BT W B
Tech. Rep. Natl. Inst.
Rural. Eng. Japan

REIFVRAEER
#2015

H &
BHATT O R - BRI L B0 SRS

HRERRT A EERE & L CONBREH ORISR
—EREER BT ABEIRE 2 v O s 4 v N ARORIE (2) —

ISSN 0915-3314

............................................................................................................ EUEHEE - 571 B e 13
LR O BB O A v v 4 b F — YEH VR 7 A DR
............................................................................................................ Lz » Zerhga] e 23

KBS OYIEREE & £ 54 OEBKIC2WT (il & EE ERENT & LIcEER»B)
............................................................ PR o ANBAGRFT « BB « AR « EE & - 37
FO YL v~ ADSAIC K ATV Y LA MV EB EEE T~ ONERE

.................... e ERBA B R < IS « EBRE e 47
HIF AR AT A A BRI R OHIE TR O

s Sy e FHE BSREZ . FERE.- B —F « TAREA e 55
JrHE R BB IR OKER - #EEfl & LT -

........ s encnose. EEEHE R B T B SRITZ o 65
PRI FRA S B B SR O TR

..................................................................... PAE . AR « AREFASRES » ENEFHT oo 81

F v A 7Y F Ny EEEEIC B BKERA R E & EEEORRIRERRIEONE G0
— ¥ A EREEY 27 ATREEHEIC B 2158 —

------------- oo flLZEA « ARULVIJITSKUL Pongsak * #5HAAR - SRALER « DR 57 « BERIEER - 93
TR | O BEBKEHEO b oM ERR Fillk ‘

IS RIS WA « B 5 o HHBEEY « ARHERES « WE ) oo 195
BERIEYHR O RIPFIHc>WT G0

R A AL =i B, WA el FREZ e 137
B m KBRS = 3 & & OR{LY O

P PP HREFEHl 8 FEZ L B oeeeeeereernereee 147

............................................................... ERH 19 EREE B T o /N i coeererreeneeen157
it~y Foy s RICBT S HthOEENHIETIC X 3T KRE D2l

........ e RUNRE « BEE—ER « EARE B B o166
ESEEERMEY A7 ACL A HBREE=5 ) 7

.............................. A « B o BULGRES « Fh 25500 & BHR « BORIH covoeeeeeneee 173
S PSR RS R oo R R e R s

............................................................... HFEZER] » hIESE « [ABHE T « B8)1] 3Z -oovevereeeneennr183

BB A S T3



Y
/

HFalEH

i

HE B B > & B

T

=

S
o R

B TS EERk
moo#H E 15
i = %7
AW E R A =8
w B OB E n
BN E S E T
BENBERE %
A N
B R E R #
kX T B E i
R T

RERAS

REREER =1

£ B £
| i

s

R

F+

S

H

d OB O OF o B oW XN

R

L

RO A

%

|



TECHNICAL REPORT OF THE NATIONAL
INSTITUTE FOR RURAL ENGINEERING

SATO Hiroshi

ANYOJI Hisao
MIYAMOTO Koichi
KATO Shigeichi
KUDOU Kiyomitsu
HAKAMATA Tomoyuki
OHNISHI Ryouichi
SHIGYO Moriyuki
HATA Kenji
TAKEUCHI Mutsuo

No. 201

President

Executive Director

Director, Department of Program Management and Coordination
Director, Department of General Affairs

Director, Department of Rural Planning

Director, Department of Rural Environment

Director, Department of Regional Resources

Director, Department of Agricultural Enxironment Engineering
Director, Department of Hydraulic Engineering

Director, Department of Geotechnical Engineering

EDITORIAL BOARD

Chairman : MIYAMOTO Koichi
Editor : KUNIMITSU Yoji
KAMIMURA Ken-ichiro
MASUMOTO Takao
TOMOSHO Tatsumi
TANGI Hajime
TANI Shigeru
MAEDA Eiichi



BT 201
55~64, 2003

55

T K AL ABRI RO HIREF IR O FH

TR B - SRE2» - TEEERE - 2% F - BARRM

H

I # 5 oo 55
I FEEREOBE - Seneeeenee 56
1M IR oo 56
R 57
M FERAIE oo 57
1 BREH oo 57
2 MERRIE oo 57
3 DABRMEE oo 58
4 PL—P—HBR (CPRIZEE) e 58
5 GMEKEORE (FRIVEE) ---mmmoeer 58

6 T KVEBEOHE (ERISERE) - 58
IV OBBERER oo 58

I # &

HTFARDALHAZI T REREE2ESTLEOH0HF
HMiEFRTH D, BAETRIKEDE, RENRKE
FHfRs W, BrBE< 77 b PEH LTV 3,
HAZBEWT B TREOHNNEE LT, 1950 F
Ko~ 70 ERICPHTHFEC L2FEEHR T XRODPASE
BEACRALNED, HEE VW EOMENS H 2RI
BIhEbORZKIELALRN, £, HTAEEORS
FERE LA L2 AT AR, UEIR A,
RIS, REMTREOBIBETEREIN TN S,

HAKERAVWEATRARIIODWTOREE LTI,
PABMROBRBEZTM L MRS EEHNE NS (&
BH, 1996)7 4 — )V FEPBWTAEBZERZEHEL,
THEAFOEESKEOHESHFEHEL THLARKD
BERREZERELEHZDRN, ik, DETOfENE
ZNETRHEOEEII DWW TIREZOSBIINE O
FlHH 20, KOEB~DRE, HTKPAZEE D=
BRLrOhPLHTRIONTVIESIZDRVONE

* N EESH TAEEMRES

** FEERRE (ARILERR)

wEx LREANRR (AAMRNWESEAEER)

TR 14 120 10 %HE

F—U—F: AIHAR PL—H— -
Kaat - BF

Sy BT

&
1 Po—v—fBER - 58
2 FEEEIKEUEHR - 59
3 T RUVBEAESR - 60
V #F 8 oo 60
1 PL—t—FB oo 60
2 FEEKERE - 61
I ] 62
4 MITFRAIPABHROUEFERIIOWT --—62
5 MERLSBOFE - 62
VI S - 62
BEXBR o 63
Summary =~ --otmooomomoemssssmosssomosssosssssooomeos 64

RTHz ([, 1995).

BENSHBRED SHTICRET 5SS, TRNIGOXK
GRELBAENRESHTKACES, FICHREICH
WS (FE 1 nEBEET) EBVWTEERNORESL L
CZFDEOBERI Lo TKAEBLLIEARD 7 Z 2
7 2 DRRBELPEKRE L, KoEL FTEMEKGEHROM
CHERERAT UV ABEFELTHS (IBIR, 1997).

—7, HMREEKYED ZHE, REOOEREMFEK
DEH (BKRE THEAG6h, BA7Z7v 7 AdEED
MEME LKA AFICL > THRE D TROFHOKTE
M%<, FEMBKEROEIRERDL, iz
VAR L AKBEBEENC L AABH I ERTERT
HHFEhE<RE (F, 1995), HITFKDOATPAZE
LRV TRERGEREMREINL =D, FEH0%KMEFD
HTHFED, ALDABIIBOYTEREOREREHIZF
BENHOKIBDN LR L, P TEBREIE b,
ZOBRBRELZo TR LD THIABROHEIH T KE
LB 3. PAREDPLEBRENDIVES, PARTRIZ
TR OZERT Lo THEE LEW, TRmE: oM
TKEE CICELKROESBBREOME L LTE, M
FOKSG T 774 WERRHICHETZZ2ICE>T
oKD F BRI 2B L =655 2 (Andersen  and
Sevel, 1974 ; B 5, 1986 ; b5, 1987).

BRic X5 tiBEKOBRTEEERER, TEKOMN)F
TLABESGILoTHEZN, CAETOHETEN
THHFEETRKOPABEZRGIERICNINVEHES



o6 BETHFMARRR $£2015 (2003

NTH3 (RS, 20000 ZHICHLTERFICHES #
TARUEDBFZIHEMTRRE I LHBE L, ZOEER
RUDHEAHZILGERE+DICRBEHER TR
(HH, 1996) HFRIZHKE iz Kb 8 T A B3
TELETCDYA A TEHERTEHEL LTEHTKH
D> FUEBEREEr LEFEIFREIR TV S
{Hamada and Komae, 1994), > K (222Rn) HEHLD
TR FEBEECSThTWE SV A (226Ra) O
BILL>THRETE, HIKOT FVBEIHEKBOS
VULOSHER, HFHA4 X, BE, HEEE2EIRER:
LTHREINGS FUOREE» ST PHEBEEVRE
b, FILITEAEDBEES 101 ~TEEF:1023Bgl
DF—F—)2FHOb, BBAKTIUABIHEZNLEBRED
JERBINX L 2B ED(102Bg1 DA —F—)BIiEAD
Mo—P—LBRn>3%,
ERXTCREEARFBC L W FRBEREAFRICSVTT
bhEHTRATDPARARMBIIBNT, ®TFKRKATY
ABHROHEFHREEOWTKE T2 20, Skdss
i b L —Y—3E, P ke B AW TR
OFEBREKREOBRVELUHE, BTFKOZ FEEDH
FETY, RBRERL DY DPARKOBERERIICON
TEZTIELLIZ, ZhPhOFEOEDIERZDNT
Hat Uiz,
FHETIEERRENGTENERR L b ORENR
BIUSHRED -HTH2, £, WERZEDHZITH
o TREBRENOTEE, JHhHEENWE, 22,
BEOEER

Bl RE
H#EH

i O
Bi#HH
thii I BT
KD
..... thfi 1 R
HEY

TR e
L5 -ES

== e

. ‘P}H‘ 12 Eu‘
= -& a

Figl WELAIHETEEE
Geoloical map of study area.
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Counter map of upper surface of basement.
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Section around recharge pond in 2001.
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Recharge pond and observation well in 2001.

Table 1 BT KERFLE T

Parameter of groundwater observation well.

EH | MR | BEEE | o] A bi—F
1EF (EL.m) (m) mm | X[ {GL.m)
9.0 ~ 12.0

Bé 102.03 12.0 75 (13 1 10 ~ 11.5)
Be6 I 102.03 13.0 50 10.0 ~ 13.0




a8

WK ER 248, TRI3FEELDIEBINILVE
KUFKEEE LT BREOITKMD S BUKE T RA
LIFMET AR Lo TiThh, EBICHEIREKE
PEPABERE CREIEIhGKEN .

3 MAEEH

DABRIPABBEAICR—ILZ vy TE2HEL, BEK
FEHFE 0em WREENZ LS KERETN, FHE LTI
H 10 BifThbhE. FEBHICBHTRERE AR
RRBfTORTVAEDY, ZCTREFECBROD 2H
ST DT D,
ML—t—FEBRET o TR 12 £, 1 H 10 KE
OrAEE S BT %, FL—YEHREPARTEHLE
fTokd, HEHOFEHPARER 34m¥hTCH o,
BeokBidEBR 2 HaT - ABRATH LK 10mm/day, FAERY
HiZ smm/day THolz, 2B, HESLABEEDIA
BOMRLHLIIHEDLL, BREOCELYHOPAREDE
SLIF e,
BEEKEBLUT F LV EEOHERZBICT» REK
BEEOIPABTRE 10 19H»S sHETDOhE.
HEFT 5 HE ORI 10 B 17 HO 18mm/day O, i
Bt 10 A 22 BO Smm/day DA TH o . Fig5 o
OROPABSBRERL LT, $ErABRROHELE
T PHPABRBIDPASAON 12m3/hTH o D,
EFEEWK Lo THRAICETL, ERNICESEIO 13
BErRoE.

EHMAER mP/h)
1.4

1.2

1.0

0.8
AN
0.6 ™

0.4 e

0.2

0.0
1 2 3 4 5

EBEY
Figs5 PARSBRR (FHrARE)
Result of artificial recharge in 2001 {avarage recharge speed)

4 kL—Y—REBR(FR2FE)

b U — —BHEKEN T LERE RS DD R S Hus
THHT—F IV WT 2RVE (SR« /DEL, 1999).
FL—H—DEHER ke & L.

ERBIIPA KO T READBER EERNICHZE
T2EEZENELTVWEDT, bl —Y—2hARMHR

BELFEMAERBH $F2015 Q00D

CHEERALE. BARLARBRBERITYL, —EE
MAK(3.12m3) B EEAK L ®igkEFLEE, PL—F—
KPELIEBETIORG >, FOBPAREHMEL
o

Fh, PL—U—DBEREET 2D, PARME
BFEO Bs FLOMTKENEDK ZHKEETER L.
BKZEHE UCHBRAESRD> S 1 RERR T,
ok 21384 100ml & Lz, B U 2RI =i i
BIRD, SNERES (BEE/FRTE RF-5300PC) 2
L BEBELEBIITETY, D—F I WT OBEZH
E L

5 KIESKEORE(ER13EE)

FEHETCEFPIERTF 12— LTHAEREER
(FEEE S0cm) DHLTFRERHILVF AFEERZ P 5, B6
MLt HWT, BEARPETF R 2ROV TAEIHFD
ARREEKELZHE L. HETSROFE (R, 1996)
EFELZIILEY, FRCBDE lon OEETCRESRES
¥ FIFAENTCEIHEEE LITREFT—SVREV T b
EHFEL, HTKED SHERS TERNICT—F 2K
$£ L7, BEERIEER 1 KEEE Uk, BRERTO
HFKGEE GL-11.14 ~ 1142 m&{E <, HTRE (b
FAED»SAFBIEFEFCTOER)X 1 nEmTH ok,

6 SEUEBEOAIE(ER 13 £E)

PARRBET, PABRLEKFHTKECEELTY
ZDEHETEEDHIC, Be ILELT Be MILIKBENT
MR KEMEOK 284 1 BRI S00ml BRERL TS K
VEERHELE. T FCEEOHEICE, RELUER
TkE, YUrFL—FEBERIEE LY THREICT
WA L, RS THES v FL—YavikTHlE
TEHFERE - (EEHS, 1997) IR IEHY 0.1Bg/,
HEBETSHORETININTH oz,

F ke AR PABRRT O T AR ZHE L
=

vV HERHEER

1 hL—H—HBiER

Fig6 I B6 Lo BiF a0 —% 3 WI BEDORERZEL
RIUHAREEETRT. M —P—BEDY—IRI
EiEAfEZED, OETO—F 3> WT OREVRERT
i,

Pt —EERSARBE (BA) POEAR 35
R ETIRIZIE 0 THhokD, 45 KPS LR ERN
L, 9.5 BERGI & & 3\ E 179ppb 2Ho 2o ZOHREE
EEBICED LD, BED Toppb 2o 2R (RA
B 135 B TESHRBLEEL, E50EEH D
& OO B LD S EEHKICIL 10ppb RiGE THED U
7o



B« 45« 1 % - BA : HFAATPABDROHETELOFE 59

O—4=NT
W (opb)
200 & l

—— AR
— AR

180
160 h

100

|
120 .[
|
!

80 L

60 e %

ol 1A
= :

2 T[T ~o
0

.—_

——a 1

0 20 40 60 BO 100 120 140 160
EEBEE(h)

Fig6 B6FLICBir3 b L —H—EEEL

Fluctuation of tracer concentration at B6.
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Fluctuation of Rn concentration at B6.
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Fluctuation of Rn concentration at B6 IIi.
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Movement of tracer under examination of artificial recharge.
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Method of Detecting Effect of Artificial Recharge of Groundwater

ISHIDA Satoshi, IMAIZUMI Masayuki, TSUCHIHARA Takeo,
MORI Kazushi and TODOROKI Yoshinori

Summary

River water that was pumped up was recharged artificially for five days from a drain pit of 200 cm
(diameter)x300 cm(depth) to the aquifer(sand and gravel) in order to estimate method of detecting effect of artificial
recharge of groundwater. Duting the experiment, for the clarification of groundwater flow velocity in unsaturated zone
tracer test was done and **Rn concentration of groundwater and volume water contents by neutron moisture logging
was monitored at every one hour. The result of tracer test shows that the highest concentration of the tracer flow
reached the groundwater table which is 8.2m deeper than the bottom in recharge facilitty 9.5 hours later from
injetion Another results show that the increasing point of water comtents in unsatulated zone reached the
groundwater table after 7 hours from the start of recharge. **Rn concentration of groundwater decreased after 7
hours. Therefore, tracer test, measurement of the **Rn conceniration and measurement of volume water contents by
neutron moisture logging are effective technigues for detecting the effect of artificial recharge of groundwater.

Keywords: Artificial recharge, Infiltration, Radon, Water content, Neutron
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