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N A EEDSTBEBANTEBEBIONT /S FEEY 7HBIZBWT, kL ¥ AT AkFoBELSEEE (EC) HE
BLUOA & VIREGHT 24T o720 FHEORE, NI BIZB W TE—EBOEAKHA T TI50mS/m % #8 2. 5 ECHSBI & 17z,
)7 ABICBWTIE, KEKFRHTHZHEE (Fv 7Y —) BLXOHFOECIE 150mS/m % FE - TWizhs, HEKk(b
12 & o THKRE L L7z AEAE L 72o TERS I & BEFE ORISR IS X D Hi TR LD BER Z 54T L7228 25, /3N
TETIEZNE THIL TRE SN TV ABKHOFFHA L, 1fEfs) obKkersElnLiz2eT7y 7a—
SV THEELIZEHEESNT, VT ABETIE, Fry ) —0—HaMRE ICRBESNTWS I ETECHHEL o
T EHEE SNz, WALDENIED 729121k, NN EBIZBWTIHFOGHA, ) 7 BIConwTiEFy 1) —%
WO RO HARET 2 2 L ETH D EF 2 SN,

F—T7—F 1 HTK, KKLPX, PyvFTa—-=7, BKE HF

I #

[l

BUEUROM TARIIIEEMIC LY, EPSEESN
72K E, WED SR AT B IR DK EN THIRSE R %
s %0 COWREROWEIL, Wk & BROEEE
EETINTG 2 AL > TREEND o PRI EBDOHR
HCTEL, BUHTHES 2Ly ARERET L L
5, WKL Y XEMEINDIETHAET b0 TO L) i

A2 B W TIRAKH T K ZFIH 3 5 12 1dm K B oK
WU E L2 REAREE (Fr o) —) 12X DK
-

AT DS, BKICE o CRBBOENPERT T 5720, o
KIE T & & T D> TR EST ATy 7a—
SV ZEMHEN A BRHIEE L, HT kAR & (28K
T2, ZOMKIIGEE, BKEEEL, BHIZEoT
VORI S NAURNIE S 275, HkeEEkTh -7
BEIZFOBROBERICE > TLREIEL 22 L2505
T3 (Presley, 2005 ; fiH 5, 20107 &), HFKD
AL Z BRI O DOk Z MRS 5 2 &1,
ARIE A HU T ANARAE 3 2 Bl & 5> CHGBOFRE L 70 -
TWhs

Table 112/NBBLIZ BT BAKL ¥ ZHTF K EXT R &
L 72 B R0 2 R 370 /NGB & v D) TR I RERE 20 2R
Ewd, FlIZIE2 3 A TOEBAKTETa 7T LI
B D/NEOKFICHET AT EE I LU, T
& 2,000km’ LT 2218 10km DU F 0 &% [small island |, T

7l

F& 100km® LLF 2208 3 km LLF @ & % [very small island |
EFE L CB Y, [smallislands] (21227 7 & (i f&
549km’), /NN F A (430km’), =7 T (259km’), b
YA E T (257km?), T v KA A <Y (196km’) 7k
EEE M, [very small islands ] (213N 2 — ¥ 5
(50km®), F ) (22km®), T v b A A FE (19km®)
E2, ERORME EBEBIOEEENGINDS
(Vacher, 1997a)c L2 LEBOKE L2 ERITEHEN
7% DT, Falkland (1991) (ZIEHICER S 72K B
LUK L AAAERT, NEEICBT KRR FEFHER

Table 1 /NSIRIZBT 5K L » AWFFEH]

Some previous researches of fresh water lens on small islands

LR N
AV 220 S TR AR & WG & O BIREY]
FeHE T (AP ThZ—=a - T — = ORI
ARET o A — T2 ERYEN L DKL ¥ ZOIRAE
L HOK L > TSI

BARIZ X BRAKL v ARORAE
77 (FYNR) KL v XA & TV
F—2n(aar)? SEFBEC X 247k o i
0—F (=3 v )Y TIZOBOH T KIEKL

NI 2=

"Jones and Banner (2003), ?Velde (20006), “Vacher and Rowe (1977b),
“Chidley and Lloyd (1997), YRowe(1984), “Lloyd et al. (1980),
7 Ghassemia et al. (1998), ¥ Presley (2005)
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KRLFWT 70 —FPMHATERVEE LTWD, KK
L ¥ ZOAFEIRER, T /K O F)FH ] He i 13 /K S0 B 4
f, BeokE, HkaE, THFARRRECL S TEDbS 7
B, FBEICB TR - BTSSR b,
ARIFZE TUEBIFERK L » ZH TR OEKILAFEA: L T
Wa N EEDNNG IR NNT BB X UONT 8 G
VI7AEBIZBWT, BT BLTFy 7Y —12BIF5
W KB OESREE (EC) WEB XU 4 V&S
&7V, RS & BEEOREREE L 0 Kb B R 5
MEAT) & &1, HAREDAIE I 72 5% OFEELC
DWTHEE L7,

I BREBXOBIE

21 BE
FAEMATET S b v W EEIEE RIS ET 28
170 D BHEE A4 2 BULE T, #mkEi3H 720km?, AL
BRI ATH S, BWMX 7T T 7 OHETH NI
7 FEIEE 21 FERE175° 1B L Tw b (Figd)o
HEHBO—DTHDL) 7HEBE N Ay TREIYILIEH
128 160km, b > HEEHFEIAEST 20N T A BB
FETHY, HEOIH S TADNGET 5, HEIZH
1km®’, AMNEH3FATH L, ) —20FEHMTH
LN ENE N oy T &) AL RIS K 275km, TR
K 121km® DN BHEBIAET b0 FHTHDLAAT 7
DONITEF 6T A THA (SDT, 2011) . 4FH A=
HIZEL L, NANTETIRY2200mm TH Y, FEkE
OFK2BENADPSAAOMMICL 6 EN5, VT A
BOER K E 134 1,700mm T3 % (Furness, 1997) o

22 KiEHE

FNoHEA Y R=F—=A T )T 7L — bOREFIZ
MELTBY, KFETL— NOILARARIZL BETIIC
LoT, AV F=F—=ZAFF7)T 7L — MEUFH R

L16"s 4

PAYAY)

17|6°w ) 174:‘W 7]

Fig.1 SN E X
Location map of study area

L CREKENZIRFIE TH S (Gatliff, 1990), /NN
B, NTSABE, Ny THERERA—EOR 4
OKUTEBEIARNIEIETH 5795, XY BRI IRy
 IGEIRY 7 KIUBL (Tofua Arc) 2537 5o /NN H#E
B, NTOSABE, Ay FEEIICHES O
EFEOOIKETHBEINTEY, EiEsIEBR LTk
Vo f1JKA 1 Tofua Are & #21R & 5 4 Mk K ILJK C B
ONTBYH, "N ETOEZIZImTHS (Furness,
1997) o

INSTES U 7B E SICEBIIO T A AR S E
IMEDTE , BEARITERLIZH M IZEZEL, IRl &
DEFAKITTEEFEEL RV 2O EE KB AIK
EOHICIIELENDIRAKL v ZHTFKRE o TS, &
FETIIH F AR O EEICESEZ L TTWE7S, T
IRFDRIRA I AED &<, LIZLITWHO D2k
HEE T2 5 500mg/L % 2 2 MED B S Tn b, E
IKEDPFAEL 2N e s, WTFKREIX N TodaL
7oARRE Y 72 5T\ A (Furness, 1997) o

221 NN9IE

PN BRI ICER L TB D, Ak D
Voo EENHCTE Y, MilEIIAHA 2 E S T
e LT\ (Fig2), WEIXMEREEDOR 54T
LI IO AR E, a8 ) IR IEO AIKE,
FIKEZRFEE T AAKEPOM S, ZTNH 2 KILKE
FoRgtatrEHoThY), ZORBEX1I0mEKHTH S
(Roy, 1990) o
EORBIIKIATHLLEEZLNTVLYDPEHL T

N
LA N
© W | S @
° )wiﬂﬂy /

Preson
- BFL18

Fig.2 /3N B - HIEHTE R (Roy, 1990 (2 HN4E)
Map and geographical section of Vava'u Island (retouched to Roy,
1990)
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BoY, WTFKIZEEEIZHH L T2 AIKEZTKE
ELRKL Y ARGALTEBY, O TMIHEAA
FLTWD, NNATEORAODTE L E2SERAEL T
HAAT 7T, HEICL o THEAKRENHT KR EKE
L35 FRKEPEMIN TS,

222 U7HE

) 7 H BT, FE R XS TLE 2 I
DHERAIKETH %o BOERE DS BRI Tl
WK G % E Y, BIFRi e oTnd, BE
E3mPNTH L, BOWRETIE L DI LREROE
G 72 Ak % & IR IEO GRS S A K 5 % > Tw
Bo NN BEFERE, FEEEEIEERL TV v, Fig3ll
)7 h BOMEREINEZ R, mAKBITAKD B L O
FIRETH Y, kL v ZIEAIKBPICHELELTWD
(SPC, 2013)0 V) 7 BO NOADFHEEE /Sy F A I /AE
LTBY, HARF vy I =1L o THEAKRSINIZHTK
KL T 5 LAKEDEMmIN T D,

I ARG

31 NNIE

NN BIZBWT b v A EKE A (Tonga Water
Board, LLF TWB L F-53) 2EH L TWAKIFEB X
OB IZRR VT S L2 FRBUANEL, 0 EN O
TR (Cave), BLUARA 7 7HND KT IV OIKEK
(Hotel) ®EC, pH, DO, ORPZHIHTHlES 5 & & D

N

®

FLI
© HF EM)
O mmL
D KUK
[

Fig.3 ) 7% B - WK (SPC, 2013 (2/N4E)
Map and geological section of Lifuka Island (retouched to SPC,
2013)

12, HTHERLZZH TR Z BRI LFRE ISR
BAEA  VIREERWNE L7z, SWEE BT KO EHE
WIS TH HNa™, K, Ca®*, Mg*", CI”, HCO, ,
SO,/", NO; & L7z

Fig.4 (273N B2 817 5 TWBHF L EM 2 /R§ (—
P Fig.2 (238 o WTFKAZRML72H T D) 5, No.10,
15, 19 A A 7 7IZHAKLTWLIFETHY, b
#+ (Preson, Mataika, Mangia) 13JEBDOEEITHEAKL T
BHTTH B KL ¥ X5 DKL, —fkIZHITK
T I T L2 I8 100mm B2 B O A fLIE Vi 2 ACE ISR L
X v ) —FHVLEEDRLVH, KX CIEHATD
HAWVbHNTWa, TUTHED S M T K E TOHEED
200mPlEHY, FX T —OFEIHEL VW LIZLDE
EZoNb, HFEOBETIZE T em ~2miuT oo
Vo) = MECHRESINTRBY, NFEOKRE LA T
HFKEAEOIRIZILO L D K&V, FFESN TV
R TEIAN)hva—4 =K 7T, T —+¥
VNIV yERIFERE—Y—THb (Kawai, 2013),
Fig.4 \ZIZH T OHKME) - FFHRBOB 2R L T 5, FEHR
BWoOHFOHROhEHELZE A, NosSIERKTH
WX o THAMMEEINTEY, Nob, 7, 11, 12133
FAMEIN TV, 284018 (Fig.2) XE LTI
HFEN7% L, B 173K Y 72N L Tz,

Fig.5 12\ B O T RKBINSLEEM 2 R4, T
KEBTHALIE ZNZNOBAI LV BEmofEICH Y, B
WH S TS 72 0 AR 40mm BRE O YR VA SRR
HEINTWAS,

JLBI o
N Mangia
D i Mang
o A (Rxfih)
o HFCREEM) 5
15 EH
/ 05
o4
1 ) 03 els
° % o el4
16 ®10
09  oll
2 3
) 19e o0 012 (BLIFLo> )
(R TD5 4020 J .
o2
17-18
(BLIFL O Z2)
AT 7 itk
0 1km
—

Figd /N7 B AR (Fry and Falkland,2011 (2 I4E)
Location map of wells on Vava'u (retouched to Fry and Falkland,
2011)



4 JRAT T2 R FE AT Sk

T AKOERNUE 201447 H 30 HIZAT o 720 BIIFLIC
BWTIMEOH T KRR (RN—F—) & HWTILK
RO TRZRILL, HFAIZBWTIER Y T
VAR ZBR L TR L 720 $727H31HIZIEAAT
T WM DR TV (Puatakanave Hotel) D EEITAH & K TEK
AT 5 L LB, WERVOTRENO T KENE %
1T5720 EC B X U'pH OHLHIHIE 1X TOA-DKK #1:5 WM-
32EP, DO (X HACH#:# HQ30d, ORP ¥ TOA-DKK #I: %%
RM-30P CTENZENAT 5720 T B A 4 VIREIZA A
vruv 7T 7%#%E (TOA-DKK 3 1CA2000) Cilll
EL72,

32 UI7HhE

V7 A BIZBWTTWBWEH L TWwaEFy 71—,
T OKBINAL, BARHFICBWT, #T/KDEC %3
THET S & & D12, HTHK L 22T K% $REC LB
TEEICERLIRY, BAEA F VIREEARME Lo WIE IS
L7 NN B EFEETH 50 T KROBREUL
20144E8 A 1 HIZAT - 726

)7 7 B TIEH T KA OEREAGL. —2 ~ SmARRE &
BE/NE W7z, KEKRIEOHKIZIZF Y 59 =20
LENTW5, Fig6lZ¥ v 7)) —, K7 HTFKEH
L, BRI TOMEEZRT, ¥y I7) —ldaoFikF
FEFIRTERE SN TB Y, RimF 72138 iiEBIC SRR
DR B, EAAK 300mm OIE CEN S EIFS5ILT
Wb, T2 7 h AL O I KBIIFL L &R, 2
AT OFAK D P TIT - 72 (Fig3) o

T K BUI AL T = O i A7 2> © 100 ~ 200m D fir.
B, HERIR> TRES N TV, HFKENTLO
WY % Fig 7127897 Fig. 7133 3 2 B2kl S /-8
U (Woodroffe and Falkland, 1997) 8L CTHD,

RTNTNE

L S

ay7y—h

e
¢ 170mm
- MU
¢ 40mm B
g R Kk
SZ ‘.
|
¢l i
R — c ARL—F
| 1 (300mm)
i | |
2 G
o ? o
| 2
[ i
ey
a7 A4 ah

Fig.5 7NN Bl FKBUHIALHE X (Fry and Falkland,2011 {2
EE)
Structure of observation holes (retouched to Fry and Falkland, 2011)
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WK OWEZ R E $ 572012, R EMOT T A
#WErE S A0y Fa— T ERMEAUIECE IR
Roh7z. HTKIE TRENOFERZISHKES A

AL O©WP(0.9) N
/X —
o fKift
o Bl
© 77 (it T 7K T%m), Xy 51—
1-1
Gl-2
OW9(0.6) f
JE
06 OW7(1.1)
X¥v7Y—E OW4(1.6)
X)GE
©OW3(0.7)
OWI1(1.8)
0 300m
S — |

Fig.6 ") 77 BBUIIAL - HALER (SPC, 2014 12N4E)
Location map of wells on Lifuka (retouched to SPC, 2014)
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Fig.7 V) 7 7 B T KBIMALREE (Woodroffe and Falkland,
1997)
Structure of observation holes
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I AP SN TV B F 2 — 72Ny 7 1) —ERE)
DEZER Y TR L, 355 MK E G 72 RIS L
720 BKEIZMER I X 5 TEZ 555, #%42 2 L/min
THolze T2, RV TOWH|OATIIHAKI R
B, Fa— TR E T L 255 L, ECAHS
L% 05 F TR T2 LKL,

ERIFFIIHEILSH TR T I mBEEE T AF
n, flOz7uyrsears)— b CRELHEEE
o TWbh, MFEZEFem2 51 mllEDod D F T4
Thbo PRAKITH T RERIGZ V72,

NV AEHER

41 NNHYE

Table 2 |2\ N BOHF, FAK, KO ECHIER
RERT,

AT TITHAKL T B HFTKDECIT 121 ~
219mS/mTdh o 720 b v HETIRIEAKD I #E %
EC150mS/mLLF & L THB Y (Fry and Falkland, 2011),
CHIHETIZO D L3HD ) H2HDECH M L TV 72,
FIKDECIZ219mS/m TH - 72 75 F O EC 13 T
& D 100mS/m £ T o720 WEICHRE L TV A IEHE
NDECIZ 1,650mS/m & KD 131 ETH - 720

Fig. 8 IR M FLIC BT 2 R ERNECH A B L O
EC150mS/m (2t L 7238 2 7R3,

S C OB T B TR L7278, 20
JE X3kt 4 TH o720 No.17DECIZTEERMITA L, H
TAEF132mIZBWTH 11.3mS/mTH - 72, T 72,
No.18 Tlidfix bV IL (HF/KiE13.2m) 2B WT L EC
OLAFBRIN SN, WKEOESZITIRTLZL1ET
Ehholze TIUIH L TN, 10,12, 1512 BT
LIEWEIIFLOEAT2,000mS/m % #8 2 A JLELAY W EC
PEM SN TEBY, ECHEEIZIL U TN % #igo
GAEDFER S N7z,

Table 312X\ BOHF - BUlALOM T K, WHEK,
RO &V EEE R

Table 2 /NN BOECHHIERERE GFF, W, L&)

Results of EC measurement in Vava'u (well, cave, drinking water)

54 EC KR pH DO ORP
(mS/m) () (mg/L) (mV)
10 160 25.6 7.33 7.59 111
15 121 25.7 7.25 7.49 63
19 219 25.0 6.78 7.55 61
Preson 59.8 25.6 6.94 - 104
Mataika 88.2 243 7.16 8.12 160
Mangia 92.3 24.0 7.28 7.14 191
Cave 1650 243 - - -
Hotel 219 24.4 7.07 6.99 524

* RIS pHEFTRIE o 3 T /KIS FLERAS 3 THRIN

(1)No.8 EC mS/m (2)No.10 EC mS/m
0 T 0 T
IKAVE 2 IKAE 2
2 | Lrky 2 Lrdy
-24.12m 127.3 -20.28m
g L £
X 4 .\35.7 el 4
BE | T 55290 BK
6 6
S S
10 10
& 8 & 8
=1 JKR: 9.8 =1
%10 EC: 1,670 %10
!_; IKZR: 123 ;
12 EC: 2,630 12 K- 152
EC: 3,920
14 150 14
0 500 1,000 0o 150 500 1,000
(3)No.12 EC mS/m (4)No.15 EC mS/m
0 T 0 T
IRV : IRAL 2
5 L LOky 5 L LOkY
-23.14m -23.14m
=i L g | 9 80.6
o * o
86 g
10 10
&2 8 F 28 r
E IKER: 10.3 }E_
~10 F EC: 4,240 ~10 ¢
o i -
= = KR 132
12 12 F EC: 3,400
14 150 14 150
0 500 1,000 0 500 1,000
(5)No.17 EC mS/m (6)No.18 EC mS/m
0 T 0 T
8.52 IKAL IKAVE:
5 Oy , 7670 Lky
T 30.7 -24.12m -48.86m
=1 H £
& ¢ & ¢
Bk Bk
g ¢ 8¢
10 10
&8 & 8
= 1= 30.1
¥ 10 %10
b= b 10.66 j=
2 2
b 11.32 4.8
14 14
0 500 1,000 0 500 1,000

Fig.8 /N7 BIZBT 5 BIMILIN O EC 4 A

Distribution of EC in observation hole in Vava'u Island

Table 3 /NN B A 7 > EE M GRS R
Concentration of dissolved ion observed in Vava'u

W% Na® KT ca®t Mg CIT HCO;” SO, NO,

No.8 423 1.7 244 22 338 131 533 111
No.10 117 2.7 109 142 201 344 323 2.69
No.10P 168 4.1 123 189 299 357 359 nd
No.12 151 3.8 118 18.6 267 344 392 nd
No.15 414 07 118 59 697 344 11.8 226
No.15P 107 2.9 118  13.0 179 348 247 nd
No.17 3.16 1.5 514 050 806 00 333 162
No.18 32.1 60 826 63 692 159 139 735
No.19P 271 6.3 132 306 476 363 573 nd
Preson  12.8 0.5 108 32 13.8 335 123 113
Mataika 65.7 2.0 118 8.8 116 327 157 nd
Mangia  63.0 1.3 111 8.7 118 338 159 247
Cave 2930 117 157 323 5290 223 660 nd
Hotel 317 7.8 155 363 561 352 60.0 578

HAImg/L, PIEHFKERT
BUNFL T Fig 8 1R T IREDFL & D $7Kk
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EARIGICHCO,” & Ca’" 2SHM L T 2 KA K g
HHOKETH), ECHIEMEWEIT CTIENa" & Cl
REDE V. No 17 IEERIISREDMK C, HCO; 238
FNmv, T2, Nol7lZIEERITONTEBLY, W
KEBE IEEE D SN TV Do 720T, FAKDITLA
IR AL TV BT 2 D728 No.17 O Bl
FITERNET 5,

42 VI7HhE

Table 4120 7 BOHFBLUIF ¥ 71 —DECHIE
R RT

HFIKALIEGL=2.05~-4.6Tm TH o720 V) T H B
3EHTRRIE SN T VWA F Y 5 Y —DECIZ 112~ 176mS/m
THY, 18P (G1—2) TI50mS/m% #is L Tz,
N HALUEOH T DOECIZ69.6~130mS/mTH D,
150mS/m Z i@ L CW A HFE o720 ZHITKH LT
) 7 7 BAGEOWAB X WHDECIZ#F11Z11318mS/m,
702mS/m & HHLI S il 2R L7z

Fig. 9 ICE M FLIC B 2R ENECH A B L O
EC150mS/m, 250mS/m (2%t L 7278 % 77 d

Wog L7z FokBUIL6 LD H &, RILEA LS I
FTHhY TR ZIFATELHMETH o720 DI
No.7B L UNo.9DATH 5720 No.2, 4,6, 8 TIIHTK
AT TE Zh>720T, No.9 & DR A i bl
DFLEk (Turner, 1998) L FH U TdH B & IREL TKE%E
K7z,

Fy 7Y — 1EMICAES 2 Nod Tldk b EWllE
AT OKE1.5m) (2B W TH ECH 444mS/m & & <,
EC150mS/mPL T OIS IFEFEH K 200720 Fv T1) —
2HEHNZATIE T A No.2, 8, 9 DHITIE, RRHEIZITV No.2
D ECSET1,000mS/m L & Eh otz F¥ T —
2 B V5 3 2T 455 D No.9 Tl EC150mS/m BL T O FH I8 A3 52
T, TOEEIX1.96mTH-o7z0 F¥ T —24tFum

Tabled ) 77 BOECHEMERIR FbH, Fx 71 —)
Results of EC measurement in Lifuka (well, Gallary)

Wt IKAL EC i Siih pH DO ORP

(GLm) (mSm) () (mg/L)  (mV)
Gl-1  —2.62 137 25.7 7.28 5.21 129
Gl-2  —296 176 263 7.48 3.96 166
G2-1  —2.80 112 26.5 7.31 4.14 130
G222 —2.30 131 26.2 7.33 429 156
GE -3.61 146 27.0 8.15 6.43 86
WA  —205 318 26.3 722 2.29 21
WH  -300 702 255 7.34 5.20 94
WP —2.46 104 22.1 7.56 1.49 75
W9 -350  83.1 24.8 7.54 4.98 47
w7 -250  69.6 238 7.61 2.81 103
w4 -2.16 130 25.9 7.38 4.84 80
W3 - 4.67 114 24.6 7.80 6.65 86
Wl —4.15 974 24.0 7.68 4.04 97

* K% pH AT CHlllE
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TR R Do 720

Table 512 77 EOF v 71—, JH, BfLICB
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Distribution of EC in observation hole in Lifuka Island
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Table 5 ) 7 7 DA & BRI ERE R
Concentration of dissolved ion observed in Lifuka

A% Na® K' Ccat Mg ClIT HCO; SO NO,~
G2-1 657 189 106 278 152 346 266 346
G2-2 873 246 117 349 189 373 334 455
Gl-1 113 127 847 349 247 324 393 241
Gl-2 187 150 90.6 469 366 328 581 218
GE 119 159 783 468 258 276 32.8 495
WA 355 7.1 146 818 769 352 723 nd
WP 690 124 963 239 195 275 706 nd
W9 454 53 60.1 439 706 371 146 nd
W7 361 52 700 23.0 754 255 110 139
W4 106 265 746 382 203 317 384 447
W3 102 83 519 424 208 256 345 161
W1 414 122 882 394 818 222 163 206
No.2

(2.1m) 8010 119 141 321 13900 275 634 nd
No.4

(15m) 620 21.5 104 884 1180 275 153 149
(2.6m) 1510 446 939 175 2670 269 400  6.56
(3.5m) 3140 107 114 269 5560 259 551  nd
(4.7m) 4600 13.6 123 351 7780 258 721  nd
(6.1m) 4780 150 130 384 8130 237 86 nd
No.6

(1.em) 122 288 820 53.7 241 347 731 103
No.7

(1.1m) 1080 39.8 152 120 1880 380 221  nd
No.8

(3.6m) 437 84 435 115 714 300 365 nd
No.9

(0.6m) 367 142 104 21.0 826 382 152 356
(3.8m) 369 580 419 809 529 370 171  nd

A mgL, BHLo () WO T KR 5 OURE

51 INNAIE
511 HWTKEKEDER

Table 2 & ) 1 7 7KL TWAHIFFDOECIF 121
~219mS/mTH Y, 3HDFIIL167TmS/m TH 5, Kl
K (Hotel) X2 XY Ewh, BEDOOEEI
MENTVEDONZDO—HTHEEZEZLNL,

NN BT 19704548 IC TWBIZ & o TS RT3 Y
AARFEFDZT SN, EKEOHRAKD»EE - 720 HTD
f71E 1L Fig.d O No.17 # &Ltz D 4T &, No.SHHTT
H5Do TDHE, 1990FERZFITAH—AMT ) T ORY)
WL TARAT 7ITHRAKRT 57200 15FFTOEH - R
> 7, 8T OBIMLAYE AN S L7z, Fig.4 12789 No.l
~ISOHFREIOLEEMINTLDOTHL, TD
R Z1E T200~300mS/m TH o 72 FEIKE KD
EC7%, 2001 4F1213 100mS/m #2 % & T F L7z (Fry and
Falkland, 2011) Fig.10 (2 19954E%* 5 2001 4 F T Lk
EARE (&5 v 7 OFHE) OECOEH LS RORE

EC(m$/m) S
o]

§ e e

S/ ) R

/A

400 o (T —2)

1995 2000 2005 2010

Fig.10 N\ BIZ81F 5 FAKEKIEDOECZAL (Fry and Falkland
(2011) 1))

Fluctuation of EC of groundwater resources in Vavau Island

(retouched to Fry and Falkland (2011))

ERER T, 2007 FE OB T — 5 1PV THE
MM, X TRLZ. F7220104£12300mS/m %
ZAMEFBMENTH LD, I T o1
RKPPEZE AL L2 itk s 0T, ZoHFIzH
FEFME) L TV 7Z2 v (Fry and Falkland, 2011) o

2000 fELIRER > T OBER H T OAZEFIC LY, KE
W) 5 5 H T O EA A L7z (Fry and Falkland, 2011) 6
2000 4F LLFE EC 2SI H 5 DIE 2 0 2 E AR &
EZ 5D A OFIAEHE 20004 LI 0 EC i o
ERM EIZH B, RAREITHRE L Tz HTide ~ 5
FiCholo M), AT 7I12B1F 52011 FEEDFEK
HIZ1.7 X 10'm’ TH L5, HIBERHBRISICL ST
ACDSET A LT B & &1k o THAEDRGK = 134
IXWEHEMBTH S (Fry and Falkland, 2011), 2415 % 1%
ThHE, TEONNTETIE, HAROBPICE-TI
FH7: ) OBKEPHEML TV D EEZ 55,
HkiEE Ty 7a—= v ZFOERIE, —RIERED
REVIIEKRMARTORELSCRY, Ty TIa—=v 7H
SHEZ B & 8TV 5, Fry and Falkland (2011) 13/
N BOBKIFTIZONWT, HkE L KMETEIZOW
TOeFE%E & L T\ 5, Table 6/2Fry and Falkland (2011)
12X A No.17, 19 F oK E & KT oKL R
T No.17 TlE, ki ERMETEAZIZHA L T
bo ZOZENS, 1HH7) OHKEIKE L AL
Ty T A== JIZLBIEKIEEL EEZ SN D,
PLEX D, 19994EH 5 2001 21227 CECHMEF L7z
L, BUKHE % oSS0 8, 1EIT» S ok
EMETL, ko7 vy Ta—=v 7aSEHEsns-2 e
THY, HFEOEC LADOKERKIE, BEH KO
£ 1870 OBKEOWMTHLEEZLNL,

51.2 RKKBDBH & BKEDRE—E

Fig.8 £ 1, #MIFLIZ BT % EC150mS/m R % Lk
BE, WERIZEV NS, 12128V TiE, TETHK%Z
ToTWaWIZHbEDLLY, EE SmEETHL, Ch
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R LT, BRSO No. 10, 15 O EC150mS/m 3 £
IEZENZEIN109m, 7.6mTdh V), PFAKBIIILEE
ZoOZliE, HFERORBEZS) TEHKIZELT v
A== 7P, HPERIERE D BAELRL T Rb T L
ZRLTW5h,

Table 2 (277§ & 9 (2, bR @ FH: 7 Preson, Mataika,
Mangia (Z\WV 330D ECASA A 7 7KK T A2 HAREL D
v 72, BIFLNO.I8IZB W T T/AKRIE T 13m ¥
TECHMEV (Fig.8(6))o X HIZ, AT 7I2HKT 5
HF3HIZONWTD, JLIZAiET 5 H T3 EEC A,
NS OBHIEERIE, NN BAGEIC S WA A TE
THILEERLTWD,

Table 6 T No.17 DH57K & 3.27L/s (2R $ A KA FET &
&, No.19 D7k & 3.20L/s |2k A KA T & % Hil 4
AL, BRKEZIIZIIEEALCTHAICHEDL T, KUET
BILII2BOEND L, ZNEZENZNOIFRELOW
KIGDBERMENET D Z L #R LTV D IR EE
friE LTV % No.17 &£ No.19 & DRIC I NZIT DEL D
Hiw) ki, HAREICHIZ- T, mAKBOEKME
DAY= T LI EIETERVIEERLTW
5o SHOFAETTWB X DB ZH-7:201447 21 H
B EEOEKEL No.10,14,15,17,18,19 T
FNFN28, 14, 1.0, 23, 6.7, 20LsTHY, %HF
DR EDF NI — BB AREISER L CwD &EE 2
DY OE

5.1.3 EAK{bINER &RE

SR L7238 KA L O #EAT 2 3k 2 121%, 1f&6FTdH
720 OEKREEMZ D ZENFETH L. €D72DITIE
HFEAEC L, BWOHFFTFHL 2w X ) IR
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T &L HFE BT, M AR 5 6K S5
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1% @ 100mm O/NAFEH T 52 H 725K E TH

Table 6 FH T DOE7KE L IKALKE T DOBI4R (Fry and Falkland, 2011)
Relationship between pumping ratio and drawdown in wells (Fry
and Falkland, 2011)

e No.17 No.19
BkE (Lis) 3.27 6.78 10.1 3.20
HKALBET (em) 55 100 130 110

5 EERIRL TV D, AHIXIZ B TR 2 20m
PUEdy, 15720 OWHNEPRKEL RDDOT, FHiij
DOFEKEOREIIEETH 5,

Ty T A=Y TEREI LIZ WK & W) BT
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BTH DD, REHHIENT LS, MLIZET 55
M2z e, BRI EOH AP S L VW EeE 2 5N b,

ERE L TN BIZBWTIE, JbEBoikl » X
WRWIE L, BT LenZ ens, BEfRoiE
B T ARFMATRREITFELIE ) O T5Ths L
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52 UI7HE
521 #TFKEKEDER

Table 4 IC7R 3 & BY, 3EHOF v F 1) —1ZBIT 5
ECIZ112~176mS/m CTdH > 72, T 7232 4 gD 4t
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LOHFWATH L, TWB L) &I -7220144E7 H
HICBITAHAKEIE, F¥ YU —2T3.0Ls W4T
0.5L/s TH Y, MI%E L7 EC % #7KaE TH5 L TFHEC
ZROLH E122mS/MTH - 72,

)7 A BT 1990 A F THITIC X S H T KO EUK
DATHOITEZD, 19994 I2F ¥ T ) —DS%kiE S iz,
Fig 11 12F ¥ 7)) —FERIHEO FAKEKE (&5 270
M) DECOEE) L S RIOEERTEZ R,

KEKRIEDECIEF v 7 1) — & fki& L 72 1999 4F DL,
BHEICTFREL, 20120034 F T 150mS/m a4 %
L7zo A l5E L 72 2000 4E 72 5 2003 4E F T E[E
LX)V THoTze — /AT, RELHMEH SN T F Y
FJYV—EBLIOF Y 7Y -1, BAEMHINLTELT,
TBADOKERD LD E, Fr IV —2bFkaz b
SHTHIELTWAEDZ ETHH T,
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Fig.11 ) 7 71 EBI2B 135 EKEKIEDECZIL (TWB (2003)
IS )

Fluctuation of EC of groundwater resources in Lifuka Island

(retouched to TWB (2003))
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Distribution map of thickness of freshwater in Lifuka Island

(retouched to SPC(2014))
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Salt Water Intrusion into Groundwater and Problem on Vava’'u Island
and Lifuka Island, Kingdom of Tonga

ISHIDA Satoshi*, YOSHIMOTO Shuhei*, KODA Kazuhisa**,
KOBAYASHI Tsutomu**, SHIRAHATA Katsushi* and TSUCHIHARA Takeo*
*Renewable Resources Engineering Division, Water Resources Engineering
**Japan International Research Center for Agricultural Sciences

Abstract

Electric conductivity (EC) of groundwater and concentration of dissolved ion were measured to
clarify salt water intrusion in groundwater on Vava'u Island and Lifuka Island, Kingdom of Tonga.
EC was 150 mS/m or more at some wells on Vava'u Island. The result and past researches show
that decreases of wells and increases of pumpage from one well might have caused the salt water
intrusion. EC was 150 mS/m or less at a gallery and a well, which product water for water service,
on Lifuka Island. However, two of three galleries were not used. It might be the cause that a part of
the gallery is arranged in a high area of EC. It is effective to distribute wells to prevent the salt water
intrusion in Vava'u Island, and it is effective to relocate the galleries in Lifuka Island. It is necessary
to clarify the boundary depth between saltwater and freshwater and the permeability in Vava'u Island.
And it is necessary to clarify the shape of freshwater lens and to analyze pumping by modeling
Lifuka Island.

Key words: Groundwater, Freshwater lens, upcorning, salt water intrusion, well
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Table 1 A5 PG P AR E L O T KD EZEA 4 > RO BITH
Correlation matrix for major ion composition of groundwater around the Tonami-Nishinaka reservoir
R Na' K" Mg*" ca’’ HCO," clr SO, NO;-N
Na’ 1.00
K’ 0.17 1.00
Mg*" 0.27 0.64* 1.00
Ca’" 0.14 0.60* 0.80* 1.00
HCO; —0.05 0.56* 0.76* 0.95% 1.00
Cl 0.90* 0.19 0.31 0.13 —0.02 1.00
SO,*" 0.31 0.75* 0.73* 0.68* 0.57* 0.32 1.00
NO;-N -0.15 0.51% 0.64* 0.71%* 0.73* —0.16 0.53* 1.00

* Significance level p < 0.01 at Pearson's product-moment correlation coefficient R > 0.38 (number of samples N = 44)
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Table A1 W PE R M E L O T KB X OVEZERKO B A 4 & B O R 5

Concentrations of major ions of groundwater and irrigation water around the Tonami-Nishinaka reservoir

FRIACH KH A Na” K* Mg ca’® HCO,” CI” SO,”~ NOs-N C/A  Na/Cl
A0-1 2012/11/30 38 7.1 1.1 1.8 159 40.7 8.1 10.2 0.9 1.09 1.35
A0-2 2012/11/30 37 7.4 12 1.8 16.9 42.0 8.6 10.8 1.0 1.10 133
A0-3 2012/11/30 37 7.0 12 1.8 17.8 442 8.8 113 1.0 1.07 1.23
A0-4 2012/11/30 39 73 12 2.0 163 417 93 9.0 12 1.09 1.21
Al-1 2012/11/30 39 73 1.3 1.9 20.0 493 7.8 16.2 12 1.04 1.44
Al2 2012/11/30 39 7.2 1.1 1.7 155 41.1 8.4 9.1 0.9 1.08 132
Al-3 2012/11/30 38 7.1 1.1 1.8 17.6 46.8 8.9 11.1 1.1 1.03 1.24
A2-1 2012/11/30 34 7.0 1.5 18 17.8 449 8.6 10.2 1.1 1.09 1.25
A2-2 2012/11/30 34 10.4 13 23 21.5 49.7 15.7 12.8 12 1.08 1.02
A2-3 2012/11/30 34 10.0 1.0 2.1 224 53.0 16.4 10.2 0.7 1.10 0.94
A3-1 2012/11/30 35 7.1 0.6 1.7 133 36.2 9.8 7.6 0.7 1.04 1.12
A3-2 2012/11/30 35 6.9 0.9 1.7 16.4 42.0 8.5 9.7 0.7 1.09 1.25
A3-3 2012/11/30 35 74 0.9 1.9 14.6 41.1 8.3 9.2 0.7 1.07 1.36
A6-1 2012/12/01 39 6.3 1.4 23 232 67.3 8.0 12.1 1.5 0.98 1.22
A6-2 2012/12/01 42 6.7 1.1 24 25.0 67.0 7.9 13.0 1.5 1.04 131
A6-3 2012/12/01 42 6.6 1.1 2.7 25.0 67.2 8.1 10.8 1.5 1.08 1.26
B3 2012/12/01 35 6.3 1.3 2.0 23.1 60.0 73 13.1 1.6 1.03 1.34
B4 2012/12/01 31 6.7 2.1 2.5 28.3 76.3 7.1 14.1 13 1.07 1.46
BS 2012/12/01 33 8.3 22 3.0 25.0 61.0 103 17.7 1.7 1.07 125
B6 2012/12/01 43 6.5 1.1 1.6 18.4 45.1 8.2 10.9 1.1 1.07 1.24
B7 2012/12/01 40 6.6 1.5 1.9 15.0 473 8.0 93 14 0.95 127

,,,,,, B8 201271201 46 7.1 09 17 162 384 91 105 08 110 120
Cl 2012/12/01 41 43 1.5 1.0 93 249 5.6 5.6 0.4 1.08 1.18
3 2012/12/01 35 4.1 0.6 1.1 12.1 428 3.8 6.7 0.4 0.91 1.66
C4 2012/12/01 31 3.8 0.7 1.1 122 38.7 42 72 0.4 0.95 1.39
cs 2012/12/01 33 7.9 29 L5 11.9 33.9 12.1 7.7 2.4 0.94 1.01
c6 2012/12/01 43 5.9 1.3 0.9 8.0 21.3 8.3 5.1 0.5 1.05 1.10
c8 2012/12/01 46 4.1 1.2 0.9 8.7 24.4 4.8 52 0.3 1.08 132
C9 2012/12/01 31 4.1 0.9 12 10.9 30.2 4.8 6.4 0.4 1.06 133
AO-1 2013/02/13 38 73 1.1 2.0 16.5 40.7 9.1 11.4 1.1 1.07 1.24
A0-2 2013/02/13 37 72 1.0 2.0 16.4 433 9.4 12.4 1.3 1.00 1.19
A0-3 2013/02/13 37 7.6 12 2.1 18.1 433 10.0 122 1.3 1.08 1.17
A0-4 2013/02/13 39 6.9 1.0 1.9 14.4 45.0 8.8 9.8 0.9 0.96 1.22
Al-1 2013/02/13 39 7.1 12 22 18.9 50.5 9.1 133 1.5 1.00 1.20
Al-2 2013/02/13 39 7.0 1.0 2.0 14.6 39.2 9.1 9.7 1.0 1.04 1.19
Al-3 2013/02/13 38 73 1.1 2.1 17.0 477 9.1 12.5 1.3 0.98 1.24
A2-1 2013/02/13 34 7.8 1.3 1.9 182 437 9.9 11.8 1.0 1.10 1.22
A2-2 2013/02/13 34 10.4 1.4 2.3 20.1 48.3 19.6 14.4 12 0.97 0.82
A2-3 2013/02/13 34 10.9 1.5 2.7 225 54.4 15.8 13.6 12 1.09 1.07
A3-1 2013/02/13 35 8.1 0.9 18 13.0 34.7 102 7.8 0.7 1.10 123
A3-2 2013/02/13 35 8.2 1.0 22 18.0 495 11.8 11.6 0.9 1.09 1.08
A3-3 2013/02/13 35 7.4 1.1 2.1 142 40.3 103 8.6 1.0 1.03 1.11
A6-1 2013/02/13 39 7.1 1.3 2.7 24.1 59.3 8.8 13.1 1.6 1.10 1.23
A6-2 2013/02/13 42 6.6 1.1 2.6 232 59.9 8.0 12.7 14 1.07 1.28
A6-3 2013/02/13 42 6.9 1.3 2.9 244 65.5 8.8 11.5 1.6 1.07 121
B3 2013/02/12 35 7.0 1.4 2.7 242 61.0 102 10.9 1.7 1.08 1.06
B4 2013/02/12 31 6.9 1.4 29 28.1 75.7 9.3 14.7 1.5 1.03 1.15
B5 2013/02/12 33 9.0 22 3.6 25.9 63.8 15.6 23.1 12 0.99 0.89
B6 2013/02/12 43 6.4 1.2 1.9 17.2 52.6 113 10.5 0.9 0.90 0.87
B7 2013/02/12 40 6.4 1.6 2.0 14.1 35.6 10.0 10.5 0.9 1.03 0.98

,,,,,, B8 .....20130212 46 75 Ll 21 173 433 95 108 10 110 122
cl 2013/02/12 41 6.5 1.0 12 8.5 253 8.7 6.1 0.1 1.04 1.16
c3 2013/02/12 35 5.1 0.7 13 9.9 33.9 6.7 6.3 0.3 0.94 1.17
c4 2013/02/12 31 5.7 0.7 1.4 10.6 26.6 8.2 72 0.3 1.09 1.08
cs 2013/02/12 33 9.0 1.7 23 193 47.1 15.1 13.8 0.6 1.04 0.91
c6 2013/02/12 43 14.6 0.9 1.3 9.1 25.6 19.9 6.2 0.3 1.08 1.12
cs 2013/02/12 46 7.0 0.8 1.3 8.9 27.0 8.1 6.8 0.1 1.06 133
C9 2013/02/12 31 74 0.7 1.2 8.8 30.5 9.9 5.0 0.2 0.98 1.16

M, PP (http:/maps.gsi.go.jp/) 12 & > THASHLEI Sm 2 v ¥ 2 EEEZ FEAD . B idm CNEEE—RLIZIUERA) o
FEA L VIREOHRAIImg L C/AERA 4 ¥ LA+ OB It, Na/CliENa" & ClT O St a7,
EREONH,” ENO, 1, EHFE (FNENNHAN ENO,N) To02mgL™' %2 TR ENah -7,
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Table A2 EEERRERIC BT 5 O H TR &5 AKO SRR 0 J15E
Results of the water quality measurements during the waterlogging tests at the Tonami-Nishinaka reservoir

FRIK H EC pH DO ORP JKiE Rn Na" K' Mg Ca’" HCO, CI” SO,/ NOy:-N C/A
=ER1 (20124E1WH)
W-0
2012/12/05 11:10 @ — — — @— @ = — 45 10 1.1 86 305 61 58 02 092
2012/12/05 1235 — — — -  @— — 51 1.1 1.1 106 282 74 73 03 102
W-4
2012/12/05 1040 — — — — — — 308 14 20 204 521 426 123 19 1.04
2012/12/05 13:05 — — — — — — 109 13 19 158 533 143 108 15 0.90
2012/12/05 16:00 — — — — @ — — 90 12 17 154 407 131 105 14 098
2012/12/05 1830 — — — @— @ — — 7.0 1.1 14 118 364 1001 96 08  0.90
2012/12/06 940 — @— @— @ @ — — 78 12 13 132 320 92 97 08 1.09
2012/12/07 1520 — — — @— @ — — 67 12 14 130 372 91 101 09 095
2012/12/08 10:05 — — — @— @— — 69 1.0 1.1 102 215 141 88 04 097
R 2012/12/14 1020 — T T T T 98 1114 132 342 156 96 1.1 097
ER2 (20124F 2101 H)
W-0
2012/12/20 11:10 — — — — @ —  — 64 05 1.1 91 270 91 73 03 096
2012/12/20 1330 — — — - - — 48 06 1.0 80 302 59 53 01 090
W-4
2012/1219 13:10 — — — @— - — 80 14 17 158 430 11.8 114 19 093
2012/12/20 13:05 — — — @— @—  — 97 14 18 175 474 98 121 18 1.03
2012/12/20 1455 — — — — — — 161 12 15 146 610 104 122 16 096
2012/12/20 18:00 — — — — — — 159 10 09 94 377 93 117 09 107
2012/12/21 11:00 — — — — —  — 68 1.0 12 107 251 92 97 07 103
2012/12/23 1435 @ — — — -  @— — 94 08 13 154 378 95 95 14 110
R 20121227 12:15 = T T T T T 77009 17 155 414 100 102 2.0 096
#HEx3 (20134E 1A H)
W-0
2013/10/09 832 71 74 181 — @— @ — 3307 1.1 92 294 41 64 03 095
2013/10/09 924 76 68 187 — @ — @ — 3307 1.1 96 334 34 58 02 09
2013/10/09 11:04 7.7 80 187 — —  — 35 06 1.1 99 285 43 70 02 1.00
W-4
2013/09/24 1220 157 60 168 — —  — 70 14 20 186 495 110 119 19 095
2013/10/09 810 159 64 175 — — @ — 76 15 21 199 453 120 133 22 1.02
2013/10/09 11:10 162 65 175 — —  — 75 15 22 201 499 134 151 24 092
2013/10/09 13:33 151 64 170 — —  — 64 12 17 161 461 73 90 14 1.00
2013/10/09 16:45 129 63 153 — —  — 89 1.7 23 164 403 160 130 1.8 095
2013/10/10 10:50 128 63 164 — —  — 65 13 16 145 431 62 89 1.1 103
2013/10/11 10:45 140 66 164 — —  — 71 14 19 174 443 87 107 1.6 105
2013/10/12 14:40 152 66 164 — —  — 71 14 19 182 459 110 138 20 095
2013/10/16 12:55 104 67 158 — —  — 57 12 13 119 337 67 106 09 095
2013/10/23 11:00 13.0 6.4 - - - — 70 14 18 169 395 91 100 15 1.09
2013/10/30 9:00 14.0 6.2 - - = - 69 14 19 171 453 91 110 14 1.01
W-9
2013/09/24 11:12 160 6.7 158 — —  — 79 12 23 196 465 133 154 14 099
2013/10/09 8:10 164 68 164 — —  — 74 1.1 21 181 443 122 145 14 097
2013/10/09 11:15 154 64 159 — —  — 74 11 21 184 462 94 122 1.0 1.07
2013/10/09 1328 161 65 165 — —  — 77 12 22 191 431 134 165 16 097
2013/10/09 16:42 157 63 153 — —  — 78 12 22 194 488 137 168 1.6 092
2013/10/10 10:40 155 62 152 — — @ — 74 11 22 185 465 126 150 14 095
2013/10/11 10:40 145 66 152 — —  — 78 12 23 196 467 128 160 15 098
2013/10/12 14:50 153 65 149 — —  — 76 12 22 189 495 133 164 15 091
2013/10/16 12:50 154 68 152 — —  — 79 12 23 197 452 108 131 13 1.10
2013/10/23 10:50 150 64 — @ — @— @ — 75 12 22 185 422 110 129 1.1 1.08
R 2013/10/30 9:10 150 63 ~ — T T T 76 12 22 188 427 109 132 12 108
BE4 (2013420 H)
Y-0
2013/11/26 9:30 86 7.1 121 258 86 01 42 07 11 86 278 53 44 nd  1.03
2013/11/26 15:33 83 7.0  11.8 238 80 01 43 06 12 97 300 50 59 01 1.03
W-3

2013/11/25 16:05 20.6 7.2 72 217 156 229 93 15 1.9 18.1 479 88 123 14 1.08
2013/11/26  8:23 252 6.5 6.6 222 135 222 292 15 2.0 186 99.6 109 163 1.4 1.01
2013/11/26 10:25 24,6 6.5 6.0 238 145 221 327 15 1.9 17.5 119.6 96 150 09 095
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Table A2 {Z&EHERIC BT 2 EEOH T KL AKDZEHAKEOMEER (i)
(cont.)
K H EC pH DO ORP JKiE Rn Na" K' Mg Ca’" HCO, CI” SO,/ NO:-N C/A
A4 (&)
W-3
2013/11/26 11:05 265 6.5 6.1 237 135 203 380 15 1.9 182 1151 98 164 1.1  1.07
2013/11/26 12:03  24.0 6.4 6.1 302 146 248 310 14 18 172 1041 95 151 10 1.01
2013/11/26 13:05 257 6.7 86 271 154 122 502 15 1.0 99 1232 106 134 09 105
2013/11/26 14:03 157 6.7 97 257 164 80 189 12 09 109 500 129 82 07 1.05
2013/11/26 15:02  12.1 6.6 9.7 274 164 59 122 09 08 87 330 82 75 05 110
2013/11/26 16:03 10.8 6.6 99 263 164 43 109 10 08 95 335 74 86 03 1.09
2013/11/26 17:02 9.7 65 100 280 164 34 92 09 08 85 284 65 75 04 110
2013/11/26 18:01 93 65 100 272 162 29 81 09 07 76 2716 61 69 04 103
2013/11/26 19:02 93 65 100 328 161 24 81 08 0.7 78 293 60 73 04 099
2013/11/26 20:01 9.1 6.6 102 326 146 23 79 07 0.7 76 291 54 70 03 100
2013/11/26 21:00 88 63 103 35 151 22 86 09 0.7 86 291 60 7.0 02 1.10
2013/11/26 22:00 93 65 102 357 148 21 98 08 038 81 339 62 71 02 1.02
2013/11/26 23:02 9.0 65 103 347 145 20 79 08 0.6 70 288 56 67 02 0098
2013/11/27 0:00 9.0 67 103 347 144 18 85 08 0.7 74 302 61 71 02 098
2013/1127 1:00 9.0 64 105 347 143 17 76 07 07 76 284 63 71 02 098
2013/11/27 2:00 92 65 105 332 141 15 89 07 0.7 74 265 61 64 03 1.09
2013/11/27 3:10 117 67 101 334 139 22 163 08 0.6 68 446 62 77 03 103
2013/11/27 4:01 134 68 96 307 137 40 200 08 06 70 528 68 85 03 103
2013/11/27 5:02 140 6.7 97 321 140 47 212 08 05 57 569 65 82 03 097
2013/11727 6:00 14.6 6.7 95 298 142 50 241 08 05 57 657 61 79 04 097
2013/1127 7:03 147 6.7 93 275 141 54 254 08 06 64 541 85 105 05 1.08
2013/11/27 8:05 155 6.8 93 260 141 55 272 10 06 66 645 88 110 05 101
2013/11/27 9:09 147 6.6 9.1 244 155 55 268 09 07 67 681 87 114 05 097
2013/11/27 10:01 153 6.7 92 238 155 56 264 09 06 70 610 78 115 05 1.06
2013/11/27 11:00 162 6.8 9.1 222 158 62 293 09 06 65 786 67 94 03 099
2013/11/27 12:00 156 7.0 88 235 158 56 278 10 04 61 634 63 94 04 110
2013/11/27 15:13 16,0 7.0 88 205 152 53 277 1.0 07 73 669 68 97 03 109
2013/11/27 1822 194 7.0 88 215 150 6.0 228 08 0.6 61 599 59 82 04 101
2013/11/27 21:00  26.6 6.9 87 198 153 58 272 09 07 72 682 65 86 03 1.08
2013/11/28 0:05 150 6.7 84 201 144 57 271 09 0.7 76 615 70 94 04 107
2013/11/28 3:03 158 6.7 84 208 143 67 262 09 08 78 692 67 88 03 1.06
2013/11/28 6:02 157 6.8 83 226 134 93 274 10 07 86 692 63 95 07 1.09
2013/11/28 9:00 167 6.7 80 222 145 89 288 10 05 71 697 60 93 04 1.09
2013/11/28 12:00 183 6.9 82 217 140 86 229 06 05 6.1 739 44 64 02 092
2013/11/28 16:28 202 6.9 83 224 145 83 387 09 1.0 144 1198 60 122 04 1.04
2013/11/29  9:06 219 7.2 79 215 141 77 437 09 05 47 981 71 130 03  1.05
2013/11/29 16:15 242 73 77 202 132 9.6 450 07 04 36 1058 52 109 03 102
2013/12/02 9:01 385 7.5 65 203 141 87 835 09 03 25 1924 66 163 04 1.02
2013/12/03 9:18 442 7.1 6.1 196 146 106 982 13 07 92 2272 76 206 04 110
W-4

2013/11/25 1527 160 6.3 72 223 159 214 224 22 02 152 904 75 130 nd. 092
2013/11/26  9:08 159 6.2 71 279 146 251 98 15 21 191 545 101 136 15 101
2013/11/26 10:09 162 6.0 77 258 141 238 96 16 21 189 528 102 122 12  1.06
2013/11/26 11:51 159 6.0 75 305 143 218 94 14 22 195 526 1001 133 1.6 1.04
2013/11/26 12:30  16.1 6.0 76 325 146 239 85 14 19 170 538 87 115 13 096
2013/11/26 13:23 166 6.1 76 307 146 272 105 15 21 185 568 93 127 17 1.0l
2013/11/26 1420 148 6.3 93 251 156 115 143 12 13 121 425 77 118 17 1.06
2013/11/26 1526 13.6 6.3 96 275 153 89 91 10 1.1 106 345 71 123 13 093
2013/11/26 16:19 123 63 9.6 287 157 73 99 11 1.1 113 275 73 140 12 108
2013/11/26 17:17 113 63 96 290 158 62 92 10 10 101 282 70 131 10 101
2013/11/26 18:26  11.5 6.3 97 330 156 58 94 10 1.0 95 291 7. 122 08 1.00
2013/11/26 19:19 119 6.3 96 341 151 59 86 08 08 79 311 57 99 06 092
2013/11/26 20:17 13.5 6.4 94 351 151 78 145 1.1 12 108 407 7.8 142 1.1 103
2013/11/26 21:40 140 6.3 87 376 144 130 118 12 13 122 477 77 118 11 095
2013/11/26 22:40 133 6.2 87 363 140 126 106 1.1 13 113 425 82 113 1.1 09
2013/11/26 23:40 129 6.2 89 344 139 135 105 12 13 120 411 82 111 12 098
2013/1127 0:35 122 6.2 89 374 142 130 97 12 14 119 414 78 88 1.0 101
2013/11/27 1:40 122 62 9.0 351 138 123 9.0 1.1 13 112 311 76 108 08 1.07
2013/1127 2:37 118 62 9.1 346 141 111 85 1.1 13 111 360 7.8 104 08 098
2013/11/27 3:50 11,6 6.2 9.1 326 137 127 87 1.1 12 111 357 78 109 1.0 096
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Table A2 {ZEHERIC BT 2 EEOH T KL RAKDOZEHAKE OB (i)
(cont.)
FRIK H EC pH DO ORP JKiE Rn Na" K' Mg Ca’" HCO, CI” SO,/ NOy:-N C/A
A4 (&)
W-4
2013/11/27 445 122 62 92 334 130 127 81 1.1 1.1 105 335 65 91 05 104
2013/11/27 533 108 6.2 91 319 136 113 72 10 1.1 95 328 59 88 06 097
2013/11/27 638 11.0 6.2 92 280 134 119 76 10 1.1 97 281 78 106 07 098
2013/11/27 7:45 115 6.3 92 282 133 132 95 12 12 110 332 87 132 09 097
2013/11/27 833 112 62 93 261 144 120 80 12 12 112 326 78 106 0.6 101
2013/11/27 935 113 63 92 249 149 128 82 10 13 109 270 94 125 10 099
2013/11/27 10:17  11.7 6.3 9.1 251 153 117 81 1.1 12 103 297 71 99 06 1.06
2013/11/27 11:17 113 63 92 244 153 108 87 1.1 13 110 349 68 98 07 104
2013/11/27 12223 —  — 92 — 150 120 87 12 12 1.1 350 7.0 101 0.7 1.03
2013/11/27 15:59 112 6.2 92 247 148 117 72 1.1 1.1 99 296 67 89 05 1.03
2013/11/27 18:57 106 6.2 93 239 147 113 68 1.1 12 100 249 70 84 09 1.09
2013/11/27 21:40  11.0 6.0 92 223 150 110 73 12 12 107 273 69 98 07 1.09
2013/11/28 0:46 107 6.1 92 232 141 111 67 11 12 109 270 71 93 06 109
2013/11/28 3:50 113 6.2 92 229 140 120 70 12 12 119 328 66 79 07 110
2013/11/28 6:45 112 6.1 9.1 235 136 130 73 12 14 115 317 77 90 08 1.06
2013/11/28 9:22 114 62 89 235 137 150 7.1 12 13 120 302 79 94 06 1.10
2013/11/28 12:18 113 6.3 88 228 143 135 68 12 12 1.1 316 74 99 08 099
2013/11/28 16:54 120 6.1 88 252 148 119 72 13 14 119 347 75 1001 09 1.00
2013/11/29 9:32 130 6.3 83 234 139 160 86 13 15 138 455 74 99 12 098
2013/11/29 16:44 143 6.2 84 246 139 169 92 13 16 147 511 77 98 11 097
2013/12/02 923 120 6.5 9.1 233 151 169 75 13 14 126 345 69 109 07 107
2013/12/03 9:44 13.0 6.2 84 213 151 211 73 13 15 135 375 77 89 08 1.07
W-8

2013/11/25 14:50 246 6.8 65 111 146 243 65 1.1 19 159 437 86 105 1.0 1.00
2013/11/26 8:46 168 6.2 71 232 125 264 78 12 22 194 479 110 136 10 1.05
2013/11/26 10:15 158 6.2 72 249 129 311 77 12 22 193 500 109 149 13 099
2013/11/26 11:25 160 6.2 78 325 126 302 83 13 22 208 463 110 146 14 110
2013/11/26 12:11 157 6.3 76 285 131 366 80 13 23 199 463 106 159 13  1.06
2013/1126 13:12 171 6.4 86 296 141 358 79 12 22 191 488 105 134 1.1  1.04
2013/11/26 14:07 16.1 6.3 78 264 137 202 88 15 22 216 520 115 133 12 1.09
2013/11/26 15:07 157 6.2 77 293 131 373 76 11 22 187 486 98 128 1.1  1.04
2013/11/26 16:07 157 6.2 75 301 123 369 74 11 21 180 452 97 132 13 1.03
2013/11/26 17:07 156 6.0 76 292 132 382 73 11 21 177 495 1001 134 12 096
2013/11/26 18:08 158 6.1 75 300 132 393 72 11 20 173 490 101 133 12 0.4
2013/11/26 19:07 157 6.1 76 342 133 373 77 11 20 178 521 105 135 13 093
2013/11/26 20:06 157 6.1 7.6 348 128 337 72 11 20 171 462 98 129 12 098
2013/11/26 21:13 158 6.0 79 367 123 315 75 11 22 186 537 96 126 1.0 098
2013/11/26 22:12 158 6.0 77 369 124 272 76 11 21 178 458 106 131 15 099
2013/11/26 23:15 156 6.1 73 35 124 278 80 12 22 185 488 106 135 14 1.00
2013/11/27 0:12 157 6.0 81 370 125 279 78 12 21 183 434 103 130 14 1.06
2013/11/27 1:15 155 6.0 82 361 121 289 75 12 21 183 423 100 124 13  1.09
2013/1127 2:12 156 6.0 81 345 123 288 7.7 1.1 21 184 441 97 135 13  1.07
2013/1127 322 154 6.0 82 345 120 345 64 1.0 1.7 150 467 82 114 1.0 092
2013/11/27 411 153 6.1 82 324 122 297 7.1 11 20 169 426 88 124 12 1.04
2013/11/27 5:12 155 6.1 82 328 120 321 77 11 21 185 488 99 138 13  1.00
2013/1127 612 154 6.1 82 309 118 298 75 11 21 179 462 98 135 15 1.00
2013/11/27 7:15 154 6.1 8.1 284 122 326 82 12 23 194 437 123 163 16 1.02
2013/11/27 815 155 6.0 83 278 125 334 81 12 22 191 483 127 172 18 093
2013/1127 9:12 155 6.1 80 264 133 375 81 12 23 195 456 13.0 172 1.7 097
2013/11/27 10:06 155 6.2 79 266 136 338 96 12 25 202 500 139 183 16 097
2013/11/27 11:05 156 6.1 80 252 136 340 82 12 21 190 448 98 140 12 1.09
2013/11/27 12:06 155 6.2 79 254 137 296 69 09 1.8 163 495 77 109 11 096
2013/11/27 1529 157 6.2 79 23 135 319 77 12 22 197 516 106 129 10 1.03
2013/11/27 18:35 157 6.2 80 229 133 334 73 10 20 168 493 95 124 12 095
2013/11/27 21:13 164 62 84 217 143 228 72 12 21 186 488 89 125 10 1.05
2013/11/28 023 157 63 80 216 127 303 81 12 22 187 467 99 140 14 105
2013/11/28 3:18 155 6.1 79 233 125 335 70 11 20 164 483 82 114 10 099
2013/11/28 6:15 156 6.1 77 240 122 311 57 09 16 139 422 66 89 07 099
2013/11/28 9:08 157 6.1 7.6 246 126 284 87 13 22 191 474 105 136 15 1.06
2013/11/28 12:06 155 6.2 79 233 130 332 76 11 20 174 441 87 134 09 1.06
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Table A2 2 EAERICBIT 2 EEOH T KL HAKDEHAKEOREZRE (Fix)
(cont.)
K H EC pH DO ORP JKiE Rn Na" K' Mg Ca’" HCO, CI” SO,/ NO:-N C/A
Abra (i)
W-8
2013/11/28 16:35 157 6.3 81 249 130 255 7.7 1.1 20 176 453 90 129 13  1.04
2013/1129 9:16 157 63 77 249 121 279 78 11 21 178 454 88 137 12 1.05
2013/11/29 1623  16.0 6.6 77 245 119 299 60 09 17 143 490 69 89 0.6 093
2013/12/02 9:08 16.8 7.2 76 234 133 293 62 10 17 148 448 83 104 08 095
2013/12/03 928 172 6.8 73 201 135 317 73 11 21 169 488 87 122 10 1.00
W-9
2013/11/25 15:05 16.1 6.9 66 261 142 113 76 11 22 185 433 108 141 1.1 1.06
2013/11/26 9:12 164 6.3 69 255 127 242 82 12 24 192 488 110 156 1.1  1.02
2013/11/26 10:06 163 6.2 7.1 267 13.0 251 78 12 22 186 462 105 138 12 1.04
2013/11/26 11:45 163 6.3 75 305 131 181 83 1.1 23 193 520 111 147 14 098
2013/11/26 1222 162 63 7.1 333 132 245 88 12 24 199 477 109 169 12 1.05
2013/11/26 1320 168 6.3 67 316 133 227 93 12 24 198 497 109 144 12 1.08
2013/11/26 14:16 170 6.3 68 251 132 290 91 11 22 184 545 104 143 10 099
2013/11/26 15:18  17.0 6.2 69 282 130 247 94 11 23 192 513 100 140 09 1.07
2013/11/26 16:12 174 6.2 69 288 130 291 97 12 24 189 474 106 152 12 1.08
2013/11/26 17:12 17.0 6.2 72 283 134 337 96 11 22 176 569 99 150 09 095
2013/11/26 18:18 175 63 69 326 131 339 108 12 24 194 556 117 165 12  1.00
2013/11/26 19:13 173 6.1 69 348 129 321 86 09 19 151 523 80 126 09 093
2013/11/26 20:11  17.1 6.3 83 351 127 326 105 1.1 23 188 511 103 158 12  1.05
2013/11/26 21227 174 6.1 7.1 375 120 268 99 12 23 190 531 105 151 10 103
2013/11/26 22:24  17.0 6.1 74 376 122 252 103 12 23 190 537 118 158 1.1  1.00
2013/11/26 23:27 173 6.3 73 349 127 264 102 12 25 206 525 113 151 1.0 109
2013/1127 024 173 6.2 74 361 127 279 102 12 24 194 528 113 150 1.1  1.04
2013/1127 127 173 6.1 73 352 122 280 103 12 24 188 544 109 151 13 101
2013/1127 224 170 62 7.6 345 125 258 97 12 24 194 546 105 154 13 101
2013/11/27 3:40 171 62 76 331 123 135 99 13 24 191 516 117 140 1.1  1.04
2013/11/27 430  17.0 6.2 74 338 118 310 102 12 25 198 533 110 160 13 1.04
2013/11/27 524 165 6.1 75 318 120 298 83 1.0 22 178 479 101 142 14 099
2013/11/27 625 167 6.2 72 302 120 334 90 12 23 193 465 106 150 13  1.08
2013/11/27 7:30 167 6.2 76 288 121 317 96 12 25 196 530 123 176 14 097
2013/11/27 828 163 6.2 75 261 13.0 341 91 11 24 196 468 123 185 16 099
2013/1127 927 166 6.2 76 242 131 358 94 12 24 203 502 119 170 14 1.03
2013/11/27 10:11 164 6.2 75 255 136 286 81 1.1 22 188 455 102 144 12  1.06
2013/11/27 11:11 163 6.2 73 242 136 339 90 11 23 189 507 98 146 12 1.04
2013/11/27 12:14 163 6.2 74 243 137 325 88 12 23 186 502 103 146 11 103
2013/11/27 15:47 168 6.2 75 248 134 283 85 12 23 187 459 104 142 13  1.06
2013/11/27 18:45 162 6.2 74 234 133 336 87 10 23 191 475 103 138 13 107
2013/11/27 2128 164 6.1 78 216 135 247 89 1.1 24 192 493 101 137 13 107
2013/11/28 0:32 163 6.1 77 223 125 272 91 12 24 196 498 102 139 13  1.08
2013/11/28 3:35 159 6.0 76 231 120 309 87 12 23 191 467 105 140 13  1.08
2013/11/28 628 161 6.1 78 231 120 321 78 10 22 171 513 88 11.8 10 0.99
2013/11/28 9:15 164 6.2 72 238 128 306 86 11 22 186 469 95 128 10 110
2013/11/28 12:12  16.1 6.1 74 234 130 312 83 11 23 179 458 98 115 12  1.09
2013/11/28 16:44 159 6.1 75 253 132 237 83 10 23 184 563 95 142 10 096
2013/1129 923 160 63 75 238 123 284 83 1.1 23 186 479 89 135 12 107
2013/11/29 16:34 161 63 75 248 121 241 76 10 21 164 448 89 127 10 1.02
2013/12/02 9:16 158 6.7 75 233 134 289 80 1.0 22 181 490 93 135 10 1.03
2013/12/03 9:35 165 6.2 72 200 135 290 81 1.1 23 181 484 97 135 10 1.04
A0-2
2013/11726  9:43 145 63 70 307 142 376 78 11 22 171 484 112 118 1.1 097
2013/11/26 16:30 144 6.2 7.1 280 147 354 74 10 20 166 458 106 106 1.0 101
2013/1127 9:50 144 6.2 7.1 261 135 383 81 1.0 22 172 391 132 157 14 099
2013/11/28 9:35 144 6.1 74 256 128 299 81 1.1 22 171 438 99 107 10 1.09
2013/11729 9:54 145 6.1 67 272 127 300 75 10 20 158 443 93 111 1.1 101
2013/12/02 9:42 146 6.5 67 238 131 322 78 10 21 165 443 96 112 09 1.06
2013/12/03 8:58 23.1 6.1 66 196 133 372 80 10 22 169 418 102 113 10 110
BRIZEHE (EC) OHAEmSm™", BLEICENM (ORP) DHAIImMV, TEA F VRE LIAGFHBEEE (DO) OHAIEmg L™,

KIOHALNLT, T N IEEOHAMIZBqL™ .
2O NH, " & NO, T,

CIAZBGA & v LA 4y o48 L, nd dHHFRA, —I12xill% =5
(ZNZFNNH,N & NO,-N) T02mg L™ 22 CIIMH s Nzro 7.
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Impact of percolating water on the groundwater environment during
waterlogging in a permeable flood-control reservoir

— an application of major ions and radon in groundwater to indicating percolation contribution —

YOSHIMOTO Shuhei*, SHIBUYA Tatsuya**, SUDANI Gaku**, KURODA Seiichiro***,
TSUCHIHARA Takeo*, SHIRAHATA Katsushi* and ISHIDA Satoshi*
*Water Resources Engineering, Renewable Resources Engineering Division
**Tonami Agriculture and Forestry Promotion Center, Toyama Prefecture

***Engineering Analysis, Facilities and Geotechnical Engineering Research Division

Abstract
Measurement of “*’Rn in the groundwater during waterlogging tests revealed that percolating water

222
Rn results were

from a permeable flood-control reservoir influenced the adjacent aquifer. The
consistent with those of Ca’* and NO;-N. On the other hand, there was no obvious declining trend
in *’Rn, Ca’" and NO;-N of the deeper groundwater, thus contribution of the percolating water to
the deeper aquifer seemed to be little or absent. Although this would not necessarily indicate that
any percolating water does not reach the deeper aquifer, it could be said that contribution of the
percolating water would appear more highly and rapidly in the shallower aquifer. Therefore, early
monitoring of water quality in the shallower groundwater would be of importance for understanding

impact of percolation from permeable flood-control reservoirs on the groundwater environment.

Key words: Groundwater flow, Recharge, Flood-control reservoir, Alluvial fan, Radon
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JEREFE AT S 2K (St2~8) KBl En s,
BB X T 5 St2 ~8IFRD L ) XM TH %,
St2WF3WEHRY T3> 2 ) — T, KBEIZT 7)) — b
70y 7T BIRICEE S, SRR X E 2o
TWwb, St3df7uy 7% fHw/z2Mk ) f#ET, Z
O L3t - T & AKEEIEASA <, LR ASHERE L 3w
HETH Do St4lI3MkY 2> 71— T, HH5WIC
KED71) 2= 2% AT, KETEB L OKGEIKE L
B BIXMDFRIT SN T WD, SLSITEREET L ITIEh,
TEROFBEETOMRDLYICAHEE 1208 LXK TH 5
(%, 2004). FEFRIIZEAHOES & AT CT—EBICME
Ty 7 BHGL NG D B Ste, SITMET T Y
7w 7221 D ERETH Do SLTIXIRILKES & IF1E
NAHKXET, MOMERTH L, HERIIBIDEEN
DK, Tk, KEEEEOKIEERBE O % Table 112
L7,
fIEOE=5) YA L LT, EBEHE (E3m, H
AV smm) & V7 HEEFRZ 20134F10 A9~ 11 H,
20144E4 H22~24H, 7H8~10H OFF3 M L 72,
FREIIIBWTIE, EBEMOADEZ FTRICHTT, ¥t
NEWD L IICFEE L. BITEoM L girtofEss

#2177 (2015)

Fig.1 FAAHIX OMEE

Outline of study canal

st.1 St.2 st3

St4 i St.5 St.6

Fig2 FAAEMNOTHE
Photographs of survey stations

Table 1 FFE R O4&BIRBEOME
Environmental characteristics of survey stations

IRIRE - HERE fiE 2 ofl

—a ~, > B :j
REETR* ki Tl

St 5 I A
m cm  cm/s ) R’ W A <O
i K K n
N
1 2 8 65 O
2 2 17 38 O @ @ *x O
3 4 0~30 26 O O O O
4 3 8~62 14 O O O O
5 4 0~45 15 O O OO O O
6 4 0~28 14 0O OO0 OO0
7 (2) 0~30 40 O OO O O
8 5 5~20 29 O OO O

9 2 1nm 29 O

2013 4E 11 A 1274,
RPN T m. ** 70 v 7 FIZ A <
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EDITERIENG L, EEMIYHITHEL, FELC
EX L 720 BRIHEAICOWTIE, AR 2308 L
7ok, ZOBIENLTHRIEL 2. MoOFER, i
(2013) IHtotze 72721, ¥/ R HEIIH - WO
FEEITD Doz AR, BRI KE R
AL e o 72,

2.2 FHMEFEDEE
221 {RfEE L F-164E
AT A RN 2L LT, b LU
TR L7z T77, BEENBHEXICBT2
FHIREFEOEEDE S (R - B - BHBOE
TS AT RIS FL & B3 AT B A S S Heal N R B &
2006) ZBEIZL NS, FEHIOBERD ) 6, Kk
BV TRLEEREN S o2k, A THLI L
(BE¥Ed, 2012), WEMTHY (BE, 2008 : AHS,
2011), WO LAEERICHIH e D, RifE
TIEENFOMMABEEICOERL, 8L LTMA 7,
g 7 )V — 7 ORE L LT, RN EETH S
WEpkf L EKAEMIIER L, TRENOMEEERIEE L
720
SRRSOV T, ATETIREAEROELT L
DOHEIIZ0~9 L% 3otz s, MBI %
CTHHEMMEEZRN (D ~(7) TEZRSNIIEEL~ L
RIgEL LTHRA L

(1) Shannon-Weaver ® H' (Margalef, 1958)

I, = =%p, % log,p: (p;=n,/N) (1)
(2) &FTF (1967) D p

L=1/S{nn—-1)/NN-1)} (2)
(3) Mclntosh (1967) DZHEEIEE

L=W-y/z()?) ./ (N-yN) (3)
(4) McNaughton (1967) O 5K

1, = (n1+n2> /N (4)
(5) Pielou (1969) DI %S

;=1 logS (5)
(6) Pielou (1969) D H'N

I,=1, XN (6)
(7) #FT (1967) OEXAEHN B

L=LXN (7)

722l n X o8 5RO EA L NIZREE A
(Tn), SWHHHEFRT, B, KFEHERBOBEIET
WEDENDS, I~ [T E % £ 27
SRR, L3O R EERT LM LIRE, I~ 1
IS E IR AR RO TR S b LRI
EHENnD (hH, 2007),

222 FHEEFREORE
H—& 5 WIIDEOIBII & 2 EREREFIIL#E ) T 2%

WEWHTRRESH L —F (S, 2011), FHMIEESS
TEDLHROMBRDPEEL 25, 2T, FHM MR
ERTIE (B2, IS T ESHERRL Ol
EEC R 55%) IowTix, MESIEZFHLT, Wi
NOIELZEIRL 720 MHBESH T, 2.2.1HTZELT
72T RN TCOIFED R T 2D\ T Spearman O JIE {7 AH B 1%
Ba Rz, RA3 MG DOEAT OMHEREIZOWT,
REOMIEDT0.7 L LT, HO/FFHE CIREDORT
R L7z BRIREEICIE, fhiis o7 o) bR A
PR L7z,

223 FHMEEENZRAT7ELIVEHRATOER
FNENOFHMIEE, FEN T L1299 %A TORN
fEAY0, WAMEATT &5 L)L, 0% A
a7 (i) & L7 BIEEEA0TH D50
TEHMERBDPENTE R WEEI2IE, 2370852
oo T2, WAEWERFMO0, BEOR T %A
L, Z0ftiz [&FtAa7 ] (545E) & Lze A
TBLOREAaTOfEICHES X, BB OFHI%
fro7z,

I HEREEE

3.1 WXLEO&FEN

3EOFAT, FH1HE 1,127 BRI S 7z (Table
2)o RRALIIRLRLZBHIAE (720 Ms) &M
W ORAE R (FH S, 2011) & NT, Bl
FEIZCRE R ENEASLN D5 12,

FRiREICITEY THFEOEBEL IO L L, RO
PRELHB Lz, THLFESBLOY F TI3REY
ALy FU AN GREBEABRERRER, 2013) 12
BUWOHIEEERIBEE JAFIZE TIE WA, mWIFk

Table 2 HMHHO—5
List of species and numbers of individuals

& ¥4 s Emik
FNTF Pseudobagrus tokiensis 419 KA
5A41) 78T 5 F T Rhodeus ocellatus ocellatus 181 HEUKHA
F¥aw Misgurnus anguillicaudatus 176 KA
'Y T Pseudorasbora parva 113 gk
T T INY Phoxinus lagowskii steindachneri 104 EpKA
&g * Acheilognathus sp. 52 JERKA
ENYEDE:| Rhinogobius sp. 48 JEAf
FAAT Opsariichthys platypus 21 kA
Y= FTav Cobitis biwae 6 A
Fr7r Carassius sp. 5 kAR
7 7A Tribolodon hakonensis 2 kAR

*THC LI YT A tabira erythropterus 3 XUV T A. melanogaster-
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2B 2 A TOMBOERENEVD D), FNFIE
HEEEHITE OGRS AL Cwb ), FVa
TIERAE G 2 72T OFERSAE LT 5 HE)
WIRESNTWD, 72, #FTRETEL Y F7—%
7wy (AT, 2014) TDT v (HEETOMERSE
MR id /N S ws, EEEEOZILIC X - TiE [H#HiEE
BB T 2RO S HH) ICIRES N T, ¥
FITET ALY ETIIERED/NS RO AN HE
WThHollzdH, DTOMTTIEyFaL7helr sy
FWEFLHT [y FTH] & L, &b, BEEERT
BES, ¥FTHBIOI Y R)VEEZERENIME L
THho72,
BEEEFNT RS L, &R 45 % 5
72 (Table2)o IRWT, # A7 IINFHF T, FVa
v, 'Y, TTINYOIEICE L, Zhs BT

Table 3

SRR % Ho 7,

3.2 FEZENAFEHOSH

3.21 BHEEER

B OMEILE 3 - FAAEBIC Table 312F LT
RL7z. BB, FAEZETo~9 THER L7z, St5~7
BHERA L, ERl4~ofEmAl M L7z —T7, St1,8,
UIFEA A%, ZVHAETOIM LWL L 2o
720

WA, RN EONT Y FRREDS
770 St1TIE, 2013410 A B £ 1N20144F-4 A offEkEK
MENZNIB LU0 TH - 72%%, 20144E7 A OFAEE
¥ix166 (9 HIENFY aw) Tholzo HLUTSLA
~ 6 TITBMIEE DL {, St.2,8,9TiEL b o7z, M
RN A D &, FONFIE St Tk R End, st

A E H B O A FEE O il

Values of indexes in each survey station

. . EONT KM EAMR

TEE R W B I I I I, I I I

St1 2013410 H 3 9 0 0 9 1.5 3.6 0.6 0.8 1.0 14 32
20144 4 0 0 0 0 0 - - - - - - -
20144 7H 2 166 0 0 166 0.4 1.1 0.1 1.0 0.4 58 190

St2 2013410 H 4 21 18 2 19 0.8 1.4 0.2 0.9 0.4 17 29
20144F 4 H 0 0 0 0 0 - - - - - - -
20144 7H 4 23 16 6 17 12 1.9 0.3 0.9 0.6 28 45

St3 2013410 H 1 10 10 0 10 0.0 1.0 0.0 - - 0 10
20144E 4 A 4 10 1 3 7 1.6 2.8 0.5 0.8 0.8 16 28
20144 7H 8 49 7 40 9 2.5 5.0 0.6 0.5 0.8 123 246
St4 2013410 H 5 60 36 23 37 1.5 2.4 0.4 0.8 0.7 91 142
20144F 4 H 3 10 5 1 9 1.4 2.8 0.5 0.9 0.9 14 28
20144 7H 3 54 39 15 39 1.0 1.7 0.3 1.0 0.6 51 93
St5  20134E10 H 7 278 135 140 138 1.6 2.6 0.4 0.9 0.6 439 722
20144F 4H 8 91 40 42 49 23 3.9 0.5 0.6 0.8 212 359
20144 7H 4 19 12 5 14 1.5 23 0.4 0.8 0.7 28 45

St6  20134£10 H 7 85 34 46 39 2.3 42 0.6 0.6 0.8 195 353
20144F 4 4 5 18 8 8 10 2.0 4.0 0.6 0.7 0.9 36 72
20144 7H 9 105 16 82 23 2.7 6.0 0.6 0.4 0.9 283 630

St7  20134£10 H 6 41 26 13 28 1.7 24 0.4 0.8 0.7 70 97
20144F 4 H 4 12 1 4 8 1.6 3.1 0.5 0.8 0.8 20 38
20144F 7H 9 47 0 45 2 2.5 5.0 0.6 0.6 0.8 119 233

St8  20134E10 A 2 6 5 1 5 0.7 1.5 0.3 1.0 0.7 4 9
20144 41 0 0 0 0 0 - - - - - - -
20144F 7H 2 10 9 1 9 0.5 1.3 0.1 1.0 0.5 5 13

St9  20134E10H 0 0 0 0 0 - - - - - - -
20144F 4 1§ 1 1 0 1 0 0.0 - - - - 0 -
20144F 7H 2 2 1 0 2 1.0 - 1.0 1.0 1.0 2 -

I, : Shannon-Weaver D H', L : #% F (1967) ® B, I, : Mclntosh (1967) DZHESREL, I, - McNaughton (1967) D18 5 EEREL,
I : Pielou (1969) O3f5tde#s’, I, : Pielou (1969) MO H'N, I : #FF (1967) O#EHKIEHNS -
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T 201447 HIZVEEDI i S N7z DATH - 72,
B (F AN NG E ST, VT, TTINY,
yFITE, FAAT, FrTF, vrA) OFEERIZE
LTSt5, 6 TEholz. B2, 20134E10 HDSt5128
WCIE 4o ER D BRI SN, o984 1) 7
NG & F AN N03MEE Hd 7z, St1,2,8, 91281 5l
KEADEEREIZ0~6T, [ FEAERMEIN LD o720
EEMA (FNF, FYaw, 9y /R < FYa
) OMAEENE, 2013410 H DO St.5B X U20144E7 H
DSt1TEL, WMHEEFNF, BEEFDaIrELE
7z, StoILBEKM & FARIC, EAROMEEES V%
o7z,

322 SHEHER

SRREFRE L, ~ L, DMEIZNT Y FPRE D5 7208, 1,
L, L, I1¥St5,6,7C, LIZSt4, 5C—HLTE»>72,
St.5, 7%, FEH S (2011) OXED, BIZ#EA—3K T
bo TEH S (2011) &, #104EHT (2003 ~20074E) @
St5,7DL% FTNZEN1T~32, 1.6~4.6LHEL T
5o AEOHEMR HEZRELL O, KfEBIUT 5
St51%23~3.9, St71324~50TH), L5 AL
FEIZ104ERT & FARE & A e STz,

3.3 FEEAITICE D SHMERIEDBRE

MBS OFF S, 3EOFE & AR O M
2307 L EOBE B AR L, » ORI O
FHE U &R HIEED T Z i L7z (Table 4)o 12X
7 OAFER TIEDOMHBAS, 27 ORI R OB
A bNTze I~ LHOMHBEBERIEE S HERRRO—KT
HHEICHEDSCLDOTH Y, MWEEE (BHE, 1990) T
WESN VL MENE BRER L,

INSOMMBERETER LT, EHROFMIZHV2
e, FLk B T OB SEUSEE
DLB LR EHEDLOSIEEE LTz, hoigkc
DV, BERAOMEEEIITEL L OB, KAEAOMEE
B, L, LGRS O, [ 3HEEEL OME, I,
LIZL & OMBED E 29 (Tabled), FRAL 725572,

3.4 HBIEBEOROATICLBFE
BREBRIIBITASIBEDZ TR L —F—F ¥ — M2
RL7z (Figd)o £ AT OfEIX, [A L% & T3 AN
Lo TER SN, ZOFIHEIZSLS TR LE TE2 -
7oo F72, St3,6, 704k L@ LC, ML LB
L LORITOFHMERE > 72 TR LT,
St.1,2,8,91%, EDIFED A a7 OFIME S HKA - 720
Iy 7) = bKETHAESLLITHHFEMIZL T
WEEWAIT ZRTIFIEDDH 572, St.1 TIX201447
B OBMBEARBO AT B LU2013F10FDLOATT
21.0THY, StOTIE204ETHDLDOATTHN0T
BHo72D, WTFNOBED A 27 O FHE I -

720 St.1T20144E7 HOMEARE DO A a7 23E o722
EiE, FYaup1ssfifke Sh o722 LICRRT %,
IS OEEAREIXE~Bmm THRBEETHD 2 &
W2lBLZ0HE Q0144E10H, FF - 556, £3EH)
DORETIESLITRY a 0~ 3MHIR L 2R SNk
hoizZl, FY a7y OB MEIER TR S EKOR
BT CRAD» S KRBICBEIT2 2 ()] - T4,
2007) 25, NSO KRY a TIKHE»SBE LEE
DRSS —EEIZL i SN bDTH D, SLIDTF
VavoERICHE LD TR RWEIEESNL, 20
o, HEPBRNPEMTIHORET— 5 721 Tk
HICE Vv, Thbh, FHliITEERORET— 5
WL WZ b, 2O, 5HhETE T L 2H
5, FAASR] R ETAMCZ Y 2 AR E OV TR T 5
FETH Ao

35 AEZRaTICkBEE
KEHTOFAER L DEFAITT % Figd lIRT . #
BOBEDO A I T HEHVEEICIEEFIA I TR E - 72
25, HIED 201447 HDOSt1 D X ) IZHEDIBED A T
T OHRDVENEEIE, GFAITEHIVEL Ldo
7oo F2, AETAITEFLERTOMAENMIC L > TR
o7z, 3TAEMOFIMEARL T2 2 LI L DR
M7 R OFBENBR S Nz DL DI, ARTAD
T ONFIEDET UL, EEOFAEREY T, 208D
SR 2 & M 2SS %72 L I C & %,

HEITA T 7 OFHEIX, St4~T7T19~3.6L <,
AV S AR DS S 1R 72 & OHIIRE S L7z KERERSE & DR

Table 4 EWAHBA AL NFREEORT

Pairs of indexes with high correlation

Spearman O EALAHBIFREL

BEORT 20134F  20144E  20144F
10 H 4H 7H
iR — ik L O A B 0.93%* 0.99%* 0.93%*
T —1, 0.95%* 1.00%* 0.92%*
ik —1, 0.75% 0.99%* 0.97**
R — AR B oA 0.74% 0.94%* 1.00%*
A —I, 0.81%* 0.99%* 0.93%%*
WA —r 0.73% 1.00%* 0.93%%*
BB DR —I, 0.87%* 0.97** 0.73*
IR A DAL —I, 0.77* 0.97** 0.96%*
KA ORI —I, 0.73*% 0.98%* 0.86%*
IL—I, 1.00%*  0.82 0.83*
L—I, -0.96%*  —1.00%%  —0.77*
L—I, 0.97%* 073 0.98%*
L—I, -0.97%%  -0.82 -0.72
L—I 1.00%*  0.98%*  0.95%*

I,~ I,\X Table 3 DJHIVE % S, * : p<0.05, **: p<0.01,
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Evaluation of Fish Diversity at Eco-friendly Sections
in Agricultural Drainage Canals

WATABE Keiji*, MORI Atsushi*, KOIZUMI Noriyuki* and TAKEMURA Takeshi**
*Ecological Engineering, Renewable Resources Engineering Research Division

**Planning Team, Planning and Promotion Section, Department of Planning and General Administration

Abstract

Toward construction of evaluation methods for eco-friendly sections installed in agricultural
drainage canals, we proposed 5 indexes to evaluate fish diversity, and applied these indexes to 9
sections in the canal in the Isawa-nambu Area, Iwate Prefecture, Japan. Three replications of fish
surveys using fixed fishing nets were conducted at 7 eco-friendly and 2 concrete sections in the canal
from October 2013 to July 2014. A total of 1,127 individuals of 11 fish species were captured during
the surveys. Five evaluation indexes composed of the number of species, the total individuals, the
number of Pseudobagrus tokiensis, Morishita’s index [ and Pielou’s evenness index J' were selected
from 12 candidate indexes in consideration of correlation between indexes. The “score” (0 to 1) of
each index and the “total score” (0 to 5) of 5 indexes were calculated, showing that the total scores
of 5 eco-friendly sections were 1.9 to 3.6, while those of 2 eco-friendly and 2 concrete sections were
only 0.4 to 1.2. The eco-friendly sections with the low total scores should be preferentially remediated

if maintenances are performed to improve their fish diversity.

Key words: Agricultural water facility, Biodiversity, Environmental conservation, Freshwater fish,

Diversity index
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Wash load concentration calculation result at the time of light rain
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Moving Projection Method of Suspended Solid and Radioactive Substance
By a Distributed Water Circulation Model Incorporating a Suspended Solid and
a Radioactive Substance Movement

NAWA Norio*, YOSHIDA Takeo*, HORIKAWA Naoki**, KUDO Ryoji* and MINAGAWA Hiroki*
*Hydraulic Engineering Research Division, Advanced Hydrology and Water Resources Management
**Japan Irrigation Research Center for Agricultural Sciences

Abstract

In Japan, it is reported that soil erosion such as red soil loss, etc. resulting from change of land
use has occurred in Okinawa Prefecture. It is said that land where rainfall has caused strong soil
degradation has reached about 220 million ha(s) worldwide. And, management considering the
movement of a suspended solid and a radioactive substance became important after the accident at
Tokyo Electric Power Fukushima Ist nuclear power plant.

For these reasons, the authors investigated the movement of a suspended solid and a radioactive
substance caused by surface soil erosion in a catchment basin of dam or head works. We tried to
build a distributed water circulation model incorporating suspended solid and radioactive substance
movement, and to predict movement of the wash load produced and the cesium 137 carried by the

saturated overland flow, and movement of the cesium 137 by this model.

Key words: suspended solid etc., wash load, radioactive substance, distributed water circulation

model incorporating suspended solid, radioactive substance movement model
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An example of table to evaluate states of facility (reinforced concrete open channel)
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Deterioration curve of minimum and other soundness index
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Problems and Proposals on Evaluation of Soundness in Irrigation Facilities

KAWABE Shohei*, ASANO Isamu*, TOKASHIKI Masaru*, MORI Mitsuhiro*,
KAWAKAMI Akihiko*

*Facilities Engineering, Facilities and Geotechnical Engineering Research Division

Abstract

The Ministry of Agriculture, Forestry and Fisheries has enacted the Handbook on Maintenance
of Functions of Irrigation and Drainage Facilities, and stock management of irrigation and drainage
facilities has been introduced in earnest. Based on the Handbook, a common national soundness
index has been used to functionally diagnose individual facilities. Actual stock management has
revealed several problems, for example, the danger that information will be lost during the process of
extracting the main cause of the damage. This report proposes a new soundness evaluation method
that uses the present facility performance evaluation table. The proposed method is used to evaluate
the state of a facility using numerical continuity indices and to represent the state of the overall
facility as the weighted sum of each evaluation item. This can be applied to clarify the priority of
each item and to study the major factors causing the deterioration. And because the proposed method
represents the evaluation of the facility numerically, a mathematical approach can be applied obtaining

extensibility that, for example, permits a variety of applications.

Key words: Irrigation facilities, Stock management, Functional diagnosis, Soundness index
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Analyzing the Structure of Elderly Non-farmers’ Participation in
Farming Activities in Urban Areas

— Focus on health promotion —

ONIMARU Tatsuji*, ISHIDA Kenji**, AIZAKI Hideo*** and KATAYAMA Chie**
* Laboratory of Project Evaluation, Rural Development and Planning Research Division
** Technology Transfer Center
*** Laboratory of Agricultural Development, Research Faculty of Agriculture, Hokkaido University

Abstract

In Japan, one important present issue is health promotion for the elderly (persons aged 65 or
older), because an aging society is rapidly expanding all over the country. In this situation, activities
at farmlands such as allotment gardens in urban areas are expected to contribute to health promotion
for elderly non-farmers who live in the area. To promote the participation of elderly non-farmers in
farming activities, the levels of factors that influence their participation must be effectively raised.
Therefore, focusing on health promotion, this study analyzed the structure of elderly non-farmers’
participation (relationship between participation and influencing factors) in farming activities with a
questionnaire given to 800 elderly non-farmers that lived in three major urban areas and path analysis.
As a result, the following was determined: (1) participation in farming activities is influenced by both
willingness to participate and ability to participate, and (2) willingness to participate is influenced by
factors such as awareness of the benefits of farming activities for health promotion. Fitness indexes of
the structure were 0.989 for GFI, above the index 0.9 indicating good fitness, and 0.077 for RMSEA,
below the index 0.08 indicating reasonable fitness. Therefore, we confirmed the structure was

supported by actual data.

Key words: Elderly persons, Health promotion, Structure of participation in farming activities, Non-

farmers, Path analysis
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Relationship between the area of cultivated land under management
and the abandoned rate of cultivated land



FARME BT — 21 X A FMERCE & B RO BRI 77

THY), FEHEROAFEAPHERIEI O A IG5 E

Pib A 5.2 Twh EEZ BN D,

—7, EEEBROREMBEICE L L, FEZEoA
AT o TWTREHIHZ L 2 Wiz H 6 2 L%, 1F
SRt R ICIE, it —iMEEZHOm A
= ANEENTHDERE, SHOREL L TR Z
BEND L,

VU boZ & zalE 2 ¢, #EmFEcIiiTF % B e L
7o —SE O HITIZ BV TEEE B HHER I O F R
A FSERGIRIC RS fE e RIIRIEE LT, SR
BICER L COmEiEns 2 & &9 5,

EHREREL, BHEERERRLE (BHOKEAKEE
A atEl) OHEEEREE w5, BHEREEERE O
T—F LT 5720, P24 (20104F) OFAH
FEHWL, FAEENIE, 2010F2H1HTH B, Hk
EREBE, BAMKREIFEANOTERENEE NS,

COMETHERE LTV EFEEOERIILIT O
DN ThHb, CORBEDORRE o> TWDLEEE I,
BREL v ADORERERICHELL2VODLEEN
TWhs

(7] ZHALE L CEREAEE R B 5 —H ik
IOV T O - —LIZBE T 2 GEO T IZFEE
ENBEREEV), BRIIZIE, ROVTNHPIZFELT
LU AZToTVRE DRV,

O HFEHECTREMABMEIERFIEL, £ C2ADT L
T o HEFE G DI OWT, EEEERIIEBNT S
BERIPEFRTHAL TWwb,

@ HEHECREMBMAILETTE L, £%ER ST
D EEN S IEREORILE T AR L — & — k%
ERFH LTV b,

B HEEOERMESEEZDEODOEMERZ L, EEND
B —IELUCER - EELTW5,

@ FREREE, BEELERASE, HEoOERS HH
FICRMOER, BIAEEOREELEDO RS, H£7%
CHARTOF L F o/ EaHHZ S & ) FEHFHEAT
DEHWAH, EEEZIToTWA,

® H£EERIIBMTLILEERZOMZICLY, EFET
(EEFRM AR L7 BIEEDAN D) BIEELRTTo
TWwh,

©® oMbz &, £ENO HFAHREZT-
TWwh,

72720, DUFICEEA T 2 HGHO A %47 ) Mk DT
1, BEEEMHBICEED W T 5,

O  BEEHRBEWOIE O & % [H T 5 B
FEHIRRM A % CHETE 3 525, 2OFHIZOW

T, SRRV EEOPEED 72D ITMA T L 12D

TIH b D,

@ HEEWE, HIEKOEEOAE D AORH
EHENOMEOH— SRR E, %L Lok

KOEHH R FIHD 720 DERDOHRELTH b D,

FHEEREEREONRE SNLEEEROERII L
RO TH LA, EEGEHPOREFEEREZLLZTH

LIZEMWIDPDNZ Do WEIZBWTRER L LD 12, £
TEE PRI A 2 2 FHE IS L oo FE A EITTE
T2 ens, B£HEEROERL MBI TRZST
Wb,

ARWZETIE, ZEOTIH 255 & L CTHEEE RO
SR & BHEBCGE L OSSR ORIy 5 2 L &
HigE LCwhicw, EEIICE—EECERS BT %
FLLEEERFEEREOT -7 12X 00T EiED D 2
L35,

(2) £EH#ER

20104 DEFHEE BEBREOLFS BEREEFI L
FRC & 2 EBENT I OS5 JE 3 % Table 2 1R 3o &
bLVIHHE I TT98, #x b 7 WHIGUET & AT o
EoTWh, FIMEIZ289TH L, T2, BEROR
EFFHLIAITE 100ha & 72 ) OEH B REE T, FEEIED
2465 L b S,

BINE, FHE, @EETIE, $XRTOHTRIZEW
THREERIEEL T D,

(3) THETHBIDEZEEH

EFHE BB WIS &, RIZVIEEBRZK
HTIE179H Y, 100%BL TWATTNH? 245 %,

THTAy & 72 ) OFEFE BBTIE, BILEAY50.5 Lk d
%\, T H72 0 OEEEBEOTEIET16TH S,

I AT

31 #HEFET—FICLIEZEERH EPHEKREE
D%

EE R LB WS 5 12H 720, #hE
R T & DEFEE BT — 5 &, ERENFIER 2 & o BT
Fedh 720 DEE W BEHE AV, BATHIED 720 OHE%
B, 2010 4F EAKEE L U A DRLR O KRB L
MfEA 5, BEHAE 100hadh 72 1) OEEE BiE & L
720

AR O & DEFEE R L BHER IR OB R %
Fig2 l2" 3o TOMTIE, % REEBHEREEE
ORI RS v (HBEFRE = 0.15)

T/, HERFR T E OEMIERED 720 EEE BB
TR R O BIRE Fig3 12" ZOKTYH, HALMm
F&d 72 D) OEEE BRI IHEREE SR OB BRIT RS
nzevy (MR =-0.17),

ZOZEDL, WEFREAOT— 5 0513, £EE
BESCHEMRRS ) £%E R E, PHEREEFREOM
BHIERWZE R nwEWwE b,

32 WHIHT—2ICLZERERBEPERERED
Bifk
HENF T — & LRI, BHEERPEEL TV HE



78 FERTTAARET R 9521775 (2015)

Table 2 HREFIR 28 DHEFH R
Number of community-based farm cooperatives by prefectures
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Relationship between the number of community-based farm
cooperatives and the abandoned rate of cultivated land by prefectures
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Analysis of the Abandonment of Cultivated Area and Community-based Farm
Cooperatives from Statistical Data

YABIKI Naoki *
* Laboratory of Project Evaluation, Rural Development and Planning Research Division

Abstract

The area of farmland and cultivated land being abandoned in Japan increased to 396,000 ha in
2010. It is necessary to effectively utilize farmland and eliminate abandonment of cultivated area
to avoid the consequences of scarcity of agricultural supply. Community-based farm cooperatives
have been promoted throughout Japan as a measure to encourage communities to be involved in
maintaining and managing farmland in regions where the population has been decreasing and aging.
This study compares the number of community-based farm cooperatives by municipalities to the rate
of abandoned cultivated land by municipalities using data from surveys on community-based farm
cooperatives and the 2010 world census of agriculture and forestry. The results showed that the rate
of abandoned cultivated land tended to be lower in municipalities with more number of community-

based farm cooperatives.

Key words: abandoned cultivated land, community-based farm cooperatives, survey on community-
based farm cooperatives, 2010 world census of agriculture and forestry. survey on
community-based farm cooperatives
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Fig.12 72O ATOKEORRI OH 11 H)
Bottom sediment in part of the reservoir inflow (2013/9/11)
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Table 3 T AB L UVRIKF ORI > 7 4 L BRI 2 7 285
Total and dissolved radioactive cesium concentrations in inflow and outflow
TP SR Y Y A BRI > T A BAFHECs)  Cs—137D
X4 Hh i BRACH R SS,s  Cs—134 Cs—137 Cs—134+137 Cs—134 Cs—137 Cs—134+137 &tEcs [t
(mg/L) (Bgkg) (Bgkg) (Bgkg)  (Bgqkg) (Bgkg)  (Bglkg) (%) (X 10°L/kg)

WA FTEA 2013/ 7/17  13:30 6.3 0.64 1.40 2.00 0.020  0.047 0.067 3.4 44
2013/ 8/ 8 13:00 3.7 0.41 0.85 1.27 0.011  0.020 0.031 2.4 11.5
2013/ 8/22 11:20 3.7 0.49 0.73 1.22 0.017  0.034 0.051 42 5.5
2013/ 9/11 11:40 3.4 0.23 0.55 0.78 0.013  0.031 0.045 5.7 49
2013/ 9/25 11:50 22 0.49 0.84 1.34 0.017  0.030 0.048 3.6 12.1
2013/10/ 8 12:50 2.7 0.31 0.36 0.67 0.019  0.041 0.060 9.0 2.9
iy 3.7 0.43 0.78 121 0.016  0.034 0.050 47 6.9
FEB 2013/ 7/ 7 11:20 3.9 0.29 0.63 0.92 0.015  0.030 0.045 49 5.1
2013/ 8/ 8 13:20 - 0.40 0.98 1.38 0.006  0.010 0.016 12 -
Ty 3.9 0.34 0.81 1.15 0.011  0.020 0.031 3.0 5.1
G FEHVE 2013/ 6/28  14:30 6.6 0.65 15 2.16 0.014  0.026 0.040 1.8 8.6
2013/ 7/17 14:30 8.5 0.75 1.7 2.43 0.008  0.015 0.023 1.0 12.8
2013/ 8/ 2 13:220  10.0 0.61 1.4 2.01 0.021  0.037 0.058 29 3.7
2013/ 8/ 8 11:30 9.9 0.64 1.4 2.00 0.014  0.028 0.042 2.1 4.8
2013/ 9/11 11:40  10.6 1.35 26 3.96 0.032  0.078 0.11 2.8 3.0
2013/10/18  10:50 - 0.60 1.4 1.99 0.031  0.067 0.098 49 -
iy 9.1 0.77 1.7 242 0.020  0.042 0.062 2.6 6.6
FHAE 2013/ 7/17  14:00 4.4 0.35 0.69 1.04 ND  0.004 - - 35.5
2013/ 8/ 8 12:20 3.8 0.17 0.46 0.63 ND  0.012 - — 9.9
i 4.1 0.26 0.58 0.83 - 0.008 - - 227

2y — (1990), 115 (2012)) ERIEENB L DT
H5o

BonzEIE, HAKT3~12 % 10°Lke, Wi
KT3~36 % 10°Likg Td > 720 WHHEZ M@ 70 & 13
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(Appendix), FEMEEOEMMED 75Tk, ZORMKRME
DIFRITEHEORETH 5,

3.6 FEYEEHHEMES Y LOBRIZOWVT
FT O T (i AIK-Fig.8, IFH7K-Fig.10, it
K -Fig.14) 12 BT 5 W B B & K O RGHE+
T NEE OB E Fig16 12 F &£ O CTRT, BRA®
X%, WK EREDSIEIER UC, Bkt &R A D
FEERRE, MIHEIIRR/NEC, FERBIE S HIT/hEL

BRKDPGLT & o tze T2, FFRARTIE, yUk
DVRRPKEL LH~ND T 7 N RSN,

33 THRIEHI, FBEWH EKPOBIEL T T A
mEOMR Y RTERERICBWT, yUFIE, FiED
BRODE XD, KOWFEL Y7 AREEXRT T4
HHBIEO RS Y 7 AEEEZRT LD LW
Abho TIT, BNEEHOENZ XY BRI S >
VLRI B Z EPRE SN SO, BRI OFHA
MR LELN NS ONIFERO y Y R b TR
DF R EEZRT LD EEZONDL, FOB, BEIC
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Table SHUATEL > 7 A RE & RATREN = (1)
Concentration of total radioactive cesium and antecedent precipitation (1)
PR E ERHEE YT L AT
X H PRAKH R SSo4 Cs—134  Cs—137 Cs—134+137 YHZEDT:
(mg/L) (Bqkg)  (Bgkg) (Bg/kg) 12h 24 3HEER (mm)
it/ FEHLA 2013/ 6/21  14:00 43 0.35 0.85 1.21 0.0 0.0 15.0
2013/ 7/17 13:30 6.3 0.64 1.36 2.00 0.0 0.0 20.0
2013/ 8/ 2 16:00 53 0.43 0.89 1.32 0.0 0.5 27.0
2013/ 8/ 8 13:00 3.7 0.41 0.85 1.27 0.0 0.0 7.5
2013/ 8/22 11:20 3.7 0.49 1.73 1.22 0.0 0.0 31.0
2013/ 9/11 11:40 34 0.23 0.55 0.78 0.0 0.0 0.0
2013/ 9/12 13:40 - 0.30 0.72 1.02 0.0 0.0 0.0
2013/ 9/19 11:30 3.7 0.30 0.38 0.68 0.0 0.0 0.0
2013/ 9/25 11:50 22 0.49 0.84 1.34 0.0 0.0 1.0
2013/10/ 3 13:00 2.6 0.28 0.56 0.84 0.0 1.0 14.5
2013/10/ 8 12:50 2.7 0.31 0.36 0.67 0.0 0.0 1.5
2013/10/18 11:20 - 0.26 0.65 0.91 0.0 0.0 105.0
2013/11/ 7 10:40 1.4 0.07 0.14 0.21 0.0 0.0 2.0
2013/11/26  11:50 1.0 0.05 0.21 0.26 0.0 8.5 8.5
iy 0.33 0.65 0.98
LB 2013/ 6/21  14:20 2.1 0.09 0.20 0.28 0.0 0.0 15.0
2013/ 7717 11:20 3.9 0.29 0.63 0.92 0.0 0.0 20.0
2013/ 8/ 2 16:10 10.0 0.86 1.51 2.37 0.0 0.5 27.0
2013/ 8/ 8 13:20 - 0.40 0.98 1.38 0.0 0.0 7.5
2013/ 8/22 10:50 4.0 0.18 0.48 0.66 0.0 0.0 31.0
2013/ 9/11  11:20 2.4 0.30 0.45 0.74 0.0 0.0 0.0
2013/ 9/12 13:30 - 0.16 0.37 0.53 0.0 0.0 0.0
2013/ 9/19 11:10 4.9 0.39 0.60 0.99 0.0 0.0 0.0
2013/ 9/25 11:40 3.4 0.13 0.14 0.27 0.0 0.0 1.0
2013/10/ 3 12:50 6.0 0.32 0.53 0.85 0.0 1.0 14.5
2013/10/ 8 12:40 2.0 0.16 0.30 0.46 0.0 0.0 1.5
2013/10/ 8  0:00 - 0.27 0.44 0.70 0.0 0.0 1.5
2013/10/22  11:00 6.5 0.20 0.43 0.64 5.0 5.5 68.5
2013/10/25 16:00 7.9 0.14 0.31 0.45 3.0 10.0 29.0
2013/11/ 2 14:50 2.1 0.10 0.17 0.27 0.0 0.0 0.0
2013/11/26  11:40 0.2 0.06 0.11 0.17 0.0 8.5 8.5
T 0.25 0.48 0.73
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Table &fithitht o 7 A JREE & SEATREN & (2)
Concentration of total radioactive cesium and antecedent precipitation (2)
LT A AT RET
X 55 %, PRk H I Cs—134 Cs—137 Cs—134+137  HHxHEHZ  BHEEHFO
(Bg/kg) (Bg/kg) (Bg/kg) 3HER (mm) 5 H R (mm)
it T 2013/ 6/11 14:56 0.49 0.92 1.41 0.0 12.5
2013/ 6/21 11:20 0.52 1.26 1.78 15.0 16.5
2013/ 6/28 14:30 0.65 1.51 2.16 155 17.0
2013/ 7/ 9 14:00 0.79 1.80 2.59 17.0 17.5
2013/ 7/17 14:30 0.75 1.69 2.43 20.0 57.0
2013/ 8/ 213:20 0.61 1.40 2.01 27.0 49.0
2013/ 8/ 8 11:30 0.64 1.36 2.00 7.5 34.0
2013/ 8/15 0:00 0.34 0.76 1.10 0.0 0.0
2013/ 8/22 13:00 0.63 1.42 2.05 31.0 31.0
2013/ 8/29 10:00 0.53 1.33 1.86 2.0 2.0
2013/ 9/11 10:40 1.35 2.61 3.96 0.0 255
2013/ 9/19 14:00 1.43 4.08 5.51 0.0 134.5
2013/ 9/25 10:40 0.47 1.22 1.69 1.0 1.0
2013/ 9/27 16:15 0.90 1.05 1.95 75 75
2013/ 9/27 11:30 0.65 0.81 1.47 7.5 75
2013/10/ 3 11:00 0.63 0.69 1.32 14.5 16.0
2013/10/ 8 11:20 0.21 0.27 0.48 1.5 5.0
2013/10/10 17:10 0.17 0.42 0.59 0.0 1.5
2013/10/18 10:50 0.60 1.39 1.99 105.0 1355
2013/10/22 10:40 0.23 0.45 0.68 68.5 68.5
2013/11/ 2 15:10 0.13 0.28 0.42 0.0 4.0
2013/11/ 7 11:50 0.09 0.17 0.27 2.0 4.5
2013/11/15 14:50 0.11 0.26 0.37 3.0 7.0
2013/11/22 15:25 0.26 0.57 0.83 0.0 0.0
2013/11/25 10:30 0.17 0.54 0.71 8.5 8.5
2013/12/18 10:20 0.41 1.01 1.42 5.0 75
P 0.53 1.13 1.66
P 2013/ 8/22 14:10 0.44 0.90 1.34 31.0 31.0
2013/ 9/ 6 12:10 0.42 0.98 1.40 44.5 45.0
2013/ 9/27 13:30 0.31 0.50 0.81 7.5 7.5
2013/10/ 3 0:00 0.26 0.32 0.58 145 16.0
2013/10/ 8 0:00 0.10 0.05 0.15 1.5 5.0
2013/11/ 2 14:20 0.24 0.70 0.94 0.0 4.0
2013/11/15 13:50 0.10 0.18 0.28 3.0 7.0
2013/11/22 15:00 0.15 0.33 0.47 0.0 0.0
2013/11/25 11:10 0.10 0.41 0.51 8.5 8.5
2013/11/26 12:00 0.36 1.10 1.45 8.5 8.5
2013/12/18 11:40 ND 0.16 0.23 5.0 7.5
iy 0.25 0.51 0.74

] 2013/ 6/21 14:40 0.38 0.66 1.04 15.0 12.5
2013/ 7/ 9 13:00 0.66 1.48 2.14 17.0 16.5
2013/ 7/17 14:00 0.35 0.69 1.04 20.0 57.0
2013/ 8/ 215:30 0.71 1.52 2.24 27.0 49.0
2013/ 8/ 812:20 0.17 0.46 0.63 75 34.0
2013/ 8/15 0:00 0.14 0.30 0.44 0.0 0.0
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Table &Gttt > 7 2R LEATRNE (2) (&)
(cont.)
LT A AT RET
X 55 %, PRk H I Cs—134 Cs—137 Cs—134+137  HHxHEHZ  BHEEHFO
(Bg/kg) (Bg/kg) (Bg/kg) 3HER (mm) 5 H R (mm)

Uit ER ] 2013/ 8/29 10:20 0.47 1.09 1.56 2.0 2.0
2013/ 9/ 6 12:50 0.23 0.48 0.71 445 45.0
2013/ 9/11 12:20 0.99 1.90 2.89 0.0 25.5
2013/ 9/19 11:40 0.53 1.41 1.95 0.0 1345
2013/10/ 8 0:00 0.05 0.15 0.20 1.5 5.0
2013/10/23 12:00 0.35 0.83 1.18 18.0 74.0
2013/10/25 12:00 0.35 0.82 1.17 29.0 41.5
2013/11/ 2 15:00 0.12 0.24 0.36 0.0 4.0
2013/11/ 4 12:00 0.12 0.22 0.33 2.5 2.5
2013/11/ 6 12:00 0.14 0.31 0.45 2.0 2.5
2013/11/ 8 12:00 0.19 0.44 0.63 2.0 4.0
2013/11/10 12:00 0.11 0.21 0.32 1.0 3.0
2013/11/15 13:00 0.12 0.23 0.34 3.0 7.0
2013/11/22 14:40 0.15 0.22 0.37 0.0 0.0
2013/11/25 10:50 0.09 0.15 0.24 8.5 8.5
2013/12/ 8 12:00 0.20 0.44 0.64 0.0 0.0
2013/12/18 10:50 0.20 0.47 0.68 5.0 7.5
2013/12/30 12:00 0.06 0.12 0.18 1.5 19.0

Py 0.14 0.28 0.41
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Monitoring Radioactive Cesium Concentration in a Small Agricultural Reservoir
in the Abukuma Mountains

Tomijiro Kubota* + Moono Shin** - Koji Hamada* - Tadayoshi Hitomi*
* National Institute for Rural Engineering

**Tohoku Agricultural Research Center

Abstract

Radioactive materials were released over wide areas around the Tokyo Power Fukushima Daiichi
Nuclear Power Plant after the accident caused by the earthquake and tsunami on March 11, 2011.
Radioactive cesium pollution in agricultural reservoirs that supply irrigation water in this region
was a concern for the restart of farming. Therefore, it is important to determine the movement
characteristics of radioactive cesium around agricultural reservoirs. In this ongoing study since June
2013, we measured the concentrations of radioactive cesium in inflow, outflow, and pooled water
in a small agricultural reservoir located in the Abukuma Mountains. The area of the reservoir was
0.37 ha, and its pondage was 7500 m’. The concentration of total radioactive cesium in the water
was relatively high, around 1-3 Bg/kg, during the summer, but decreased to 0.2—1.5 Bg/kg after
October. However, the concentration of total radioactive cesium of the outflow temporarily increased
to 2.9-4.0 Bq/kg, when the water level decreased by 1.2 m in the middle of September. The increase
in radioactivity was believed to be due to disturbance of the bottom water and sediment caused by
relatively fast water flow. The dissolved radioactive cesium concentration in the inflow was 0.02—
0.07 Bq/kg, whereas that in the outflow was 0.02—0.11 Bg/kg; both were considerably lower than the
total radioactive cesium concentration. The ratios of dissolved radioactive cesium to total radioactive
cesium were 1-5% in the inflow and 1-3% in the outflow. Thus, our results showed a positive
correlation between the total radioactive cesium concentration in stored water and that in precipitation

that occurred over the previous 5 days.

Key words: agricultural reservoir, radioactive cesium, agricultural water
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Table 1 HUf5 L 7zl E D — &

List of continuous seismic records of the dam

September, 2013 Recording
Term Start Time End Time
1 Sep. 17 15:40:20 ~  08:16:10 16:35:50
2 Sep. 18 08:22:30 ~  20:55:50 12:33:20
3 Sep. 18 21:01:40 ~  07:51:00 10:49:20
4 Sep. 19 07:56:50 ~  09:02:10 01:05:20
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Waveforms of continuous records observed by the seismometer of
the dam
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High-pass filtered waveforms of continuous records observed by the

seismometer of the dam
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High-pass filtered waveforms of continuous records observed by the
seismometer of the dam (Targeted data in this study)
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Waveforms of continuous records observed by the seismometer of

the dam during a silent night term
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Cumulative relative frequency of acceleration values in continuous

records observed by the seismometer of the dam during a silent term

at night
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Histogram of acceleration values in continuous records observed by

the seismometer of the dam during a silent term at night
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V HWERT — 2 OBRHGEOKE
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Change in maximum values during every 10 seconds of acceleration

observed by the seismometer
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Histogram of maximum values during every 10 seconds of
acceleration observed by the seismometer

TOAR T E% Db, D Lo, S EFEIHOMEE LT
0.0085 ~ 0.0090cm/s* A 2 & AT 35 2 & & L7z,

PN B % FEE T 0.0085em/s™ & L7235 AIc, Fh
LAY MR BT, EELEA, Al
9, RIZ3TOBENM AR T, ZoMBTEET S
WENRHo72E EF—DDARY PELTI V-
TL7ce TOLIBRFETHRHSNAKEE, FoIX
MNTORRKERZ T L0 —EFEK% Table 212777 &
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Change in frequency of excess over thresholds about acceleration

values observed by the seismometer of the dam at the base

Table 2 BIfE%E O & 1B M L 720 & & KMl Gl fif) o — 8
List of terms excess over the threshold, 0.0085cm/s” at the base, and

the maximum absolute values during each term

Terms selected by the thershold ~ Maximum vakue (cm/s”)

(=0.0085cm/s’at the base) Crest Base Event Type
1 09/18 21:01:50 ~21:05:30 0.0105 0.0087

2 09/18 21:13:45~21:17:53 0.0956 0.0252 Earthquakel
3 09/18 22:13:57~22:17:57 0.0098 0.0086

4 09/18 23:54:01 ~23:58:40 0.0997 0.0235 Earthquake2
5 09/19 00:32:45~21:36:45 0.0145 0.0086

6 09/19 00:56:22~01:00:22 0.0429 0.0089

7 09/19 01:27:09 ~01:34:20 0.0252 0.0105 Earthquake3
8 09/19 01:35:40~01:39:48 0.0246 0.0100 Earthquake4
9 09/19 02:29:38 ~02:33:46 0.0252 0.0097 Earthquake5
10 09/19 02:44:55 ~02:49:08 0.0124 0.0086

11 09/19 03:05:44 ~03:09:46 0.0462 0.0203 Earthquake6
12 09/19 03:32:53 ~03:37:09 0.0753 0.0301 Earthquake?7
13 09/19 04:13:58 ~ 04:18:00 0.0333 0.0103 Earthquake8
14 09/19 06:38:46 ~ 06:42:46 0.0125 0.0086

15 09/19 06:45:58 ~ 06:49:58 0.0279 0.0091 Earthquake9
16 09/19 06:50:18 ~ 06:54:18 0.0108 0.0089

17 09/19 07:42:04 ~07:46:04 2.6908 0.6853 Earthquakel0
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Fig.10(a) Pl % 256 0.0085cm/s> & L 72354 12 HhH & 72 3R E)
W (Event 1 ~2)
Waveforms selected by the threshold, 0.0085cmy/s” at the base, continuous

records observed by the seismometer of the dam (Event 1 ~ 2)

Event type fi#§ i Earthquake & FE#k L, F 7258ENHICHF S
T %2477 o720 72 BEvent5, 612D\ CTIEILAEHIZPH
ERIRESAON L W2 OME LG 2w kL

L7,

Fig.10 5 £ U'Table 205 R &L 1), D7 < & b ARIMT
TEHTR R & L 72RO, SRR o nas EE o Bl %
0.0090cm/s™ IZFESE L, ZNxMMd 52X % ®H 3 h
X, HEIRICHREYIC X A IREIE A X 5 2 &5 T
&, FRFOXEEBROWZLOIIHEOFEEZ ZIT TV
VI REE SR WX &2 5 L2 b,

PIBOBERBICBWTIE, 20X 2EHEIC X 5 %Em
T, BB AL, BEOSZITTWw
ZWHIB ZHET b0 B2 2 THIE LI BHES T
TR LCEELCHZ20WE ) RIEEHELELLOT
H5bo

VI T — 2 h 5 ORFRERIGGE O

WVIZBWTER S N7 ORENIE 7 — 5 H
5, FEMFEISIS A ORI 2 A7z, R SEIsG A O il
I3 Nakata et al. (2013) S OMWEWE T HEO COFEED
NOBA AT o DR, HEEETREN L,
CAUZERHM (2013) LEBROTETH L. S HITHNT
FERDLIED 72D DI oW, HEER N

Event 3: 13/09/18 22:13:57~13/09/18 22:17:57(Max:-0.0098,0.0086)
0.015

Crest
0017 Base -

0.005

0

-0.005

Acceleration(cmis?)

=0.01F

-0.015 - :
22:14 2215 22:18 22:17

Time

Event 4: 13/08/18 23:54:01~13/09/18 23:58:40(Max:~0.0997 ~0.0235)

0.1 T . .
—— Crest
Base

Acceleration(cmi/s?)

23:55 23:56 23:57 23:58
Time

Event 5 13/09/19 00:32:45~13/09/19 00:36:45(Max:~0.0145,-0.0086
0.015

—— Crest
0.01 Base -

0.005 §

o

Acceleration(em/s?)

-0.0156

00:33 00:34 00:35 00:36
Time

Event8: 13/09/19 00:56:22~13/09/19 01:00:22(Max:0.0429,-0.0088)
0.06 T v T

~—— Crest
Base

=)
=)
4

o
o
N

Acceleration(cm/s?)
o

| |
o L=}
o o
= N

o
o
2]

00:57 00:58 00:59 01:00
Time
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T (Event 3~6)

Waveforms selected by the threshold, 0.0085cm/s” at the base, continuous

records observed by the seismometer of the dam (Event 3 ~ 6)

DAY 0 EL, a2 05T 2F51L95
Wz d—=N=F 9 TEELNLLETOELT AL MID
W 24772 o 721212, BED 2 WL 477429



AW - -

Event 7. 13/09/19 01:27:09~13/09/19 01:34:20(Max:~-0.0252,0.0105)
0.03

Crest
Base -

o o

o o

= o
T T

Acoeleration(cm.’sz)
o

! !
o o
o o
NS

-0.03 .
01:30
Time

Event &: 134091’19 01: 35 40~13/09/19 01:39:48(Max:~0.0246,0.0100)
0.03 v .

Crest
Base

e
o
~

o
o
=

Acoe|erati0n(crn152)
(=]

! |
e o
o o
™ =

o
o
L]

01:36 01:37 01:38 01:39
Time

Event 9: 13/09/19 02:29:38~13/09/19 02:33: 4G(Max -0.0252,0.0097)
0.03

Crest
0.02 Base -

Accele ration(crn/sz)
o

1 I
e o
o o
L) -

-0.03 - : -
02:30 02:31 02:32 02:33

Time

Event 10: 13/09/19 02:44:55~13/09/19 02:49:08(Max:0.0124,-0.008

0.015
. Crest
0‘011 . Base -
c\a\";‘ |
£ 0.005 ,
k&) |
c
S 0
5
o
3 -0.005 111
2
-0.01‘r ]
001345 02:46 02:47 02:48 02:49

Time

Fig.10(c) MIfifi % H:A0.0085cm/s” & L 7235 & 12l & 7z IRE)
#IE (Event 7~ 10)

Waveforms selected by the threshold, 0.0085cmy/s” at the base, continuous

records observed by the seismometer of the dam (Event 7~ 10)
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Fig.10(d) [fi % FA 0.0085ecm/s™ & L7235 E 12 & /- 3R E)
W (Event 11~ 14)

Waveforms selected by the threshold, 0.0085cm/s” at the base, continuous

records observed by the seismometer of the dam (Event 11 ~ 14)
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Fig.10(e) [Ifii % H:A0.0085cm/s’ & L 7235 & 12l & 7z IREY
W (Event 15~17)
Waveforms selected by the threshold, 0.0085cm/s” at the base, continuous

records observed by the seismometer of the dam (Event 15~ 17)

THDIEIRNIS L 2B — 7 23T A 2 LN TE
72o TOY — 7 W% Table 31278 L72o 7235 Table 3 (2
L 72HRE, AT L 2B T Y, Table 2 (2
L7 & 87 %, £DOMHIZ, Table 212817 % #H
RSB CIIHEDO B Z 2T - it S 2 I =
ETEREL, TRUSMOBMIZHEEZZ T T Enb o
LT NN, BELEE LSS5, B
23505 ME S > T ZREL Tnb, FIxL
T, Table 31282 HIMOETEIL, MEOLEL T4
ZUF RO TR Z AT A L x HIWE 572
O, W EIE 2 B2 2R R ORI O 15 EBEMEILT T
ZELTOOLD 15 aHRELTWE720TH %,

WY — 7 FER OFAR) 12O W TEEBROT— 5 D
V— 7 HEFIR2 DD T — % 55 2 REEAHE  (Press et.

2177 (2015)

Table 3 TS EFT O G LICEONEE -2 B
L OB O RIMEEHO— TR
List of terms for analysis, st arrival peak in time-domain response

function, and maximum values of seismic waveforms

Terms selected by the thershold Peak time Maximum vakue (cm?/s)

(=0.0090cm’/s at the base) Istarrival(s)  Cpest Base
1 09/18 21:13:42 ~21:15:55 0.1208 0.0253 0.0956
2 09/18 23:53:58 ~23:56:43 0.1200 0.0235 0.0997
3 09/19 01:30:15~01:32:22 0.1212 0.0106 0.0252
4 09/19 01:35:46 ~01:37:51 0.1217 0.0100 0.0247
5 09/19 02:29:35~02:31:48 0.1207 0.0097 0.0254
6 09/19 03:05:41 ~03:07:49 0.1206 0.0203 0.0463
7 09/19 03:32:51 ~03:35:11 0.1216 0.0302 0.0755
8 09/19 04:13:56 ~04:16:01 0.1197 0.0103 0.0334
9 09/19 06:45:56 ~ 06:52:21 0.1190 0.0091 0.0280
10 09/19 07:42:01 ~07:47:35 0.1209 0.6854 2.6910
Max. 0.1217 0.6854 2.6910
Min. 0.1190 0.0091 0.0247
Average 0.1206 0.0834 0.3145

Standard deviation 0.00085
cv.  (0.70%)

al. 2007) W2 & > CTHMET AN EFCHIEL TR L, %
DOFIGMEIL0.1206F TH V), 2107 — ATV TIEE
DY — 2713132 0. 12 CTEEII DR, EEMREICL
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7 No.2 Ci, 0.3 FREEE DR FERLNY 70 IR ED 1 T
HRLZENTEDLY, ZNPUANTIROEETFHTH
BT VY AR R R LTV D, R oS
FICBLClL, FIBIY — 7 DO IIR SN O ER
KGRI L72d D TH A EDHSN TS (Snieder
and Safak (2006)). HIEDEEI/NS WIEEEZ MR E L
7286, BRIERO SINAMEL 22720, 20 L9 %
BRGNS LZISEDSHbIUIL K o zb Db %
25
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FHETEOEGEICRIST AR Y — 7 1IN TH
"), Fig.11 O FEBISE O I2 S IR TS 2 &
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P ORI G SI NS HEICBWTYH, WEjY—7~
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Time-domain seismic response retrieval from waveforms of small
vibration recorded by the existing seismometer of a dam for irrigation based on
seismic interferometry

KURODA Seiichiro*, MASUKAWA Susumu** and TAGASHIRA Hidekazu*
* Facilities and Geotechnical Engineering Research Division, Engineering Analysis
** Facilities and Geotechnical Engineering Research Division

Abstract

The existing seismometers installed at the dams for irrigation built by Ministry of Agriculture,
Fisheries, and Forestry in Japan has recorded many seismic records during huge earthquake events.
Those are useful for analysis to understand how dams behaved during earthquake. Those records
are valuable as the evidence not only to show the behavior of dams caused by but also to retrieve
the index to reflect the dynamic property of the dams. Considering this point, we have applied the
concept of seismic interferometry and its method to seismic records of the dams to estimate their
properties of seismic wave propagation and the dynamic properties of those structures.

This report shows the applicability of seismic interferometry for small vibration records of existing
seismometer of dams, like small earthquake records, whose maximum acceleration are less than
1 cm/s’, or ambient noise. Based on the analysis for the waveform of acceleration during more than
10 hours, we can retrieve the waveforms of time domain response similar to the one extracted from
the seismic record of earthquake events, whose maximum acceleration is more than 2 cm/s’, from
small earthquake records and even from ambient noise only. This fact shows the proposed method
might be applicable more frequently, if we applied it not only earthquake records but also the small
records which has been considered to be trivial ones.

Key words: Dam for irrigation, Seismometer, Acceleration waveform, seismic wave propagation,

Ambient noise
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