICE AL®R, HIALIKOEANEID EFHT
DM AR LTz, 3.2.4 Hi CRULEFIEICRIVIEAE T OZEALOHEE LI iR e

PRI, 1R A O B AR 8 VR B LR 1 ISR WA B 3 b D T L2 R L7z,

PLEDZENS, KIFFETIREZEL CODEITHI AL ICIEG CTEH T — X ThHA—H— 5
i EE, WOEME O AR ER, Bl FLIKOEANE NINBITNAAALTHEEBIREZH E+5F

EOR N ZHEETDHIENTE.

BAEDSE XM

4.1) (b T4 HERBRO T ELMEH, pp.415~417, 2000
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E5E HWWMFEEICLEIT—REN
51 HHFXEME

B3R, B4 BT, SR THI AL S HUE S BB — 0 — el L, O o0 B fe 7R
Wi, HIFLIE DVENE T DT — 2% WAF L, i faf B & A i O B AR 05 0 Bk g TR i HE
EEEANESOEALPOO B EIREH E LR AT, ENETHOFIETIE, sFEXEZHV

THEHLELEWEICIVAA DB 2B LTV,

— 05, BT WAEITO FiEELTA LAEE (AD, B 3 (Machine Learning) , /8
¥ (Deep Learning) O 03 dH Y, U4 TIIAR 4 7R THFIE S, FEERIZIE H s

HDTWA, FNFENOBMRMEIT AT E >SEBFE CHLAN, A R 5.1 IR,

1956 2B 7= 4 —h~ A2 % (Dartmouth conference on artificial intelligence) T
Al (Artificial Intelligence) EFEIX VIR 7= 5D, B 7R TE 3 1372208, AL &I T 11 72k

W, KIS, FIRRar Ba—27 s 7 LA EOR L 1 L5 b 5D, KWVEETHS.

/’ ANAI%%)\\

a Bl
(Machine Learning)

- /

51 Al S
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NLHBEDOILDFAD 1 DITHEM 58 NdH 5. Btk 535 1L, Arthur Lee Samuel 2338

NIRRT 0T I3 73528, arta— 2% 5k e 5 28583505 5

B JEWOEBD IO TND 3. OFD, NHNLEAONTT —Z 2tk A 52 FT L,

HERICRBE (L—W) 2R R LEE IO A TS, TLTHIERT —4& 5 27

(Z, BB SRR QER, v — W) IZTE>THERE, 7081, TIIZREZITS. 7 E oF

HEELTIEIW Db HD0Y, NFEORAREME (ma—ny) O B2l L Tata—X

FICHBLYEESEH=2—TF LRy NT— IR b 5.

ZLC, ZD=a—IN Xy N — 2% L IR A SE TR LY EH T V2 WD

% % Deep Learning &PF (T4, T4 E R EATND.

LIRS, B2 8 O B E AN B L OV R 26 TOMFSE, 15 A Bl 27~ 7.
gk FE LIS ook g, TE

(1) 7 —2A
PHE:, fli, F= 2807 — Lzt L, sk

HLVOFEZH W AL R —ROT LAY

—IZHEFN T DR E MR E BT 5. K712 2016 H12 Google DeepMind L% & Shv7-

AlphaGo 28, by 7 DA~ BRAVE 722 LT H 4 THD 5.

(2) =%

EHR TR D NLER (X BREER 72 L) 2Rk 8 TR LB 528 T, B 2mm LT

AR BOHEEZATOY 7 M =T REDBHBE SN TVD. TNbIFarBa— 22 I

(CAD) ERE XA, FE R E m ECER O B MRS RS Tnd 5.5).

(3) #% ¥, <
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a2 E TS E THH-O &M FE O S T HNICIE HSiED T\had. Ln
L, &Moo RERZIIERELRTHLIEORERTHNTEHLW-D, BIEIIM o TS S

I DOROGER, RIZEETHRUVIRTL O IG 2 ESES ERFIEPMT LI TND 50,

(4) HAR S iR

ANBEBEESTWLEEZREFZEOFIEEH N Ta Ea— 2 TRk x R EZ2SED

RADITOI TS, BARIIITIE, TGoogle #HFR | 72& OFEMFIF °T Amazon Echo 72 &

h

DEFRBEATOAT—FAE = —, [ @A ALVAZ 1728 D SNS Xt &5 v AT LT3

‘—:nm
1:“

ENHD 3D,

HRFETONZE, 15 H Bl

(1) h>r v

b RVBLS UL, i TRFICHUVE O PR N FEER OGP % LT, 2O H L IR 58 % FF Al
L, ZORUWIIEC TR OLE L R OB ZATOL LN DD, 5l OE AL N 7=
Z72< T2 IZ CNN IE IR DGR I 215 JH LT, BIP EH 2 LTR A2 E |,
(BB O], TEIIVE ORE 12T T 50 AT L& LTS 58, F/, i H HE 1
DAL TE TR G) P D F P fa B8 %, G0 #if4 2 CNN IZRVE &F il T2 b7 T

7 5.9)

) frEmi
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RO T E TROPERE, ho pVBEH 708 Dar 7)) —MEEY OS2 mE T 5 EE
LT, SN~ ERAELDD. fIE T — XAl TRl 52 LI K0T & S

DR/ I NATIRAFEFIIR S ORBE 2 TaE &L TG 310,

ZOIHNCKEOEAGERCFF, BT — 2000 H o E, FRNICE AShuk R % k
FTTW5. Fe, BEORWHEE T =22 T D3 EHEDORKENT LT 500 R #MAS
5. T TARETIE, BATHI AL T ICHIAR G R OIG TEL 7 — 2 THL A E & |, 4
—H—T R E], BoREEOT AR ER], BIALEONTEANE T 1 2B G EIHE 722808
TEDHEEDIT, FRMICT —FE2EETHZLICIVHERE DM ERW R TELTEn0,

BB B 2 W SR T TR S o 2 ik 2, T o0 i W REPE I DWW TR LTz,

52 ERY—I

B 7= 24795 5L LTI, Python, R 5%, SQL BT mr I3 7 SiExllio
Ta—RaEEWTEE T 255 1ES RpidMiner, Tensorflow, Keras 72 E DY 7 =7 (3 —
W) EERLTRETLIHIERDD. V=T rs I 7R L TRETELHDL
Python, C++2 D7 u /I3 7 EREICKVEBIET 200055, 70/ I3 77 LICT 41—
T == P EFEETELHY — /L EL T Neural Network Console 3% 5. Sony fE23BH R L
2017 %4 8 A IZ Sony Network Communications Inc.?> & /A B L7=. Neural Network
Console I&, ORIy 7 &Ry 7HEAE TRy NI — 72 F I TEH@AR 2 1 D THFH LFEh

HFEATTEDLQRYNT =T LB D NT A= —% HE) Tl TXD LW o72 8 ad o
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TW5. £7-, Neural Network Console I% Neural Network Libraries 2 X—A: L TEY,

Neural Network Libraries (% Sony fLOH i CEZLDOEFE R HD 51D,

ZZTAMZEE T, FHEELHV T 0TI TR U TR S TR A 2175 2N TEDY

— /L C¥ 5 Neural Network Console Z{# JH L TR 2 21T o 7=.

53 2EAHE

531 AAT—%

R T 257 —2%, NIV 7B IS LU 20 B B 25 B 4% oo TR ), T L B |,
(e, TAMER], THEAENIELE. 270, EEJICEL TR E T —4LLTT
372 T—H DTV ELTORE AL, 2O B, REIMD 4 >OF —H T ~EE
BIELERBLLTUIR BN PREL, TOEAEIZT THB L CLEIRN R DH DD THD.
ZLCHRE M OS2 RBLSE D720, SIRE S OTHIFLEE ), (maE ], [AAFER,
EANEN 1% 1 ByheL, BiOoEyrO 1 RAZRWZ4 ROZEEASELLDITHLWT
—XZ12% 5 HAELLTMARDEYREL, ENEMRVIRTIETT 2y ERLT.
MEBDOT~)v y FBERAIKEEZT0), BREBEEZNILLTEE T —F 2y afF Rl

L7,
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532 RITETI

FEAR SR EIIE, FESEDLHIEELTRESI SOOI AN HVFEE |, THAIRLFEHE 1B

FOTH b7 H 12355,

(BENHVFE X, NN T —2EEMT =22y FCHREIE, FEELiitisE, £h
CESWTHE, THEZSES. THERLEE | ZEMEANDBZTICAN T =20 &
ELECT N =T 3 F2ATH. [HALFHE 11, 7= EOHM a2k RIZT~<KEET LT

1 T% 12,

KL TIL, XV T —arBEOAN) T —X% (W HE, AW &R, AL D) EIEET —

Z(GRERA K G @ EFERIRE) 22y ML TR ESELTAMHVFE |2 i,

HEibH0FE ORENRFIED DR =a—F /LRy I —2 (Neural Network) THY,
ANHEORBHFRELI T oM Az a B a—F THELLIELDOTHDH. AN OMITIE K72
OB (=2 —a2) DX IR A L TRYVSL > TERY, ThLBE W5, LMz
THOZLTRE, /O], KFEREEZFRLLTVNDEEZLNTWDS, ZOtM A%y
Ea—d LIZTANSNTEREZDTTDANTEIET AN ENOOE Wz L, fif % 4
T2 NE], MERAHOBEBBLE LT LTIV 22 RS 5H HE 1o
3ODBTHRITD. TWENDOBIC=2—0rDEEEELZERNca—nr 2 EL, 21

SICEMA B IELZETHOB 2P IcEIRLTWS. (K 5.2)

Fo, 2a—IN XN T—TVDRBER CTHLT 4— T =a2a—FV Iy N —IBNITHEER %
EHOTNWA. THIBEZZBILESEAZETABICBITIAESE 2D I BEEZELZHBHIEL7-0
ICHESRESNT-H DT, —a—al bERHE R 28IV RIS 28 0L, S EL

i L9 <L, PLHYE, TR E O L& 7RiATe 2N TES.
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AW TIE, =2—IF N Xy I —=2D9h, JEMBREIMEbNDEe T AT v 7 Bl 5
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Za—RAY#
GL-(mm) 100 10 100 100

1 0.7271 | 0.7233 0.7398 0.7411

T—2A 2 100 0.9590 | 0.9449 0.9590 0.9487
3 0.5329 | 0.5093 0.6397 0.6136

1 0.6225 | 0.6518 0.7089 0.6699

s —2B 2 200 0.6515 | 0.6449 0.7433 0.7140
3 0.6527 | 0.6539 0.6970 0.7118

4 0.7139 | 0.7177 0.7670 0.7632

1 0.9281 | 0.9188 0.9468 0.9561

P 2 300 0.8590 | 0.8603 0.8353 0.7632
3 0.9421 | 0.9327 0.9757 0.9730

4 0.6075 | 0.5879 0.6160 0.6230

1 0.8115 | 0.7918 0.7865 0.8208

2 0.8500 | 0.8333 0.8388 0.8541

7—2ZD 3 400 0.7238 [ 0.7107 0.7599 0.7425
4 0.9849 | 0.9773 0.9849 0.9886

5 0.8849 | 0.8702 0.9082 0.9069

T3 0.7782 | 0.7706 0.8067 0.7994
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WRR 28 AR FEE O O RS R SRR A R T 2 o (B TR ) T (3.2 Fi) TULER
Liz7 —ZIcxtL, BB S3I M CINELET —# 258 7 —2L L, ficR =7
A ZAT ST AT DR 8 KDUE T — 22kt T 57 M A=Y AT 1w 7B i 43 M1 D7 /LY
ALOFFE 2 8, =2—a 3 100 DT ET V2R W CRE L7z, | 5.3 IR —V 7
(XM Tk T AT RE R DO EMELZ R T, MRRBIFICHELTWDHENZS.
5.25~5.32 [ZIREZLITH SN2 T L y O EFLDT-. [0)I2i EBRER A KA D

LS, TTHSEWIEE TR A I W E T THHZ LR T

%53 ERIT—RKRIIEMETICLIEREHEEME

mES IERER
S1 0.9636
Sh1 0.8783
S57 0.9294
S71 0.8964
S87 0.9654
S101 0.9019
S105 0.9701
S121 0.8473
i 0.9191
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R O E N EGRE Ly, ELTZ. —E51C GL-25~30m £ 31 T 11l Ol % 7% 3 Fr 23
BHHN, BT FLUE IR A TRV O THIE I L o7z, & 5.4 12, 3k TT
B LT — 2kt T DI B KD B B I EVRE Ly 2 FEED T, ZE IR E
B B D BRI DD IR TEHE B TR L Lypn ETENJE ) DZEALDNG D AR & HE TR FE
Lopn BHFFEL TS, & Nl 248 A TR 7 8 26 SRR S 72 S-51,8101 Z R\ 24t T
A=V 7N LD F M VR JE LA oS B VR IE A ik 5L, S-71 The K
7 1.78m Thot. T, B EEAMNER OGO A EHE ERIE Ly ETEANE S
DEACDND O T JE HE TR E Lppn (THE A, BECFE TR TG ) E R 1T Im 2R
VME L7205 T0 D, 2 3.2 i TR 72X, M E, AfER, AL N EEREO
ERNICZEA AL LI O DIZIE, HORRE A — T —eim N B I AL L E R HD (M (E1H 4L,
BEIOAL) . AW THEHLIMATET L TlE, 2O/ MBS T RW Al gEME N &

5.

& 5.4 %ﬁﬁl?—@l‘ﬁ?é%#ﬁ?%‘f@%ﬁ%ﬂiﬂE%TEEEE

A=V 7I2ks Btk C e H & AU AR IO BIER YNV
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i TRIEGL-(m)| HIFEYEGL-(m) #(m) T IZEEGL-(m) #(m) TR GL-(m) Z(m) |
TiA12.05m 41.56 -0.78 0.39 0.36
S-1 £ 3{812.00m 41.05 4234 -1.29 41.17 -0.12 41.20 -0.15
BIAIE 41.30 -1.04 0.13 0.10
S-31 £0m 45.75 - - - - — —
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S-87 £ 3{812.00m 48.65 50.19 -1.54 48.17 0.48 48.69 -0.04
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