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This research focused on methods of estimating the amounts of groundwater recharge,
which are normally required as upper boundary conditions in groundwater flow analyses,
based on measurements of infiltrating water in the ground, to systematize the methods and
establish systems which are stable and measurable on site over a long time. Regarding
developing measurement systems, fiber-optic strain measurement methods that enable
multiple-point and long-distance measurement were used for measuring three quantities:
suction pressure, soil moisture and volumetric water content rate obtained by applying water
absorption swelling material, and each measurement was discussed. The results showed that
the fiber-optic soil aquameter has two types of practical application: one for measuring
suction pressure (Type I), and the other for measuring volumetric water content rate obtained
by applying water absorption swelling material (Type III).

Furthermore, by using measurement instruments in actual fields, the validity of the
two methods for estimating the rainfall infiltration capacities of shallow-layer soils, that is,
estimating the capacities either directly by measurements of soil water or from unsaturated
hydraulic conductivities, was confirmed.

Keywords: Soil Moisture Sensor, Optical Fiber Technique, Groundwater Recharge, Volumetric
Moisture Content, Suction Measurement, Water Absorption Swelling Material
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X, WERBRLHSGNICHTET D ZENWREE 12D,

| B TO (SRE) KB |
i

O
------ KN BEEE |- | FRAEKREERS [
| BRETOKSED | ||| BbREREHOKSH TR
BEEL o - FRARNB KR I
i I

€075 Y ) REDZFP)ORER: ||
KB K5 R — 2K
:DZFPuist(iEfJfk’mﬁa';rG;%iE 5

[ BR&CBHHKAE | |

DERBEGELR) | || [ KHBICECLFMAEKESR |
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| #EBhHATKEEREOEE |
K 5.1-1 #TKEESDHE ® 5.1-2 EEKIHRAUIZELDSHBMTKEEED
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5.2 RGEAIBE
HHLBLX 2008 4FE 11 H X v, 5.2-1 | T3 AbiiE REEARMRAE T B E - X CRAAA L 7= 2, B
WX EE 5.2-1 1T K918, 26T (A, B#ul) 2&E L,

mam

M OV R, EEHEFEOE FE T Web Y AT ANLEFESNIELOTHD

5.2-1 BFEALER

YT ) Bl
BH 52-1 £#FARSOIKR
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53 ERHRICKLHEMEEDAE

B THEER 5.3 1T FHNXa 77T —I X DRUBHERI A FEhi L7z, £ Ok 2 M
(BRI 2 JE L7z, & 5.3-1 I BRI, 5.3-1 (TR A InFE e, 5.3-2 IZ[HpRF

DA TNENRT,

& 53-1 B AMAEMOLIHFRE SHFERAKRUVMEREY

BEEEEGL-(m) 30cm 60cm
THFEEo0s 2.44 2.41
HERHH Uc 74 190
HERFZH U 2.6 30
=100 Porosity, n
ﬁ 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
R WO 0 T T T T
ﬂﬁao 2 - At : :
70 SO =1 iR [~ -
EGO % | | | |
P IR N B Y B N W
% l l l l
o ) S o=
30 | | | | |
wl P S S S S SRR SRR Lo
10 l l l l l
0 \ e TE e S B I B
0001 001 01 1 10 | | | |
FHE(mm) 60 .

5.3-1 FIEMFERRER (FEE 30cm, 60cm)

5.3-2 MRES M

WU, BUGEREGRL 2 B O[B40 & B AR L 7o ekl 2 f vy, RasRetE UK FF
PRI S OV« AERIEKERER) 2R o BBz 5k L7,

5.3.1 {R/KMEHER

KRR 2 ES 5 ik & LT, 2 2 CINEREZ AV iz, iR E O 2 X 5.3-3
2, BRI Z BEE 53210087, 22 THWET I v 7T 4 A7 OZEXIRAEIX 300kPa,
FAFEAKAREL 3.38X107(cm/s) Th 5, BEBITEEOEKEICHTHE LB %2, Z2hzth
HORMBRERICE DI TREOE D TER L, “BbREROBRKEZEAL, &HIATHR
&y, REoYHIRELEMmE Lz, BohfRaeM 5.3-4 187, B, ZITHLNI
727 —# % 3|2 van Genuchten 5 /L 2% L CRIE LIzfE R 2009 5,
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5.3.2 MERZEKLEKHER
W, BARREOMEZFAMT 2 BT, F ARV GBI C O R AFE KRS IR

ARALBEAKERER V12 XL 0 JE L, BREEE A X 5.3-5, BHE 5.3-3 127”77, EHE¢100mm O T

7 YU ND T 7 LRI 50mm 5 OfEEAR & U, SR RACMERER & [FERI TR O 5 KR ICH

BLUICRB R, 2R ENBHOBBERICA D THRED ED TER LT,

RERTIEIE, ER LT ERIER T DR 2 ISR LI2th, ~U Ay hEalby hEHkH v
7\ E T TR N ER ORI E % @ O o IRIE TR KM IB KRB OEH T 2 L v hNOD
KOLDOREHIF 7K T B A& R 72, 7ok, HEEOBMEGE, vV Ay A 75 DK
MR TERIYVRKEHNTELZ LN TE D,

__ 1 AV(R+AP)
1-H  V,(AP)
ZIT, So : MIHIOfE%), H :~2 U —E(=0.02 :20C), AV: APER{EHEES

ZEIZEY, Baly hNOKMNOETFEEL Y RO MK A L2k EmS3), Vi

OB OEFEmS), P : K&5EPa), AdP: HEPa)TH D, 5.3-6 [CRBRRE R 2T, W

BOFKREE T D L 1 A —F —FREOENNH Y, PIIEFIEE T3S A OFREHI L

TIXH 75~80%, Hi B OiEHIx L CTIdf 85~90% R L 72 o7, 728, #5/£% 100kPa

UIEER S 2L 24, Wikl $10K 95% LA LD FIFIEE T A7 Y T~ 2 BRI G b7z,

(5.3-1)

SrO

Regulator

! 50

Constant head tank

v

—= , L7~ Geramic disk

: $100 |
«----n- >
Electric Balance (unit:mm)

5.3-3 MEHREIC & DERKMEREREE FE 532 HERKR
1000 E
S R R e s
= e +=-==== AN~ ——
s : :
T 100 et
S Foc-c-c-cdt-oc-cc o odo oo ek +=-=-=-=-=-4
< | |
[ - B o~
2  F-—-—-—-- 4o 4
3 | |
g 10¢E T T
EZ-c-c-c-—cf-c--—-—-d--ZZZZZZZZZ-cZ
,,,,,, e s e
I I
I I
1 = e 30cm
E4 Ao 60cm
[ 1 ——VG model (2=0.009, n=1.218)
- < — — VG model (a=0.008, n=1.239)
T T
0.1 — T
0 0.1 0.2

Volumetric moisture content, 6

5.3-4 RAKMHERER - TG AR GRE 30cm, 60cm $£ER)
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Bullet :

Hor Y

Drainage] .
8 I stainles:

Tank nash
Specimen /

|

m -

@ Fule,
Electric — » 00— (unit:mm)
Balance
v L~ =t I+ — 2 L~ = s
K 53-5 MEREKEEKAREE BE 53-3 MERZEKEEKAERIKRT
B0 peee———e ——
k: E S—=— 300m EEEEEEEEEEE
g F ~|—a— 60cm 1 E::::E::::::
‘& [ 90cm | R IL,,,,J 77777
g —X—120cm | A‘ I |
B 1.0E-04 == — —n=0448 (60cm-120om) =====2========g-b-=—========
3 F =|— —n=0.530 (300m) EEEEEE R S e
8 77777 T T T = - - - - - -~ T - - - - - -0 r77777777|77
© | | | I\ | |
5 | | | | |
S 1.0E-05 ‘ ! ‘ | [ I
N Fo-c-c-dc--c-c-olc-c-c-c----c-d-------=--E----d--oso
r EzZ=== F--=-== e J----C-Z@-coco Fo---g---oco
| | I I I |
| | | ™ I\ | I
77777 e s S
| | | )/X I | |
1.0E-06 ‘ ‘ ‘ + ‘ -
| | | | |
e b s R e el et B S
1 | 1 I\ 1 I
| | | | |
| | | I | |
10E-07 ! ! ! ‘ I ! |
0.15 0.20 0.25 0.30 0.35 0.40 0.45 050 055

Volumetric moisture content

X 5.3-6 MERZKAMEKHERIER (20°CHBREE) : FHiF AFH

5.3.3 HREFKADEHRIE (IPM)

X 5.3-6 |27 L7= RIS KGRI KT L CE BITRVKRS IR COEERD D Z L 2B &
LC, WKy aHE 9c L 21 BB 2 i L7, RBRiEE %X 5.3-7, 5H 5.3-41277,
B ¢ 100mm D7 7 V)LEIO A T AWNIZ 600mm mOMERIA L L, #EKIT B HSO%E
60cm 7 HERE L7230 2 FH O, WIHIEEFIEE S 50%I272 5 K 9 IRy L7z BT, Bitho
FFRICEDE TREDE D TER LTz, 7235, Koaoike EIKEOMEICIZTZENEN FDR-V
EOLBEMOT A A—F —THEHL TWIENE I T I v I Dy T ERERLIZH D
AV, EHEY 6em FFET 5 mANE L, BB EE LT, B L7 EE s —
EAKNL (T0cm) THAK LIZBEO K B & JE KO L 2R IET 5, BHEEKEOMmEN E
A LRI —EETLE LD & 2fgdk, AET LML a7y =20V THEEZE
A, dkifmaile L,
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¢ 100
Const. Head
Tank Regulator
[ Inflow
700 — (; Compressor
60}
604
300 | 6o
60 Pore Water
FDR-V 011 —= Pressure Sensor
Moisture Sensor =
600
VNA
Specimen
Filter

BE 534 EOHIEERBRKSHERERR R

X 5.3-7 EHFIEHEBEEKD ALK

HEREE

R DK S8 & JESIKEOFHFE R A2 K 5.3-8 IR T MIHHEICIES >E RS D DD,
WAIZESEO EHRRBD ST, ZOIEEET — X & AV TR R & Riafnid K%k
OAFIFNZEREZE RE LR 2 X 5.3-9 18T, IZBICHE S (REEKROBINEN Z< b
TN TH o721, IRHBHIZ T K BIZHT 2 AfB kR A RD D Z LIxTE 20
ST, BWHZ D&, HGgL LTEEBR DT NOKGBEETEWMR Y 7 > a » OIR T 258)
ZaRTMANH D T EBNRI T,
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B O, 4B BB E 100kPa 28N THRBE S KROEA2RE LIZ & Z
A, 1R E A EEITRO bR oto, FORHEE LTI, K 5.3-8b)IIrT Lo, KES
KRS 0.25 FFE TOHEKIZ ﬂZ%Hhut®ﬁF#%ET%W%Eﬁ%tﬁﬂ@io_/
IV EZL BICTEAT AL EICBW T, RIFEERE & HKiBfE 2 Ee LTI 5 BT,
DIZEVVKIEZETRE S, S HICRBERIGEKICZVAMEZSDDIVLENDH D Z L BRSn
277,

T L [T,
e e e S SRR RRRRRRRRL
s e

S e T N A s o ] m’/ T

. 0 ! 2 s 4 s 6 ! 8 Tgime(houl()) - 0 ! z 8 4 ® 6 ! 8 "“[’ime(houl])oz

(@) AHEEKEOEBFEIE (REBERE) (b) EH/KEDOEFEIL (REBERE)
X 5.3-8 EHEIEER
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2 T T ® 10E-08 — —_— —_—
& ! ! £ I
E [N [ K I
o | | < I
g ! ! £ |
2 T+ - - - [ttty 3 I
8 | | g
a I L] 5
| |
| |
4+ === [
| |
| |
e -
| ——IPM-35¢cm ::::::::::::::::I:::::\:::::F:::::
+ —e-IPM-40cm || B - - = F-----
| =~ IPM-45cm ! L — 1
] PMsoem [ W Pressure variable head permeability test
| - IPM-55¢cm ® Instantaneous profile method (Wetting)
! ! 1.0E-09 L ! I
035 0.40 0.45 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Volumetric moisture content Volumetric moisture content,
333pE F0 : e 33.3pE 2 E 30
(a) Ko REFFE (REERE) (b) FEAFEKFEH (REBETE)

(IPM : BREFKSIETALR)
5.3-9 FEAMIRBHE

5.4 BIZEFRIAE

BB OIS 21X 5.4-1, KFHAEE 2% 541 1277, HH T 2 M ORI % Fhi
L, FIZ3HEEZXMRE L TWNDHA, AHIATIE 2010 4F 8 A X VR 120cm (2 FHABEZR 2
RE LTz, 7Y TR 20 0 TH Y, 1R S0 ORI HE U CRE R A L
2o 728, BUHBLE CIIMKEOBIIZIT o> T2, BRIETHEHICEHRE STV H RS
T SR A Hi sk FR SR AT OB K &7 — & 2RI LT,

ADR T™M TM(FPI)_Air
———— o o

1ERIA:19.8°

1ERIA41°

(a) At R T TET (b) Bt R BT

5.4-1 #BRARSZOBEEE

% 54-1 BARBRLIUVEE

@ ADR /K%yaF (2 His 3 I : 30cm, 60cm, 90cm,120cm : A HiS D A 2010 4E3E0)

@ TrvAA—2— (2 M 1%EE  60cm, 30cm * 90cm * 120cm : A Hi 500 7 2010 4E3B 1)
@ THIRE (2 #5212 : 30cm, 60cm)

@ Y774 13—5K (FPI HR) T v A A—%— (60cm : A #7007 2010 £E3B00)

® MpZeKERE (60cm : A HiS 7 2010 4E380)
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BEH 54-1 vUHHRERR (R AHS) BE 542 AEEOHERL
R (Bi5 A thR)

HFE 54112 PRERNEZTT ADRIKDEIR DT v oA A =2 — XM iRO b D%
D, R—=V U ZHPNICRET DL, BHE 54-2 (R X )Tl L oBENE L FADRA
B B CERZERO T E Z A\, 2B, Tt A —4—HOBSKHB#HKER (4
&) Z8AEL, 2010 4FIC A HISIZEE LT,

55 BGEAERRUER

Koy & JETIKBADREREL A X 5.5-1 LUK 5.5-2 ICENEhrRT, o, K 5.5-3 128
RS CHAR U726 R 2, BRI EEYY, 30em, 60cm TSI K& < BN TWD, £72, 90cm
& 120em OFERE RS E, 9 A~10 AT TETEME T T2 RN R 5523, Mha—
EOMEA R LIZZ EDD, 90em LR TII ARG EDOZEMIZ E A SENFIHI Lz, FEHT
RN O TIMNRAFENEL, 4 H~5 HOEFICKELEFEANLOND, Tk

BiHiY 11 HREDS 4 H FRE THETEDLN TVWDLZ ENRELTEY, MENKTLE
Re A O KIBIZEDME N5 2 &R0 5, [ESKBEOFHHNZOW T, B THRIGSTER
0, FH4HNL60cm O 1VEEDHTH D=8, TOBMEZFM 2@ L #ﬁ#é_&iﬁb
v,
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wIZ, 2010 427 H 156 H~9 J 2 A OERIIER DL x> ToRpIZ R LKy & & ETIK
SHORE A (b2 £ LD REX 5.54, K 5.55 187, BHATOEI ARSI T
INSVOITRIEICEEICE T EAREL TWADZ 0, FEICIFIVEVEEZFIIL TS
= Thb, £, AHUST 818 LIFTOENAET —# BRI L TWDDIZT —% 1 H—DR
BEDTEDTHD, 2, E 120cm TIEEZR L TWAHIFEABNTWD D, Zhidt o
RRE IR TRA L= MIBRAKESE BT 2 OICHMEE L TWEDTho EEXLND,

T, ZTOMOBFER L LT, X 5.56 ([CHIHIEEONEHELRT, LAFIHEECED
NTWBR, D7 & 80cm LR TIHOKAA FIZIE7e - TRV, BLERR Ol KIEEM &
AW T 7 A R=K35TlE, K7 7 A N—=IC X DO T B B R CREMENSLERZ &
N2 T, WoKBZEM OREZELIZ L 2HENBREIND Z L0 b, SHROBFHIBNTSSE
272 %,

T, MRZERIEORKZELEZK 5.5-7T 1T, FhasskiEE b IEEZ R LTV A HI A
BT\, ZHUTEREICE S TRAE LI EXRENHEBT 2 DICKREZZE L TWbH 72
ThorLEZLN, U PBRERICRSBREREEZRBTLENGH S Z LV B L, 9 A
FILAREIZ EERICZE RS 2 B0 fAH i 7oAt & U CREEIE Ll L7/, BRNICSOG L C PR Ze
RUED EAT 558 2R Uz, BIBRZERIEDME & LT, KEEHE CTHRAK 50em BETH Y,
K ORELRBIEZ S 7201201, Ty v A A =2 —DMEBEMETILERS D Z L IR
2 Sz,

T T T T
—— A1 530cm Al £210cm

o o T T T
< < I I I
2 At £160cm £ | | |
£ 95 L —B#t=300m |_ 2 | ]
N Bith H60cm g | 1
£ £
° | | e | |
2 I I I
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I I I
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Date(2010) Date(2010)

55-7 FMRZEIEDERLI : Aths (RE 60cm)

,64,



JAEA-Research 2012-001

5.6 BIBFHABROZLIEDREL

HR KRR R 2 EEK D BOMER RN S RET DB, REROZ Y PEIIBLHEH T ORER
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