£0F ¢ 51—/ PHEEE R U - HER 5 Bt MR O
71— RRET TOMEE

BAREL T - FRIRIR" - NFREE® - BAICHIE®
(FHE264F 2 H24 H %A43)

Z 0

B O LI E 2 B s LTk, DR ToRE SIORBRT 2005 & B8 oK (BEND) oBEVICL D,
K S L CEKIBER O BTt S, ST 5. BEBEEOBRMICER 2% 5 L. S8 LK EN % E
FHMICHT LYK SN E, ZOHME, BERTUROFBII—EOHPICDz> TKOBAPSRESNL, ZOWELHE
ZEAQHEHM 2 RIS A SN S RIEKOER - PEkBEEE . LoF v ¥ 1) — 3 7 (Capillary barrier of soil: CB) & -5,

ARIFZETId, B R REROMER - Pk 2 AT 2 BB EZEAL T, BRAZBERED D 5 W IE L NV O GBS
FREVEMT 200K R OB L IRET 5, BEDOUBIZB VT, IEEIEOBLEA S, WAKZ T
KOJEW - PIAKAUIHE 55 T EH 5, CBIZL 2T CNIZRBEROMER - HkBEREEZFHE L, BEREDSOFHEMIEE L &
IETBHDTH D, BTN OFEFY MM L, KRG L7 L3 CB BT L ) WIS X 2 RBKEERT5 L &
BT A —ITEEAE U6, K CBHREIC L ) B h 2 @8 LT < 5 kA ReICEKL, PPRkTE 5 2H
DREMEI R > TWb, BLBATH S0, HTFRKOTAILER L BN O2RIEH OB S R0,

P, 66(2):155-161, 2014

F—TU- R FyEZY N THEE, BEEDIER. AR REE, LoORBARG

LI

kg o PRI & BBz Dl TRTFoKXR
SRR T 208 LB ORAKME (BE) oFEVWITLD,
MR 2 SR L CEKEERTO LT s, £/8T
%o WHEEEOBTEICHEM 2T 5 L. SR LoKEENE
TEFHNCH T LR S NS, ZOMEE. BEFm IR O M
—EDOHPII Do TKOBANSLHREIND, ZOWE & #
&% B A LR IS A S LA RBKROMERT - FEKERGE
Z, toFx¥5 Y —,"Y) 7 (Capillary barrier of soil: CB)
LA,

AWFFE Tl WERZEARDMER - PRtz A3 5 L&
BEBALTC, EREEEDD 2 VI L~V O RUHEBEZEY
EREVEMTLOOBRTIENOREWLH k2 IRET
%o BEYOMIIZB VT, ILHEPIEOBSE S WK E H
TARDOMER - BERDPLEERDLZED, CBIZL DT N7
ZARDMERT - PEARBEREZ FIH L. BEEM SO G L N
LEHE,923b0TH5,

TR T L 9IS, BN OBREMAEIE L. REIIC
Wk L7- B3 CBBBEREIC L ) NI &L 2REKEZERT5 &
BT, ISR BEPE U E. K CBHEKEIC X D iy
EBETEY T Al LT B KA REICHEKL., HEKTES
THEOREWEIIE o Twh, BIEXTH L7720, HTKD
AL < BN D 2 RILFHDOIEED 70 e BARIIIE,
W B %\ S BR GRS A OB E I & > THR S N7 BESE
Wy - BrRY (i, R, BEHIKRE) OIRE E B X O

RERHKDEKRT)2— L

W
REEL
I8

K1 CB#%EA LKL XERDEZEORE

FHICHET T L EEZ25 (FHS, 2012 HFIHS, 2013).
BEEMLBINGERR L. BREW R AN b V8 7 1B T3 28
MAZWETEXLE L 2~3mOEFROEL L L, ZDIRIZ,
4 2 BB - OARBIFIKR D ST A RAE, o F
) CBHEGEIC & ) IR BRI B\ CERF - kS h b
BROKFEES (FHH 2011) ICHEOSWTRETE 5, LM
FEBTLE, BBXZRIE10 ~ 16m 2SHEM» EE 2 5,

DX o CBHREZ AT L 72 BEEW AL G %~ D5
BERHOWREMEICER L, ALTIRES, 1o CBEiEOWHL
THEMERALEZOL, Hid BT, ERBERO CB Bk L%
FER L. 74— FEAETTO CB DMK - HEAEEREIZDOWT
MGEd 50 RWT. CBISRETIRD EE L 2 5 RAE % BN
HRETHET A L2 B L2, EXRSHEZFH L-SWHR
B @il % ®miEd 5,

P HB R

® T N T e N T P A T A
b M R AR A A BT gE i

* fLEFEF © morii@agr.niigata-u.acjp
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2 CBIC2EMAOMRETT W)
+® CB O#IERY4FE

1 CB O#ERR4EEL

1o CB #g & 12, LIRS O 1, FREISHX
WHLR O LA S g Ic B W T, BB HKASRE L7z
L& koo g &MU 0 8 o385 S BRI FIBROKASEERE L.
BBRPOZOERANBERTICET ) TRNZHEITHES
B L Thb, CBAEBEIC X D MIEEERMEIZREEF S Nk
X, —EOFAEEEA M THERT L LEIOMEMCLY THEIC
BT 5 (FHIS, 2011). ik, Mkt &OHLR oo AREF
KGO BN L b DTHL, 22T, CBEiF
F-HESEF L T b e &, LEOEIBICER S - RHBRK
X, #EF (funneled flow) (E, 2000) & L-CHE#L 75
RECH->CLEOBENZRT T2 (K2), HRKIZSS
W EED S 0FEAMb L &, WEHFNOHLHET, LI
DHIFED @D & T EBOMK. O+ BANERBFEOKETIRME (7L
A7 A=) DHE D, BEFRMICH - 72ERBIKO R ¥ — M
2o CBAWENSL T LA 7 AN —(ifEE CORFHE Y RAE
(Diversion length) & w9 (EWf, 20000, 2% ). CBH#E
DORNRDFRT B RS ORRVPRARTH 5, CBELOREE
BB, CBICX 2 KHHOE D, HARICZREINS 20,
R E O I HEE A RE & AU, BEIEM LB % o0 7% W
e AHIICRITTEDL I IR D, BEYWLHEIR~DOH %
EZzhE, EBEELTIE, 5m»5 10m UL EXPLEIZR S,
AIFFETid, BRAEOHEZIZ, Steenhuisl et al. (1991) 12X o
TREIN KR EZH VS,

[,SQ%itan¢ oVt (hy-hy) (1)

ZCTLIZBAE. K 3WEOBHLEKRE. ¢ 3HEE
5 CBRBICA->TL 2FHE. ¢ CBRBOBERmOMEF A
£\ b, (IO 22T AME, 72 5 U by, (ZED KT BRAETH 50
ald. TORBENEKRKZYZ Y a v oRBABTEDL
T EDREERTH D, XDk e, ANEEELTE
BAROE, MGESEME LT MoERA, MESEEE L TR
RS 8 O E AR R b NSRS & B O R BRI SR X o
THRAEFPRET LI LR D, BAEOHE T EIHEETE
E, BEE ST 2 BRI E I L 7R T &
. HEZVEIMEOREEITH) ZENTE b,

3k, RDKESSBEAEOHEMEEY. ENTEEES
74— NVFToOWEMELLBELAD D (Walter et al,
2000; Morii et al, 2013) TH Y. BBLKE L BRAE

6 T T T T T T T T T T
| TEHBEEOHBH(ESINIZLD,
ERIFSHIZKECHDIEFEENS,
5F O — ]
E
W 4 1
o o
& 3r ]
P 0
21 ]
$
@ Walter et al. (2000)
1f ® © Morii et al. (2011) 7
o Morii et al. (2013)
e

FHAISh PR F &K m)
3 MAROEHIME L HEEME

EINTWD, CB % BEEWIFHIEZICHEHE L Tw < 2oizid,
EHICKRELRRAETORQ) OMAILEE L2 ->TL b, =
D72, FERFERELOMSE = — Ny ZRISER L 724
WEIC BT, ATREREE 2 W RAEON &R k% 1T
W, KEICBo#fE Lt R oEAMEZHEFAT LI L E L
IOV TIEHRRT 5,

RIBAMMG & REIEAMEICEQ 2 BEEY

CB &, MBI EEEOHRMETH L7200, £ OF)
HEES, 9. MESHEO-©,. CB HARIZEHOBREA
OALEWEBEREZ R 29, ZettErimy (FIFS, 2013),
F7-, WEEBICHE T AN EORLLBAMEHRELTWBIRY,
ok AR RAGERT - BEKBEREZ A5 5 0T, RUHIHA TR
Thbo B iE, HECIAHAEIhBY, 6 ILICER S
FRRSFE VSR (B R IR 2R R]) <1k, HENOAZED
KBNS CB BB H WSO T Wiz, ARIIBHETED
N, B2 L2 Th T ETEE - THIESER
ENTWD, FEOMTEIZES TWEH, BHIEICH7- 5
RLEUVDOBIZEZNTEY., EEA» 5K 1400 £G5B L2454 H T
b CBORIEDHFRE N TS (W, 1993), Mz T, BAE
ISR EMTH LWL TEED /20, CB Lo
2O DIEEIIE, B2 LT L, EY s NV T—
BLTI)ZEAREL 20, BLOWHEE W) HTHT
CNTwab,

7 1 — ) REMET TOH CB HEEEDIREE

CB BT D&ERK

CB HEfE ORI R, DEE OB ORI D AR E <,
HTOTFNEE MO B LAEEE 2D, Z0O7D, FEEIC
TA—=NVFEMETFTTOCBELZHIL., fELoFNEE o
WO U EEEZEET LLERD L, 72, LHEIE. CBR
Bt oshREEHICHDEIL. CB EHAHEZHS 2
295 & EDIT, 74—V FEHTTOCBREBE L oBE#E:
22V, ME - HEEE T %,

CBY AT 2%EA LKL EED itz HE L. &
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74—V EFEMTIZBT S CB O R L7z, CBEICIE,
SERAEDS02~ 0.3mm O & 6 mm BREOBEE H W2 (X 4),
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THREINLIBARICL > TR T S, THHABE,IS, BBLZ
RARE LTComBENTERTH L Z L E2HRE Morii ef al,
2013) L7zobH, M5B IURGIIRT X912, BERY G
HOFME5EHEELA-BHE3mE. FIE5m. BITX2m
@ CB 3Bkt % 355 L 72,
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W EE X 20cm THIIZHFRE D 720 JKES CB g % $kix L 72
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T ERFEDI PNy FEFREL, SHIKZORIZEIFCBEE
KLE2HHER L. Thz, L2z TEHICCBEZZITZARK
W& L., FEOKTFIHT, HRERELTCCBELEZLE
W B IXH, TEICHA CBRE%E&IF72 C XEoF 3 Xl % &
B L7ze ML &NPAT L C S SN LIS HoFERFRK
475 EC5 (Decagon Devices #1#) #Hi L, L oK5H)
2Ty —TXDLHITL7
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FERED S 2Ny 7R —ZH AT 723 m N7 S hE L
WCEoThH, MEBRWHE LffEO MR T, L 2R L~
(B &, 2014 ; Morii et al., 2013),

CB EHEBEDARAL

K6 DT Ed > CBELOWITEIZ2m T, FOHM
2y WX E LT CBREBORWIOADREL X, B X O]
CBRBOAEE L2k X2 B L CER L, tNot
kR (REEKED) ZUET L7720, K2R
TRT LI, £ HORLLE, CBREBOZFRZFIICHEHEME
@D ECH #3ik L7z,

7 EETFHICCBE 2 ARETHZEL: 0 %,
CB B 2350 L7- 20134 7 A » HRI4E 12 A TH F
TOSNPHAICOEoTTEDHDTH S, FRMEEIX, 2013
FET7TH26HEZREE LTEHELTWS, ELEOKIE, WE
#F ECRN-100 (Decagon Devices #1#) % M\ 5 47 TaT
WL 7-BEHMETH 5, BHOZFHIZ BB L7013 20134 8
H30HTHAHDOT, 7 TiE. B HHIDFEREN TV S,
., FEEOMT, FaHERR 60 HATfR B X 0890 H Rit: THRE
GRENALHLTWAA, Zhid, H%45HH (9H9H)
59 HE (10 AE) T THOUKEEREIC X 2 Rk FER %,
2N b7z TEBLIZmOTH S, ZORHIIE, LEOMH
BIRES 20 HRRESEE LTV S, ERBKERET- 72
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D, BEHERSZEEL T BEE»SKEOKIME SR
72856 @ CB J@ OO EM: 2 RGET 5720 TH %,
K7 &y, RKEAPKEREZBROWZBED 74—V FEBETT
ABE, DY RELERICEBL T, LECBRBHOERE
DEREEKREPEAT B2 @375, BARBERERECET 5
HEARBEREAEIR SN T VB 2 ED9H 5, LECBIET. KW
&5 EHREAIPZIZE SN TBY, FOTICERINE
T CB & CRMEEFEIEL T anZ Eh b, FTERED
RREERFICRIFZEAEEAPRETVRVWERE 2> TW
5o #51 M HORMMBOKERTIZ, EECBE., THCBJE&
DICLEORBAIERL TWEA, Z0HITT CITARDE
KRIEBEZR BRI L T b, 2F D EABERROBMBITEL, 74—
VEEMETTOCBOEMBHEZ RIBST HERE L o720
2 Bl H o RMHOKES TIZ, L CB B OiE L B8 o )7 o
HRREEAENPRESEMLTBY., BHRHEMEAKIZEECBE%
WBBLTCTFHICBHLZEELONS, ZOB, TECB BN
DR BEDOEALEARLE, MT7TOTERNSG15 L2, B
JBRICHTNIIRBEAPETLTCEZ 0D, WELEEokk
R EcHish, ZOoTOBEIIHRBEETIRE Thirn
DHEFH5b, 2F0, KIKCBBAEOLREWEBE LT, #
REF PR Z BYNICHE L TV A EEZ LI ENTES
(B2 5, 2014),

FAERMEFERIC LS CB DRFARBIE

R RHITE HER

CBEE L oA, CBIZ X 2 MKHEHE, >F ) RAK
IR TwEZERE, RARDIEMEHEENTETH S
ZERFERIZE o TR T 2 LEDPDH B0 RBFFE TR, BIFEWN
% CBEEL0#ERZSFICL T, 5~10m ORAEDOWEL H

100 v ?5‘" .
80 il
60

e 40

M 90

B E

g

| J

0.1 1 10 100
H1 4% (mm)

X8 =Py CB M Az BRI W 7280 & B AR i

So
OfTTT T T T T T T T T T T rrT
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NG X—% INT A —F D FEBEDHE
L [RYE 9m
K 5 J& O SFNE KRS 84%10%cm/s
q SRS 579 v 7 A 0.601lmm/h
o) W & B o5 OAEFH 5.2/
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By BEoKGRAE 05cm
a WOREAE KRR E B DOETIK

SO TED L 72355 DX 0.098/cm

« K5 EHEC-5

B BE Bt (m)
T

it 8% 41 T 75 17K < B B (m)
9 =N CB fa#t i o W i i

Byl BARES ~10m & L7-Dix. BEFEYALIL G
FHEWMLTAICH720, 5m T ORI ETITRBBIZEE
ZYEAIITA T, ImZ2BA5EKELLYy X THEFOE
BICX B LA 2B 272720 Th b,

BB RFMEIROBBIER L2E S Im OFEBIC B
WT, ANLEHRERZHVZBEBRAEOHEREZ TV, CB®
WAKEREE K (D) OEBUZMIEL 72, BWEEZHRELZE
S— NN ZANOHEEFEF S ICBB L0, £E 91m,
M 0.3m. & 0.16m OAMZEE L. ZORMNICHERE*)E
X5cm. RWTHEZEX 10cm THEDOE ®, CB s &
U720 A L7201, P3RS 0.3mm FLEE O Fr s K2 B ©.
BICIZ IR 5 ~ 6 mm OHTIROBER % Fiv72 (18), X (1)
EHOCCHARZHE T A7-OICLE LT A—F 1k, E11C
AT LIS, FERBICIDIRELZ (R1),

T oRSEREIZ 2 ODFHFEICIVEHILZ. 1 2B IdKS
FHck 2, BiEED CBREBUEL L F UL, CBHEABENELIC
GEP19ARDKGF ECS 23k L (K9). HEEKE 0
FHIIL 720 2 20BOHETIR, BB 2 RERET LABROKIE

— 158 —



BASHT-5 - F v ¥ 7)) =Y 7 2 FMH L7zt

— FEEERM

&3
g o ] "]
o= 3 _ o s — L
e ; f ——— |
% 2003 A — a
E T ———— e
S N "

1.8 - Fdln] 25 110 J.50

WA [y

K10 N CB EFHHEHN TRl S - R R ERkED
FREEZIE (468FB#OK)

LYK L TL BARBZHEBEFHIL 720 207D, AMoEHIC
FEEHMIH > T 10cm Z & IHEKH OB 6 mm O/NMLE H
. ZoOFEKRFLICIANT TEBNZ BT LT & 2R KR S
N5 X521 89mm Ok %2 AREEFEOWE T IS Y A
720 ZOMAMIE. AORDF I LTS BEOLT IR
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2o B2, SMOBLTCRMEY a NV EZFDT ¥ v F A
Y NOBRI Ny P OERAMPIERICE L B, B,
CB gk (o ER: - I L - iE) OL&TITBWY
THEENY Y VRS HTAI L E otz MOEETUE
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Field Performance of Test Shallow Land Waste Repository Constructed Using
Capillary Barrier of Soil

Eriko SAKA! Toshihiro MORITY, Kaoru KOBAYASHI? and Kazunobu MATSUMOTO?

(Received February 24, 2014)

Summary

Capillary barrier (CB) is a tilting soil layer system which is composed of a finer soil layer (sand) underlain by a coarser
soil layer (gravel), and has an excellent feature of reducing and diverting infiltration water. A shallow land waste repository,
in which a top CB and a bottom CB are placed to reduce infiltration due to rainfall and to divert percolating water through
the protected waste material respectively, is proposed to isolate effectively a hazardous waste material or a very low level
radioactive waste. As the shallow land waste repository is constructed on ground surface, there is no risk that groundwater
enters the waste and diffuses pollutants into a surrounding environment. It should be also emphasized that the CB can
maintain its function of water diversion for an extremely long duration because it consists of natural materials such as sand
and gravel.

Structural dimensions of the shallow land waste repository should be determined by an effective diversion length of
water along an interface between soil layers of the CB. The diversion length is estimated based on the infiltration flux,
saturated and unsaturated hydraulic properties of the CB soils, and the interface slope. Although the diversion length is
theoretically as much as 50 m in a climate with an order of magnitude less infiltration, only 1 to 2 meters of the diversion
length, far from practical employment of the CB into the shallow land waste repository, has been observed and published.

In the paper, the diversion length of the CB which can be applied to structural design of the shallow land waste
repository are provided based on the laboratory test and the field observation, and some feasible proposition is given for
construction of the shallow land waste repository covered by a top CB layer and a bottom CB drainage layer. Observations
of soil moisture content in the test land repository which started from July, 2013, will be discussed to show an effectiveness
of the CB.

Bull. Facul.Agric. Niigata Univ., 66(2):155-161, 2014
Key words : Capillary barrier of soil, Shallow land waste repository, Test embankment, Diversion length, Unsaturated
moisture properties of soil
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