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Factors of blockage at the end of groundwater drainage pipes for
landslide mitigation and a countermeasure

OKUYAMA Takehiko and KURODA Seiichiro

Summary

Investigation of groundwater drainage conditions with a drainage well in the course of landslide mitigation was
conducted in Miyagi Prefecture. Large differences in drainage rate and water quality of drained groundwater through
the horizontal drain pipes installed in the same drainage well reflected a complex geological structure of the landslide
block. As for drainage from the soil bank area, drainage rate was low, and electric conductivity and ion concentrations
were high compared to another area.

Formation of iron hydroxide that caused blockage in the drainage pipes depended on the conditions of each pipe.
Pipe end blockage was remarkable on the banked side, and a correlation was seen between the amount of iron discharged
from the drained groundwater (iron concentration x drainage rate) and the blockage level. Concentration of Fe?* in
drained groundwater was as much as 3.94 mg/L. The low oxygen air controlled oxidation of Fe?* in the drainage pipes.
Iron hydroxide was formed by exposure to the atmosphere at the end of the drainage pipes. Soil particles trapped by iron
oxide enlarged the blockage. Formation of iron oxide was not able to be completely stopped because some oxygen was
dissolved in the groundwater. However, an extension pipe attached to the end of the drainage pipe isolated the drained
water from the air and controlled formation of the blockage in our experiments. The possibility of a blockage can be eas-
ily estimated in the field by measuring the pH and oxidation-reduction potential (Eh) of the drain.

Keywords : landslide mitigation, groundwater drainage, water quality, iron hydroxide, oxidation-reduction potential
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Estimation of groundwater outflow by measurement of
222Rn concentration in river water

— The Kameoka basin in Kyoto Prefecture as an example —

ISHIDA Satoshi, AZUMA Kazuki, TSUCHIHARA Takeo,
YOSHIMOTO Shuhei and IMAIZUMI Masayuki

Summary

For the purpose of estimation of springing point of groundwater in river, *?Rn concentration in river water was
measured at intervals of about 300m along Katsuragawa river in Kameoka basin, and also ??Rn concentration in ground-
water was measured at 2 deep wells, 3 shallow wells and 2 springs every two weeks for 1 year to know the radiation
equilibrium concentration of aquifer. ?Rn concentration in groundwater fluctuated within the range of 10-30 Bq/L at
1 shallow well, 2 deep wells and 2 springs. At the 2 shallow wells, the ?Rn concentration in groundwater fluctuated
largely at the period from June to August. In these points, it is estimated that the *?Rn concentration lowered because of
paddy field irrigation. It was estimated that the radiation equilibrium concentration of the aquifer in the Kameoka basin
was 10-30 Bq/L excluding the influence of the paddy field irrigation. ?Rn concentration in river water was as follows.
1)*?Rn concentration in the river water was a range of 0.10-5.82Bq/L. 2)There were 4 observation points where **?Rn
concentration was much higher than that of forward observation point and backward observation point. 3)**Rn concen-
tration of downstream were higher than that of upstream at the end of the basin. These results suggested that there were
at least 4 point where groundwater sprang in the river, and groundwater seemed to spring widely in the river at the end of
the basin. Therefore, the measurement of ??Rn concentration in river water is an effective method to know the situation
of groundwater outflow in river.

Keywords : ?2Rn, groundwater outflow, river water
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CHEMERIRRBE DO BE IOV TIE, FKEEIC & 0 K ERBET
DA ¥y ) — NFEANEA L 7 E O IRET AT
TWwh (RIS, 2008a),

ZDEIH, B E (Ra) & HV-COKEREER MY
PHEAL L BRI TS 5 2 LSRR O LR, 4R
FHIEAEANOTELOWRZEAED ST 5, Lo Lk
Hulsi At o B s, ra s, A E I BV HARE
BERATS/KRBETIX, T3> 7)) — MNREDSEMASHEEC
5 F THIAEA TKBERERIREE A MR T E Ty,
F7:, BRCTHEHZLKEBoRIZE, BBy CidRm
BB 40mm 1BV DL A SN, ZDEH 7R
CENPSHEMTIGME (Ra) 1215, LVHEOBVES
WZRIBE LD 20121%, T 7)) — N OB FEDEN)S
BT S (Ra) SEEICH JITTHER, HEM D HEE
T AHERE TOREL BRI E (Ra) OBHMEIZOW
THGES A D L 72,

L2 LIRS TR E R LA TR A 155 2 & SN2
RRTHLZ LR, BEFRMEICE 7KL B TR
LI LIENEETH B, ZOOEMTIGHME (Ra) FHW
7o EH TR ORBEE N E R OSEH A OMGERE By & L Okt
REVER L, FATFTIH S (Ra) % W7z MIEHITFEC
DWTHERIT) & & L7z

I REEFHEEAEDRE SKBLMOORIEE

HERA T 7B TS, S ORHIiIEEE D RE X 77
WEEL LD, 200, INETOHIBIIET 8
HFRAS TV 5 7RIl AE R, AR R 2 2
ERGHEEEORERIT) 2L & L7z,

1 ZhETCORMBETNHE

2006 412 FEHtE L 7 7R A M 3 AL e 0 9 AR SR LA S
% #9719 000ha DA & ZFFOKHMATTH Y, THILEX
HREILRA) 671 k miZb7z % FkEE % RAESHE L, HAM
B2 HEA 10 4E 20 5 40 SO R7 2 BERKEE RC) 25
T2 eV EB AR TWD, FHE5I1TT0EEHKKE
(RC) @9 b, KEGIEER 12 200m, #7351 IVEHE 1 400
ANLIVIZHEE 2 S E $TO—IXH) 1I22WTKE
REEW RSB B S 2550 %E L2ARICL S
TR % R L 720

Z OO KBERER o B & 2 e RFmAL 2

DWW, BEEES (227 1) — N OKREANE S 27 IRE),
AR 4 EHOEA Y PR=Z ML, EH5o0n
TWRIREE), L3 GEROMEM SN, e
BRAZGEO TWLIREE), a2 (e ombsa
REHER LTV LIREE), 1 GlEMRIEEL, W
MDD o ) bhLIREE) 2EARET L 5B
FRESINTVS b S, 2007b) (KRR S, 2008b)

B, ZOWETIEIPEL, EE HE TUa)E
OS2 OWTIE, BRI X BHMBZEIRS O OV BN 12X
FERRE TV,

2 HMTHRE (Ra) OREIEEEEHRE

B E Ra) 13, M S D 5 2 OO Fa]
WHRERZ2IHRERY , Z 0 E & B OGO N
XA, #HEROFEIC Y #E ), Mz
vy = fx) TELAFI A (1) TROLNLMHEERS N,
COMEDBRKEVITIEH W EHETE NS (Figl),

Ya

R /\ N N /\
ol AN A N NN A NN A S W VAN %

Vi \J \ﬂ/ V/ VX{JMK7¥

Figl HMFTHHE Ra) {4 A—Y

Image of arithmetical mean roughness (Ra)

1 ¢!
Ra ZTLV“W” < (D)

KRB DM YO EEILII S 2o TEZDE LT & A
v, BRI E (Ra) 2RISR, ZOEEH 57
DTEMFIGHME Ra) L LTHVWLZ L E L, EEO
BISK I B 2 KB BEH U1, & AT S (Ra) ~Z
W LMIUILLTOE B L5,

SANEIY 77— 2 & K BREETN L L & CTRETE D MY
R 7= VIE LIS WRIZE LI - 728 77—
ZHIRREICES, TV AATTHEL, FLE/3Y
A OTVLErF—ar VT FROKEEY 7 - ddi
s, Y =Y oIRE HIRKO BEED % > CTIE
Imm ¥ v F, BE% 0.1mm HALCTHARY, Mih% $E
L35 (MBI OTER) o RICEAEIL S 7 fE D T35
EHL, O S M FE COEOMHEE &
FHL, SNEIE (150mm) CTHlo 7-HABAFIGM S (Ra)
L LTkD7z,

RIY 77— 1%, KR 150mm O, [EAE 0.8mm D
ATV L AED8 Al b AL TR SN TWwWE, Bk
MIIZIE Fig2 (2R & 912, BIY 77— Y OsHEFH K
RE () 2 S KBEBEMOF LI {EE b) T EF L
WMoz EDLD () ZOMMNE 7T T DfEE L THIL
D BB 2T 2 (M EIFROVERLD o
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(a)

Fig.2

(c)

R &=

Profile Gauge

Table 1 f4BERFAGALSE ORBEBEAMNIRTER)

Health index evaluation standards (Canal Wear)

FALD IR

T AL MR=ZAMOFEBABHBELTBEL T, HBLETERZD LI IZIT Y271 — bORMMIE S H 7 IKE

LAY IR=A MOFTHWPETL, T3¥ 7)) = FOREFEHDNTWBIRE

AP OWHAEST L, RKEOMEMATE S N, MEM ORF 20 RERR L Tw 205, JHEL Tz Wik

HMAMPIEE A ST L, A ORBED IR T 5 IR

5
4
3 MG DT AT L, REOMEM TS, HEMAE 245D T 5 1K7E
2
1

3 HEAEHAD o DRLEFMMALEDRTE

RO EFFEMEEOREIIBV T, ZnET
DOBHFAETIE S B2 AR L LT mR, /MK
B TR B P BE T E A5 — KR 12 22mm IR $ 5 & $k5o
B8R ) RIS IR 25l 72 & 7 WA E T A Wi A E
LV (KRS, 2008a) BT 2B EDNE
EER T FIT, INE TOFMEBLRECRE I R ARET
HEREOEMTEOLEMGEZEE L LT, HEmKkE
SN DRI BEAETE | &35 5 B o fl 4R Tl
#e %% E L7 (Tablel),

m HEAOIERREAIE

1 HEEOER

Rl DA L RRKEMTE (Gmax) OEWIZ LS
MLEEf TR OMET 24T S E L, BRb®mA
B @RS B2, S ODRERE R L7220
fEoar s — MK EER L 72,

FERTIREEIX, #Aa v 2 ) — PKEEITRE TS CHWS
NarEEZENL21 (Nmm?) & L7z fERL 72t
ROFEEME % Table 2 I27RT

Table 2 ft3fA DR Gl
Design value of the test specimen

ok E SL=L s

| oy |y | WS
20 100 21 1, 2, 3, 4 5
25 130 21 1, 2, 3, 4 5
30 150 21 1, 2, 3, 4 5
40 180 21 1, 2, 3,4 5

Bt RIER I BT a y 7 ) — O RBETH % FEE
L, arzy— MIZREEEO LA 57, BEm
(250mm X 250mm) 2SBEMEERIEICEC 75 L ) ICHE
L7ze 72, BMEIZOWTIE, REMJED4~5
BRI 5 &9 1k L7z (Fig3, Figd),

BEERRIE, T v 2 ) — P EREMCITRE L 22, IR
AT o7z SR SR 6 BMBEO T 2wl -
TV WIREEOBH I EE ORI 24 L, HEEE 7
7 R x FVC, JISEE 2 Table 1 (2783 & 41
DOMIREEIZ 72 2 £ THRWH L7z, TR REELE
AWK 872 (Figs).

2 BEDFHE
ML O FsE I AR OE, FHlOERS 2 EREL T,

2hcm

—
m

4
\K 3 o

Fig.3 ko RE X5

Size of test specimen
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Fig.4

BEERVEBCRT

Making situation of test specimen

Fig.s (EEFERIERAEDOREIRT (Gmax25 D))

Test specimen surface situation according to soundness index

BRI CHE SN BERIERETNEE > HH L2, 2o
FEIFEZEY Yy F Imm, & (MY OBEIEA0.1mm
DOIFETHAIINL . BEFRIREHIEE I L — 9 — %7
i F—suh—, 7 7L PC LEOFHNY T b HyEEE
LTHY, MEMEIESIZPC LIZEREND, WEM
BEFE (V) TF—y0F— |l shs, g asns:
1% 1.0V=50mm THILT %,

Z DOFE E VT 250mm X 250mm O T 2 7 1) — b
KHOMNM%, 10mm M TRHRESNZT 1 ¥ ECTHlE
L7z

L —H—ZEHIL — VICEZEENTEY, FEHT
L=V EaRBEISE L L L —F—EMED Imm BE)T
LEIZENE S T 7)) — MR COMEEZEIET
%o Fig.6 IO EREHT O, Fig.7 \ZEEFETE

Az A

10mm =2

250mm

Fig.6 Akl 2 T DR
Measurement points
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L—Y—% it

bjyb —

op
N=
S
op

Fig.7 EEFEHSIRGHIEE & 72 llE o by J O

State of measurement with a measurement device

EHIZEE 2 F 728 OB B ORI &2 7R § o

3 HEifiTFHHEE (Ra) OHEE

MR ORI L 0 ko S - EE G FIME (Ra)
BT HE 2 I, EARNICE, T 2 CTRLAEE
EHEELERLTHE, £, —ODIFTA VITKHL, 1R
Imm ¥y 5, & 0.Imm EACHREBE I HIE S
7% mm EICIRE L FRS0MEE T A~ oMk &
L7z WO AT L, 2 O350 511
MR F COEOMEE AEL, TRl (250mm) T
Ho/flix 20T A4 OBEMFME (Ra) & L7z

4 MOLBEDHTE

Bk BT 5 A LiREOMRE & LT, Hfoar
7)) — MREP» LA L7mE (MYER) 285E L7
B CIISbE2 ETBEE LTSN TV 2R 025,
TR ZERE Bae L, HEEORESRE HAvTM
M E DI LOET 21T o 72,

L — =2 FH & Y JlE S N7l & mm HEAL R
B4 2, ICHBEINfEX LR (2> 271) — MT
R THLHOES) POOHHEy & LTRDS, 1mm
Yy F RO LN Wy 208 Imm 2 XET LML LT
vy, oy X Immty, X Imm+ + P X Imm=
LEHIN S £ > OlffEfE (4) & L TRz, KIZZOFH
BEDTA Y RFLET BEATTIA 10mm 7O TR E
EL, 4, X 15mm+4, X 10mm+ -+ - - - A,; X 10mm+4,,
X 15mm=1 fFfAF (250mm x 250mm O#HIFH) DM %
me LTRD,

B, WAEEREDT A 21E 15mm X 250mm 5 & X
KT HWHEE LT 5b, Fig8 121 F 4 ¥ OM I
OB 277§,

vV #HEEZRAVCETHIES (Ra) OFEDH

1 HfiFHES (Ra) CREERVRREMTE
R bmNEMTE GHEE) I, soofkekEr

e / a7V — EHE

A

250mm
Fig.8 M/ I7Ti &l O 1[4

Measurement of unevenness section

g L72Eh 20 O MEENA (25em X 25cm) ZERCL 72
FNZENORREICOE1Imm Ey F T4 D1 0%
A%E L, VR D & 24 O BT P & (Ra) % 3K,
ZOF % O R B 1 HEAOREME L L TR %
11-726

Fig.9 (2, Al |2 fl 42, AEdh |2 S FIM S (Ra)
E L7 R R o RN RS HHER o [l E ) %
wL, fMiE&ET— % 2% e L6 o BYREN % 7R
LTWwb, &d, fEEEIIHTRME SHFEHs (Ra)
FEKETH 505, RSN FELT S CULOBRFEZT-
726

Fig.10 |2, REZIRAREMIE (Gmax), #Edl12 5Alr
TIGHLE (Ra) & L7-BE0554 & MRBR % R
Fig.9 75 1%, ARG (Gmax) HIO R P14
& (Ra) EBEEEIZBWT) =7 —%HEPH L L
Woinbs 72, &7 =5 EHVIGETHMHEIL W
(TERER=0.943) Z L3505

—7, Figd0 |[ZR$ X )12, BERED L 0B TigH
E (Ra) &, Gmax OfEIZ X &5 FTIZITHUE VDA % 7R
L7z $bblE UEEETHNIE, Gmax IZBHR% <
BATFIHME (Ra) POREETHETEIDLIDLE
AbNb,

HEAARFHI 2 & 5K & 72 FE 1A 2 Bl 3k
& (Ra) OFEHESE% Table 3 127”7,

2 MYRE
BESUE O MY B R (250mm X 250mm (2B L ER)
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6.0 6.0
® Gmax20 y=-1.0075x + 52011
5.0 B Gmax25 — 50 L Rt = 09434 -
. Gmax30 :
4.0 ®Gmax40 _ 40 N\ o F—k
\Q\\ °\\&
3.0
- 3.0 \ . \
g e
3 20 £ 20 4
< S \\&
<
1.0 1.0 $ \
$
’ 1 1 1 1 1 J
00 I I " 1 2 4
1 2 3 4 5 3 S
ek ez
Fig.9 Ra LfEEEORMR (K Gmax jl, H:&7—%)
Relation between Ra and soundness index
o mem Table 3 (EBAMGHIA &Ko b 1750 Tl S
001 2 (Ra) Ay 72
5.0 . e standard value of Ra
' e e e —
A S (Ra)
—*— @L2ES s
4.0 \ @EE = (mm)
i N
3.0 — — 5 0.6 i
E L0 _ _ 4 0.6~ 17
S 3 17 ~27
1.0 - —
DI 2 27~37
00 1 1 1 1 1 1 1 3.7 LJ\J:‘

20 25 30 35 40

Gmax

Fig.10 Gmax & Ra DR (fE4EER))
Relation between Gmax and Ra

L OMR% Figdl 12783, Fig.1l O 75Xt Gmax
BOMMERLBEELRLZLDTH S, % Gmax T,
AR L MNEENY =7 RERICH LI EDTh 5,
Fig.11 OGKNIR L 72 &7 — & % V72 E R & Vs
2EORFBE» S, AR L MYE R OB\ HBI B LR

700,000
+ Gmax20
4 600,000 = = Gmax25 —|
?‘ﬁ, 4 Gmax30
# 500,000 : Gmax40 —|
o S
g
£ 400,000
i \.«
& 300,000
ol \:\
=l
200,000 3
\:
100,000

0

700,000
y =-98528x + 618725
2, 600,000 . R?=0.942 1
ﬁ .
¢ 500,000 &
. .

i mm’ {

e

7

[l 2

B DTN 5,

Fig12 (Z[MI/Y A& &L BT FHMH s (Ra) OBFE R
o & Gmax W) =7 H#ERICH Y, &7 —F 2 Hw
72 E L Ra OBR S IXTRWAHBIRIGR (LB A%
R’=0911) 2°H 5 WG b. TDZ &0 LEMTY
ME Ra) 12ED, MYBFEOHEENTRTH L L#H
AbNb,

F 72, Figd3 (R & 5 MY R & Gmax D RBRIC

&
400,000 3
g

300,000 ¢
\;\
200,000
.
\:
RS

100,000

0

Fig.11 MMWHEZESEORFR (F  Gmax b, H:&7—%)
Relation between quantity of unevenness and soundness index
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700,000
600,000 =
500,000 *
—~ X A
= ~
E 400,000 -
i /
& 300,000 —
=l /
=l 200,000 o2 ¢ Gmax20 __|
/ = Gmax25
100,000 {—* 4 Gmax30 _|
' Gmax40
0 ‘ ‘
00 10 20 30 40 50 6.0

Ra (mm)

M™% (mm’)

700,000
600,000 Y= 93381x+ 119665 R
' R2=09112
*
500,000 .
S *
400,000 7w
*
300,000
*
/
200,000 «//;
*
*
100,000 —*

0 1 1 1 1 1
0.0 1.0 20 3.0 40 5.0 6.0

Fig12 MNE&E Rae ORISR Gmax B, H &7 —%)
Relation between quantity of unevenness and Ra

700,000
600,000 /A
£ 500,000 /\./\.
I# 400,000 —
&
=1 300,000
S e
x— I
200,000 —
100,000 B —
0
20 25 30 35 40
Gmax

——RLET e fERE?2 REES < REEL > RLES

Fig.13 [V %% & Gmax OBIR (4R
Relation between quantity of unevenness and Gmax

BT, EOREFEIZBWTOHBIIIR S N2 p o 72,
MMAED Gmax DREZIWCEISLWTRKTILETH S
EEZOLND,

B AREHEI 2 &Ko & 7B EE I T 5, MMWEREO
W HEfIE & Table 4 IZ7R9

3 EtERSmRRORE
BYKETAATIE, BEER 1m OKBISH L lem v
FCRY) F— VI BRI T o T 5720, #9100
HHOFHIT— F IEP I L Ehlz, RRKEEZ TSR
2T 288, —2iiOMEO BRI E R L 720
12, 202 nrT— s HT—RHEROFHIEZITH) 2 &
DRD BN Do Z D72DEHURFEIC DWW THE 217 - 720
HeEARE V22T TIE, lem ¥y FTHIEL TW 5
e, —OOWREKIIOE 24 DMNET A VHDDH, =
DRSET A ¥ B ST v N— E B F v N—D 2005
V=7 (UTFTHHG, WG ET5) 12471F72, Fig.14
WCEHE G, BEG kUeT—% (&G LT5) O
Y Gmax HIO5 A B R L7z,

%1 21X, Fig14 FIZFEHTHA 72E51E, Gmax20 T
e 1 OWREOHH G, BHG £GDORaHH%E
Rte WG, BE G 2em BB TO T — 7 &I

Table 4 LHUED 5 5KD & N7 AEAER 72 fE

standard value of quantity of unevenness

T 4zpE 75 (mm’/10cm’)
5 28,000 i
4 28,000 ~ 44,000
3 44,000 ~ 59,000
2 59,000 ~ 74,000
1 74,000 LA |
6.0
5.0 ‘
@ s
—~ 40 AT
= . s i3
g 30 | HiggE2
é u RLE3
20 xfpeEs
10 x x X " XREES
X X * X
0.0
20 25 30 35 40
Gmax(mm)
Fig.14 5 7 v — 7BID Ra 554
Ra distribution according to measurement group
EERCE

INB2ODFHHMG EB/BGHOIV—THOT—%
BB OZFNENDOTNV—T LG OB EIT> 72,
Wi, Somae e Lz 2 A AE (RGE)
v ARV

Gmax20 D7)V — 7T, &G LB GIZoWT ik
ERAT o 7245 B % Table 5 |12R T, HEIL, TG
BB G OMEY, FEGEEGoMEeE, BWG L
EGCOMELDIODOMEETITo /e TOHBEDIGF
AR FE, B 2 LA G OB & B G O FIIE
HLWTHY, 5BOEHEEDOHUBEET->72. BB,
MBS EBEOBETFER L, 7V — THOBIEILE
LWwekAhe LTl L 2R L TWw5b, Table 5 127K
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Table 5

tHEER] (HE M)

T-test example (measurement interval)

G20 (12 &24 %) R4 1

G20 (12 & 24 Hi) 4R 1

t-ME A E L7 2 EARICE S - ME SR E L7 2 EARICE A - B R RGE L/ 2 BRI L S
i e e
- R Tl - & B 2%
B EH2 1 EH2 1 T2
Ty 45027  4.2551 SEIY 45027  4.3789 iy 42551  4.3789
Laniid 0.4026  1.2095 BN 0.4026  0.7870 BN 12095  0.7870
B 12 12 B 12 24 BLAE 12 24
TV ENTEE 0.8061 TV ENTGEL 0.6627 TV ENTFEL 09237
s & DR 0 IR & DR 0 IR & D7 0
H 22 HHE 34 HHE 34
t 0.6755 t 0.4301 t -0.3643
P (T<=t) F#l 0.2532 P (T<=t) Ffll 0.3349 P (T<=t) Fll 0.3589
t B2 1.7171 t 352 LAl 1.6909 t BEAUE A 1.6909
P (T<=t) T 0.5064 P (T<=t) Tl 0.6698 P (T<=t) Tl 0.7179
t 352 51l T 2.0739 t 452 5L 7 ) 23022 t 3572 S iE 8 2.0322

L7z e LTid, K287 —> &b |t (036 ~ 0.67)
<t BEFUEWME (2.07 ~203) &Y, JREERPIEH
HENeh ot ThbE 2em MR THRAE L HERIL,
TN —TEORFEIE L Ve W LI ENTE, &
DEIBRREEREZET IV — T 40 5 — A TITo 72455,
WIS IRERFUI R SN VR E 2D, 2em FIFRE
TOFENERTHAHZ LIRS NT,

4 AEROMEE
B TR 2 RIHLD 77— DIEAY 150mm TH 5 2 &
5, 250mm i CTRD 72 BMFHME (Ra) & 150mm
M CROZHMFIYHME Ra) DIEBRFET I,
Fig.15 |21 250mm & I 150mm TR 72 ik o35
MM E (Ra) LHEEORBRERT, LBDLD,
WA TRDIZ1 4 F =% (250mm IE) OH»5,
HHEEO7—% (150mm) ZIREWY, HE58%RE
L 72 2 BEARIC & B W05 (e W8 12 & ) eBET 2 17 o 720
Figls D7 — % %I L2t EICL D, IE250mm

60 7
@ §250mm
& §150mm

Ra (mm)
w
(=]
| X$0/®
XOE>

1322913

Fig.15 Ra LfEEFEOMR (HIEIEE)
Relation between Ra and soundness index (different measurement width)

DTN — T OB EE 150mm O 7V — T OB &
FE LW EDREEFOD &, 95%DEEE OWHIRE
110720 5B, MRESHIEOMELERL, 7V —
THOBGHITE L WEALR L TREWI & 2L TW
5o

Fig.15 FICFEHCRIA 27— & 2 ;f 12, BETH R
% Table 6 |27R T o ZOMRLHIE, K5y —r LD
| £ | (0.5128 ~ 1.7538) < ¢EFEMM (2.0129) &
BN IRIESGHIIFER SN2 o720 T D H 150mm 1§
THA L7630, 250mm T8 CHlE L 7273 & &
Lwekwz bz, 2OL) BHMEELETIV—TH20 7 —
ATITo72E 25, &TRERGIZEN SN2 WFRLE
%0, 150mm §§ T4 72 AW RS O LA BEA
IRENTZ,

5 RAEE (Ay) OFHMEEEZEMEORE

MEERITMEELT, ZRAES R) P"Hb. T
HLE AR O IITEEE & A AR O R R 2 M & i ot R0
HIMZHELZb DL EHFESNS (Figd),

Fig.16 |2 A DO FIHME L 1) Ko 5N AR S (Ry)
SR (Gmax Bl) RUORAES (Ry) LELE (&
T—%) LOMBEERT, IhrbikAES (R I,
REEL ) TR THLEE B, BB RE
RLTWDE (RERBR=0891) Z 2505057,

KICERAKE S (Ry) OFHITRE L L CoBEoME %
157 MEHZIE, BEWFEME (Ra) OREIROK
HTHWbOLFEBOFELTHW, Thbh, MR
RCRDIZ1 T4 7 =% 250mm lE) OHF»5, H
BEto7—% (150mm) ZKEIY, #HE (FEotx
BGE L7z 2 BEARIC X B M) 1250 MG 217 5 720
Fig.17 121§ 250mm & 1§ 150mm TR 72 il A o K
X (Ry) LREFEOBREZRT,

20D — ATHM 24T o 728 %, 14 D — A TIRE
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Table 6 ¢ HEB] (HEME)
t-test example (measurement interval)

t- Mg R GE L 72 2 AR X B g

t- BUE + SRR ROE L 72 2 BRARIC L B HUE

G20-1 G25-1
1 ) B H2

Ty 4.3789 4.5296 Py 4.6565 42963
LaNiid 0.7870 0.7578 4k 0.3623 0.6498
fEi % 24 24 %% 24 24
T— I ENTER 0.7724 T— I ENT o E 0.5061

IR & R 0 IR & D3R 0

BB 46 HH 46

t -0.5942 t 1.7538

P (T<=t) K1l 0.2776 P (T<=t) Frfl 0.0431

t B2 S 1.6787 t BE 5 1.6787

P (T<=t) Tl 0.5553 P (T<=t) Ml 0.0861

t 15 At ) 2.0129 t 35 S fi g ) 2.0129

t- Mg 1 iR ARE L7z 2 AR X B g

t- BUE + SRR ROE L 72 2 BRARIC L B HUE

G30-1 G40-
1 ) B E2
Ty 5.1283 4.8525 Ty 3.6992 3.5891
GaNiid 0.3756 0.6484 aniid 0.4473 0.6587
fEi %L 24 24 B 24 24
TV ENTGEL 0.5120 T— ) ENT 5 E 0.5530
IR & DR 0 IR & D3R 0
BB 46 HH 46
t 1.3353 t 0.5128
P (T<=t) Hli 0.0942 P (T<=t) Frfl 0.3053
t 352 A 1.6787 t BE S 1.6787
P (T<=t) Tl 0.1883 P (T<=t) Ml 0.6105
t 15 At ) 2.0129 t B Sl A 2.0129
25 * . y = -4.475x+24.296
[ . 25 R*=08914
20 -~ ax - * * Ry
B o (o g & — 8B Ry
i S g, o~
& ) \ < ’ :\3\\‘\
s ~3 5 M 3
0 T T
! 1 2 . X s 1 2 3 4 5
2359114 RaE
Fig.16 Ry LfEEEOMME (F  Gmax H:&7—7%)
Relation between Ry and soundness index
PRI E N0 Thbb, £ D7 — AT, 150mm 3 .
= e, e 25 @ 18250mm
g CHA L 7283 & 250mm I THlE L 72 /3038 Iy a fB150mm
LWEnz b I e TERVEHITS Iz, ShidRk - $
EE (Ry) DEZRDPMNMORME & RAMEDOIE &) i g” “ f
5, HIEXRAO—HE TR E 2 AHES LD 2 L 1o t
CEDRAES (B) OMAKE CEBT BHMEHO L s by
W) EDPS DRI NS, 0 1 ; . ) .
FThbbEEE AW EEE LRSS R) Ot gaE

ERERDOIE, RITHEIROE N L) Bz 252 R

Fig.17 Ry L&A (AZERR)

MEMATRNZ L DD o7z TD720, BB THW 215
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Evaluation technique about the unevenness of open canal wall
surface made by steel reinforced concrete for agriculture

HONMA Shinya, KITAMURA Koji, and KATO Takashi

Summary

The main objective of this paper is to clarify characteristics of arithmetical mean roughness (Ra) evaluating of canal
wall surface with test specimen.

The points that became clear were shown below.

(1) The result of this analysis indicates that the soundness index evaluation had a linear relation with arithmetical
mean roughness (Ra).

(2) It was shown that the quantity of unevenness had a linear relation with arithmetical mean roughness (Ra).

(3) It was indicated that the arithmetical mean roughness (Ra) was not affected by the greatest dimension of the
aggregate.

(4) It was suggested that the estimate of the quantity of unevenness of the canal wall surface was possible in arith-
metical mean roughness (Ra).

It was shown that this evaluation technique reduced the dispersion of rated results of open canal wall surface.

Keywords : agriculture irrigation canal (RC), arithmetical mean roughness (Ra), test specimen, quantity of unevenness,

soundness index
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7oo FNBIZOWTH FEFEE S [TEEEFHliZE] 3,087
M /10a & LCHAiZ B L7z,

b 4EIZHTSB OUTPUT

FEERA»A L & OIEIL, BEHKESKEEEREET
(2007h) X W HIH L72, %@z, &1 (2003) o [
SFwy BIR, 4] OKSEISEL L. EYE
w472 o CEFE, PR - Al (2005) XY, N, P,
K &3, B (1996) LW ilH L7z. /N1 FRE~D
B EWE I TARAL L, IUEY (&) FoTAR
AEHRER 243% (AR A NVF -S4, 2002) &L
THMEREL ) DO TARAGEERE 117% & Lz, &
BEWHAGL, Ehwl x LRBOFEZ FICESE, TR
1746 10 HIZBEMKEAEER 2O ERSIN [TAKH
FRRA»A L X OGRS 31,030 F/ t (PR
18 4ERE) HHAME L CTIGE L7,

c EBREMEEOERERZIER
WAL X AEREICR L EGEIRERIL, RARKERAMTE
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Hwiex (1996d) OHRMEFE (O D) » 50 -
TEWE COMEEICE LB E2EE L7 LaeL, B
KL REERE®HEE (2007h) TiX 57.1 B /10a & &
NTBYRKRELRENHLZIEDPS, F—F AT HE
WIZFERBICRI L 72 2 R T A LD B 5 o

BB H B, BAOKEREME RS (1996d) L0,
B SHLEA~6 ) »5IE (10 H T~ 11
HTH) omiZzB %8s L,

LRGN AL, R TREE L7 HULC tha %720 @
NEx R U TRD2,

MAL X OEEIRL B, BHOKESKEEER
FHEE (2007h) 12 & o7z FEIEIE, FARETIAME S S
HEHMZE 1,268 H /BB L L, GBI %5 L
TR,

5 @¥tANyEOOY

a HEICHTBINPUT

FYEQIVASEEEINLTI -V AT —F (TAR
A)F, MHETZE - BIRTTZE - SRS TTECTib N 2 i
L - WETESETLHAVLNR TS, T2, BlE
MTHBINFYI—- LTy T4 —F- FIA
Ty —L-a— Y AF—FUH =1L, REFEEEEE,
JERHERN, ARMER, 72, HEWERA—A LR L
SEREA FE R OB HIECRE & U CREF A& IR Ve LA L
THEAFYETIVIEENTIHIZEALEEINTED
T OCFR 16 EFEMERFREICINTAEERIZOTH
%), SROEEEME L TOEEIZRADRVWEEZ
bNbe I TTF—FN—=2121F, FEH GFAY) b
TEQITOMEE AV, YRR I UL EA
MTAGEIZEA, B 13 BOBERE CHETR TS
NTHbB, F72, ARHEERERD 2,000C TH/EHH]
RECH D, BIRIZHRV 72 oML RIE L T3, H
BEIX 50% BETHF RNENHEONL, & EORE
R0, EINTIE, BERZEEOTRT, ek Gk—u
say ) #HELLELOEF A L =L L THRE - 7
ATHI DRI TH D Ehs, EREIRD EEE
FEEMOTA () &, RERBOBREREEIL, Bk
KEHAMIERH S (1996e) L0, &AL (il
- BRI A D LICEI L7z, RO FERT S
&, dbiEE TR, R oMV - BEE M T, 2R
SO HDOIEMBBOREVWEEZET IV E LTS,
BRI g e LB, AIK - @) & BBAKER: — AKX
BCAT — HERRRE AR A - S8 - WA — Bk — e b — R —
RAE - A GERE - EE) - BREHIEG - IUETH 5,
T/, BEAEEHORMI, BHKEEKEERERKT
#H(2007¢) 25, FEEHSLHERL T EICREYT LTI
&bV DOOEEFYIMIE % Bl & L7z, 72, HEE,
TlF o HAfNE, BAKEERE BB (2006a) 12
TRENTWA 10aB72) DX w ) B, FliTOffitg % 2
R AEmEN HHE L TRD 72,

b 4EICHFSB OUTPUT
FEZT TR A= vray TEFHT L EEH
TED I YONE, LB ERIEEG R (2000)
L 0FIH L7z BWERIE, BERAMERER (2001)
LB OB YT olEE3IH L. F 72,
WM ER Y2 OCNEEIE, BN R
(2001) OfEA & HFF - Al (2005) O Z TR E % H
WTHEH L7 P K &1L, B (1996) LV iIH L7,
INA FIRBINOBR R E L, SR My ET I
LRONLHTE LTTFEBTNLETARAD, F-%
bl ad—AEANI LT — AN EZ bLE, fi
BHNYET IO L o TPUHEN S RPH5ES DK
IR BD, F— I N— A E MBS D ERE R LT
TARADOEZRZ, FREFINUIZERMER (2001) OWE
MBAEZEEYOMEE LT LIV HE—ADEZR T, A - 4
i (2005) % b &I RZEFAMTIIZEARRET (2001) 1CFLHK
ENTVLHMMHEEFEE Lz 72, NIV O—2R
IZOWTHFBRIC, REEHAMDIZHER (2001) (ZFLHK
ENTWVA NDF(HP Ty — ¥ = > Mdhik) 2> 5 ADF (R
W7y —2 v M) 2 U7zme LTHEIEL, &0
EEU700E L0 —Z - A LO— ZADEFER
2456% & L7z WTNOBSY, fEH Ny EOD IS
DX > THPRLZ DI ENEZONL 20, EE
PFETH Do EEYOHEAMIZOWTIL, BHKEEKR
EEREMRAE (2007¢) SRS nTwd [FF &9
bAZ L] o&EFEYME N7 1 t 4720 43,700 [9)
Mo, A L—ILOBRAEZERT 5720, SR Y
Eoay (EBM) oYt TDN EF =% 705% (B
HEPAI e, 2001) & LTEH L7,
c BEREEMEEDEBEREER

SR b B0 O U FRECIR D ARG R, Ak
KREHAMGE R (1996e) L 0, AKX - 8@ ¥ HRAIK
il - BA 7 5 U E TR BRI L 2R 2 R
L7ze Z2U2iE, MERESoEREMIT &L, Rl L
CUNFEY) % 3 L A O3 2 5@ I EA TV
Vo F7z, R HEE, s R B ESE R (2000)
0, THAVL=—VHEI DAL (—fEFE) ] OB
#fi (4 AT~ 5 Aptg) ~IE GREo2<) 9 H
TH~10 A LA) o BEOPEEE L. 55T
AL, EFECRME L 72028 1kg 2472 V) OfliE I 2INE % 3
CTRD2,

fRH Ny O oY OEREIRAE ML, dbiEE R
B RE (20000 ZH0E LTHIH L. AT
X, BEWE, HBEEREBEE IOV TN S
LB T 720, TN S ORMMEINEIIARHTH S5,
T/, THZE R ORI, BRI OEE, WERLR
OB, AEEHEIZOWTL T =2 e ho 7z,
FEEICOWTIL, RBHKESKEEEEEHS (2006a)
o EEHAME 1,685/ FERAL L, LRG3 %
FLTRD,
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6 EARFE
a HEICHTBINPUT

AR, F—vray I L— (FISEHER) B
WA AR A N TEWIE % £ 5 720 ORGHHE AR
HBINTETBY, brEOFARBERELZED L0,
EAEM - RFFCoFE SR ST b, RETTIE,
R—Nruay 74 L— Y HIcH B ek ES L
EERFIRE LboNEoBWEOME (R &
LCY T 5,

SRR OB TRE, R 11 £ 5 15 4 F Tk
KLTETBY, 4FETS5000ha % EE- 725, P 16
FENTIEREO RE LS LY, 4375ha Lo 72,

FRRROAERE AR B BEEREM O (EH) =,
EERMOBEEER L, BFOSHAMEEOT -5 O
i b ERNEE - AL R R L L2 BkiEREIC & B8
DF—=5EFIH L. Thbb, EHKERMNE R
2 (1997) &b, JKEE (GBAb - #kiESE - £E&EE) %
b EICEE, FIAL. AT — 71, it H o
K HHHE AT C ORSAH & HoKIEE % ML A A bR 7k A
FRTHDHD, ORI SBMICIRD REEEEMN, B
FErlpbl, F£7-, IE, fEe LCoR, fr
AT HEBEBRREIT) EMGE L7, BlIRZE L7zEE
i, BT PR-me - -a-T1 v - E -
Tl (B3R — MR - m R EN G - KB -PHTH
5o

BAEECHRA (HH) Sh7zBEEREEH O,
FICEMKEAREEBRETES (2007¢) 5, fEEHR
P& E 2SS T BB ISR D Vv b 0 O 2 ETFISMN
e L7ze BT (F)) &, BHMOKESKEEFERER
(2006b) 7225, FEF) (AR SEFHEFFMETH 5 167
M /10a % 1ha 47- ) OAFEICHEA L7 OEICHA L
T, ErH) OHMERD 72, HAGEHOEEIE, W
Btk # SF e L. BEHOW a—7 1 v 7 3
FhE, ROoEEER LY ¥ — (2002) 75 1kg 4720
OAiits & HH L 72,

b 4EICHTSB OUTPUT

FEROIE L, "=z oy 74 L — VG
ELCREFBR SN G (SESEEETEIRES,
2006) 5, [7%ARF 3] ofEEFIH L (EUHEE
TEMIZERT, 2002), F 72, Wi, &R, LW,
Wik & oZk) Efib S 2 FEhEnBlcko 72,
Fab 51z, 7% AKF I ORGEETE 2,140kg/10a 5 5 LK
EREMEONA T AERAY F7+—F— GRREH
2004) TAR STV AHE 0323 % ZOKIEI2F L
THEILAb AR - {TROFEXHRV/-ERL L1,
WS oL, B (2003) 205 ZROEZE HV 720
fitibo & DRz ERIL, REHAMIIZERER (2001) 2257]
A L7z0 WERS D C &1, R zesiEmRm (2001)
D LKA R FEIPA - il (2005) DS FTEIET

BHH L7 N, P, K&SRIE, BA (1996) 22551H L
72 FEHBHO C, N, P, K&, ¥ - #il (2005)
POGIH L7z N4 FBREANOZHET R - IL, K5
FTARAEL, &I (2003) 2 5HEEER LY OEF
FREAEYERL-DICHREL Ty 7V EEERD
720 D HICE TN DLW G E TV T — A L A3
tru—2& L, FERGOEAETFEUNLERIL TEE
ROz, AEWHAMMNL, FEKERHFICLZ R —vroy
THA L — T RGOS & P L 72 BEAETZE (1 H,
2005) &V, lkgH/-h) 17HE LA, £, FibLO
fifits (%, RMKEZKEERKR (2007¢) 205 4z
MG L L7z LL, fiboil&insero—2
MEDIY ) — VEFEIZOWTIE R P TEINERIIZ
F72REANED HTHB Y, Fiib Sk 0§ 2 W hE
Y3 %,
c EBREMEEOERERZIER

SEMR OB (AR B BRI, AR EE A1
Wine (1997) & 0 %Ud 2R I24R 5 @R 2 Fas
L7z BEABLFEER LY, BTPH GA~4H)
~INHERE] 9 H) ORI B E Lz, B
RS, FERCHIH L7223k OMEi#% 12 1ha 2472 0)
DOINEZF U CRD 2o EEITRD B, HKEREIC
Iak—nray S AL —VHMOAEREG %A L
7oBEAEFTE (M, 2005) &0, AFTELBEHIZOW
TORFIML 720 AW CIE, FWE, ERESICOW
TREFELLTCEEOONTW 2D, ThHOEH
DOEFHEE R L7z, Bt BHEEEEHEIZOWT
ThDHH, BYREEOBMEEE LR L 13517 C
FEWEIN TV, ZEOLOIZIBIL 72 F7EEIC
DV, A IRE R AR OK A KR BRET
(2007i) 25/ 6 N2 Ea A 1,621 F/REMAZREL
TRD72,

7 EAREK
a FHEABROBE

HIE, tvo—ARERDPSDONA F Ly ) — VAR
T OBWEIED SN TWDE L OO, EIIIN, F 15
J—VERERD ) BDIZTARAGETCHD.Z T,
BoH) (7%) S5 0EEENESWIEREOB L, S
FERA LIRS N DKL HIF, AERET—
T R— AR L7z BEEYWE L CoLNamiEot
FEBL 22 72, 2007 £ 12T FEIR AL E 0 20a O F 3
2BV THERRR & 3BREEE U, SRR 1525 L 721
(T, AL REAEEN (W, R, B
TH A, WEEME) OfE - & - W%, EERK
FEAE - FEFIRER - T ERRL, TESE N B S - PR3 2 3
Lo SOOI, —Her 7 B - TR
AEMLCERL 720

Bk, B AR R U L CRa - g (BiEk - WY
D) Lz komExitskL, —iIdRasoir, Ak
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fib b a&o - LHERONETED /DI > 7)
Y7L, Gt L 7z,

BERR L LzfikkiE, ZIETHL 2L, ER
HEEICENTVE 2L, RERBICENLTVWL 2L,
BB o4t (K - T8 ERRE) ICE L Tw
LTl BREMELT, BUREIEWIIZEITICBWTE
S s zEIu~r (IHR#% - BHE 226 5) &
HIE L 72, Figd |2, SRPRIEET IR B ESE O MM & 5
R %2 R 37 BEFIAR B 1E3EIL, OFF ) A~FBATY -
B OARMIESE, @b AMHE~BFHEHMOHEMIEZE
@R DO ORI - T DIEED 3 DIZFT b5,
LR ORI, MBI TR A Mgz BEL
727z oIS DA TH 5 2 &, Biktid AR O a4 -
Fmicim e L7228, oBE LTILEANS A~ X T
Y NTHELIA Y VHEREEIGI (RMIKEE NA 1)
A7 VIFZE [P AT 2RI =y M, 2007) %
AW/ &ETh b,

b 4EICHTSINPUT

2007 E DO FFF AR OFLGFE IS, SRR OEE IR
BEEEEEMOIRA (FH) &, RERWORENEE
B lha47-0ICBRE L CF— Y 2BM L, T/, B
EEEMOHMIL, BRIEALZE X OMiME 25 Al
B0 IZL72bDTHL, FT (B) &, HERFIERE
B OEBEINDDTH L 7-OEGMEN RV, &
BB T 2 2 L 2 MEL, SURHE L R, Bk
KEELRKEEEREE (2006b) 75, fH (HH) 4
E I EHliZE T 5 167 H /10a % 1ha 24720 OEREIC
BN L7 oRICIRE ¢ EEN20) OHIZ Rd 72,
T2, A Y URBMLEICOWTIE, BUEIIEETH S
CEDLHEAMIIBHEL TV, N I 75 =12 X565
BrcEp iR Ic W S R BEOMEIZ OV, i)
F (BAINYFTTY) IZDOWTIE, TIEEEMKE
flzeigErt kit (1997) 205 BEK5E D ¥ LAlif% 20L
122 & 76,280 M OAiitg % Z# Bl % 5 L7z 72,
ZEHhEAR AW S BE (MR, Y 3 — 7 — 435 DL)
IZ2WTUE, 2006 4 ICFIMR ORI RRERAE (2721
TEW IR %) % FEM L 2B, FBE OMi% % 1,008

35

M 3kg L CTw/iz7z0, ZoME%ZHAE LTHIH
L7zo BH, 7V ) VEOBEHE, Mol L Rk, &
MOKEZ REE RS (2007¢) 2»551H L7z,
c HEIIHTB OUTPUT
IR OIRE, FPAI) 12 X BUE AR R E IS L
oo TREIL, BREEDLDE L, 72, iz
BOfDS, bAROPNEDRAELZ. L OIHEY
DENENIIOWT, EWYELEC, N, P, KDE=
GHL, T8 R L. T2, N4 FIREANDOZEHR
WEWE X, TKIETARAEL, B (2003) 705
HEEL-)OEFELZEMER L) IR L TR
7oo Fib B, bABRICEFINLIERNRWEIZ LT —
ALAIbvE—RL L, ERTOERE (CYEEY
720) BEBMLAR L7, AEMHEMNZ, TEENTO
L7 U TRERS kg %720 70 (HiBI&%EE
R \WEEARE) & L7z,
d EREMEEOERERSIER

SRR OB MR D IEG BRI, SIEEICBITS
PVEZERER < MMEENB CHA - o8k L7z 10a 4720 D
FE, O A~FEAIY - BLgt O RHEZE Tld 46.1
FERIAN, @b AHHE~FHEROWEMIEE TIX 53
BN, QIR ORRE - FI3 D ERTIE 5.0 KRR A
THhY, BGFFTS564EMAN /102 bt >722 M5, lha
B0 ZHE L THIH L7z
OORHEED S B, Ml (HLEOKR Y T2 X 58
i) TEEIZOWTIE, EBRNIIT > 72EETh Y, 1
IR DSAR T 5 2 & RIEEH ITRBE R L5
GO NEBE LR otz 72, FRAMY - Bz
IZOWTIE, BEATER LDV H 72720, Bk
EIZ 4% 2B O 8 BE AN HEE L7z, PlEo
2 BIOWTHE, #EOREIIBWTHITE 2971 T
BHbo RF=FIZOWTIE, HEFEORBEBEICLS D
DTHDH720, ENFHEFMIIEEL WL ) LRE
il e 7 o7z BEHEUL, BB HAL A 2 S U
FTOR¥E L7,

HEBGEN AL, REER, B NZES, fE
ELTOMiEE R TRD 72, HEIRIBERIE, £2

ﬁi\zﬂ\ 3H \ 4R \5H\6H\ w%\sﬁ\gﬁ \mﬁ
(©FN::[(=
95 n 3/2 3/1516 3/26 |4/4  4/154/26|5/7 g 7/24 I 10/6 (3
WOl OEE 31920 4 [ BE fC HO| B B A I o
% ’ gE@ 2 gd@ 58 @;J B R
| |~ - i .
% MioLo | B W ~ & . 9
z Hi + L &% & O
L # A Bl Al ]
310 3/28 H = #® k& #
Y12 g
O -
o KB 4
= QEEMmIEE

Fig.1  FERFIE AR 2 MEE OMH & Ehke

Schedule of operation for Feed Grain Rice Cultivation
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ERFEEN, BEOMEr OB L, 0z, KR
BRENS T — 7 Z5IH Lol & i B2
W, EETLLEND L, FOMOFEMEE IBERE L
WER L OAFHEASE (lhai/z)), THGLBRY
KA, FEMAAKREHE LCT10a2720 2878 %+
WL RIXIZ, MERFEHEEME LC10a 24720 700 F% i
XOKHERREEXIIHI->T0WDZ s, ZOAER
&% Tha B7- 0B L7, SRR ORI, itz
ik EiEE D 1,600  /10a TH 5. AMEEIL, HEGHE)
IRE R AR R KE B BERETE (2007) 225561
7oA M 1,621 M/ EER AN &2 5 TR 72,

8 VIHL
a FHEABROBE

EWNDITE A EOHIS TR RE R FEE TH 5 Y
WAL, BONAF T AEREENHONLZ &, T2,
EFICEEINDMEREDV L RN H D L ENA
Iy /= VOERELTHEHLTWEEEZOND, £
T, BIESEOBE VMO VIVH A% 2007 FEI2T
EIRALHRERD 16a DEH 2B\ CRRERRE L, s
T—=F R=A%R M LTz BIEHFRE LIV VT AL,
OEFREME LTHRTH S Z &, OB st
(&R - T - fEAHEREE) ICBLTwa o2 A%
FiftE L, OgEE (7Y vy 2 R) BEny )Ly IT—%
YIVTLTHDLIE, OQRENFZELTWLIE, O
UMD D D EUR L IZC WS &, b vwo 25tz
AW OO ER L Lz, ZOmns, iR
WTHLTERIIBWTHEPRBETHL I L05H, FHE
FETT OB )V T— (FS501) % IR L 720 TIEEN
T, A FYEO Y L ORFEE LTS ARAICI
FE (MyEOad)iE) 2, 11 HlZ2FEEL L
TINT LZNWHET DERD—HENTH %25, KKz
BRClE, YVHTLOHEEE LT,

B S TUE, 2006 4F 12 HICHITEO AT L vy
7 &R W L 7218, BRI CEERES 2 SN TB
D, 2007 4E5 HICY N LD EITo72, THIZ, B
BIIER 6 ~8MEIAF LA ZAT, BBOMEMOA,
IWHENA <A T5 2 P THEE LAY VBB L %
EARE LA L. 8 H, 9 HICHEBEAEOEAIY %
L7z DM Es & L2720, Bk - ka5 UNZR
B D IZAT o T\, 2007 4E 11 FIZSER & BT L,
NERE AT o 720 BRI, ZFEEIEETHAL
RIEEEEM (FE, W, R, RB3EE) offdH- & - ik,
FRBEREIAEA - FEFIER - IR, TEEANBEL - 1R
BRI 2 FAE L 7o

b HEICHTS INPUT

2007 EDOFIE R OGS T I, YNVT LAOEREI
122 BEEEBEMORA (HH) &, BEESWOBRERY
e lha U720 ICBBE L CT—F 28 L. 2 ¥ U5
BEHALIIZ DWW TCIE, HERERTH L 2 &5 5 Al

0 & L7ze B, 7V vEoei, tofEy L [H
B, RMOKES KEEBERES (2007¢) 22551 L7z,
AL O R\ FI L 72 B O SREL O —FRIZ N A & A
WRHENTWDLAS, IWHANA G~ AT T PTHEREL
72T AT H B 12 OMIMEITREE S LTV R\,

c HEIZHTB OUTPUT

VIV LE, G, ARAT-JIB LT T
YT RATV, BEEWE L CRESIER 7 — V28
T, TORRE, e (2007 4 CILEER 172 H)
DY & BN IS o 2720, EEE T — 5
N—=A121E, ERA O ERE L OB itk R & 7 —
& LTHIH L. 2720, P, KOEGEERIZOWTIE,
A - ML (2005) 2 H5IH L7z 234 FBREANOZE
WHRMEL LT, H (FVva—R) Bk Lo—x2k
NIV —ZAD2ODOWGEIY HIF, T—FX—2A
KRR L 7zo I b ERaoaAer L, tro—
AEANI VO —RAIONTREARET AR L CHYE
w7 OEFRERLZ,

Y EANE, fEE N eo oY EEEEER, vV
VAL (FLE) oW d TDN &% 56.3% (3R
WEFFERERERR, 2001) & L CHIERIER L L Cofits %
BH L7,

d BEBREMEEOEEREER

VIV B ORFENAR B EGTERER L, ZEEICBY
DAFERH X HEENB CHA - B L2, VIV A
ORFE, S E CITR S5 771E, AFFT 128 B A
10a T o725, TOMIZ, A& 5N OB HE
s GEHH 2 > 7 3, MbioFMmRE, a> 7
FADFTHNERE) ROF T GEEREIC AW Ry 7
PO PEE) 1248559771 GB2EHIAN) 23&Fh b, 3%
AL, DS EHMoONEE CoORKE L, #
SIRTEUAL, AR S5 572 1ha 2472 ) O IR
12, HIFEUER S L Coffits 2% U TRko 2z,

IR AERE, SEEAEEN, BEOMIE LD
EE&PLMBRTEXD0O%FE L7z, FIZIE, 1haH7:
D OfETR4E, KEERMATE L2BREEOARHEY
Kbz NMEEZ, EFEIREIC, SRR L
oM O BRI B T v T HAD S IR T4
Bl 1,500 HZF U CTRDze YV IVHT LIIDOWT ik
KFERE, EETRPEERED S T — 5 251 L2 o/E
WY ABIIIER T ALEND D,

9 F&ax
a HEEICHTBINPUT

F 5 RMIMIFERE L THL 2O ZMTEf S TE
728, EEREEWE AL & MM rE EEB O] & 1 B
SR L7z AR R s, ZEBER
2EZEORTHE SN TELBANEL L, FENERE
LT, O&ED0, BEEZANTZEENTES, @
WAL - EEICX ) EHHIEKRIC R D, @OTENFR,
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LI NG, QBB L VSIS THI SN 2 2D
RN D D, FETIE, mBUEME LT, B8ORS
RN TE £ 2 CEEE - R L D BRI~
FEPRONDL Z RS, 77 AEE~NOWEFERE
FoTWwW5hb,

AR, fERAED S BRI TWE SN RMEE TEHET
HHY, FEEFEHENTWDEDIE, SEEIUC L DO
REICEELFISRITLEEINLTIVY VEER R S &7
M CHhD, WIS VEEMEL LCTHESNTHD
JF & 4 (BHALHET) RF% /4 & degdbiany),
LR LER (WHERENT) 5D, 612, F7ra—
EIHEIN DI VY VR, K7 vay ) L— Mo F
FURYSHILBEEN L ¥ — Il Lo THERENTW
5o =7, TANVF—1E & L TOLPNRIZ DOV T,
EN TIXERFZEBIE RS N o e 2D DH
B e LTiE, BIRORRIZOWTH S 2% > Tw
B, KiEZZIKE > ERITRS T, #fnTH
A Z N L B HERSS L RO OEND EEZ END,

F 5 R DEFEIAR D BEEEEM R ORI DWW
Tlit, W OO THRELEZIITRENTRELD
O, FERRERE T LOLT 53V, 2070,
W OPOERED LI, R ARRIEEICHT S
PSR A GE L, BTV E B AAEERREER L 72,

Table 113, 7% * OFRENAR L K% GEILE 2
SIEE C) OB, BIEAEES, AR OYE
PR, (AR (K& X - Rk - TEZERESED O IR
HHEEEREL) 2R LTS, HEIE K ONERE R0 IR
JBE AL TR RS A B SR A (1999) 12RLIR
ENTVLEIEFINE > SEH Lz, s, THE
REULHT 2SE MG (2006) OEZBIH L7z, £1E¥ET
T 2 BERMDO L AIEENED S FIWF L CEMK
BEREATERIG S (1996f) /% (uidE - k&) %
SEIZHEL, 60PS KU20PSD NS 27 5 FHNE L
PIRE LTze 72720, ENEECA GEHE) - (FHA) (122w
T, BMOKERAEHRI S (1996b) ORIEZEDMHE %
Hwize F72, KA - BER PUE IO Wi, dbiE

Table1 % A BT HIEEMRRET TV

Model of Operation Sequence for Rapeseed Cultivation

. HENEEcm | MRS | HENRECR . .
— e \ ) et - b | HAE - $EFE - bR BAC W HE
VeSS G (Hh) (F) bk et - AEHD | FEAE - BEAE | PR - BREE bl e
. ‘ 59 1u%t
SNZE o -
fjfg;;ﬁ%z ﬁiﬁ HERE D 5 B~ 40km (4-12-8) o | W% (21%N)
£ E*ZME (4 1518), HEAUBLAT 2 15¢ha 1000kg, 460kg
R T Skgha
(e e g e i 4 H BLO
(== 2=yl av] SHTH | 8ATW | sATH | 9L | 9oAL® | 9 HEMW s 4 A 7 H A
MIEEANE (N) 1 1 1 1 1 1 1 %2 2 2
FHNZ 2% (ps) 60 60 60 60 60 20 20 60
v Y=a7 . . T4 AT . o—%1) Ju—F |z g Y
. 2 U
PESERE 4 7;_/; ATV ;}iz;; N — /\;%E ANVFNR=F| Fx 25 |CAN0 (B-7
4 3t M2 o0inch x 26 | 2B 200L | TyTAYY)
PESENRE (m) 2.40 1.38 2.30 2.40 1.20 6.00 2.00
PESEHE (m/S) 1.38 1.24 1.38 0.90 0.97 1.38 0.83
PR E (L/h) 3.50 9.00 9.00 9.80 3.00 2.00 10.00
VESERESE 0.20L/km 5.4L/h 71.9a/h 31.5a/h 93.4a/h 70a/h 31.5a/h 163.9a/h 39a/h
TR S (Wha) 1.65 1.39 3.17 1.07 1.43 3.17 0.61 2.56
HEARG @5 (Wha) 1.65 1.65 1.39 3.17 1.07 1.40 6.34 1.20 5.12
AN EE (L/ha)
- 8.90 487 28.53 9.63 13.72 19.02 1.20 25.60
PERERES G A K 0. BB | (IR ~IE | (F 3 0 ~ BE | 15 36 08 ~ I | (EROMR~TE | 8 36 08 ~ i | (F 3 08 ~ IE | {1 3 08 ~ i
FIRERIEZB X BIH GrEY I, | X T7 ) R R | 5 R R | ST C | X 57 B R R | XS 0 I R | T ) R
DIY)~==|iX, D L D |iX, D X V| &Y5lll, Z|@ED XY H|iE DLV T |IE DEVE]
L TATVY S| R M LT T | T4 AT ZEUEWRE | B BHEE | o—- N2y |1 272 L
7 (=230 | (18 x2) | B — (20 x | ZDEYO— | (=51 —| 2% GE.L | EEREEC
OExEFIH | x5 |26) Ofi%x |5 ) =2 — | AV FXN—|E % 200L) | £V ILH=
51 F—EEE| Y25 O|OMEEFIE | N4 O
ZOME%S A | %515 %51

) #hOTFT—FEIHTIIDTOEB) THS,

A RMOKESATERIG S (1996b) @ EEAEWOMEEMRIIBIT 2 T AV F—HBFEHEAN (PH84HE3 H) p.69-77

B RMORESAMIEHFHZ (1996f) @ FEAIEMOMEEBRIIBIT 2 T ANV F—HBEHA CPR 843 H), p.45-50

C © A8 T Hp o B S B R SE ARG R (1996) © 72 72 A D 88 5 - T 0 & WAL AR R I B 3 % BRI S CPRL8 4E 1 H)

D @ R YRR AT & —VESERARITIEEE (1996) @ RBEMMBIERE T — & X— X,
http://www2.fm.a.u-tokyo.ac.jp/sakugi/noritu/, (FR#&HEREH 2008 4 10 A 30 H)
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37 RS B R SE MU RE (1996) 225, F 4
AN L 7RI 2 R L, PR B AN 2 B L2 o
TR P LB ERATIE & o & —ESERA I 7R 5D
(1996) % ZE I ZAVEENRCIERRIE, 1EHRREFRD HIEN
T, EREBRE B H L7,

COREEIZ, T Y ROEREINRD BEEAEEEM O
A (R & BESEoOBEEE RN Lz, Bl
R E L, HEEECh GER - BA - BmfEsk)
— B - et - EeHh - B - RS - R - BREE - EAE -
NHETH B, FIEETHEA () Sz @EdmaE-
PO B, FAZRMOKES KEEEREHET (2007¢)
P OREERE R ALY T AR F IR DIV DD
SEFME L L. HERME L, REBICHWOND
Lo LB EARE L, BHKES KEEEMEEE(2006b)
D [720E - X w ) BFFHMZE] (FEAFHEAL 102 24720
42.1kg, FFHFE 210 ) X W EM L7z, FEFEI, S
7 A DOAFED R A T FHARERGENT R R FHA (2006)
D HAli &5 H L7z,

b 4EICHTSB OUTPUT

FHAREAHENT B3R FALE (2006) X D IE % 10a 24
720 300kg & L7z, WZMpEIE, EH-KE (2006) LD,
W 2.7ha, AERE 3. 1tha 2 S EE L T87.1% &
L72%, CERIZDVWTIIARDL ZENTE LD o7
N, P, K&EIIDOWTIE, B (1996) » 551/ L7,
T 72, N A RBANOTHER R EIIWARE L, BILS
(1994) L VBIHLATEOERNPS, GYEE YLD
DEFERE L7z, AP AL, FHEEMENT R
BRALAIZ B TRRE SN2 ERMEER E L TOEWEL
DAGRE (PR 13 4ERE) & L7z (G5 AREAHENT 2257 F
FA, 2006)

c BEREMEEDREREER

F 7 FEFEIAR D IS EIERNL, FRIE R )
FHEEARLE (1999) DT — % % 5H L7zo sk
BRSBTS MR (1996) Tid 19.1 B A
/ha, T 7=, Table 1 7> 513 23.0 Bi# A /ha & EHTE 7228
PR CHMARICL WV ER L Z NS D 2 &
Mo, AFLAEORKES Lz, I HEIL, FHE
B R AT (1999) o#bE - & (9 A 14)
~IfE (7 HTAE) 5 HEE RSz, HEREBEEIALL,
FRETHIA LA BT & 5 U TR 72,

T AOEEIHRLIERIE ANHAETIIHNT S
T =iz, HFHREAENT EERFEME (2006)
BT L L L DI, HRIEAET B W CRERFM
GRUEERZIFL T T Y IREERERL, 5L
RERDDIZDVWTORTHE L7z MEEIL, FTREHRN
10a 2472 1) 304 3, JORLER 1%, M 428 10a 2472 1) 3,294
HchsrZbnd, lhadizhoBEHEER L, B3
HRBEIZOWTIE, HREN RO EIER D L Iz2ob
BEERL TRz oRt ESTunin, SBEEE
X, BRLZERPICERRS N CnBEE Gl

ZofM) oL Lz ZOMOEMEE, TR RO
KABIZONWTET — ¥ D% o Tz ERRR R4
13, ERTRECRA (4,800 M /10a), MRS - REEL T
B S ot (6,888 M /10a) ZEFE L7z, ME
Mcid, L BERMEEITOL L - ¥ BELICL D E
MLTWAERLHY, T34 VR - EiE L &0
7o IREESEZRat R 4213 8,500 1 /10a TH B Z D4 F
b L, ThaX7:h) OFEME K OH 4L 201,880 F &
%0, WHEEICET 2 597ERM 1 RN 2T 52
ENRTE D, T/, TGEEEICHWAPHI YN D
UM R 256 L S AEFEICBIT A INPUT 255 2
ENTERL, EBHIZERAIT—7 2 AFTHLIENTER
Mol VEERETAZEIIED, EFERICBNT
X, HENE, EEEERICOVWTHKI A METE LI L
Ch 5. HEEIE, BEEEMAKZEMSEEARL, B
MoKEARKEEREER (2007) 205 1,469 [/ BEE A
&L, EAGERR & IR U Tk 72,

10 Ex7Y
a HEICHTBINPUT

b7, BT rLESNAEE Hiica Y 745
=0 v 3 LR SN T & 7, BN TR R
LLTOFEREIZIZEA LT TRV, RBUEY
LTH NGO BT &0 S sl AL & 4 0o 1 72
ME L CEBREENNECHEE SN>2H 5, LaL,
L) OAREIAR D BEA G R BERM ORI
DWTIE, TEERRERIZOWTT LD N7 =78
FAEL vz, bR RS RR (2000) =3
12, RHZEIZOWTIIMOEERZ S L CEERRD
ETNVELER L7z (Table2),

Table 2 ® 9 &, HEALHCAR & (12D UL 2 LA Tk
e (2001) 2 HEARZER L, HHEEIZOWT
R OB IET 2 HAEME 7,000 4 /10a 126 LT 2
BSOS 5 & ARE LT 140,000 K% /ha & L, Bl
M L&t (2001) LY e~ ) BEO—2TH A [
YA =P 101) OTHRE (46.8g) %IV HE
BEAM L7z TR HANIEE X 0 S L7z bk
JEEE (N:P:K =6:10:10) % 1tHiH$ 5 &RE L7,

COFRFL LI, BT OEREICRD BEAEEM
DA (EH) = BERWOBREEEEZEH L2,
BHxTHRE Lo, HEAOHOG — P - et - i -
FEAE - $BFE — ok - BREE (3 1) - BRE - BB & - I -
- R TH L, FIEETEA (H) Shizg
SEPEER - BREOHAGE, T2 EMKES KEE R
FHE (2007¢) 2 S FEHEHRLE ML IR T SIS
bWV d OOEEFEHME L L, HRMEE, R
WREA REERBHEES (2006b) 205, 72V - X
) MEEFEAE (FRAJEMAL 10a 24720 42.1kg, EFAMi%4E 210
M) K& 7z FFlifgE, JbidE REGT RN R
M (2000) DL AIEE WAV E DY) L) FEHED
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Table2 b~ ) HECBITLEERRET IV
Model of Operation Sequence for Sunflower Seed Cultivation
s S PR |k | MO - 4 R L B O R
ey P B 2em | 2 | 0] CEE 30 FHY RN
g b 5HEH~ |5~ |5HEE~5H |5 HTFH, 6 HEH |6 H M~ T
EZay ik S-S hLh e i SHER ORI o 5 g~y |0 iy
BEEAR (L) 1 1 1 2 1 [ 1] 2 2 1
T(?sﬂ) L 80 70 80 ~ 80 50 50 Bk 60
_ L et 1 e
. vZaTA [ UN=YTN | m— ) — | EZeERE 4 4 : 7
st T A A BN T R P D P T AN PR
5t 16inch x 33 2.6m (el fi) %é?ﬂ}'{]‘ S
TEEIR (m) 30 12 26 26 26 | 26 | 26 20 21
{F 37 E (km/h) 40 60 40 40 50 | 50 | 50 20 60
B (L/h) 90 80 150 150 60 58 | 58 | 58 80 86
*fﬁ?ﬁ 'im T 02 21 170 220 150 083 | 083 | 083 360 090
%’;ﬁf’}/ﬂi; 23 170 220 3.10 083 | 083 | 083 | 300 410 09
PRI
(L/ha) 180 16.80 2550 3300 9.00 483 | 483 | 483 | 000 2880 774
MM A
VESENE ~ ME 57 8 RE 1] | (R ZE MR ~ Ik | (R SE MR ~ IE | VE3ENR ~ 57 | (ESE MR ~ ME 57 @) | BE~G7E) | 1ESE0R ~ IE~57 | 75 2E 1R ~
ZA LY, HEAOHGE & | 5@ | NS @R | @RI A X0 | BERIE A X DB | BRI A | @R A XD | X5
ZB L VW5IH A X DA X D|FIH LOFIH | 5IH 5 1% A
T— & FRi Bl Mo 7272 |51 7272 L O5IH
L BB | L Rk
B OfE% [ 1ZBOfE%
BN | B

H) KHoOF—SFIHTEUTOLEB) THL,

A B R RS RER (2000)  JbifiE ESEA EER A R EE 2 B0 (PR 12 48 12 1), p.64-65

B IR SO &R (2001) @ &~ 7 ) ORMALKE ESERAN AR, BlEeT - 3 M5, p.932-939, EILER L%,

fEx&ICEH L7,
b 4£EICHFB OUTPUT

L) FEONEE, A R g B
(2000) £V, FEWpEIEACHERE A O RS ERY (1986)
EVHIHLZ, €, N, P, KHEFRIIDWTIET— 7 H%5L
WEN L ERETE Doz T2, N1 FRE
NOBEBAFRYE MR E L, HAZ A V¥ -2
(2002) LV TFEOEWMEZIIAL, EPWEEYL7-Y O
EREFEYHEM L. AEWHEAMIL, dbimE 2B EER
B (2000) &0 EHEGIME D IH L7,

c BREMEEDEBEREER

v~ ) AR S AT ERER L, i R BT R
SEEEE (2000) &0 HEVRZE & & A P2 IE~GHE) R &
GIH L7z Table 2 (3 [A &R FED TR L T2 72
%, HEAGEEENIIFEMETH 5o B H IOV T,
Table 2 2R L7-#HE (5 A LAI~a) 75 /R0 (9
A Ta) FTOHBE L7z, BMEBGENAZ, EiET
I L7z A ey B I % 3 OOk 72,

L~ OEEIHRLERIE, ATEABETIINTS
Ty Dz, ikl RBER R R (2000) X
DB TEX b OOAKER L2 7L, SE&HM%E
KREEFEE A L, BMOKESERKEEEREE (2007)
5 1,469 M /BN & L, BEAGTB RG] % 3 U TR 72,

H

1 XK=
a HEICHTBINPUT

RAROR R AR SR A EE B AR EER (2005) 12 XA,
R 17 FEMBE O R OERNAEERIL 22 775,000 t T
HY, EASND 418 J7 1,000 t 12 L CIEHICAZ L,
FoENECEMAIICHEE SN REIIEE A LRV,
LoT, AWTHIHA LT %1, TIERME, vy
BWmEORMA L U CEESNIKEEEIRLHDOT
HHZELICHEETHILEND S,
ENTEEINSKEORN 4450 1 13biEE CERE S
No, LeLAITIE, ERNOL L otz 5 e L
KEAEOMRME ARG T 5720, KEOEEIIRD B
SEEEBEMORA (/) & E¥EEROBRFHEERIC
DWTIE, BMOKERMTERS (1996g) L, BE
DVE ORI OVERAE R 2 b L ICHM L7z, AFET
MR ESNIZET VL, BRITEOTFIH M2 & HrlifE 2
LB L, fb- &2 BIEERSWREZ M CH Y, XHE
fii (20 ~30a) SN7-EBEEELTWD, BEHFRE
L7zR3EE, MERkC — BF 9 A — T3 — 360 — PR
FCAT — Bt - B2 — o BB B — U - 8208 - kLT
Y, LY R ONER) - SR 3B LRt L

E o=
726

FEEEFEEMEOHAMIZ, EICRMKESREERER
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FHEE (2007¢) 25, FEEESCE ML T RN T L RS
12 bRV OOEEFIME 5 H L7z,

b 4EIZHTSB OUTPUT

KEOIEIZ, BMKEAKEEFKLIR (2007)
L0, 171kg/10a % lha 2472 ) I L 720 BRI,
FN(2003) O [72n9 4k - EiE, ) OKRSE»S
B L7z WER LD 0 C, N&RIE, P - Hil
(2005) OFEHMEAS, P, K &FIE, B (1996) 55
FIFH U720 F72, 23 FIBREA D2t G 8 LG &
L, HRZANVF -5 (2002) &) KEFFEOEM
FKEGIFL, wWEEL2)OEEELEH L
AEP AN, BAOKEAKEEFEKS (2007)
D 10a HB72 DMIPER L 10a 472 D IPEALE L L7z, K
HOBEETH R BY, ENEDKEAVHIRER &
LTHWONEZ EIFIFEAE R, HBERELTO
REMHEITEMA LD AL, F 7231 B O FRH
ELTORMIZE LI ONDBENDHLEEZ LN
5o

c BEREMEEDREREER
KEAFEARD ARG BT L, AR BT 1 i
2 (1996g) &0, WO 2> SH8E, Bk £ ToOrESE
ARG L UCREE L 72355 H b RESE O FE R (IR
BHEA (6 H10 H~6 H 25 H) ~IUHE - #iz20 - iikr (10
ATaE~11 B LA)) oKL L.

LSRRI L, ERE TR e 7 iy BRI %
LTRD2,
KEAEFEICRL BRI, BHKESKEEREKRTE
(2007)) W2k o7z FEEI, FHEFAEMED S BEEH
fiiz 1,469 M /BEfI A& L, HETGFEEH 25 L TR
720

NV F—9X—XD;ERAH

1 BEREEMEEDFFME S

EEVE O LT T A1, BERE OIS,
SAERENE, BFEMNERIND, T2, BEANOBEO
BlLEL2 S AN TR ABMIZOVT L EE T
ETHD GEK ML 2007). X512, M
T 5 BRI & G IR A S R e = A L
F—E LTHHLTW ZEDRE TN, BRI
R GOLWEEROBE N SMET 2 LENH L (B
MAKEENA F ) A 7 VISR [ AT 246 75— 4,
2006) o

FERPEICZ L 7236, BEREEIZE o TE, &I
Ve DIRFTEINAADSE IR EM A FE VAR 2 2 % 1101 & 721
U, BRI T, B BT TH b,
72l BIEMEWZ S A FIRE O ER & L CRIAT %37
% (BREVEHUIR D FHEEE) o AIUE, FEE LT
DML L VRN EDE TN D, BRI/ E BN
R Cl, N A A IREOEE & L ol it EN T

WFREE SN TR,

T2, BEEYOHE L, T AVEF-EICBWTT
FATRIFNUI L S v, BIFEEWOAEICHERASINS
IAVF—HEEZEETS & &, BERMREL S0
EEIANVEFHEBERIINZC, BEEAEEMEOARE
WA MBI ANV T —HERLHEHT 2 ULENH S, [
B AVF—HEEL, EEEERICL S BMSMEY
YOI ANF—FHEMEHWLZLICLYVERT LS
EDTEDLD, WMRE G LEEERBEOERRLME, 4
FEINT. (BEZE) TARICE Y TR VX —JHHEASRL DY
GbdbH. RI|TIE, EEBEMSA, HHE HEERL
TW5OT, BIIZG L CE YR T A F—FHA %5
WTX %X, Table3 JUF Table 4 |2, &iIF/EWEREZ
B L 72 T 4 )L F — AT O 8 W61 % BEERFZE 2 55 1 H
L, 23 |7z, Table3 (%, BMUKERMIERIHE (1996h)
IZBWT [P 4 FEEEEEME] LB N4
BEEMBT AOVF —FHAL (1990 %) TH D (&
FEO keal/ % M)/ FJIZHHE), F72, Table 4, {FH
5 (2008) 12 & BEFEEMBIT ANV F—FHEATH S (H

Table 3 LA REI TS % A BI = A b ¥ — J5LHLAL
(REMOREERA AR 2, 1996h & 1) $855)
Embodied Energy Intensity of Materials for Agricultural Production
(Agriculture, Forestry and Fisheries Technical Information Society, 1996h)

I AV F—

| J5 B

(MJ/ 1)
e 0.026
AR & A3 0.108
B R 0.049
le=aioy 0.138
=1 0.098
AL 5 0.059
7T AT 7B 0.104

Table 4 fE3EAREIZBUF 2 AR IEH T AL F — AL
(EH &, 2008 & b #55)
Embodied Energy Intensity of Production Cost for Agricultural Production
(Saga et al, 2008)

I AN F—

A ERIEH J5 BEA

My 1)
T 0.016
JEEL 0.084
R SEHEH 0.070
Z DO FERF 0.042
2 B R U] 0.044
BE R OB 0.046
=2 0.038
H By 0.040
R 0.044
A REE 0.012
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Fo kI Mz Ml ),

B - MBI AV -HEEOARIEIL, BIEED
LAELZPEINLENA TR OZ AV F—EER LY b/
BL AR, BEEMAEIZL > TESIZT AV F—
HESHEINT 22 L1220, RRICAWEEZ 22 LI
Bbo Fio, RIS SN D EM OFER MM
DOFFHEIC L - TiE, EEEoR By RIS E S
LTl oThH, HICHEBEANZEKT 2MHED H
%o

DT T, RTEM LT — 7 R—20iGAGE L
T, fRHRE N A A REOFR & L CHERE L7235/ 0 B
MR 72 ) OB E TRV F— 235 L7

2 fRmEREOREMEORE

KT, BEHRICOWTIIEEREERE L CE%
REMETAEOZIEM O LB P SMFHTEL L) 77—
FERWY) F Loz, FRRERE SOV CBIE LS4
wH, EBEFTT31375 haTH B, LoL, &
RRl R Ok 4, Wi PEBE R VAR AR, RSB IC o
WCET—FDPWETE R o720, TNHLOEM%
BRAKEFSEEREL, SHEBEOE S 133,530 M /ha,
WU BE N OV EREE ELH 26,480 M /ha, A2 RESS B 3,090
MmaxGET 5L, BRI 534,475 M ha/ L 7% 5o
—F, T R=RCHB LA —nvray 7ML —
VEFRE L TOFEREOMIEIE, 1ha 24721 398,595 [
ThY, WRNAEEER* TR 2, $72, &2RER
WERES (2006) TlE, fREEEE Lzzs ) — Ak
HEHRFZEOREMEZMF L, =¥ — VERROME %
20 kg & L T2, T2, NAFTR - Z v RVEE
BRI SR CHIE L SN NS T8 ) — VO
}% 100 [ /L IZRLE D Fiib & Ofitgix, 5 kg LT ER
ELONTWD (FTHE - AR 2008), IhbH»bF
WMENBNA A5 7 —)VEEE LT OFEFRED B
M1, 196,546 M /ha & 720, ikl LCoOfitEL v b
EHICKECAEEHAT TH S, N1 AREUER L LT
DZKT OFib & OMEA L35 2 2 idFHE L7
W, EEBEHAEFKBTE 2 L) R AR %2 MEtd
LWBENH D ENDND,

3 FARRBEOIXILF-PNZORE

FRRIRE R A E I AL — B EE,
T L 22 (B, vy v, RAeW ST &
1) OWERINERSBEEEFELAFHEE Lz,
HEZEEE L, BFEEE 'R AVF —T (2007) £ 0
Bl IL M720 37.7MI, V) v (RAMBEL & Ak
L72) 1L %4720 34.6MJ, T3 1L %4721 36.7M), &S
1kWh #4720 3.6MJ 25 |H L, EEZAVF—HERIL
BEFT2,194.4M & 7 o 726

F7, MEZA VX —JHEREL, Table3 (IR L 74
EEM T A NVF—FEMAEZ VT, B FARICHE

fiiz 3 U7z ABMAMiE D2 HRD 72, Z2ORE, 1ha
OEEHREEE BT A MBI AV F —HEEIIAFT
11,197.9M] & 7% 5 726

ERER MBS L)V F—HE = AFHE 13,392.3M7 12
L, Tha472 ) INETEZL2LKKOTb LN H T
= lEEELZEMEL, AV EEmrRE L
7oo TF ) — VR, EREEET -5 N5,
LRI TARADERER, bbbl ro—RAEA3
LV H—2ADEFEYRICENENTY /= VIEOH
il OKEE - ZIMEERE, 2004) %3 LT 95% vol %
=k LTKRDIZ, FOMFR, TokH 53,3700, Fi
bo252,805L, AFFT6,173L DLy J — UH B
HEETELLBENTE, RBEELER AN —T
(2007) £V, =%/ —VoEL IL 5721 23.9M) (72
2L, My s —)) &3BL, HETELI AT —
13 147,5347MJ & 72 1), BT AV F I % AU,
FRARE I CET A LA VF -0/ 11O T A )L F—
MEETELIE I h 5, LRL, 22TiEsy /—n
AEROBERIIL ) HEREEZHNTWE ZEICEET
LUEDH 5B

vV &

il

RIFCld, EHTEETRREEZ 5N EFEIEWIZD
W, EMIRERT (LB T SRS B R0 R SE AR MU
F 15D INPUT 12D W TF— ¥ 2L - #&Fi4 2 L &
D2, HAIEREL 72 ) OIE P IEY RS, AEIERD
BHIZOWTEN) FL O/, KT —FN— 2L, KIFME
WAL, STEEEELT BT ABICOAHT S
ZENTEDL (HKRS, 2008), 727°5L, BIHLT—
FIZREREATH L Z LR FMHICTRELRBRY &HIHD b D
HW2b oo, REEREEMN, BESEOMEILREFIR
WIZEY ETFT22 02005, BEWMIERLY
BAEMDEFEEIZOWTIE, BEMKESEKEEERETET
LY HEREFBERDPARIN TV LDOT, %4 EH5 13K
HOF—2 2SI LN TEL, T2, BEBWO
PEREDAEA T ELTWABZ EHND, F—F N—2ADiGH
N7z TRBRICAIL 27— 2 WL L9 E S
72\,

T/, RETIE, T XRX—=ZADERHTEO—HI& L
T, GEEMAFEIZB T B INPUT O F — & 0 5 A FEIC
RABEBEL AN F— LA VF—%, OUTPUT O
T O REHEETTRRRELIERL, AV F %
RE L7, BREMONA FTEREE L TOFHIZDWT
&, TEMAFEZZ T TR, BEIEIR TS N E Tolfik
R, BRENOBREPFHE TCEEDTA THA S
VTERREBEAN ZHET 2 LB H S, VAT LB
RAe@UIRETAHAIEICL - T, HlsZNRELIE
BAEM O ERE, FIFICHRD ¥ AT A E&ROFHIIZ D 721 F
HZENTE D,
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AT T2 5

72720, RIUEMOAREL, EH, s, FHiIZ L -

THRESNLHHEBZ L,
12 & %EF“[@E@EA“‘?%@ES

5

ERCYMESEEZE SR L
EIZX DAL L AL

Lz ?62%#%50;®500wfi,$ﬁ

Tmbitbtr FNR—ZADFZITIEDE, BT
DRIE LI & o TEIFEIEW ORI IR A SN D EH

RN ENL S WK T E 57,
TAHILELWRETH D, 72,
ROENEM OB FERCHI) - KR

Lo 7R E A
R R T B A
T B e B BT

IR D ED LN TNDL I DD, 4%, &5

b T — 5 DEE

R R, X ORI LT T —

FR=ZL LTHRLTWTFETH D,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

SEHR
AR R SE L A AT (1999)  MHEH) 2L RE
fREZHH, p.72-78
AR EAE T 2 FALA (2006) @ A MT 23R
AT HE SR
T- B2 IR RMROK B AL 28 B3 SR T ey (1997) @ PRk

9 SEEET-HIR RMOKEMZE T SRR S E R (CF
M9 4E S5 H 27 HEGARBERAL Y > ¥ —), hip:/
www.ne.jp/asahi/nicelife/nife/nodaten/kuusan/chibanet/
H9kyogi.htm, (FA%HEERH 2008 4F 10 H 28 H)
HAM] - FNAAMESEREL Y - Mk AR S & 9 S OE
FEXT SRAHR - Mk RAT RS B Bt > 8 — (2006)
MK RIS &9 & OHREEIE
REEZRGL - =IW iR (2004)
IRHIE, L3ERA S, Hn
JeiiedE BB SRS B ER (2000) © AbiaE f2 3R A E
BAf AR 2 it CPAC 12 42 12 H)
JeiteE 7 o S AR (1986)
EEREA

JeitaE 3 o S SR R SE AR B (1996) -
e miEREE - B L MALASRICE S 2
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Arrangement of Database for Energy Crop Productivity

SHIMIZU Natsuki, YUYAMA Yoshito and NAKAMURA Masato

Summary

Energy crops production is required, high-yield, low-input (labor and cost) and low-environmental impacts. Ac-
cording to expectations of biofuel use, trials of energy crop cultivation have been implemented in many places. However,
accumulation of data for energy crop productivity in Japan is not sufficient.

We chose 10 kinds of energy crops that can be cultivated in Japan and compiled data such as input of agricultural produc-
tion materials, machinery fuel and labor that are necessary for energy crop production, and yields and composition of
harvested crops. Then, the data collected were arranged as a database of energy crop productivity from several aspects;
namely, productivity of land, cost and income, and productivity of labor. This database is expected to be used for estima-

tions of productivity potential and possibility of energy crop planting businesses.

Keywords : biofuel, energy crops, database, agricultural production materials, agricultural machinery
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Appendix
1. ¥ FJFE  Sugarcane
HH AL ANT7—% 7= S BIIC - %
EL N F TR
AR kg/ha 5,700.0 | A
Hififf M kg 11|D
EA N AL ALY, EEALK 804
A= kg/ha 1,520.0 | A X D oiE 1 [al, s8JE 2 a5 % A5
Hififf 5 /kg 111|B
EA N BIEDO AEY, 7T RNYF=TRH ON) AR LT
é%é BAE kg/ha 75.0 | A
% HLA M /kg 700 | C
& | AR B IO A £V, DCMU KA
wECBTE\H g 25 A
Hififf 5 /kg 6,333 | C
e P2 ALY, T=TT HH
AR L/ha 10.0
HuAfiff ML 2,800 | C
ELIN BIED ALY, AIFAFUAA (2 BUIGT THUA)
B R L/ha 40 (A
Hfff /L 2.600 | C
EAiN R
5: THE i L/ha 4287 | A
Huilf ML 112|B
ELIN FhYFEE
L kg/ha 68.200.0 | E
[ ES wt% 283 | %
CaEx ¥ % 46.10 | %
HEREIZ BT D % N &% W21 % 0.99 |
OUTPUT Py | P& 21 % 0.10 |
% K &3 "W % 1.20 | %
TR GRS 4 B e
KRG 5 % 53.0 | %
Bl M kg 204 | F
HEA G5 B R3] IR /ha 141.8 | A
Frt H# H 562 | %
LT ON [ / 4 /ha 1,393,326 | D, F
T8 [ / 4F /ha 63,590 | D
JIEL 2 M/ 4F /ha 115,650 | D
BRI M/ 4F /ha 45,360 | D
JCEE) B M/ 4F- /ha 34,330 | D
IR A R O 3 Z DO FEF M / 4 /ha 4,000 | D
HEE T s | B R OO F1 / 4F /ha 6,360 | D
% | R OR [/ 4% /ha 184,580 | D
W i miR o s ias 2 [ / 4§ /ha 14,280 | D
etk ¢ M/ 4F- /ha 16,060 | D
EEIE R M/ 4F /ha 19,270 | D
-2 SR M/ 4% /ha 68,470 | D
AR M/ 4F /ha 1,100 | D
FriE e [ / 4 /ha 160,007 | A, D

57— 4231A%

TmoOw >

RALZH

D RMOKEA KREE E#

# (2007b)

CRSEMEE (P18 4R 12 )

CEMOKEFAMTERG S (1996a) @ EEEWOMEEERRICB 2 T AV F =B EHA CER 843 A), p.105-121
DMK EEE KELE BERRHT (20070)
CHAT - TSRS, - MUK BB S & ) E OVEREARED - Mk BEEE RS Rt v ¥ — (2006) MUK EEHE &9 X OHEREE
DRERE AT IS RS L ) S UHEER CF 1949 A 14 HAR)
DMK S KELEEAEHE (2007a) @ R 18 4EHE S & 9 & OO L OIS (PR 19 48 6 H 20 HAE)

CRMOKES RERZR (2000) @ HREFMEWICET 288 (PR 1243 H), p8
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2. 7Y 1 Beet

IHH HAT ANT—4 7 =Y BT - %
R a—54 v IHT
P kg/ha 12| A
Hififi 1 /kg 17,312 | B
Py RS —Fy b
A= it/ H 60.0 | A
HAlh /it 302| C
4 I A XYy F ALy 60mL/ha, /N5 Y 340mL/ha, ANV T
- 60mL/ha, &> L > 600mL/ha
LA kg/ha 11| Eit 4 OARHE (REHE)
Hufif I /kg 6,414 | C
i £ HEAE
x| AR t/ha 30.0 | A
2E [l 1 4t 656 | D
JE —
% | At AT F
IR kg/ha 3000 |A LD, BEY AL
HFEICBIT S | HLif M /kg 17| C
INPUT E4i ALBCIEAL ALY, BREEY—F2%5
A kg/ha 1,700.0 | A
Hufif M kg 79| C
£ BB A X ) X%F—)l 6000mL/Mha, F 7 FL#] 2000mL/ha
A= L/ha 8.0 | 150 2 O IEH A=
Hifill ML 6,348 | C X ) BrEHI 0 £EFHME x 1.5 6 GFLANRD LEfliz/-0)
P 3O ALY NTFF 2000ml/ha, FV k5 2000g/ha, VYT A
+ > 4000g/ha, 1 A 3 ¥ FK) K 2500g/ha, E L~ 4000g/ha
FAR kg/ha 12,5 | i 4 oA GilE (ERIRE)
HiAilf H kg 6,414 | C
£ w7
H = L/ha 250.7 | A
o | A /L 12| C
GAEZT B
W L/ha 13| A
Hufif /L 133| C
£ TAEW (R)
U065 kg/ha 58,200.0 | H
HE Wt% 23.0 | %
C & 5 % 4146 |E, F
EECBYD |5 [NAE W % 062] G
OUTPUT WP EER 5 % 0.27|G
g K &% 5 % 0.98| G
M RS AR b
WE D e 5 % 744 | %
Hififi 1 /kg 162|D
JEAGT B IRE I RN /ha 1502 | A
Foht H ¥ H 245 |1
EITLGRIN [ / 4 /ha 942,840 | D, H
T i 2 [ / 4% /ha 25,530 | D
kL2 M/ 4F /ha 186,480 | D
REHR M/ 4F /ha 98,200 | D
EE B [ / 4F /ha 35,490 | D
BRI EY A E D Z DO EE M/ 4F /ha 44,440 | D
PR B R A | e B R OKFI R M /4 /ha 3,740 | D
% (R R ORE I/ 4 /ha 34260 D
| PR R O AR AR [ / 4E /ha 17,560 | D
At 4 / 4 /ha 19,400 | D
EEIES [/ 4F /ha 21,440 | D
REEEE [ / 4 /ha 12,030 | D
AR R M/ 4F /ha 4220| D
SrEE M/ 4F /ha 231,879 | A, D

FhTF—45|HxT

A EMOKERRIERT S (1996b) ¢ FEEMOFEERIIBIT A T A VE—HBEHA CER 843 H), p.69-77

B bl R BGT ST EERE (2000) © AUHEE RS ERAMTARES 2 W CFR 12 45 12 B) DERIEER (71 - Bhisss)
C @ BHUKEE KEERERRTT (2007¢) @ EEWMTEE CEE 184 12 A)

D : BMHKEAKREERRA (2007e) @ EEREEHATA TR 18 FHETA S WVAEERE CPR 1948 H 10 HAFKR)

E @ BEHATIIZEREMR (2001) @ HAEHE RS (2001 4ERR), TR AR RS ES, H
F

G

H

I

CHAE - LEEA (2005) ¢ KNS Y ARG O T — 8 = ZHEA, IR, No.203, p.57-80

CRRIMA (1996) 1 DDSE O RIEM OGN, 5 ORRGFBEAM O 72 28hm CER 8 4F 9 ), REMFEL Y 4 —

CREMOKEAKE BB (2007d) P18 4R T A SV O LIRS (PR 19 452 7 8 HAR)

s bR B R RSB (2002) ¢ WEB HUGE R MTER RS O T3] (2004.3.18 23KH)
http://www.agri.pref.hokkaido.jp/dounan/gijutu/hatasaku_tebiki/cover/cover.html, (F#%HEREH : 2008 4F 10 H 30 H)
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3. I¥hwi & Potato
IHH HA ANT—4 7 =Y BIHTT - %
G2 i
A= kg/ha 2,000.0 | A
HiAfilf H /kg 209 |B £V, fEIEI L x &EFIMiE 20kg4187 M
G4 AL A XD, BBS652
AR kg/ha 1,000.0 | A
HuAif 1 /kg 79 | B
g4 B ) ALYy, FUruv s AL
AR L/ha 3.0 A
B | Bl /L 2858 | B
x 2h EED NI N
fg A= L/ha 40| A
HEREICBIT 5 ﬁ Hififi /L 2,596 | B
INPUT = | 4R =230 ALY, FFERY, TTURAT Y
A= kg/ha 50| A
Hufiff I kg 6,414 | B
£ 2236 AXY, ZU—CM¥AL 77—
A= kg/ha 140 | A
Hufiff I /kg 1,602 | B
£ EEEOEELEK (A XY, LZOy s R
A= L/ha 3.0[A
Hififl /L 2,858 | B
| w7 A
ZL TH L/ha 187.6 | A
Hifill /L 112 |B
£ Ehw Lk %)
= kg/ha 40,930.0 | C
[AUES wt% 202 |D
C &% W % 4248 |E
EREIZ B B % N frE ¥ % 096 |E
OUTPUT W |P&FE ¥ % 0.19 |E
’j!j K &% W % 202|E
2o R 2R TARA
NE TR ¥ % 86.1 | %
Hufif 1 kg 13.6 | %
JEAT7 B HRFH] BTN /ha 84.6 | A
s H H 148 | A
L IGEE A [ / 4F- /ha 555,829 | %, C
[ETR I / 4E /ha 121,260 | D
BEEE M/ 4F /ha 79,340 | D
B [/ 4F /ha 69,130 | D
AT IVAL: M/ 4F /ha 29,670 | D
EIFAEY A E D Z DO EE M/ 4F /ha 2,960 | D
R ER £ | e B R ORF [/ 4F /ha 1,160 | D
g | SRR O S 1 / 4F /ha 10,420 | D
| AR R O AR AR M/ 4F /ha 16,960 | D
e M/ 4F /ha 9,770 | D
EEJER I / 4E /ha 18,770 | D
R M/ 4F /ha 92,020 | D
R [ / 4% /ha 3,820 | D
GrEE [ / 4 /ha 134,023 | A, C

7 - #3IAT
BB BB

7
e

CRMOKEEA RE B (2007¢) @ REEWMIES (PR 18 4 12 )

CENFFT (2003) 0 HETEMMKS TR 2003, LB RFABGE, Hal
CRAEA (1996) @ DHE D BIEM OGN, 25 OMHENAREM OF 22280 CER 849 A), B¥EMEL 5 —

(1996¢) © EEMEYOIFEMRIZBIT 5 T AN F—HBIFHM (CE84E3 A), p.79-83

A
B
C : BMKEEA KRB EMETRD (2007g) © RESEHREEGAANAT K 18 FREEUIIT LV L 2 A2 ER CPFHL194F 8 A 10 HAR)
D
E
b3
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4. AL & Sweetpotato
JHH HAT ADT =% 7 — 5 BTG - %
2R e
A= t/ha 23.0| A XD, 3N THALZARE
Hifill 9 /1t 385|D
£ ALR IR A X1, BBALAL 820 (8-12-20)
[N kg/ha 770.0 | A £ 0, 2 [Z5 0 CTERA L-ARHE
Hifif M /kg 11| c
G2 flivd
A kg/ha 1,000.0 | A
Hufif M /kg 31| D
g bl ALXD, R¥L—}
%jé A= kg/ha 05|A
% A I kg 2374 C
% | S IR (k)
YN kg/ha 1050 | A L0, 2[5 T THRA Lzt
MR M /kg 39|C
LB ﬁ%ﬁra EREEE (FLEK)
T %5kg kg/ha 1,000.0 | A
Hififi [ /kg 17|C
£ B ) ALY, FPLT77 /YA Gh)
A kg/ha 30.0 | A
HiAilf M /kg 476 | C
ki B ALY, FAaTFLy A (B)
AR kg/ha 30.0 | A
Hufif [ /kg 373|C
£ 7
HE = L/ha 103.7| A
Hififf /L 12| C
NEZDS HI v
fl: o L/ha 8.6|A
Hififl /L 133 | C
£ A
HE = L/ha 10| A
Hifif /L 133|C&Y, AV) 2 ERMLEARR LT
G2 AL (GHR)
I kg/ha 31,390.0 | B
[AUES wt/% 339 |E
C&F W % 42.75|F
EREICBITS % N &= W % 0.61|G
OUTPUT | P &R w2 % 0.12|G
/’i& K & W % 0.89| G
2R R AR TARA
NE Ve 5 % 717 | %
Hififi [ /kg 31.0 | %
JEAT7 B IRF ] BTN /ha 2545 | A, ¥
s H H 164 | A
BB I / 4E /ha 97,403 | B, ¥
T g M/ 4F /ha 30,870 | B
kL2 I / 4E /ha 93,860 | B
B [ / 4% /ha 57,820 | B
DT IPAL 1/ 4F /ha 31,980 | B
BIRNE A D Z DD R 9 / 4F /ha 25,120 | B
AT E 1L £ | e B OIS F4 /4F /ha 2,370 | B
% [REHROHE 1/ 4 /ha 20350[ B
| PR OV AR A 1 / 4E /ha 13,050 | B
it [ / 4F /ha 14,670 | B
EEJER [ / 4F /ha 16,640 | B
RBEEE I / 4F /ha 71,160 | B
HE R [ / 4F /ha 2,880 | B
SrEE 1/ 4F /ha 322,808 | A, B
FhT7F—425HxT
A REMOREESN GG S (1996d) @ EEAEMOEEMARRIZBIT 2 24 VF— B FEHEA CER 843 H), p.99-104
B BMOKEA KEEEHKAHT (2007h) @ EEREFEAT 18 FEEEH»A L 2 EEE CPR 1949 A 14 HAR)
C : BKEAREE B f (2007c) @ REEWMGTER (PR 18 4F 12 H)
D: gﬁj;ﬁ%‘%zﬂ:)ﬁa%ﬁuﬁﬁ (2007f) : R 17 SERE T BEW S OEES FEAPAL & - BRHIER WL & - TASWAEEE - 10a 4700 18
E : H)IZ5F (2003) @ FETEAAFH 2003, 20T R MRS, H
Foors A - finlgg A (2005) @ SHE/NA 4~ AWGFO T — & N — ZHEG, LR, No.203, p.57-80
§4;£uﬁﬂ/\ (1996) : LAE D BAEM DG, o ORI HEAM O 7= 28him CPR 849 ), BEMRL Y & —
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5 @FHEMIEOOY Com
JHH HAT ADT =% 7 — 5 BTG - %
SRR FIK
A= kg/ha 3,000.0 | A
Hufif 1 /kg 31(C
£ ) U ERAIK
AR kg/ha 600.0 | A
Hifif i /kg 52| C
G2 e
A t/ha 300 | A
f | HLAM 7t 1,778 | B
G T
| BRAE kg/ha 25.0 |A
HEREIZBIT S ,ﬁ Hifif I /kg 1,497 | B
INPUT & | AL
A kg/ha 400.0 | A
HiAilf M /kg 79|C
b4 FREHIO ALY, FHETY L
B kg/ha 15]A
Hififf [ /kg 778 | C
£ E5O) ALY, Tvv—
A L/ha 25|A
HAf /L 2,858 | C
BEZS B
f; HE = L/ha 130.1 | A
Hififl /L 12| C
£ L IbATL
L kg/ha 51,500.0 | D
LAES Wt% 27.1 |E
C &% W % 4271 |E, F
N &3 5 % 1.53 |E, F
HEREIZBIT S % P &= W % 0.13 |G
OUTPUT W K& ¥ % 092 |G
B BT G ) TARA
NE TR W % 57.1 |E
IS G5 2 PR 2) R SR B
NE R W % 456 |E, F
Hufif M /kg 308 |C, ¥
HEAG7 () R IR N /ha 163 | A
ekt H H 153 |D
ETGRIUN [ / 4% /ha 1,586,638 | D, ¥
Tl I / 4F /ha 35,000 | D
A} 2 9 / 4 /ha 65,800 | D
REIEHE I / 4F /ha 12,650 | D
BN [/ 4F- /ha 82,390 | D
EIFAEY A E D Z DM FE R I/ 4F /ha 60,150 | D
FRESERE B TH 2B | ek BB ORA M / 4 /ha - F—F %L
g | EHERR O S /4 /ha - Tkl
| B R O AikaEEIE M / 4E /ha - F—F %L
etk M / 4E /ha - F—y %L
EEEXE M/ 4F /ha - F—F %L
REEEE M/ 4F /ha - T—=5 %L
AR M / 4 /ha - F—F %L
e 19 / 4E /ha 27429 | A, B
FhHF—- 45 Bx
A RMOKEEFAMERI S (1996e) @ EEAEMOVESEMRRICBI 5 T4V F—HEEHA CER 843 H), p.361-365
B : EMKEAKREEER (2006a) @ EEREREAETN 18 FE4FUERES - M (FEMEY) 7> ba— B CPK 18 4E 11 A 8 HAK)
C : BHWKEAKEBEREKE (2007c) : BREDMIEE CPK 184 12 A)
D b ilE R B TR AR (2000) @ AUIHEE FESEAE EERAN A RSS2 B CPRC 12 4F 12 )
E © REHAMIIERAER (2001) @ HABSEGDRR 3R (2001 500, AR AR RFES, FOL
F oA EA - ALz A (2005) @ B NA 4~ ARG O T — & X — ZHAl, FEIWHER, No.203, p.57-80
G BRI (1996) : bSEO RAEY OGN, 5 ORI HBAT OB 72 %8 CFRL8 49 A), R¥EMEL ¥ —
AL S
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6. EAFFE Rice for Whole Crop Silage

TEHH HLAL ADTF—% T =5 IHTT - fi%
SFR 1L ILEL
AR kg/ha 500.0 | A
A 1 /kg 79 | B
2R i (B)
AR kg/ha 30.0 | A
i I /kg 334 | C
B il GREAKGE)
EECIN kg/ha 3.0 A
% HEAT M /kg 100 | T G~
| W=7 1 v T REH
A EEINT kg/ha 500 | A
R M kg 153 | D
g2 g w51 A XY, By —r MAFHL, N TT R
[N kg/ha 60.0 | A
HEREIZBIT S HLAfi  /kg 778 | B
INPUT gL FEE
EE N L/ha 20| A
H /L 373 | B
2R 2]
5 2 L/ha 35.8| A
A /L 112 | B
G230 H) v
THE = L/ha 92| A
g | M /L 133 | B
LAEZT A
ke s L/ha 151 A
HiA /L 133|BXY, V) ERUEARLRL
gy W)
bEESe kWh/ha 04| A
LA [ /kWh 47 | B
g EXS
W kg/ha 6,690.0 | E
HE) wit% 84.5 | F
& CaER W % 4458 |G, H
e | N & T2 % 1.18 |1
| P& W % 0.26 | 1
,)’7”5 K &= W % 0.36 | 1
2 Aont B3 SR TARA
e P W % 87.3|F, %
HFEIZBIT S HiAf 1 /kg 17 | %
OUTPUT g4 jike)>)
I kg/ha 12,549.1 | ¥
W wt% 91.5|H
& CaER W % 37.40 |H
e | N & Vi % 0.53 | H
By | P g WZM) % 0.06 | H
’,}%& K & W % 1.80 | H
ZEMRRT RS R EVO-R - AZEVT-A
O E M W % 46.8 | %
HA i 1 /kg 23 |B
HEAG7 By R ] IR A /ha 551 A
FehE H 2 H 183 | A
BRI 1 / 4F /ha 398,595 | %
o i % H / 4¢ /ha
N 1 / 4 /ha
S [ / 4 /ha 132,990 | %
AL UIPNE 1 / 4 /ha
BIGNEW A D 4 Z DAL FEI R [ / 4F /ha
AR 1T e | RICLE K OURFI Y M / 4 /ha 11,130 | 3
Wy | SRR O I / 4% /ha - | F=%%L
5 B R O AR A 1/ 4F /ha “|[F=s#%L
etk [ / 4F /ha
EEIER [ / 4F /ha 137,930 | ¥, 2:£L, EWMEREREMETIR L 100 5720 9855 1, EMREEESERIL 10057 39020
FEREE H / 4E /ha
A E R PR [ / 4 /ha - | T
G 1 / 4 /ha 89,285 | %
47 —45Ax
A %&7&\@?% b T;zlitzs(1997) CEBEMOEEASRICBIT B T AV F B EEA (THEBOR] 2B E 2 2R ERICB U 2 AV F— B M L
B : BHKEAKES EI'.)%/ il (2007¢) ¢ RFEMMMTRE (PR 18 4F 12 H)
C : BMKEAREEFEHETE (2006b) © BEIERE AT 17 FREEE (P I184E S H 11 HAR)
D Kb ESERdi 2~ 4 — 2002) > & FRHEE K T SR E RS ~ = 2 7 v
E | EWIEIEWITZERT (2001) @ A A dhAE - fEET — & X— A% T A7 4 (http://ineweb.narcc.affrc.go.jp/index.html)
F  &Z5F (2003) @ FETASRF 2003, FHAEA RS, HOn
G @ RSEHATIT e (2001) @ HAELEADRIR 3R (2001 R0, FERIE AR RHES, B
H o HATEA - AlLEEA (2005) @ AN F < 25D T — 5 N — 2 8efii, RTAFEHR, No.203, p.57-80
>I<4<§§E§U\ (1996) : DAED A DI, 165 ORI OF 72281 CERL8 49 ), MWL & —
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7. EFIK  Feed Grain Rice

T H HAL ADT—=% 7= ¥ FIHTC - 5%
S Fh ity
AR kg/ha 350 | A
Hufiff M kg 334 | %, B
R HAEHA A XV, IERIEER Hi-S
A kg/ha 15| A
Hifill kg 1,575 | A
G4 A ALY, 70 AKH
A kg/ha 13|A
Hifill M /kg 2,096 | A
£ Fh R+ ALY, WoZnu— (FATZY)
AR L/ha 840.0 | A
A /L 17] A
§ i PR ALY, 7/ FEEL (TATZY))
# [ BEAE kg/ha 100.0 | A
PE | HUff I /kg 15| A
;%ji T AL
s | A L/ha 85,000.0 | A
Hififl /L 0|A XY, INHANAA~YATT v NTHERE LR
R R A ALY, HET) Y A%
AR kg/ha 10.0 | A
Huif 1 /kg 1,429 | A
ERECBIT D B Al
INPUT égkg L/ha 50 A
Hufif /L 5,010 | A
e mE (NYBR) (ALY, BRI N FT TS
AR L/ha 0.03
Hufff /L 3.814 | %
4R B (NUBE) A LD, MR Y 3 —7—#% DL
A= kg/ha 0.56 | A
Hififf 1 /kg 336 | ¥
£ Fn [
H# = L/ha 4825 | A
Hififi /L 112 |B
E2i) HY v
HE = L/ha 187.7 | A
Hififi /L 133 |B
EZT T
5“ HEE L/ha 20 A
Hififl /L 133|B&LY), AV ERLERR LT
2R &)
W= kWh/ha 304 | A
Hifill 1 /kWh 472 | B
ZF T {H
HE = L/ha 1250 | A
Hufif /L 77| B
I kg/ha 7,840.0
[ wt% 86.2 JFEE 19 4E BEHED) 5 ‘71‘)?{
4 CE&=x HE% 4381 | ST 19 4E EEIHEY) AT A
7 | N % 1.33 | SF% 19 4RI 5 fnﬂu
| P&EE HW% 0.36 | SR 19 4F EENGED) S HT i
B K & W% 0.29 | PRk 19 4E BENHEY) 53 AT i I
BB R AT TARA
eV W% 856 | %
Hififl M /kg 70 | %
2N (FFA L) |FEbS
Ih& kg/ha 101140 [ A
[ RS wt% 9L1 | PRk 19 4F BEIUHER) 737 s S
& 1€ wE HEM% 36.65 | T 19 4F B Y AT A%
EREICBITS 5 | N & % 0.76 | SR 19 4E EENHEY) 3 AT i S
OUTPUT W | P& % 0.05 | R 19 4E EEGHED) 5 ‘71‘)?{
K g % 021 | Vi 19 ¢ B [UHE o7 s
M= E L Ve TVI-A - A EVI-R
Vs W % 468 | %
HiAifi M /kg 23| %
R (FXA M) | bAaik
I kg/ha 4.2370
[ RS wt% 90,5 +ﬁ§z 19 4E BENUHEY) 3 AT i I
4 1€ R H2W1% 38.28 | T 19 4F B IAEY) AT A%
% N &% % 045 | Pz 19 4EEEIUED) 4 ‘Tfrf*
Y|P é.‘f‘% % 0.07 | SRk 19 4E FENUHED) AT i 5
WK & W% 159 | 1k 19 4 FE NG s ha
7 ﬁ@&ﬂ%@z %ﬁr EVI—R ASERI-R
WE e W % 468 | %
Al M /kg 0] x
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THH HAL ANTF—% 7= ¥ FIHTC - 5%
TEAG7 B EF [ FE A /ha 564.1 | A
s H ¥ H 164 | A
B IRGEA 19 /4 /ha 778,388 | ¥
T [/ 4F /ha 11,690 | A, B
R 2 I/ 4F /ha 0/A
e ik M/ 4F /ha 19273 | A
EB I/ 4F /ha 99,030 | A
EIFAEY A E D Z DG R 19 /4 /ha 15417 A
JL A L £ | T R OKAIR H / 4F /ha 35,780 | A
% R O I / 4F /ha 16,000 | A
R AN =t M /4 /ha - F—¥ %L
Yt M/ 4F /ha — F—=57% L
EEIES M/ 4F /ha - F—F %L
RAEEE [ /4 /ha - Ty %L
AR P [ / 4% /ha - T=57%L
SriEE M/ 4F /ha 914,410 | A, C

57— 431A%

A 12007 FERABRHER SR L D
B : BHOKEA KEEREMENT (2007¢) @ BEWMIES CER 18 4 12 A)

C @ BMOKREAREEEMETD (20071) @ REEEEBATFAATH 18 FEUREER (P19 4 8 A 10 HAK)

XATBI



WKER - MLFEA - PHEN  BREYE RS T — ¥ X — 2 D% b 53
8. VIV L Sorghum
JHH HAT ADT—% 7 — 5 BTG - %
- v iy
2 | HAE kg/ha 119|A
£ | Bl 1 kg 1,120 | A
% | B THAE
S L/ha 12,500.0 | A
U | HL /L 0|A XY, IWHNA A~ATT ¥ NTEREL2HLH
£ F5 R
o2 L/ha 2052 | A
Hufif ML 112|B
4 F5 ) v
i%&;ﬁ?% H = L/ha 59.7 | A
Hififi /L 133 | B
REZ AT
5:’; TH i L/ha 20(A
Hufff /L 133|BXY, AVY L ERUERL LT
R )]
THE kWh/ha 87| A
Hififi [ /kWh 47 |B
SR INA F A
ik e m’/ha 6.7|A
HAff M /m’ 0| IUHANA A~ AT hTHE
E2%i) VIVH A
&S kg/ha 97,4122 | A
[AUES wt% 253 | A
C&FE W % 4337 | A
4 N &% 5 % 0.55 | A
FEREIZ BT B i | P& W) % 0.13|C
OUTPUT WK &=F ¥ % 092 |C
W [zt gk ) W L)
BE =0 5 % 6.7 | %
R R4 A 2) ELI=A AR
XS BG ErE(2) W % 60.7 | %
Hififi 1 /kg 25 | %
JEAG7 B IREH] 5[] A /ha 1599 | A
s H H 172 | A
BB I / 4F /ha 2,396,642 | ¥
@m% [/ 4F- /ha 13330 |A kb, FETHEAR
I/ 4F /ha 0|A
M/ 4F /ha 0|A
ﬂ@mg M/ 4F /ha 21,950 | A
EIRNEW A D Z DD ENE M/ 4F /ha 0|A
FEERRENE R | A B ORI M / 4E /ha - F—%L
% (iR R R I/ 4 /ha - s
| B R OV AR E 1/ 4F /ha - Ty %L
Y M / 4F /ha - F—F %L
EEJERN M/ 4F /ha - F—=5 %L
Brg AT M/ 4F /ha - F—F %L
RS M/ 4F /ha - Ty %L
FrEE M/ 4F /ha 239,510 | A £ ) H&HA% 1,500 /B & 72
F47—-25Hx
A 2007 SEFRERIEERLER L D
B RMKEEAKEEEMEF (2007¢) @ EEWMIEE CER 18 412 A)
C:HPREA - HNLFEA (2005) @ KFE NS F Y ARG O T — & N— A%, FRTHHEHR, No.203, p.57-80
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9. 7 2% Rapeseed

JHH AL ADT—% 7 — 5 5 HIC - %
%4 F5 AL
A= t/ha 15.0 | %
Hifill /¢ 4,988 | A
i £ F & A FET
= | AR kg/ha 8.0|B
% B M kg 385 | B
. % | A LR AR
*%&;ﬂjé AT kg/ha 1,000.0 | 3
MR I /kg 79| C
& F SR PR (R
A= kg/ha 460.0 |
Hififf 1 /kg 39(C
REZ BRI
ﬂ ke L/ha 1115 | %
Hufif /L 12| C
E4y iy F &t (FHE)
&S kg/ha 3,000.0 | B
[AUES wt% 87.1| D
Cax W % - F—y %L
ERCBIS | [NAE % 205 | E
OUTPUT | PR 52 % 151 |E
’jij K &% %0 % 097 |E
ZEAGIT G 53 44 B tliliE
NEYrES W % 526 | ¥
Hufif M /kg 100 | B
HEAG7 (Y R R RN /ha 430 |F
okt H ¥ H 313 | F
BRI TE A M / 4 /ha 300,000 | B
Ta M / 4E /ha 3,040 | B, ¥
A} 2 [ / 4% /ha 32,940 | B, ¥
REIEHE I / 4E /ha 0| x
BB M / 4 /ha 30,000 | * EHEER QIZOM) Ldhosizd, BEBRLEALLE
EIRAEY A E D Z DO EE M/ 4F /ha - T8 %L
SRR T £ | SIS R OUKFIEE M / 4 /ha - F—57%L
7 | KRR O RS 1 / 4F /ha 116,880 |
| R R O E M / 4 /ha - T L
Y M/ 4F /ha - T8 %L
EEIER MM/ 4F /ha - F—F %L
R M/ 4F- /ha - T—5 %L
AR M / 4F /ha - F—5% L
SrE) e M / 4 /ha 63,184 | F, %
Fh7F—-425HxT

A %%ﬂ(ﬁ%‘kﬁﬁ)ﬁﬁf%ﬁ (2006b) © FEFERE AT 17 FREET (PR 1848 H 11 HAR)
B : HAREMGEAT BRI RS (2006) @ HEAT R SATIR S G R

C: ;Efffm\;ﬂékﬁ EEMAL (2007¢) © BEWMIEE P18 4 12 A)
D:

EHGED - REFATER (2006) @ 8 A &~ ABREVERE Y AT AORMZENE - oA B, B - AREEENR SRR A SRSt ia s —

LHFgEI A EHRE, No.6, p.31-53
E: BHmA (1996) : DA E D B OGN, o OMEWF RO 72288 (PR 84E9 ), EEMELY s —
F o PRI B A B SR AR (1999) © MR A4 FETREEEH, p.72-78
ARSI
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10. E~7 1 Sunflower Seed
JHH AL ADT =% 7 — 5 5 HIC - %
v AR
A= t/ha 300 | A
e | HLAM M/ 4,988
G T
V& AR kg/ha 6,552.0 | %
ERICBIT B § AT M /g 2
INPUT & | LR AR
A kg/ha 1,000.0 | 3%
HiAill M /kg 111
P 2R R
¥ HE = L/ha 137.1 | %
Hififi /L 133|C
SRR v~ ) FHE
I kg/ha 1,800.0 | A
[AUES Wt% 70.0 | D
C&F W % - T 7% L
ERCBIS | [NAE % - F AL
OUTPUT | P& W2 % - F—57% L
% ke 0% - F—r &L
ZEAGIT G55 44 B LG
NE DT ES ¥ % 50.0 | 3%
Hififi 1 /kg 280 | A
HEAG7 ) R i) A /ha 46.8 | A
s H ¥ H 132 | A
BBGEEIA 1 / 4 /ha 504,000 | A
T 1 [ / 4F- /ha 12,600 | A
JEELE 1 / 4E /ha 80,925 | A
AR M/ 4F /ha 0|A
JeEhE) ) 1 / 4E /ha 4537 | A
IR EY A E D Z DD ENE M/ 4F /ha 0|A
=5 3 A | e B R OKFI M / 4 /ha - F—5 7
% UL O M/ 4F /ha 156,000 | A
T [ tedi O AR R F1 /4 /ha - F— %L
e M/ 4F /ha - F—F %L
EEJER M/ 4F /ha - F—F %L
BEEE M/ 4F /ha - F—F %L
K REE T M/ 4F /ha - F—F %L
SrEE M/ 4F /ha 68,768 | A, X

57— 4231A%

A A R BC G R R (2000) ¢ bl A SE A A AR ES 2 hiL CERL 12 4E 12 A), p.64-65
(2006b) : RESEREE AT 17 KA ER (P18 4E 8 H 11 HAR)
(2007¢) : EEMMIEE CFRC 18 4F 12 )

B i RMOKEAREE
C @ BMKIEEE KR BB

B

D b b R SRR (1986) ¢ UMb ) ORRIESE

REN e i
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11. K& Soybean

JHH HAT ANTF—% 7 — 5 BTG - %
2R ERERE (F1AEK)
PN kg/ha 1,000.0 | A
Hufilf 1 /kg 17|B
£ AL A LY, KREAbHEL
[N kg/ha 400.0 | A
Hifif M /kg 79| B
w | 2R BRI ALy, RX¥L— | TRHF
E FEAE kg/ha 0.15| A
% AL M kg 2374 B
% | &t ¥
M| A= kg/ha 50.0 | A
RRERT 1 /kg 484 | C
s zj’ra Bt ALYy, 2V T7F—5LH
I A L/ha 8.0|A
HiAilf M /kg 2,858 | B
S R ALY, ZAIFFAAF, by TT VKA
A= L/ha 60|A LY, 2fHOBEEDGEE
Hififf 1 /kg 2,596 | B
£ w7
ek 6 L/ha 374 A
HAff /L 112| B
BEZS I v
f;: HE = L/ha 457 A
Hififl /L 77| B
£ &)
HE = kWh/ha 8.0| A
Hififf [} /kWh 47|B
2 K (F5%)
6 kg/ha 1,710.0 | C
LAUES wt% 87.5|D
C & 5 % 4940 | E
HEREIZBIT S % N &= W) % 744 |E
OUTPUT | P &R w2 % 0.64 | F
%& K &3 5 % 179 | F
B R 4 AR
WE Ve 5 % 194 | %
Hifif 1 /kg 238 | C
HEAG7 B IR H] A /ha 89.3 | A
s H H 135| A
BB I / 4F /ha 406,980 | C
@ﬁﬁ? M/ 4F /ha 24200 | C
I / 4F /ha 36,850 | C
M / 4 /ha 34,560 | C
L*@Jmé I / 4F /ha 15,660 | C
IR A BE D Z DD ENE M/ 4F /ha 1,360 | C
PR B | e B ORI I / 4E /ha 19,360 | C
b (SRR RO H S M1/ 4 /ha 101,380 | C
M| PR R OV AR AR I / 4E /ha 9,530 | C
etk [ / 4% /ha 8,950 | C
EEJER [ / 4 /ha 10,300 | C
B EE [ / 4 /ha 56,560 | C
HEREE 1 / 4E /ha 1,770 | C
57 [ / 4F /ha 131217 | A, C

Fh7F—425Hx

CEMOKEHAT BRI S (1996g) @ FEMEMOMEERRICB I 2 T AV F—HHEHM (P 843 H), p.63-67
DRMOKEES RELEBEMENES (2007¢) : m%%ﬂﬂuﬁ (ER:184E 12 A)

D REMOKEAKEE BT (2007) @ R TR 18 FERTAEE CFK 1948 A 10 HAEK)

CEFINFET (2003) ¢ HETESET 2 2003, - RAERFMRGE, H O

CHRAEA - ILEEA (2005) 1 BN F Y ARG O T — 5 N— 2%, RLUHEHR, No.203, p.57-80

SRR (1996) 1 bSE O RIEM OIS, 5 OREOFR B O 72 2 8m CFR8 49 A), R¥EMEL 5 —
ARSI
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DHE O EIEKFIER L, FOMBTH L i
BRPOREMBOMBETH b EEEF T, EBWICH
SN BRI L > CTEH SN TE (AR,
2003). L22L, @BAL - Bft - IRELSE 0TI
IEERBEOITIC LY, BEERARR BN G D HE
Y pdr - EHAREEE 2> TETWD (BHKES,
20052) 0 F D720, BRI N T TEESENEHL T
7oEMEAOKmKBEELY, BEET TR HEER
ELEOLFAAES 5 2 L RIS A B
K- BB AT ExR ] A BIE L7, T LT, AR
D 2011 FHEFE TR ZIT)I S L & LTWA, L
ML, B ERETHHLI DS, TOMROERN S
JUIR & BRI TR OM AL STwb (B
IRELUF, 2008a).

—7, EAMCHZRNT S &, HRADORK 8 H % 5o
%R LEOBERFIMREIE, IhE TEICBFIC
Lo TEHBEINTE L, L2L, 20 L) RJf T,
REICEDBFLBERHIEICL - T, RPEERKES
2 & B EEPERN R OMT & ik O B 2 B FAE L7,
FD720, bHPEEECEELSE, SH5ETHDER
PN 2 L L, ORI K O BB A L IS HERE
HEIZEINT 5 [ZMAIKEHE (Participatory Irrigation
Management, PIM) | OEH % L T 5 CAH - 1k
i, 2003), 73, HEFERAT (World Bank, 2008) 12X

W R il
SERY 20 4F 10 H 29 H 23
F—— N EEKRINGERE, B, RN, BEENE 71—

RPATR/ =

K

2 BT T 27 R e 62
W ﬂﬁﬁ?ﬁf?&@ﬁf g%jﬂﬁ] .................................... 63
1 BUEREOBIEDOMA B RE LM e 63
2 7A=Y 7 OB SR B RESEME - 64
AR D BIZE I 72 RET B oo 65
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SUIMMIATY -+ +eeeeseeescistse sttt 7

X, PIM & [HEREHKFIHEDRKEBIZBITA2H 50
LNV, HOWLHETICEDLLZ R W), ] LEh
HoWwHHMEE I, HEOEHOARL S TR OIE,
BT, MTEEZELEENL, LAL, IT|LAHXT
EEBREFGRROSND—FT, I L7z ERAFHEEEC
I AEE D TIER T HRBMETHEBLAZEMNORSN S
(JICA, 2006) . ZOME % FEOME 2SR5 &, X
FET 1212 RO RIS X B TRk D AR L Tw»
WIS, HIBEEEOBIE DS OFEM & MRS R
IZHED (xS, BN L oMo/l e EZD
Nb, 22C, HBUEEMEE, TROKTHICBIT2
FREOELEOFRNMEE VS (OECD, 2002),

COXHICEN - BB WT, [ U HARE B
WS, EZEB SN\ AR RO L ORI K S O 3
KRR % LM CEBT A 2 L 2 BT Ak (LT
[EFREHEIEEE] E\vH.) ZREL TS (Figl,
Fig2), 7, ZofEwix, BN - E/HIB TRl &
WO R CHBEOREEZAELTWA, LML, MEOMT
FHITFECFMEREF AL L) VO BIE RO NA
Vi

—MIS, FEEZRRN - BRICFERT 5720121,
ZTRED=—XG L72HELRTH) LIz, Lok
)RR E BT IO EFML, HoN728E - /HE%
SHBOFEOYUFIIMET TV ZEDPEETHL L
VD ILT A 2 (T 77 ARG i ] - R o S B A 2 L —
7', 2004)

Z2C, RFEEHIZIEFEEZ RN - RIS ERT
A7z, MoFEETORMBERIITEE Vo R E
MEZGHATELZ DS, TTIIHEMTHENER
BT 2EMEsEFTLIENEETH L, T2, BEK
AR OE I, ZIUCET 5 AN B EHEDEAR
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Fig.l feb - K - BSR4 LR SRIC X AR D E 11T
(Efiftuls A &0 &, IIER)

Dredging canal by the Measures to Conserve and Improve Land,
Water and Environment
(Takadama Chiiki Midori Kai in Yamagata)

WL SNL E L DI, ZREAHOFEIE W) FEi
WEAET D (FEE - KN, 2005) 225, T1aTH
WY 2 BEKAGER OB EA IR LR ORI -
AR E R TD, KK OB R L EAMEARIZ 3%
LT EEBENICNEETH D, 2070, LD
BIRPTELZITRFRT S L )12, FHIOFRES
N7-BVEREICHET 2860 - #5 %, EiPoFED
YR FMEFREOFTELRE, IR IFEIIT 1 —F
Ny I THIENEETH D,

INFETEMNIZBWT, RERFIMERD &9 % Hillig
BOILFEEILIZE S 2 BER O KRR, TR LY
TETMEEN TS (B, 2007), F72, FFENHE
Bl 2 % G, FERRAMN B & 2 BEHKEOMER
BEUEENOBMITEN B A 5- 2 B - WA
HOENZENTWD (BIFS, 200600 —77, PIM O%)
RIEEBBEROGH & EBEORED, BHEOWEE
I 0FTbhTws (B IXEES, 2007, £72, PIM
EGBMAET 70— F OEERFWICERILT S
HERATR SN TS (ERE )84T B 26 S it 78T,
2003), LA L, WIh b BISEEMEOFMICHER L7
HDOTIE R\,

INLORATIHFEDOE R T 2, KTz, #HY%
SR & FEMRE R D 7 4 — BNy 210F, RO X
DEWHEERFRMROVEIE IO Z L, LEE
PIARHEO A BREFEMTFEOUE HIR A R 2
CEERHMET D, BRI, M0 ICERA DR T
GHEOEMRNE X CFEMTFE OB & ki 2 %
Y2, 20 1T, BVEERMEOFMOE—ERIZZD
BHEAVOHUETHY), TOFEIHRETHL I LHh
5, WENAVEEMEB L7 14— FNy 7 0SS
M2 B _REEMEEBET L, BRI D EHTEEE S W
BIEEOBFEF I E RS,

Fig2 PIM#EBLZ 3% T 5 HAOHAM I 70y =7 M2k s
KEEDPE VT OKEHE Y 27 2 RALETE, & 1 &)
Dredging canal by the PIM project assisted by Japan
(The Modernization of Water Management System Project in Thailand)

I HEEEZEFERORMERR

1 KRMLEE
a HAEA

DHBEO EIERKRR EIFEKFIEZ L, 1949 F0 T H#
SRR, T RIX & EEESLETEET S
TEEERELCEL, ZORFETHoTWL TR
XiL, B, #EETH L EROFERIL - MAOEOHE
FEBRIEEOZAC LY, ZoEMEKFI2NEI L L >0 H
bo COL)BIRNEHFE 2, BHEAFISERR OEHEIZE
5 EORF L, B35 EOEBEEMHEEOHL LA
HDE LT HROBIERR - AR CRELTEL (£
- RN, 2005)

2008 FEFELFIBF I BT D, BEAAMHROEHZ
EASSiET A % Table 1 IR $, & 2O,
PerE, MERREREL MR - WEEHL T L, ZOFT, B
FEHRED TH 72\ A R L R KIS o 23K
FiRik % LM CERT 2 5E 14T 5 01%, Ol
IR E R LI ARMN EOEFRHESINE I L 5 LFTGH
TEE), @EHL - K - BB A XR OB IS X %
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9 5—HOERAM] EHESNENTHS (EHK
P, 2008a)o

F2T, AHTIE, HEREMIZBIT A RFEN R LFEE
HIHmFEEL LT, "AREAMS KT, 2o, T2
a CHRIET A XIS, IO - B - ARG



AT © RESEKFI MR O 3L R B OO 3% 3 2 BHlR R O B 5 J510) 59
Table 1 SESERFINERR DOE 4 E AT 2 Misk O
Outline of the government policy for supporting operation and maintenance of irrigation/drainage facilities in Japan
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MR LS RFEF RG22 &

SEE RS, HREAT I R E Ak

HREA R T I R RS S, REFIRE
Hus itk
EFRIIIEE ST B MR T & LROMIZ,

1)
2)
#3)
i 4)
7 5)
i 6)
7)
7 8)

2 EIMER L7,

BT THD SN TV B REKBEOEHEIZHT 5 FE
HRiSETH B S, B - K - BREEEN EAEY
WHRET D,
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TR 2 BTG 2 B b TEGT 5, EIZ,
HOERFE 20 L C, IHEhALRE A S IR & s EREkiR
RIERNFHN AT (FHIE L CEEER) L &b
2, B ORFE AT 57 v — MRAE (RATE
Lxt A O 4R & RAED 2 1) 12X D, HEREDR
DB RSO L LT, SHICEAKMART
FoOWEE RO L, ZOB, BBl EWHEOWRE, F
MG R DOIGEREND 7 4 — KNy Z I ET 5,

W 2 B e & 21T 2007 4E 3 HICHiAT S ok
XHROEMEMIZIL, RN EOMEOFFMEEIT) 720
ECHESFRRMARET L 2 L%, HEIEAOTGH O
fifi%E %247 ) 72 OMBERIRI B =R 25 ET 5 2 &8
HES NI,

ENZREE SN2 - K - BRERem b RE=E%
H4xid, 20084E3 HIC55 1 MIBBS % M L 72, FFMl
WZOWTIE, V=% - FYEF LA 1 DOIREIZ %
LZOTE VW rEOBRSLEN, Bir#EDLIL L
o7z (BFIRELR, 2008c). 7%k, [4E7 HIZHMES
N7-% 2 MIZEBSTIE, FROFERKINE T 2 B
HEMMTDO NI,

LREPAMZ Y, 2006 SEEEIC, EAIREE S BEEE
AT 72 HARK L AR A FE AT 25 3R 54l 0k o #edd & 47
V, IR EIREATFTEICHY Y 2N E0E 2 %
RL7: (Table3), HbET, V—rv-FxEF )L
OB S BT IS O—RELT, T — b
BROVEN 21T o 72 (HAKEHRAEWIZERT, 2007a)0

b kiEE

PEATIRELE X, 2011 4E B ORGSR AR (1, SEO
BRI T 27— 7 2 8E - ST 5 & 8012,
XEROERNY - IR 28R & BB T 5 FE 2 a4 %
728, 2008 AEFED S FHIEE [ - K - BEEEIR AR
TXSROFHM B 2 A A TRt R WA L - (R
RIS, 2007b)

2008 AEFEIX, ®ROBW, EEHINE, ERERET—
FENS, FHMBORE, FHEHE, RS BT 5
ZLELTWwD (BRI, 2008c).

F72, bida Tili_7z M - K - BRIER AN ERR
Z=EFERIL, CORAFHRTHER I NEEER %
b LIz, Atk 2011 EFE T CICHMAAE LR E0E2 ~3
BIFEEEBRfE L, ORXEOSROFHEF L OMET, @FF
filidl B DAREE, @FFMRS % B T 2 7 R sk o) R0 5%
HICOWTOPERTITILEL TS (ENIEREE,
2008d) o



62

R TR 56 209 5 (2009)

Table3 f2ith - 7K - BURMRAIN EXSROFMIRE L BEAFTEO—F

Ideas of the evaluation indicators and the means of verification of the measures to conserve and improve land, water and environment
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Table4 PDM& ZDHDIFEDH
Example of PDM and Objectively Verifiable Indicators
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fiztzd AFFE PAS:IF SR
I AEL
X WO EEOR K koA EES A UL | SR REBCRDHERF S NS
Juy s N HE
X BN O Y MK A2 BV 2 | 52 30 RS AY B N\ 7 | S Ve DTS 35T L 7%
RO Mk 5 — Pk W
BE (T Ty b)
L AKRFIFE A & B ECOKETH | 1. GHEE & SERMEOEDS | 1. B S B ik FEENT X o THEREATER
DFIE - FAT CW%ET WEEZ T v

2. IKFIE BN AHS D% L

2. KFIHLE DFLER

Tt 75 D5 L £
G [N ERAUKFIHLE 2 E0 7
1-1. RFFHE DAL H 2 AH T
1-2. BEAKETH 3 5E DWHE FEHIE MK A H—8— |
At Y - hiax
2-1. FiFE BARET DVERL RCISEIN LIS ¢ [Fllkr S
2-2. kA1 OWHE RESZMT 5

) EBRFHIEESFHEERE (2007) 2 b LITPRK

W5 (EIRE 156, 2008) o

O PDM OIERICE LT, BErS57uy s MH
B B ERRICE 2 FARBRR H 4R 2 IR T 5
ok, EHR R L RIS T 5 M) RS RET S
& HEEEBRE LBERORBE LT L2 &0

@S - HINTH L Tid, HEZEREDS 5123
AR L, RS TIIRELTREAEH TR S
Tk, T HINIBWTIHEMEMLET
OFE R & ATEICE W TEAN RTE TR T 5
Z ek,

QIFED AT TEICE L Tid, PDM IZREE I hTw
5FETEATRRGEIIRBEFEIC L - TEHRE
AFTHEIIBDLI L, FHiOREBMLED 5
72OV AEHRIEE DO RHFHZ L $5H T &,

F 72, 2008 4E 10 H 12 JBIC @ MEZKEBF A5 JICA & #%
Gan, Hi o, MESREE BEESH IO 320
BHMTFEE —CICERT 2 EEESEE L. 20
720, FHIICOWTHERISHTET A7) 74
TR L, 3 o0RTFFEOREIZEE LoD,
SR LTEAMNDY), POMHESRLREETEE
FER 7 SEMAARH], BEMGHIEE ORESE Z HiE L CHRET 5D
LTS (EBEHIIEAT, 2008),

V FHiEERORFESE

FHIO BT A TH B 25, EBEMIZ S B BEMELS

EWIBEORFE R 2 e 2 8mr s, hoSE S R

34 OECD OEFEx A b L, [HEFEKT, &40
T L7 ayer s, 7ursh, BEBLUZD
FTH, FEH, K5 ROV T ORI OB 2 A ] (O
BESH) L&NnTwb (OECD, 2002),

T/, FMEICBITAIBEDERIE, [EMFITEWY
GEFRILEEHEOIETHY), ZHILkoTSA V¥ —
NRyvay (FF—BIUOEFF—DBXEEITH 20DD
TE) OFEEELRBET S0, THRIZE - TEULE
L BRT 5720, FIHEMREOEERELEET S
FTF L L5700 BPOBETE L FEN L6 S
na| WBEESTR) L8hTwb (OECD, 2002),

E B 2 SR iR 2 E IO BHTE 5 2 &5,
A TIEINSIZHED -

1 BIAIREMOBSEISHADINEEM

a BIREMOESDAEL
LREMLEFED D BHEMH 70y =7 T3,
2 a fMiFFEOBIRTHRN/EBY), FHL 5 HEHO—
DL LTCHYBEEOBIE A OFMT 52 LAk L
LoTWh,

=7, O ERLIRE L MET T O 2 - K - BREER
& FxE T, SROFHMELZIT) -OEIEE S
REZFRBEOHE 1 HEFEEOPRT, [THHMRKO K
KOMIEL, MR LW TIEE DTG T 5 EDE
LICONTY AL TLCB I L] L) BRI S
N7 (BAHREE, 2008c). F 72, BATIREEIE, A7 v
TT oy THBEING, HEHERO R E IR FIE B



64 R TP 56 209 5 (2009)

MERe B TE BN SEfE RT3 2 8o g (REHR O
i) &, HEAARIC X 2 ARG RRE O £ LD %[
XRIEAL, INOHHFEMiTL2I &L LTS (B
IREL, 2007a) .

— RIS, BMOKERA DT O BORFNIE, w2, #h=E
P BREOBLE % P, SEE UTAEM, Bk
OB EDSEIEIT) 2 & 2HEARL LT, BOEORE,
SIS U e Bla 2 IR 52 L & LT
B (EMOKFES, 2008c)o Lol jHh- /K - BEhsfis
| Ex L, EREIE S EMEED SN, o, [F
B HUIRIZERE L, FiYICRE L T 20 DIFUUK
ELCOEEIERIES | (BHIRER, 20072) & EhTw
B ENS, ERPENICEIERE GhHEOERE)
OB MK L TRz CFHME L, FRMRSHR I
DV CEBHIH T RO ZOZEL - N & HIWT5
BHWGED DB,

b BIXEEMORRICHIIEMERCEAEER
Dot & FEEL

HVREBEEOEIESNEZHET 272012, [HFHS
MEE] VO REARELLGEEHET 5.

— I, SCREBAMBEE R OSINE L D) TR O 03
MEBEL T IUL, A2 ZT ARGl A R ) S
BOLFRT A RAARDD L EHBISNE, UL, F1
ZIEBI DY) — 5 =D A Y N— DR HRIZIAA TV
N, AVN=DLTEEABONLMZTIEIHMAIL L) & &
2720 L7 RER SN BN D LN\ Z DA,
TIRHET RGBS 3 % FOAA TR,

CHZ ks, BHUREMEORBEEASVZNET L
121, EEMICIBETX2HE BTS2 L 12Nz
ZOHRHDHI L TV LHEE, Sz UL H SR
ORI T 2 ERER & HEERNZ 5T 5 2 &A%
BTHbo

ERRER & EEROSHE, HISEEE S 5 2 &2
LEMXTIT) ZENLEF L, LL, FWICLER
BANT — & OWEES ORI ) \ER AP, To9%
GHNTREN %A L 7 5FIE ORI RE S B % B 28D
Mo, TRTOMXTEL FHOIKEDER G %179
CLIIFEHENTH L,

22T, BRICEYEREOBIE D OO T T
L AL FEE R EOFNFHRE S &1, HIEEED
FEBUIRHT 2 EHBER & EERE 5L, 550708
RIZEDOWTIRIEZ BT L2 EEZ 5NL, 2T,
[FHIEIE DML 2%, T4bb [EROMRE] &40,
F 72, BRGHOFHGE O ) 1 Sl
BB EVHIHBNPLTH D,

COIRE AT IUE, Mo X T EHEICE T 5%
AR 70 Sk & ARBRIZ T T, — KB RGOS HELS
Teho F77, BELENHIHRE R L TREKE
SR HFETEET LI LEAFET S, L) ilEsd

BT lhs, —RIIERE SR EECHEA T 21
HEMED D 56

LB, FNOMRE T HHEPILELT 512 &40
s, BEICEYR % HIRE RO 3 720 0504
HWRIIEBONL 2D (IFHE, 2003) Z&nn, ZRSG
MO RITEFEREORB L2 -7 X & 55 2 L0
F Ly

c ERSHAOFARIREM

EREb o NEHZMEH] L) EFEoTD [1EH) ]
L) HERIE, KBS OMERFE PR B IR, ALRGE =45,
SESERTEHE LI LK TH S,

DX %, EOPOHREHEMIIRTIHEL, {5
RO Z S LEHIIZ M ) BAHZ B (T A E80H
bo —77, ZTORBEEMET M~ OBLG G HE LR
REET D EVH) AL LAVEY L, BIROBIZR
T AHEBER & HEEROHIHE 2 2 L3 L W
EV)REND %o

2 TA4—=KNyIDEBREDPSHADINEEY
a BiARERMOERMMEROT 1 — KNy 7

el - K - BRI LR TR, 1 afMiiFEoB
KT X912, [FHlif R OTHERAFEAND 7 4 — PNy
JIHRHCRBET L] L ENTWD (BFHREER, 20072).

STV T4 — BNy 2%, OFHTT S Bk
BIEDOEEO%ZM: - AR EBO 5720, BRE IS
L CEMARMRIRE - ESRUEHRELZITH) 2L 2HNE
TAGA L, Qi SEEMED S35 &
ENZHY 2 J5 & A A IG BN O G E) O 2 M & 25
CLEHMETAGEO 2 EHS L, TN T, FH
X R T P DHT 72 70 THRHER DR OHESE I % 15560 5 72
DITED T EhS, FORKOMEC, FRMAEE, 4
WCHYBEREEOERSHOMRE 74— KNy 7§54
L/ S

X512, V1 bEMEEMEORBICT 5 EEEN &
FHEZ ] O & R L Tt _7- £ 912, BV BRI
M4 2 ERZIBENT L LT, 2OBRERESN
LI RTOHMX CT—EREDERGH AT REIC 2 5 T &
o, FEZMBEAVEREORMER & HEZER %
MBZEMTEDLL)IIR D, FOKE, FHESINED
BRI 2 Ll S, Il - /50
T A= BNy 7T AL Z LD %N 5,

b EiE, BiMEiE- E5ECBEREOBR
EWNN A DT, BRI EIFIINSETT LD
WINZE B REBRRP A, BREBX T [BHoHX L
ARG E L 5o BARIIMESEICTIUER VO
PEHPLRG] EWIBERPS, LTLLEH IR
HEIDHE N B FATT B HIX DRSS X
WY S TwIUE, 2o k) REFidE s R w



RATEN © RESERFIERR O3 R BLO SR 3§ 2 FRTREE O B FE 7 1H) 65

ZEMS, TOERNO—DE LT, FBATHEORERRM
RELEDEICT 4 — FNy 7235080 BIEAEY)
WY HbN T RWnWI EREZ SN,

0o, BVNREEOBERGIOMEE 74— F
Ny 7T AHBICE, BEBXOFESINEDHERIZON
THBFRREZERTE AL 0D, L xDOERE LN
RLILEHBL, 2OoERMEOMBRLEDT (A F—
)—=WEFLET) 74— ¥Ry 2T L0ENH L,
%, NV1bHIBEEORIHIIHT2EHBER & HE
BHOGH L AL TR WEL S S0z UL, b
MY R T WIFE A IREM T OB &0 THET 5 LE
5o

b R TWIREIC O W TGN 5 720, LFEEHETE
EHRFEOBED, [HISOBRZEZR 2T T  ldd RS
DLW AT, KEOMY) R EREZITH ] L3NTnD
BExMEET 5. KO 2EHYITH | v Bl
REWET 254G, KOOSR, FA), HHIEEO%EO
TR L E RIS GEHE 2 e L L, FEhiL721H
B HEE % 8 2 7235 A @) E HIWr§ 2 E 2 0%
bo —7, [HERR TRDHERRIC X 1) KB /K B A3 %
A L7z 8 ) ISR, KR OIEB T O % B 5 1
BT £ TCOHE] SoBEENDDBMAKN 2 TR L ke
LCHIT2Z2bd %,

T4 = KRNy 7 OBIEPSIE, BREBEETIIE L D00,
BHEOIEO S DS HEEN - BN THL D, Kik
AEYNEH I N TV 0EDLII OV TEESINIE AL
MR T LR d e

T/, IBEMEORE V) S2s, [TRESINE],
EBOEBHEAL], [FiLAVR ANy FOHE] &
WO TRIENRE SN TV L HETET 5, B [E
BEMEH] Lo EEoBEMEEERL LD L LT,
WEID ) — 7 =34 Y N— DRl R AA TSI %2
L7236, AV N=DREEL, TOH%RDOH - IGEEHE
DBHIEIZIERH ISR o720, FELAWVIIRR o7z
DT 5ZEDPHESNL, TOME, [EBIOEEH
B, TRELAEVRA Ny PO v 5o il
DEFNTHHEIZ 2 %0

DX, BAHIREDER & B I EE S & TTH
ToE, BIOREDER I EXETERSEZ T3 6
W s b, FHESMEILBEHLELTES
91, BEERETABIIIHLZOMBLHRT 20
EhH 5D

3 FHMEEIZEDREICE T 45T E6)

i h 7o ooz Mg, FEHITFESE L LERD &
KENTW5E, T/ HEORENSFHEICES E T,
HFE & OERFHNZERE LTW5,

FIT, PEANRHROSHICELT, £HaEICH
FWRER S BOTREA WS - H L C& 728l 7o
T VEEHE LT, BICHVERBEE T — RNy

7 DB S FEBRIHEDONTW A IREOREZ I 5 A2
T2, &512, Eito 1 HIEEMEOBED S A
LHREEM) T2 74 —FRNy 20BEI LMD
&M WA TH I IRE R BT %,

C OMETRERE, BVIEREE 71— PNy 7 OB
PFEE ) Il ESER DI A R L T
KRS 2 R FCHERES S 2 L 2 FHET 5 & v ) dhl
HO2o0MENH DT LD, B - K - BRIERSE
1) b S o Al o 2 [ B S B 2 ORI oM 12
BWTHHEHATE %,

a HFE

[ETHRRIEBY, AT, LFAEHERESE
(EW - B BWT, RBEFEIHIHB AT L
TR O RERFMERZ LR TERT L2 L2
B9 D) O I EREFEMTFEOUE IR L G5
LHZERHHE LTS, TOHWMIZAESZ L7 0V 2
7 MSEREMM O R L% ST L, Table 2 [Z7R L
7177y b0 L, OKEROFRGEMLE RS
BREMEPARLELPOT VT A— Y #IETEN
ENTwD B iE, JREEMEVPHEARL IR LD T 7
VA LHFEKRTHY, BESZEIILZLRWT E0LE
), @QBRIZHT 2 PIMERTESLPDM O 70 Y o
7 N BESREREICHTZ SR TWwE &Y i, BFRE®
AT EIHETH DD ZEII R 6T E LR
), LI 2005 MRz T 8 T UYL s FER
L35,

Table 5|2, R 70227 FOPDM 2 HIREM L2,
IR B Tuy s b EE BRERENENLOEE (PIM
FH IR EER L 2 Wi, B ERE - MRk
WHEERE I T 2B ROBELEL) 2777, PDM
ICREIR S N IRIZIE—2 L O TR EINTWE T &
Mo, BIREAZH L CEBIL 72,

i - BEH L CIEEONSE e R L2 A, [1ENTEE]
& OMEREER], THEER] & TIE] &, NEPEUO D
DORFIXGT S I ENRTE, &5, [ERTHE- =
EAER - NE] L, JOREAMETHD [HEIC
M3 LTS TAIEDNTE, ML LI,
DIRIE L KODPDOMEIIT L DL LN TEL, 2
T, BE—2TOL D A GNICET 250D % b
LB, IBESKROMBIY B L, AR R TL
B EMS, EoBRMO RIS [HERLXS], Bk
WS TR, THEED [5tk], [KREE] [Zoft],
TEIZX D FEM R X a2tk L, EEMLX S L7z,

(1) BaXEREMICET3EEORE

BERMNEMMR Y L [Hilr), S8EHY 20
Mme LCo [HfGESE ] ZoMBESIcfE) [HEl
D) HE—D2TOHORITD L, WHMICER LTI &
BTERv, TOXHIT, iy, MkEE, MBUIHEMR
MR DB RANBR L E 2 TH D Z & 7525, Table
5 OEEOIREE Z NS OHED ST %,



66

AT T2

Table 5 PIMEBIIRICHT 2HMH N 700 27 bOELIE (573 E A520024E 8 DL 12
Major objectively verifiable indicators of JICA technical cooperation projects for PIM after 2002JFY

FriERk %209 &

(2009)

B L EEMN)

=) RN GO

i

B L 7o TREE
(A AL HAE O FEE,
Q@i 7 s b BEOE
ZNLIHIBROTREE)

R

i

7K

k
H

bL

N

Jm

1t
ikl

it

+#

[

- o

M

B | K

Z

i
¥

s

=]

b

LA - B

25 (m) o
BES )T

Fay

A

i

7K
il
#
#
14

=+

No.1
Ph1996

AKOAER, BEFEER

@ EE I 2 31) 2 PG HLL
ARMEEDCIT 2 RE0mEE
IRF BB

IRFIHLEG DM

O

No.2
Th1999

Y RLIR & M7 RETIRE
AR

R 2T A
@I O R
W snkREs GiE) %
B & ARG 6B 2 1 ) L C it
12365 5 BURFA R & Bl
RIS IED 3 MR R B - Y 2 AHA

No.3
In2004

o (HAETRIL) FREROTY MA % MRS HALGE A
@I PR AR O A E A TR ) &

QKA GIRILIESH R DOIE

KRAHE MGR) oRAmEE

IKFVEBIER OB &

ML O F R 2 KRR X 2 KL A E

HAEDERT 2 KR IE R

MEREDIER AT ¥ 2 — Wi

LA iVINHOY) 65y

e

0o 7 RS &

No.4
Ti2005

AR, FEOBED MK T

QKD EFEE

EERECHES CROICARS
IR A B 23] 72

A DEEHENIB I B
HAEOTHE L DA RRIZHIR
FERDHEISI Y R FA] 1) EOHLE OB 2SN

No.5
Vi2005

OMEAFER R OB, BERERA - LR ORI
O e DV R DYl &
@Y D HIL DYl &

@EMHI AR v 7 ORI H O A E A
?ﬁﬁk%%%?%?%%??m;é;%léﬁ&"
PIM % %P L 7-WHE 2% A Bl o8&

PIM (22 L 72 2l H R ) — 5 — Do A EK
JKBES3 5 D FAT

P~ =2 7 VOFAT

TRk OMERE - WEH A ¥ 54 » DFAT

B & RS & 0 OKEBLD) FEEVOBORKIE




RATE © RESERFIERR O3 R BLO SR 3§ 2 FRTEEE O B 5E 77 1)

(Table5 HiX)
Table 5 continued

67

(FR0) X7\ U ON

PR L 7R
(AIF B HIBEOTRE,
@i 7m Y=y HEOHRE,
FNLIHIH RO TREE)

I

oL
~
i

B

1§
F

ity

+
fein

G

-

A
=

M

U

il

| W

i

3

Ml - W BCE R

S (m) o

FES )W
3=

il
/I_}
Bl
Bl
il

TE

K
#
#
%
X

il

oo N B m X

il

il

No.6

Ca2006

AFERETRE, RO, REOLE

@NHE B % 3E R L 728l o &G

OIS EE Y A7 AL L 7= Filig o#l &

@ (ERIZLD) MM ZAE AR L 72 KK R IE R
@ L 7z/KEH A Bl L 72 IR L

FALY, LA BT, STEEEOKEBED G

O

No.7

Sr2007

DRI, JRSEAENE

@— DI ED R

QLR OIS - WK T 2R oBg iz
@ L ALE O REIFHM OBy fn=s

@ IE T F/NA ) —ZH S ORGER Z Fil fi

BRALE ORLE H N

43;

- BHISENOME BSIMEO RN
BRI AN O EEL

R L 728l - T & 2Bk L oM el R &
HEDHEMA 7 ¥ 22— VEAER - FIH

AEDHEMEA 7 ¥ 2 — WD i) 2 K & F it

No.8

Ph2007

AR % DS L 72 R B L 7ARRIHL A B
@ {78 E L 72455

@ EITAE ORI & TR DAY - 7245
@KL ZBS oM E B ol EEAAL L L 72 &%
Bt - EROBOIET SAGOMNE
AL (BR) MR s EAEM L L OME ORI
Bl - EHAO MERAEEGRDEOMAE OHIN
IERBFF S N A ORI

JKELSTFH VR R & 8 5F LT 2 ME oM
BUtF - MAE M CEE S KB A VR R
B - ALER O OKALSY) PO I
RBCOTRIE, VA B HEE AN O E D 5 D HIE =

E25) 27 LAR— N ORIMHIR A 5 L 2B

) #£70Y 27 hOPDM % b &R



68 R TR 56 209 5 (2009)

Feafric B3 2 38, BefE, MERFERL, KEH PIM
WAL e hzdb o 7ud =7 b4 Nod k<
TO0O7TUT L FTREEN TV,

MMGEE 1B 2 9RIEE, A (B) oft (o
7 N4 No.2, 7,8 MLFRIBRICERD), 64 ~DHE (No.1,
3,7,8), AR (Nod), MAHANE (Nod) 125
B SN bOPFRESNTVDEA, 2200701
Yz 7 b (No5,6) TIERRESIN TV,

WBUC BT 2, ARFIEBIEE (No., 3) (ZHHA!
EXEN7-d D&, ZOMIZEHE LXK 5 7z [AF]
A OEIRIHEYNC RIS - SEMEE] (No.1), 4
EOFEEPEARRICHAR] (Nod) FERESNLTW
505, 50070y s b (No2,5,6,7,8) TIHRES
TNy,

F 7o, JATHIZRIC K AuE, KEEER O RN 7 B
FEHT L7010, HES OEAE, BRAOHHA
B, BRREOSFHOFEHENLETHL L SINTWY
5 (fEE - fEHE, 2006), = OEiLA S Table 5 DR -
B BCS B AL 5 SN0 2 Bn & EE, 3
HES, AFHICET2EE, [HEeaoFE LIS
BRICHR] (Nod) L7721 20DATH S,

SO LI, BUEIZ A REEOBLE, FRIHRRE
M BB B IR A 7 s

(2) HBEHEOBRICET 2Ea0%M

Table 4 ® PDM & ZDOH OIBEDOFI DSBS 27 £ 5
|2, PDM (ZIXIBAEAH B O BIFRIC B3 4 BRI E AL
STV,

WREMTLOMBRERETT 5720, F1A21E Table 5 D7
0 x27 M4 No3 DEDOIRED S &, KEBIZHER
LIX S 7z [KRIBEBIEOMNEEG] L) EEs
WY FiFs, COREOBEMELERL L) ELT, K
FHEOEE, b LI, Z#NEEET2BUFRE»#
%58 T L7236, MEEIEINET LI RS, Z0%Kk
DA DOEZERKBEOMFFEIEEICSM L 2 B b2
EDRE SN D, ZTORE, [KFHAE B ORI,
[FAMEHT ZKBEIER] L) HloiRED BIEMEO
FERIIHREEIC R S

COEHI, FMEHEOBBRIRIN TV RWnE, &
LD % B8 L 724745, BIOIREOERICEX
EFEEE L TSRS S,

(3) MEMLIBIZEDTEE

Table 5 DR DOFRED 5 HLAEHIHALX S
v DhEARLE, [KEE] 2 [PIM] &) HfEZ -
THRAEMIZ (—FEDID) RENTWEEE (Nos, 6,7)
&, BRME, MERRERRE MR - WPECEHL L v O KEH AR
W AEFEIZHTTRENTVEEE (No.l,2,3,4,5,7,
8) Wb,

¥/, 7UuT 7 b4 Nol & No3 TS TWA
[ARFIBBUNEE | &) I, IEEAIHE - B
EER MR OMFFE RS BRIFATON D LESRMTH S

INAFEROIRFER 9, R, KRFBOEEETH D
BRIE, fEoBE 2offRe L ToRKRRIEIZHE
LTS &b T, BEIIZEREICTT 5
RROMBEELERLTVDEWVZ D,

V1 cERGHNORBETEETHERLEBY, 2o
&9 AR, ORI S LEFHmICHE S
BHEZBELTEHEIDH 5. LeL, TNHOWENS,
FEICEEND EOERFHEMEOERICER L 7205
LT EIETER WV,

EHIZ, FRETLHFERXORBEIEI KL TR
Bk, [RFIBRINE] FEXLHniEoZLE)IZ & %
RO EEOIBENICERINL VS DL T Ln
b, PIM OREE L CHATHAT 5 2 L IEA#EYTH
5o

(4) BMROLIBIEDTFTE

Table 5 D IERED FI2IE, [ R 2 KE B FEH
(No.6), [EE) R KEHAFER] (No.7), &V I)IMEn
GREAVPRONG, 20X 2SN eREE FHME
LENDH OE R, FATHIX L BFEBX OFESNE O
W CRlOMLER RES L BN E R L2 Ehb, FNE
YThs,

(5) ZRLIBIEDHFR

Table 5 D70 =7 T, EEICHALX S SN
ToARIEDSRE ST\ b EREHERCEE M & KB BT E 12
BUAEREEL L TRANEDFER L BIg3 2 & id#
UThh, ZORBPBEBREOH TEEIN TG LEE
Z5o

—FH, PIMOKELRHME SN S [HEBEDTRON
)& THEEME R O R R ] (H AR AR A WFZERT,
2007b) DEE P, KEHIIX S I NREZ R b,
FRBEETuY 7 FEEOBRBEICRELTH, KO
LBy, KEBIIHETARESEESIN TS 771
V7 PIRTCCERLLIBENFZESN TV D,

No.2 (BUFEHED) MK OFRKE K E -

FAT
No.3 (&5R{L) IBETEOW Y MAz IS 284G
HG, KFMAERILIESROKE

No.4 FHFEDKRAMBHX T

No.5 HEREH AR > 7 0 &gz i o E &

No.6 (ERIZLZ) R KERMPFEH L 72K

KBRS, 228 L7 KEB L2 G L - RRE

No.7 REMEOREIIRH OB =R

No.8 ITHEMIX % &b it L 72 73k & BRI L 72 KR

B KBTS 2 A BOWEEA ML L
oA

FsEE EE TR - #a - UEFEOEMFOEV 2 S,
ERHIFIZ X - T, RD Stk OB K HE R FHIK
WSEL L, T072H, LT LHIBEOHELRET S
BEAT R, BFHEOFMFIZEbE 7 IBELZHRET S 2
EIXEEITH B,



RATE © RESERFIERR O3 R BLO SR 3§ 2 FRTEEE O B 5E 77 1) 69

ZO—HT, FHRELTHET LML EEIEEH L
ket s, PMERIZLE VIR AN #
DHZEIZL P h DT, FOEREICOVTHESING
DILBRHOT * HE L, BITFHEOHKI » HRREFHE
DYFEIZT A — KNy 7 ERBETEHELL LTS —
HEEZ b

b -G IEEORERESM

(1) BaAEEMICET 2 FHMEEZORE

Table 5O 70 =7 b4 No.l Tld, HAMFE, K
MBI, MAEOXFRED 3 S>% PIMICHT 518
BEE LT, 2001 4R (CHE TR AT L7207 DFEE,
[KFRA OEE - FHE RS BIUEREEIZOWTIE
AR5 7 BASFRD H 7z | (EBS 77 H 36 R S B 55 1
TIER, 2001) EEHMES N/ EHS, BMWPEHITH
L [74+0—=7v 7] 29203 FFTfrbh, 70
7 MEHT L7,

Z D%, 2005 AT O N2 HEFHMIITIX, [2003 F£0
TRV METHR KATaY s O CiEE)NENE
i, L3Nz 4 DOKRFFE OFMRIGE)IX, 2004
FEOKRPRIZE D ERY —EAPEL L2 8, BR
PEILT 2SA R HIFNZ 7V 7 A 2 KGR ILHE ML F % IR
BCTELho72Z EICEDFER L] L&/ (JICA,
2006) o

FT RO o T B .S EMEASE YN FHM S 4, FEA
FERICESWTLELR 7+ 0 —T v I ThbR TR
W, CDEINICHhTH2ETIE [FR] LI ehs,
SR T A =T IANEDI T 4 — KNy
T 5\ RIEDSHEENCEL ) b e 0o 72T REMEDS
H5bo

COL) BHFEOREEDILTAHELLT, V1b
HZZERMEDFEBII§ 5 BERER & HEER O &
AL TRz, BHER & EEROBRE/LZIRET
%o

BARMIZIE, PIM ORIREHBER O 54T & B D
WEXIT - 72 RATHROBR % £12, TEEFAOH IR
EPRRPOOT r— FREERTY, REMARKIC LS
KEMOFEBN IR 5 ZHR O W R % L5 s
MEOMEIFEICL Y ETIVET %, 2B, ot
ST, RBEBBRDD D ETEE SN A EBOER 2%
Bel, TNOOERICHET LT v — MNIEHREE
AN7F—=5 LT, ZEHEOMBO®RS 2RI HRiEE
L, RARBROFELRGE (RESRKEVWEREZ
¥, TbbENE ERIEREERz R W) 5
FPETHDLH, LT, ETFINVEGHL, EROFNS5H
SERME L RNBEBEREVD 0 Z BT 5, FNODE
N % FHEIE & L, ERAHEO R F R Z 2L
HEOMBROAHEDLHRT 5,

FETuT 7 FORKBICEE LTI, N5 OFHiliiE
BEOHD S MBI EDEFIC ALY TEELLZDD %

BMETAILEERE L, LEIILLTHOEE2LD
EEE BN %,

COFER, BVRBEEICERT 5 EEOREI G E S
N, BEHEOBEBRIWASNIENDLZ RS, D
Bombikd & k), B SN/IBEL FEEE R
DE=F)TICOEHTLZEICLY, BEERD
] FICERET 2B REICHEET 2 2 L ifFT&
5o

(2) HSTHIIEIZDRSR

V3 a3) REMBIFEOFATHERIZEBY, KE
H, PIM, KRFIEBIIER & v RE R, ZERS
BRI LIS WREDSH B o

INEYET L HEE LT, FI2IE [KERE] v
FREZ M LR A T 2561213, iEICaEEN
L EEOEFENHEMEOERICHE L2005 M5 Z &A%
TELEIIhDHIENS, KEHOBRERE SN
Pell, HERRERL MK - MECEER N NICEIRT B3
AN RET L ENENTH 5,

F72, V3 a) MENRIBEEOHFATEHRNT, %)
LK), [#E %] FOMPN L RHOPREL, g
LENDSNDER, FATHRELBREFLEOFESMED
M CHE R TE R S N, RIS FHMAE R D 7 4 — F
Ny I PHBIGEL 2 S, TL—2 7y v L TEAK
MIZEERT LLEND S,

(3) R/NBRDOELBIBIZDEA

BEE EECIX, ERHICL > T, RKODOND ik
DEMFKBEREHKEP R L, D720, V3 al(5)
SRERIRIEOHFIE TR/ £ 912, SRR IBED R E S
N, RGBT HEOHIN DV HBBFEOYHEICT 4 —
PNy 72U K o T B,

COMERERT A 720101E, FFHETHUIEES
flio TRl Z § UL, Ba2IBELH-> TV AEAICT
NTHESIE D EFHRE BRI O W TIHLEE#S LT L 5
KB Z ens, ERME L b IITRER BEEOZER
BEERT I ENTELIRNROIEIRES, BT - %%
FENHIEATLZEDNENTH 5,

BlzE, FHECBML-RROMEREL, FHEOBR
OIREEZ AT A2 AN TE LI A5, dhE
FEO—DIZ R VD EEZ

F 7>, [#%E:1Hi7% | (Table 5 ® No.2) & [1EfHHiIFE] (JH
No.3) @ X912, PIM EHFTIEOFHMICEY L Cld =5
DR, AT BEFETHR—-TLILD, FHL
B 5 2 L BB OTEBICE R TH 5o

(4) IEEZTEEBHORER

Il 2 a fHlTFEOBIR TR~/ X )12, Hiffitnh 7o
Vs FTIE, EEEEY—-LVTHDHPDM IiLHE S
AR HEEBYPIMTOE=5) L TDARL LT,
WTRRHMIOEE LTHHAL Tw b,

—5, SHEFIHEI R PR B BRI O TR AT E &
NTwb e, FESIMEEIBVEEMZEL) LT, I8



70 R TR 45 209 5 (2009)

BOHBEOEREAZ HILT 22 EhH 5,
INEMIT DO, FESMEDIOBIZLLE
BHERERC B DI X 2 HBERE 2179 2 L12X D,
FEDINE 2 L 2 HIEHEOZR B o H Lz #H 5 2
ZENTEHIEND, HEEZBOE L /2Bl 2 WK LEE
filils 5L CHSEBIMRE AT 5 2 L, AT
BHOBEZRETHZEVENEER Do

il

V &

Y 7% A & SEMAE D 7 4 — KNy 210%, ok
BetEAS L D BWEHESTH R R O T RIE LD Z & h
O, AT, EFEEEIIREIE OB IR T
DOUEFFEERE Lo ZOREE, FlilcBwTHED
FEREOWER IR L 2B A RS 2 FETH DR
EoRsEhmE LT, OEMEREOFEBITT 2 'k
BN EHEENEZ ML, TNOOER & ERHEOR
FERRE D 2, TREMEORBOIIRL 7, B
BARME 2 o 723l BT 5 2 L, ORATTRE
DERGH~OFIHTREMEZ N L 85720, ZOREMN
TRICHT 2 MENEELHET L 2L, @OR/DBEOL
B OB A R EHHOWREITH) 2L, "L
720

SENHB

1) BIFHES - BREEF - Tk 75 BELS (2006)
FEREFMAT B DM & 5 MK OAMEFRFE B O
et — EIRIL EBNT 2 B & LT -, REERE I,
44(2), 1-11

2) ShEsE (2008) © BUMFBFEE B (ODA) H3# 2007
F HAOEBRG DGR, AR — A
~ — ¥ http://www.mofa.go.jp/mofaj/gaiko/oda/shiryo/
hakusyo/07 hakusho sh/index.html, 72-75

3) HLBAEER ) REFME (2008) : ODA FFHfi7 4 B
T4 V4R, 4-5,28-29

4) 1S & (2003) © RILAS HUIS O AR & i RT
K OWETIE5 M — M A LR RR S X 2 T RTAS TG 1AL
JED B —, RANFEFEEEL 70 Y = 7 MiFseE sk
54, RMOKEEBORITZET, 1-34

5) A B EmEBUL (2003) (TPIML, ARAS RHEI 2435
22(3), 239-240

6) JICA (2006) : Ex-post Evaluation Study of the Bohol
Integrated Agriculture Promotion Project (Project-type
Technical Cooperation): Final Report, iii, 7-11

7) EFFHZESFREEME (2007) 1 PCM FFEEB O
feHoTaY s b HFA TN AT AL B
INEIETEIE, CLETAS TR, 1-53, ERBZEESEHRE
P, A

8) IR 15 77 AT (2008) © [ fiF ik o 3 ¥ fifl e &5
2007, 11-12,32-34

9) EIBSTH I SRAT RIS &RFFZERT (2003) @ &AL 7 7
O —F O8R5 — B s 2 L HERT O i A
—, JBICI Research Paper No.21, 1-46

10) BT 023 RSB FE 1 )36 (2001) @ 7 4 ) €
> ANER R — VA R SEIRBLET I T Rk
$5,48-50

11) EREH D5 (2008) @ 3 EFAifi4F U i ts & 2007,
10-19, 81-83

12) [T 70 B i o] - SRR SE BT 27V — 77 (2004)
70T 7 MHIOFEBERNTFE  JICA FHEFFHM A
1 K54 VeETHE, 19, 31-41, EER DS, B
R

13) BB (2007) @ HuUsE AL % o U 72 A HR L ft
RORFNZBA T 5 55047 — o B 0T 12 & 2 Hk
—, BEMETmAEREE 25(4), 533-543

14) ERE—ER - KN 3 (2005) @ 4140 REKFE
BOMFEER O, BAFE 73(10), 881-884

15) HARKTAREWFEAT (2007a) @ FHE 18 4B it -
K - RATERBE R AN LR R TR R
(1/2), 529-543

16) (2007b) 1 TV TEY A=V
B2 B 5 ERSIMB R - SRS, WAR,
13-17, HAKLAREWZERT, K

17) BEELARBMALT S (2007) © SFHE 19 4557 f 2 p At
BAREESMHE 12700, BEL AWML S, ®
R

18) FEMIKEE (2005a) @ BB - B3 - B ARG
48

19) ————— (2005b) : H L M AR TE 12 0 HA s A 4
FEREZEHH, 1-10

20) ——(2008a) : EHh - K - BERBEOR A1 R
FHETEAE, 1-22

21) ——(2008b) : EHb - K - BRBER S LA

B ORI CPHC20 £ (7 H 15 HBUE)),
BAROKEE & — & X — ¥ http://www.maff.go.jp/
nouti_mizu/sinsei_joukyo.pdf

22) ————(2008¢) @ FERRIK A B A AL A S
1-23

23) FAIRELR (2007a) ¢ ML - REFKFEOGIE R
G & D T & ofdh, 1-16

24) —————(2007b) : Y 20 4F R EAAHRELS P HH%
BPEOE EFIH, 2
25) ————(2008a) : PR 20 SEEEEH - K - BRBEMR

i) bout S ORI 2 B 5 ARET N A Z A F RIS S
#, 1-5

26) ————(2008b) : P 20 F A B FFES AT IR
B, BMKEE &R — L= http://www.maff.go.jp/j/
aid/hozyo/2008/nousin/index.html

27) ———(2008¢c) © &5 1 [o] 2 b - UK - BROBE R
R L RBE=ZERZBESHEFME, BHOKES



28)

29)

30)

31)

32)

AL ¢

AR — A X — U http://www.maff.go.jp/nouti_mizu/
sansya_iinkai/01/pdf/gaiyou.pdf

(2008d) © [ 24 - 7K - BEBELR 4] Lo ok
BoBRAR] IIOWT, BWKEAER—LR—T
http://www.maff.go.jp/nouti_mizu/sansya iinkai/01/pdf/
datal.pdf
FERTRELR L R (2007) @ HHZRX O
BUR (MFRICHR 2 BHZRIX), 42-43
OECD (2002) : Evaluation and Aid Effectiveness No. 6 —
Glossary of Key Terms in Evaluation and Results Based
Management, 7-12, 20
i 0SS (2003) ¢ BUR H AR O B SRR & sk
ER, RNFIEYEE, 22(3), 183-187
TERRIEIE - PERRECEL (2006) @ 77— FEIZ BT i

33)

34)

35)

36)

FESRFIERE O 3 AT BLO SR 3 3 % AR O B 56 77 18] 71

S X O KA BE B O AT, R e
242, 75-83

R - B -y — s Fy b

B 3 (2007) @ BERSIBKEBL O B & FH
i, sk 75(7), 615-620

i A &) 2 (2008) 1 PR 19 AEEE ML - K -
BB IR Az bxbse GERNGEISHRSN &) 1R A%
AR DL

World Bank (2008) : Electronic Learning Guidebook on
Participatory Irrigation Management, T 5 17 7~ — 2
X — ¥ http://www.worldbank.org/wbi/pimelg/index.htm
S ERAMIRAEATE R (2006) T L RS RA
DD 5 E L — 2005 LR —, 485-512, 4x[ElFRAf
PRBLEARE R, Rt



72 R TP 56 209 5 (2009)

Developing Indicators to Evaluate Assistance Given to Residents
for Joint Irrigation/Drainage Management

ONIMARU Tatsuji

Summary

In Monsoon Asian countries including Japan, the functions of existent water user organizations that operate and
maintain irrigation/drainage facilities in paddy field agriculture are deteriorating. Thereof, the government has started
projects to assist farmers, including non-farmers in Japan, in rural communities to jointly operate and maintain facili-
ties.

In order to effectively and efficiently implement the projects, it is important to evaluate not only the benefits of each
project but also the sustainability of those projects. Also, it is important to provide other similar projects and policy mak-
ers with feedback on lessons learnt through the evaluation of those projects.

In this paper, I focus on evaluation indicators that measure the achievements reflected in the changes connected to
the assistance, and analyze the present methods and future designs of the projects evaluation. I propose the following
characteristics for development of good evaluation indicators: (1) to make indicators for both the positive and negative
factors of sustainability; (2) to be indicators useful for analyzing factors; (3) to be indicators having directness, concrete-
ness and relationship.

Based on the proposal, as a case study, I abstract problems with evaluation indicators from 8 JICA (Japan Interna-
tional Cooperation Agency) technical cooperation projects for participatory irrigation management in Monsoon Asian
countries. Then, I show directions in developing evaluation indicators for the JICA projects: (1) to develop indicators
from sustainable factors; (2) to develop complementary indicators; (3) to set the same minimum indicators in both a
precedent project and a follow-up project; (4) to show the reason why the indicators were set.

Keywords : irrigation/drainage facilities, operation and maintenance, evaluation, sustainability, feedback, indicators
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Table2 BHEHIIHFET 2 y ML ZO T 4L F—

Gamma ray emitted nuclides and their energy.

Isotope ]E:Irézr\%;/ Isotope ]E:II;Zr\%;/
Ux-rays 13.0,13.3 31Cs 661.6
sy 25.6 24Bj 727.2
¥Cs 31.8,32.2,36.4 Z4mpy 766.6
219pp 46.5 A 911
4Th 63.3 28Ac 969
4Th 92.6 24mpy 1001
35U, 2%Ra 185.7,186.2 214Bj 1120.3
212Pp 238.6 “Co 1173
21Pb 295.5 214Bi 1238
21Pb 351.9 “Co 1332.5
FHR 511 “K 1460.8
20871 583.1 24B;j 1764.5
214Bj 609.3 2087 2614.5

GM FHEE, 8kt 2%, SOBER 2 FA L 72 Nal (T1)
YryFL—Tariami (LT, Nal g Emd
%), BEOGHERT (TLD), LW 7 AMERT, TEAME
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VBB THUETREER D 720D y AT PV EHEIETE
HME—DRIEEZ L 5N TV,
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BRNE, T2 T b AL BT ICX o THEAL
7o RETAS Nal FERME Z R L, Z OB, bER
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Table3 —fAY 2 AHE DM T & Hitids

Typical measurement methods of radiations and detectors
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Fig.10 2 IEHOLEONal BBZRIZ L S y FEART MV (a) & Ge (LI PEABRMEFIZE S y AT ML (b)
Gamma-ray spectrums of the soil in Tsukuba city by the Nal detector (a) and Ge(Li) semiconductor detector (b)
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Schematic figures showing gamma ray spectrum by nuclide emitted a discriminated energy.

(a) Gamma ray spectrum using ideal detector. (b) Gamma rya spectrum using real detector.
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IANVF—, Er MeV) EyBOZANVEF—-TH 5,

2V 7N UEELCEED T a = FAEBICIE, B
B XLk -2, BhMELIcES (-7,
escape peak AFIET A A%, Nal £ #5F TILXak B S <
Hbo

Table 4 |3, HE—T A VF—D yHEHEOIL T
Iy IVDIANF—%RTHEDTH D, FEBITIE, —H
Oa v T b UEELT y Bt S RITTLE T
12, £Ea 7 b v#dEL (multi-Compton scattering) %
MHEBATEST I L HY), 7+ b= bar T o
Ly FLOMIZLERMZGANRON, K25
CHEZL Y, E—rkar TS UM E 7T —
FIZLTwa (Fig1l(b)),

FAL o — BB T oy MEH T, KA U,
PTh, "R »ASDEHKD y e, BEICE > TIKFER
HEDT =T 7 hDTCs 5D 0.662MeV D p #EDS
Eo THIME NS, Nal HIZFICBWTIY, =24
HWOHETZWOT, Rty ozhEhofrF—
KRB LZE=2 205 0nHT I 3—RICES Th
Ve ZO72, AT N VEAITIE, IR HAEZ p
T 5, BONEBOBHBOFAICOABHA SN
bo —HEICIE, FHOE—2IZEHT AL D, &5
AT NFFANRT PVIZHIEREL, W{22DF ¥ ¥ %
Ve FbDIZLzANVF =Ty 7 T2
T EDEG B, R REEA T O ZAETIE, YK
=137~ 1.5MeV (K D 1.46Mev D ¥ — 2 ), U F
721% *Rn = 1.66 ~ 1.86MeV (*“Bi ® 1.76MeV @ ¥ —
2), Th = 2.42 ~2.81MeV (C®TI ® 2.62MeV D ¥ —2)
BMET Bo A TN, BB O y MIEA T,
YT RO MPh, MBI ALD y R, ) T LRYO
BACOTINL D y METRIEL T2 L 2EL TV,
Table 5 2744 %8 %15 L TV B T 4L F— il % 7R Yo
W HPFTIE, UFICm~<za> 7 s #iEz2fioTw
QU

YRRDOART MV, LB AVE—KE»LL D
a7 EEEEMIROE - HP O L, ¥ —
JfiiE (ch: 7NVADWEEORERE) X, yHIT A ILF—
WIEIZRFILTHB Y, ¥ —2 OmkEIL y SEREICIT
BILTWBEDT, ARZ VNN, BEIROE—2
IZOWTIThILD, Nal A7 VORI HEL, T
IANVF = Z L VHIEICED, <~ ) v 7 AT
RAMN) v ¥ U TEICL DN AT A CCERHAA,
1990), WMATREIRACIEIA MY v ¥V ZENRL SIS H
WHNTWAS,

AN v ¥y FEREHIEESS A OBIANVFE—F v
YAIVICKHIBT A HE—Y — 7 DL AR A E IR
BN SEFE, BIANVFE—F ¥ A LVOMHEEITIT
0129 % &) FfEr BRI ANV F—MICHEH T 5 F
FECThDH, VAR AT R & IR OB E I E A
DHDOTHb, VARV ARBEHRET S HFEICE, 1)

Table4 IV 7 hU Ty VDIALF—
Energy of Compton edge from various nuclides emitted gamma ray

Type Ey,MeV Ecompton,MeV
203Hg 0.279 0.146
22Na 0.511 0.341
137Cs 0.662 0.477
54Mn 0.835 0.639
88Y 0.898 0.699
65Zn 1.115 0.907
22Na 1.275 1.061
24Na 1.369 1.154
40K 1.461 1.244
88Y 1.836 1.612
208TL 2.614 2.381
24Na 2.754 2.25

Table5 #4(1999) DAY K — > Ol 5 T F b 5 — FEI
Energy ranges of gamma ray prospecting by Heri-bone
(from Ochiai, 1999)

F ¥ 4 JUNo I AR K T O —FEIE
SCA 1 214Bi 609KeV * 100KeV
SCA2 228Ac 907KeV * 100KeV
SCA3 40K 1461KeV = 100KeV
SCAB I 7214Bi 609KeV * 100KeV
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T=Tl, e (2)
Bi=Bi,-a-Tl, e (3)
K=K, B Tl,-y-Bi  =ee-- (4)

SZT, M7 qa vz A0¥TR, YA v Y (B
TEIRRELT v AV (ch) OIE) Oo&itE (7
OU2hw ) 2RFe a, B, yidA M) v Er TR
Bemizh, 74 v Py ol mitioRE s, ¥ B
BIKEST A DT, HEGICSEMEOEERF % VT
FEERCTRD Do T T b UHELARO BT 7z 2B,
YK ZIEBEEER (v AT U N) LIRS (Figd2),

AN v ¥y 7R, W, MBS X VBT S
WS, —EIIZIEEE L TlEbN D D TREDERK & %2 5,
COMEEMIET A 7204 RAM 2 1E, Figd3 (IR
BaViEEREL TS, TOHPEE, 2Bl & YK D
IANVFE—HiFOF v A NVEEE X, ~X,) L, 7
T2y (T) Z#Kdb, T2 7+ VEELER (B) 13,



84 R TR 56 209 5 (2009)

100
WL 0K . 1, A6 MV
a0 ﬂ
10 [1hke g mi-v-m
||
L1 [ g }-H -
i
w0
NG
|
10
TUABE - 1L 76 Me
e \,- K\ BiBio - a «T1 ZOSTH - 2. 82 MV
w & T
; s
vHi. . . n
i i 7] aTil
r e S T
1 EO .56 %, i
Energy (M e V)

Fig.12 FEERIICLV AR ZABBARELHED
AN v ¥y TEOR

Correction of the data by Stripping method. The stripping

ratios are determined by experiment using standard nuclies.

FNENOFMED ¥ — 7 MR 10Ch X OF355Hk
(a&b) LF¥ AV (X, - X)) »HRIZHEL
LThed, 2y by bd (N) #N=TB 2 5HaET
LHETH 5,

VI y BRESIREREREDFREEL

WA REIRE OB LA R EREL,S L &, 1940 ~
1965 £ F TO4& y MBFAREHFEER B O T HIFMR L,
1966 SELIRED y FEA X7 b o A — & 0% TR IX
nENnD Y,

WaTREEA L, SR ORI KA Y Ty I VR
BEDOI2, BERZES TN OP R TH
5 Y5 1944 4E121%, GM FHEE O y MLIRST B R4 5 1
MHEEN, TT7 K= AFFTHOTHbR S,
1950 4E 124, 71 F F OWEEEE &L, &£ (o) 21
VFXEES 24T (0.177) O Nal Mg x B L7,
COMEEHL, bR TWwWiT7 v TR RO
3R GHME) 2R L7, RIS, ¢4x240F
(0.477) O Nal iR B L, LEFHEEELHBERD
FEMEB AR L2 2A, (RO LD 8 FEORIR
PO NT, T OFEIEE Z MZEHIZHER L, 17300 <
AVHAL, SS5EATTy MOBRFWEER LN, ¥
I UHIRDIERIIZ VS e h o 72 5 #ER, 1950 4
ROTSUVHEDT— LTI, TTR-—VIZLBEy#
WSTREIRA L, RE LY I VHEROERIZIZE A LSS
TELDPoTe FDI2O, 7T VFET— L0 ¥b o1z
L&, TR HOBEEEEORENITILA LIS
nr

1960 EACENIAI KA R CREEBRPITDONS L) 1%k
LE, BRI X o TES N7K 5 B B O B 20
T ERERFARL2OOLT R— v Otgtiet =5 — %
BORENPRKD SN, ZNEZITT, TT7R—-VHD
PRRANRY PO X —F DEASEDT 1966 FFIZFH UM E - 72,

N=T-B
T=Xf (x)=N+B
B= (a—*—b_);( (x2-x1)

_|1Uch®$53m=a
10ch® FE 1 E=b
:—:J._.L.‘ E
10ch X Xz 10ch

Fig.13 2 a~VEICL B30 7 EEEIE OB
Correction of the data by simplified Cobele method

COFH, PERDEZ B LI o7 EDENLTC,
IT7R=VOJRBICIHZ SN y AT b A=F D
AL THTREN R o720 SHDETMOBET Y TH D
(Darnly, 1972) 6

Z Ok, O REL L 508 O BAHEA 72,
Winkelman et al. “7 1%, 12 770 Nal M52 L 5 27 K —
YT, KA Y oY T IO 0 22 il E F AT
vy, P°Ra, PTh, “K OGRERE 54 % B S 2012 L7z,
H5EIX 100m DEEH S, 100km/ B CRAT L, 1 B4
WsE Lze MRS, KREWilo L2 RITHEL, 2o
WEMzE Ny 7277 F (DUFBG) fie L7z WEM
% YK, Ra, **Th O REIREICEIR T 272012, 7
VoL w5y, M)y ADO—FEwmr &t KB OBIE Ny
FABZESN, TOWEERTA N v ¥y 7 RED
PusE &7z, Rybacha etal. ' iE, 16.7 11 Nal 5
L 256 F vV AIVOFHTEET, XA ZADRTIIHEH
BONTHEREDIRME=5) v 72N R—2I2&D
To T2, MWL 90m DE S S, 90km/ FETIRAT L
1 BIZI5E L 72 Winkelmanetal. “ &R L LH12, K
%M EOBEENS BGH & B ERERK Rk, 2
WERE R & MBEORASTREICEIE L2, 15 1E, AT
BWEORME=5 ) Y 7igfEL LT, AL7axsy
YIRERELTCWD, ZUE, ETISEEI 554
T2 “Co, "'Cs, U % &A%, 1.4MeV LLF DT AV
F—THhoLILERFBLAFET, NLryuxsry b
I (Vawge) 1&, DFoXTRES NS,

GC
V. e (5)
MMGC GC2
ZZT,
1400keV
GC= YL (cps); L 6)

400keV
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3000keV
GC,= YL (eps);, L 7)
1400keV
Thb,

HAIC BT 5 BT e 4 13, Hatuda et al. ® 5%, A H
Wik ¢, WA AORETRER BHEFIC L D IIEL 22
EVUEE D TH Do 1955 FREICHEFAEFIE, V7 v
BEEZPHWMELT, 7 R— eI —K— 2554
Y BT RE IR 2 B L 7o T 7 R — 213 1956 4E~
1960 £ D12 17 #IX, 61,000k i DFHEDEE S 1L
72 B, F 72— R — 2 1F 1956 4E~ 1965 4F O [ |2 F AT
A& 151,000k i 23R S 7z % 2 2 THW S /-2
B, ¢5x24F (1.91}) Nal i 2% T, 50KeV
PDED&ET A VEF—-%MEL TV 5,

REET AR (B RN TEUZERT) Tl 1956
ENSHTARAFBO-OMBENERAET Bi9E LT, ik
BYREIRAS & AR L 720 RO T KB IR SRR 5 (M1,
THWLRETRER) OB, IUISHEREE Y -
HHAFORFREDOWE TR L L) LAl KIZ,
GMEEER Y v FL—Ya vy 2HhERIEN
720, HipfLicwi T, —EREEERIS 2 ikl b
BEHNTHo B, INSDOFETIEEE AT S 2
LIEWNEETH - 720T, HE T IXEH y MEFHT 5
PUFL—Tavhyry s HEIEIZIU) AT, E
HETEX BRI L. W, 3P 5 %24
YF (1.9797) NalMibh#ra B L, 2O HME% 5l
LT Z0H,5F ¥ VAV y AR b A —5 5
I2EY, REPZIANTE—FTRIITONSL L) IZ% -
2o TNDHAETOE 2 OB R 5, T OEE
40 L EWEEZEL (Table5), L XVl 0z
o IANF—H#HFAZEITET S b DT, TRy AN
7 FEX=FTIE %R\, HE1E 1947 F~ 1981 £ TR2
SETARBERIG CAEEE L, BUTRER R L 728k 2 2 Hh oK
HEFEOREE T o 720

EEDHRET EHAAR 1, 1024 F ¥ > F )V (Ch)
DANRZ A X—=%%F%L, T 7 b VEERORIE
WWEA M) v By AR L7z, BiEisgfEs LC
2UBi OTL UBi/K ORI A R E L T\ b o KA, 71—
R— 2 C dkm/ B CEATH 30 BRI OZEM y #EWET S
DIZREDG 5 x 54 >F Nal g (193 %7) % F)
HAL7. Z0%, WFKRERZIEETIE, BILZHT 18
il (28.917) FTHIIESE, ¥ 7 Y EELOMIES
S T OVEDREbIL TV S

HEAIZ 1981 FED ST — AN 2T ¥ —DZehEf
Ffge i~ R T L, N R—r D720 Othe
HEEEBEOMEL T EHEXITo 72, kiE, Table5 DT
POV F— I %2 L, % { OFER % #Hi5 LT (1
ZAX, VEA, 19925 1999), AL, HIED SO y ik
HWHE LT, 1030 Nal#eitigz2 &L, LEOT M
ZHETH72012103 Lo Nal g1 & (=7 2Bi

MeHeE) ZMHALTWS, T7 Bi gL, HEL
S50y MOEELRPRT L7012, RO TEANZEW
SR CHER L T 5,

AR L7z &9 IS REEER EO R 2 Bl 5 &,
Nal HZRORKFULDFER L L TRLZENTE S, Y
WITHREN TN D924 v F, ¢ 54 »F OB
fibh, T0He¢5x54F (161 ZiEH &4,
MO KA S Tze T T, 10 1~ 16 1D
RO RIMBLEFH LN TV 5,

M TSRAFYvIIIFU—FERHEDRTE

1 FlLRHBORREOLE.

Nal B EOBEREE /NS LT D200 3MH R
KL, BtEELELaTNEL% 5 %\, Rybacha
et al. ¥ 23# o 72 Nal MiH %13, 16.7 17 (% FE 3.67g/em’
L3 B L613kg) ThHhY, FAKGEEZEOLRERT
200kg Pl b2 B E Bb b, AP O T K- T,
103 o Nal iligR 3 B2 ML, 1 Bl 2oy
WA T 2 72O E BTV 5, ZO8E, HRE
BT 100kg 125 THAH 9o DL B K Nal it
L, BHHERTH 2O TEMT, FIZANIZL v,

BRI R S SN2 y A llEL TWw b
DT, FUEREOBREZ SHEDIL WHIROILENH
FTHB, —fEICAFTES Nal FiddO~FELd 3 1~
FEREFP2x24F(017%) ¢ 3 x3 425035
W, ¢5x54rF (1.6101) THbo Nal lZ#EfmTH
A7z, BRI % 2 & 33, FRENICKEET
H5bo

ROy WHETREEEEEIRO SN0, AN
a7 —ICERTELEBOBETHS ). Ik dIER
BOREVEFEAEAN) 375 — B OEHEIL 60 ~
80kg TH B DT, HEEAFEBEOER/ILVPKROOLN L, L
72h o C, SROBSREREOMMEIIE, MHHROK
b ERILE VD), HRTZERPKD SN,

Table 6 12, LWL NLHERS »F L — 5 DR
%, Table 7 |ZEMAEY v FL — 7 0EMHERT,
TIVH)NT A FOLEIE, Nal @ 3.67 %5 Csl (TI)
D451 FThb. FOMOEREOKIZHL, HEH 4
~8Thbo WIAY Yy FL—¥—iF, 264~303T
LR, —7, AT Y FL—% (NE213) OF
FEl 0867, BHRES (7Y hoky) TL125THY,
B VF L —F IR LT 13~ 14 DFEETH D,

BHERRY v FL— 1%,y BEED TEHESToh
PETFOFHINZ 1960 £ L H VSN TV 5, HHHAE
¥ v F L —% TId, Nuclear Enterprise 1 NE-213 5t
By BT BITERE S ENCRB Y, R rp TR R
LLTbhTws Y LaL, fifkyrFL—5 %%
WS AE, ToHEEEIZITRRIST VG "
ORMENRDH B, F72, Py FL—FFEeE LT, —i%IZ,



86

SR T2 ST 56 209 %5

(2009)

Table6 X <HWHNDEHY »FL—5 DR 0
Specifics of typical inorganic scintillators 7

e e . INA TNV ) R
| e | g | WS | ewos RSB IORH
(m) Cus) | OETMVY | s 2t
TUHYNT AR
Nal (TI) 3.67 415 1.85 0.23 38000 1.00
Csl (T1) 4.51 540 1.80 (3)§§ gzz/g 65000 0.49 78,90,91
Csl (Na) 4.51 420 1.84 046,418 39000 1.10 92
Lil (Eu) 4.08 470 1.96 1.4 11000 0.23
ZFOMDENERE S v F L — %
BGO 7.13 480 2.15 0.30 8200 0.13
CdWO, 7.90 470 2.3 1: ; Ezg;/z; 15000 0.4 98-100
ZnS (Ag) (%ikkh) 4.09 450 236 0.2 1.3%
CaF, (Eu) 3.19 435 1.47 0.9 24000 0.5
AL E % L omsiER s > 7L —%
BaF, (#iHifisy) 4.89 220 0.0006 1400 na 107-109
BaF, GEIERS)) 4.89 310 1.56 0.63 9500 0.2 107-109
Csl (F#pLsT) 4.51 305 00'?0022(235502“)) 2000 0.05 113-115
Csl GRFERS) 451 450 1.80 §<“;§g s s 114,115
CeF, 6.16 310,340 1.68 0.005,0.027 4400 0.04~0.05 76,116,117
Celfithbmd R v F 1 —%
GSO 6.71 440 1.85 00026(1(3%) 9000 0.2 119-121
YAP 5.37 370 1.95 0.027 18000 0.45 78,125
0.088 (72%
YAG 4.56 550 1.82 0302 528%; 17000 0.5 78,127
LSO 7.4 420 1.82 0.047 25000 0.75 130,131
LuAP 8.4 365 1.94 0.017 17000 0.3 134,136,138
IR FL—%
CelfiEALLIA T AP 2.64 400 1.59 0.05~0.1 3500 0.09 77,145
TolE AL AT Ab 3.03 550 1.5 ~3000~5000 | ~50000 na 145
I, BB ER (779 AXAFvr) Yo FL—%
NE102A 1.03 423 1.58 0.002 10000 0.25
Table7 LEMERY v FL—5 O 0
Specifics of typical organic scintillators 7
P RRFEOWE | A v;/% L—vary | #ERH il 3
(nm) M (%) (ns) (10%kg/m?)

TYRNTEY 454 100 | ~30 1.25

NS YARAF N 385 ~60 4~8 1.16

NE102 350~450 ~65 2 1.06

NE110 350~450 60 3 1.06

NE213 ({fifk) 350~450 ~60 2 0.867

PILOT B 350~450 68 2 1.06

PILOTY 350~450 64 | ~3 1.06
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LAVH I AR ENTEY), INLTIEIERE L
TIEHETH 5. Bt P27 VI =T A0 ICT
N, BERICRDL, INSOHBENS, ARBEY ~
F L= 2 BHREICRAT 2 2 L IZREECTH 2 L b
N5,

TIAFy s FL—% (LUtk PSEEH) I,
B v F L —F REEICE» LR, Chr a1t
LCREBHRELZLDOTHY, Wy v FL—5% LFEE
OH-EERTH, WHRICHRTERTLEE L RnE N
I FNEN D Do PS IR (fiber) 25 HVK (sheet)
FCHEBFEORRETEICINTTCE %, 2I2L DR
ZiZe DT, REBOREKY > FL—5 PUELEE,
PS UAMEIR D S A 2 W 2 & 3% U

INHDZ Lrs, RO RELEERILT 2729
DFEMELTIEPSPIRDBFLTHLLEZ LN S, PS
i3, EHRETFOMEDTEETH LD T, PSHFTHEIER
WAME IR, B NEEROE=5) » 7k L
TOMMAbRATNG,

2 PS#&H

HLEOEEINE, BETRPARN T2 &, B—5T
DIANF N TOERIZL > TEILHEVAEL
Bo SRS FOMHBEIZL->TEZLIDT, ZOYH
FIREEIIIIKAE L v o BIZIET ¥ b 52 ViR
ZAEEIRETY, AT, HHVIIL L OS5
LBEWD—HTHo THENAHEEZ D, T OHEIL Nal
D& AR 2 BAE T OERRES Y v FL—F 21
ELLCRELED Y,

PSHiMigmid, KUAFLyHHWIEE)EZ )L ML
IUREDBERRTIAF v 7 ICEEY VF L —5%%
B LAALZLDOTHD. AR Y FL—21E, TOH
SHKE, REBIVEREL VI EFES (2) ofkw
B L YAz, p T AILE— 10T BB
W IIEE LT AP OICSE LV, ZO/E »#
ST BARYZ FVTIR 7+ FE=2 3N, 3V 7
N UBEIC X BEBEANY LT EELS T 7z,
Y OB E T (Nal HZR D 1/3 ~ 1/4) s F D
%, Y FL—FIE, IRETR—FHART b
VilE & R ETFIERICHWS LT &7 (Table 3),

VAR, BEMOY v FL—5 T, hETFE p R 2
MTELLOPRLSHPY, yeFETLDRAET
Dy #id D ITHETFOMBIZCH WS TS, NE213
% BC501 %2 E DAY v F L — Z gRIc# L T,
HET &y OB, BT O R )X — OllERE,
Y RRD T AN F — DREEFICH LT & ADRIZEA
HENTWA, Akimov 13, HHEHky v FL—% %
S 2 B 5% L 2 — LT\ b, Nordell
& Coelho et al. “ 1%, NE-213 A7 b1 A — % % fii5
T T AN F—ART MVOBRIER RS LT
Wb T ? i, Bh TS CREST S y Mo

VF — G4 % IEREICABIR S 5 72012, REKDO LI 7 4 )V
7 —HMANCEERE L7 NE213 iRy v F L— % 2w
T, BHEFICRIET 2 y LT AV F— 040 & JllE
L, 9475 A LEHERTAD 287 A—=FWEIZLD
yREFICRRNT 2EESMIZT 2 DI, EES A
% GRAVEL B X " MLEKE 2 — F (HEPRO program
package) TT ¥ 74— VT4 Y7352 LIZLY,
WO RNF =M KO T W 5B,

PS ICB$ 2HF%E & L Cid, Lipnik etal. ® A% %)L
F—rpET OO T A N 7TFAF v 7EEZRIZOW
T L TWb,Pozzietal. 1%, 77 AF v 7 (BC-420)
EifR (BC-501) ¥ v F L —4 OWBSH 217> T\
Bo BRI A 2 OVEERETIL, BRI EE AL
ER P EMERESESELZEEHNE T AR
Ml#EE LT, yMAembd s Ps ek T2mHT 2
R E BRI ZEH LT b, A Es
i, BTy B A E—oRMETRIEL, 2o, T
FHIZ L B A OWIGHRE % ME T 2 ARl HE L
TWwh, ZHd, PS EETFHMEEDL 2L RINEL
%, BohMETHER I N5 TH D Cd, SHIES
S5em DR TF L Y FHEM CEY 2 LIk o TR
IS AET 5 py 2T TR, Cd (o, y) BIS#E
FIA L CHEEMICHRET SRS 5 2 3T & 2irtds
Thb, R)VZF L VBEMOEZX% 50mm & L, §E
& Imm @ Cd % PS & JEA OIS & M A 5
RE35mm D JBIZEE LETH L. L2 LGNS,
FEHELOMLRY, PSTyHOTLANT—%FH L2
BE 7

3 PSHEBORARDRE

ZNFE TPS MigR2s, BRIy BUllE ISR S Tw
e WHEIE, SBETHEE (PMT) OBIfEORZENE (7
A VEE) BEREZ ST, BEEOEVGEERICARD
Bl ol7z0Th b Y, PSHIHEE T T fEiEA S &
ORI & T 5720 OFMHEIX, DLToEsBhTH
5o

1) 71 CEEOEEORSE,

2) SRR RE 7 PS D FEE

3) 4 MTA FOIEE,

4) T Ly BEERINT LD DEE

5)  pREANRY BV RN B HATR S

1) 51 UEHOEREDRRE

WO T A VIZBIEBFEOLES), REZEILZOMO
WETHEL D, Nal MHZR T, %55 10% F TEE)
T 5, b9 5 L9912, PSHRIEZRTIX, T DE
BHEIZKRE V., BATEREOBRE ) M2HAET 20
W&, Y1 U EExE=5 )L, FAUVAIET
AF—IZL W EB L HERET 2 EBOBREIATT KT
H5bo
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Nal 204 1~ BEAEE T, "VCs MR 2 M 288
WICHEL, ZO7+ FE—ZEZXEHRT LI LICE
0,754 VEBEERL WS, LML, Ay FL—
FHHEETIE, ARZ PVIZT7 4 PE=2ELRVO
T, ZOHEIMEZRT, BERRICHCHELHRFETE
ROHENL R W T AT P VOOV F—H
Ex i@ BETCLL O PRI THIZEDTEDL)
FIERIEFESL SN TV,

feskr s, AL FL—F BRI L THY S
TWhHE D B T AV F —RIEEE, #Y) 7% RIAEE
POHO Yy MEIBE L RN 3y T HET
ARZMNVOAY TN Ty TR I ANF-REL LT
FETLIDOTHS Yo LALBDS, EBICHN S
NDBINVAPE AR MVIESIREEIZ X BIRD) 2 &
s, ARZ MVETaAY Iy VBT LS
iz fEIcHEETH B Yo

AR MV EOa YT NIy Y OME R BB R
ETDHEODHEE LT, AT MVOEENRE—7(1
WL C—EDWHEE L LNELRIBET 5 HESNH b, 2
i, AXZ MVIZBWT, AXZ MVE—27DES
np D 0.5np 75 09np & 2 BHMENI T Ly I
BB THEVI{DTHS, L2LENL, TOK
EVEDORETTIELW L DO TH 5 H W 5 2R
Pz Y, MEIEAS YL, SV Frar¥a—%
Rl Lzzary Ty ARy PVERRIC, -5 %

(2009)

REFEBIGEMEE LD FarR) 2= a v 217
AL, AT NIy VR TE LI EERLT,
L2 LAds, OGN 2 4 X545 % FIH
L7zfdie DR 2 7 4 Xpisr (BETEE) % b Dl
YT N VARY MIVTORETTH Y, EBROBEIET—
FIZHEDVTV RV L, SFHRLORENE 2 4 AOREEE
WL VEZLVENHLI LR EOMERD .
2) MEEEEE ICRE L PS OBTE
a7y VOEMRMER, MtgRoE 4
fREESE DR 2 DERIKET 2 s 20720, BET
IRENTW5SPS (Table 8) 5, WikET & y e M
HTRE 24 K % RIS 2 LE D S, PS Ty MOHE
ER%#Z S 57201203, Mgl E R EES 2
LIXTERV, ZOEIIZEY) PSOEENET L7720,
TITAF v DE, VFL—F —OEEOER R E
ILDEZELRFRA Y N TH D,
3) 714 bHA KDOREE
PHROMILEETIE, YU FL—FBRIEE LD AEn
ZHHONETHEEZHCLLELD L, TD2D,
T L= ENETHEBEE L OBEHMDOTA AR
EDL ) BREBIITLPNEETH D,
4) PEFEVIREERFT 22D DEE
BT v F L —% Tk, BIEOBEREL (3.7ns
BE) BT ANVF—[NEOEIIL>TRELZEZFIHA
LT, HMEHEEEHIREE CORT DN H LAY B

Table8 RO TIAF v 7 v FL—5 DFEC
Specifics of typical organic scintillators on the market 7

4= mord b
ST v W .

. SO i ¢ @f e . kES| L [ 1P "

Bicrontl | FFtE>i2 | TE% JEPTER L W, . H BC
D UEES (ns) (cm) RFE e H B IR
T (nm) (T)
BC-400 65 423 2.4 250  1.581 1.103 | 1.032 70 AN
BC-404 68 408 1.8 160 1.580 1.107 | 1.032 70 EEEH
BC-408 64 425 2.1 380  1.580 1.104 | 1.032 70 KIEFETOFH
BC-412 60 434 33 400 1.580 1.104 | 1.032 70 HH, KmEfE EBR
BC-416 38 434 4 400  1.580 1.110 | 1.032 70
BC-420 64 391 1.5 110 1.580 1.100 | 1.032 70 BEE, v — b
BC-422 55 370 1.4 8 1.580 1.102 | 1.032 70 I EHE, N
BC-422Q 11 370 0.7 <8 1.580 1.102 | 1.032 70 BEHY 1 3 v 7L
b — F CDHl, "AT 4 v TR
BC-428 36 480 12.5 150  1.580 1.103 [ 1.032 70 %y4j‘ F+CCDA 7 7
#H

BC-430 45 580 168 NA 1.580 1.103 | 1.032 70 ST A 4 —F, REOSCHCE THEEE
BC-434 60 425 22 350  1.590 0.995 | 1.049 100 A
Bc-436 52 425 22 NA 1.610  0.960 | 1.130 90 MR
BC-444 41 428 285 180 1.580 1.109 | 1.032 70 dE/dxBFZE A A7 1 F R s
BC-452 32 424 2.1 150 1.580 1.134 | 1.080 60 100keV 2L T O X5 518 %2
BC-454 48 425 2.1 120 1.580 1.169 | 1.026 60 AR MVIIER, SR
BC-470 46 423 2.4 200 1.580 1.098 | 1.037 65 i o
BC-490 55 425 2.3 1.580 1.107 | 1.030 70 A
Bc-498 65 423 2.4 1.580 1.103 | 1.032 70 B,y M
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EOMT AR FRANPITON TS, ZOHFPFEE, 7
AWFFH]  (pulse shape discrimination) & FFIEAL, o
PHEFREZEDS y MPAREZW) IRk e L ORI S
Twb (L v, 2001)s LAL, PSHHZERTORER
FHEEFHEI N TR,

5) y#EANRY NV EBBIT 2 H30TB%

AR v F L =T, yBOZANF—%FHH]
T LML, AR MV AR EYTALOEIC
N7V T = VT 4 T DLHENRD D, MATXUF,
FERDOR/COOLC, SCINFUL-CG % & DFIHE I — FA%H
FEINTWDE, TOHEE, MBEHRIRCEE LM o]
Rk, BNOZEELZRETOWETHEA ST
b0 L22L, PSHMIHZRD y M ANV F— % RBIT 5l
D FEIRE SN Th v,

4 RROKFE

L L9 LT p8EIE, RITHR ~N)arsy—hL
AMALT, BEIOEBCTRRICHELET Sy B
(YK, *Bi, T, EFHEEOMEBETERSIND AT
YRR L T L AT S 7200, BET, 20,
KEALAS T BE 7 PS Methge B & OFB2E  (HIEME % 4
IEET 2HEAENKE) 2006 7 5 EEREETDH 5,

FEHESIE, T E yMENRELLEHREEZETH S
EERFALT, T LyMEARNT L HEEERL
2o Thbb, H1OELEET S PS OF TR
(1PS) &, 52 DE S HT 5 PS (2PS) O y MiffHies &,
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Flow chart of procedures to make a differential curve of gamma ray spectrum by PS detector
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Block diagram of circuit with PS detector and pulse height analyzer for selection of PS materials
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Typical spectra obtained from a Nal detector (a) and from the PS detector (b). The spectra acquired from BC400 and BC408 were similar.
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Examples of differential curves obtained by means of the procedure

outlined in Fig.14.
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Schematic figures showing the Compton scattering method using differential curves and PS spectrum calculated from environmental nuclides.
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Schematic figure showing the integral method of differential curve (a) and an example of analysis for differential curves (b).
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Block diagram of three-layered PS detector for radioactivity prospecting.
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Structural form of light-guide
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Experiments using standard sources of neutrons (>*Cf), y -rays (**’Cs and K : potash chemical fertilizer) (a) experimental conditions.
(b) the appearance of radioactivity prospecting instrument. The labeled parts of device shown in the figure correspond to the parts of

device in Fig.24.
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Fig.27 3mEZED 5 OMHa: & HElE & O BFR(a) & W F(b)

Relationship between the detector at a height of 3 meters and standard sources of nuclide, and title of survey points.
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Attenuation of gamma ray of '*’Cs with the distance from source of '*’Cs
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Fig.29 3mODEE D 5CD MR % PS5 £ PSSO THISE L 72 & & sy il
Examples of differential curve measured the source of 2>Cf by PS5 (a) and PS50 (b) directors at the height of 3 meters.
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Comparison of spectrum forms of the source of *>Cf measured by PS5 and by organic liquids scintillator (NE-213).
The spectrum of organic liquids scintillator by Nordell(1984).
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The drift of the channel to the energy of the Compton Edge of 40K with
the progress of measurement.
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Fig.31 22CEA#ERD3m 225 & O itk 54
3D distribution diagram of neutrons measured by PS5
for the °2Cf neutron source at the height of 3 meters
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Example of adjustment of gradually drifted gain.
(a) Original differential curves. (b) Corrected differential curves.
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Example of adjustment of discontinuously drifted gain. (a) Original differential curves. (b) Corrected differential curves.
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3D distribution diagrams of gamma ray of '*’Cs analyzed by methods of the Compton scattering, the integral of differential curve and man-made
gross count ratio when PS50 ditectro at the height of 3 meters mesured '¥’Cs y -ray source.
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3D distribution diagrams analyzed '*’Cs, “’K, 2"“Bi, and **T] by method of Compton scattering when PS50 detector at the height of 3

meters measured the gamma ray source of *’Cs.
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3D distribution diagrams(a) analyzed K by method of Compton scattering when PS50 detctor at the height of 3 meters

measured the gamma ray source of potash chemical fertilizer as K and the appearance of potash chemical fertilizer (b).
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Development of Radioactivity Prospecting Device
with Plastic Scintillator

IMAIZUMI Masayuki, YOSHIMOTO Shuhei, TSUCHIHARA Takeo,
ISHIDA Satoshi, UCHIYAMA Sadayuki and YUUKI Youichi

Summary

A large amount of undeveloped groundwater may still be left in the rocky mountainous areas of Asia and Africa. A
location of buried fault is of particular concern for the development of groundwater resources in the rocky mountainous
areas because groundwater tend to occur around the fault. However, these groundwater resources are unevenly
distributed around buried fault zones. The prospecting methods to accurately locate buried fault zones for development
of groundwater resources in the rocky mountainous region has thus been needed. Radioactivity prospecting by means
of gamma-ray spectrometry using the Nal detector is a geophysical prospecting method that can detect buried fault
zones and has been successfully used as an important tool in Japan during the past ten years, but there are still several
problems to solve such as the empirical unederstanding principal of detecting buried fault by radioactivity prospecting,
and development of high efficient and cheap detector.

The buried fault in the dam-site where the surface soil was stripped showed that many springs were observed
along the fracutures in granodiorite of CM and CH levels on the both sides of the main fault zone. The radioactivity
prospecting across the main fault zone showed that *'*Bi and *'*Bi/***Tl decrease over the main fault zone. These
phenomenons are interpreted as the leaching of the uranium. The fluctuation of *’Rn concentration showed the peak at

**Rn concentration over the areas of springs showed the low concentration. The high *’Rn

*"Bi/*®TI. This can be explained by the parent nuclides of radon,

the point near the f1 fault.
concentration did not have any influence on *'*Bi and
U and radium (**°Ra). The indexes of *'*Bi and *'*Bi/***Tl measured by y -ray spectrometory are useful to detect the
location of unknown buried fault.

We developed a new radioactivity prospecting device featuring a PS, which is lightweight, easy-processing and
inexpensive compared with conventional Nal detectors. Experiments showed that the three-layered PS detectors
and the analysis method used here accurately measured the distributions of fast neutrons and also discriminated
between y -rays of different nuclides. These results do indicate that PS can be used for radioactivity prospecting, thus
potentially providing substantial advantage over the currently employed Nal detectors, although additional tests with
more complex spectra are needed to more completely test the device and methodology.

Keywords : groundwater investigation, groundwater resources, buried fault zones, fracture, y -rays
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B HRRERIC A do o o R BRZ fIT A 2 LI2E D 2D
BT 2BIKT 22 b MEINL L)1k -
TWwb, EESEE [ 13 4 F % AN ERBEERE
(2004) 12 X AR ERFIRBIC 65 M LL Lo FZEFE (65
MU EAMNCED S 65 U LHEEZOEE) 205 &,
R A3 EFEICBWTIIETEA307% &b E <, &K
WTIHIZEIR (28.3%), R (27.7%), BHUR (27.4%),
HE (273%) Lo TWwb, TNHOEIZH L T—
N47-0) BEANEBREDERNEHAICH Y, EHRETIEA R
BN LN LD A2 5 (Tablel, Fig.l), 25
I I O SR E OMEREL L TRDLVONEET
H5bo

ERFREE IO LT HMERICL DR IFEOH
& IR BT 2 ERE O FERIZE T % Hi5E ]
(1997) Tix, EHROEHLEEANEEENLERE
AL T 5, REFEDBAE, BEEFTHrOEARE
BIERWERO—2 L LT, BAORMERNIEH NI &,
PR B O BENFEE DLW EEITLTY
B, MEOHWE L, Bk REFEOBERSEE T
I E N TV,

WA, WHTDOALRDLWL [ =2 Y= X
A L LCREAREY TARSIMZCBY, WL E
HEDOXMRPBEAN L) DDOH DL, )= - V=1 X
LblE, TNE—BTEVEZLL [BNTELOWYLE
DB LHIRE] LT X 5. FR64F 6 A [RILAK A
RIGREOE B Al s, [EBHOFEOHK, X
ILDA b 7 &N LTAL E DL EELGHERD
FIEE] L LT, (7)) =Y - v —1) ZLEERH R
BRSO | A EAKE LY 7Oy s PELTHE
BEESNTYE, BMBEOLHIIEZ2EELLT,
AN VAHE Vo 7M7) 7Ly v ash R, B
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Table 1 — A24720) BNEHRE & HHR
Relation between medical care expenditures for
the elderly per person and employment rate

| g | D | g | A ED
KRR ENERE: | #hER RS ENEFE
(%) (%)
(M) (M)

£ % B 307 602,141 |1k & V| 232 822,409
i F E | 283 642,408 |I& K | 232 857,444
E O B 277 736,814 | 1 W] 231 770,347
B R 274 678,638 | B U 23.1 691,066
i om O 273 656,725 |1 O | 23.0 790,918
O AR | 265 775397 | A Il B | 22.8 828,262
R E | 258 693,275 |1 2 | 228 628,617
= F B[ 255 660,630 |HEEEE| 22.8 829,589
MHILE | 248 736,012 |3 ¥ | 225 627,096
i A B 248 656,073 |f& & | 219 699,320
I B OE | 24.8 691,582 | K 4 | 216 801,768
Ko E| 247 660,867 | T 32 IH| 215 653,778
O R 246 833,617 |k H H| 204 692,696
)| 246 787,890 | K B HF| 20.2 892,499
B R 244 664,930 |fE A& IE| 202 817,100
= @R[ 242 664,979 | HZEJIE | 20.1 712,717
FH AR 242 | 703498 |& B B 192 | 722,556
By £ E| 242 706,367 | H W | 192 696,035
i B I 240 788,865 |dt #F & | 183 929,878
H W B 239 738,197 |f@ [ U] 182 927,751
Bl B 239 732,960 |E I H| 18.1 882,060
% | 236 765,238 |t IR 177 765,131
T | 235 762,613 |9 A | 17.6 776,385
O HF| 233 821,787 | &FEIF

H
X

22.7 756,618

OHRTHEEZE T I L IC LB EBOMREENE L LN
TWh, o7 ) =2 - V=) ZLOHEMIBNTD
HAADOH THERE B 2 & 12 X A ER % 36 -
72 OBEE DS, BMFBIIB VT BREN, RS
FARNZ EAFHL PR ->TEY, BEARBROMEIC
DWTOEEL L IIRAEERENICHL I TH 2 L
bFEROLENTVD,

KAWL TIE, SEEORBEIREOT— % 2 2 EIIHE
THOERREAEREHEY Y-S T -5 2
V, EFEIET — 8 L REERBROGE, EIEHELR
AMITHRET 20 21U X0 BIEE I D 25 & mi
BOREOMELZBEGWIIRIET 22 &2 HWE L7z,

B, AEILEN TEEIEE LM ETa Y 7 b
WF7e [ rp L M B0 2 3 5 20F - PR ke
OFHMBTFEORSE] (H16-18) (2B CHNH A 2B AEF
e ~NDEELIZ L 1) FEh S DR D—ERTH %,

n 7z &

AFTEIZBWTUE, T EE OB T 1 REERER
PHMTH B L) IRFUIR LT, e ORBEZET O
REAEI) T — & & RERBRO A, SENE, FEmFEIC L
DAL LIRET L7ze COMTRERICE D, REEMHEE
DIEFIEOR R Z RS H 2 L & L7
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Figdl — A7z ENERRE & AR
Relation between medical care expenditures for
the elderly per person and employment rate

JZAG7 @48 TP 13 B NERFFERE ] (2004) XD

1 REMNREOEE

gL, REFILEAE RGOy - EE L %
MEREA 7 ) — =7 (&%) % 1998 4£d 5\ 1d 1999
ELENTND AERIIDZZ LT DL HERE 65 e~
TABOEREARE Lz, ZORREFIIOVT, 7Y —
Yo=Y XLEOBNME G EIRFIIBIT D RERR
DEREWETT D720, FREONE S ST - B3E
ED ZBBIRE L TWEHhE) P TRG Lz, MEtics
W, FElix [65~ 697, 70 ~745] D25
I, SHIRELOMDYTOEIZEY, [B¥% 1 H
3L EEH L Cwa A (ITOR%E), REIFREF
BTAE - BFEO L) BT > T ad A (U@
B, BEFEFHETIE - HESLDfToTnin
AN (LTOFEEE)], O30 IIHREEZ L
(Table 2) o

T/, EEILL o CT - ¥ E SN WHEEE /S
T BB, SRIONR D SIERMERE - LHEED
HEBREAEOD L0, BUKRE MK7T—4 Tk
WBC (HIMER) < 3000/ul, = 10000/ul, Hb (Ififa3E)
< 12g/dl, > 18g/dl, PLT (/M%) < 10 x 10%ul,
=50 x 10%ul, Alb (773 ») < 3.8g/dl, AST (GOT)
> 801U/, ALT (GPT) =901IU/l, y -GTP = 300 IU/I,
Cr (ZV7F=V) = 12mg/dl, RREICBLRER
=2 +EEERAN L 720 2 ORER, W RBEFUI 3,049 44,
Bk 2,161 %4 L % > 72 (Table2),

2 BECOEDLYEDSH-EEREDLEIRENER
LRROER L BHEE OBD ) FOENII X 5 T
726 DOWET, ATHIRIOBLE, #OE, S EICIRI I
DWTC, BET -5 OBIE, FERE, SREEIE, 5
PeinfEiaHE, M fgE (82 L A5 1 —)L TCHO, non
HDL- I L AF 0 — ) IZOWTHEEL, HMOLEHR

HERATo7 (WEEL 441%),
AR B\ T B, [ L, i e B 3H A L |
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Table2 1%, i, FHHIOXNRE K
Number of sample according to sex, age, and group
Opk OmkrsE OJFmE &t
HRIRTAE - BRIRTAE - B

{

FP3EAED FED R L
65-69i% 1,201 561 311 2,073
L 70-T45% 602 224 150 976
At 1,803 785 461 3,049
65-697%. 889 221 211 1,311
5 70-745% 628 113 109 850
& 1,517 324 320 2,161

»3Xar, ki, [RL, —AMIC3 HUF, —BERH
24 HULET—H 2 &K, —HAMIZ4 B ET—H2
AUER] 124 X5 L7z EMEIURULE, (470 FLE3S,
gE, M, W, KM, EAEE, ZoMmoBsE, i
H,OEHE B o0 EICowT—H 1 L EER
LTWwWahERELSEZ 1AL L, 10MEDOEFN
REL L CEMEBIGHE (BM) &Lz, 35i, &
METE BALT, 4~654, 7~1045] @3 KIS
CEER O MBI AV 2

WA —7I1CBWT, SIE X INE 160mmHg
DL BT ONWG R, A PR 1 22 I8 B IS 126mg/dl DL _E,
i B IBE 200mg/dl DL 1, HbA1c6.1 % 2L b T USG9 o,
T PR R IRE & I Hh PR B 8.0mg/dl BL b e ONiE I & B 3%
LT, BT ELAERI L ICEE L2, MPIREM
2OV, SIRIIRE CHEFEF O b D% RV THE L 72,
T 72, WEEIZOWTIEBMI (BMI =KE (kg) + &
£ (m)?) OB LIT-72,

3 MErEWFE

B BOE, SMERCRR, ST, MR, SREB
IME, EARMERO LFEO IIZIE y *HEL, BMI &
I B O 2 B B 1 E— Te B E 5 BT L 0%
HILEME Y AV, AEAKEL %R E Lz Ty
7 7 = 7 1d SPSS 11.0J for Windows % il L 72

m ##F R

1 EFRRICDOVWT DR

AR OTER L O 5@DEE L Db 12X L8
BIOEHEREIZL > T O ALETL, 3 O0HOMAK
WEROEZRE L7z, £itB L UOREDOFH R % Tabled
WZF &7z, T72, HHOBECEZHBETESL L), 65
~ 69 I D W TERIRIOIEE Z & |2 Fig.2 ~ Fig.7 %
PERC L 720

BAE 2OV TUE, TR 2 B O T AE RS &
HICHEMICHEREN DY (Table 3), OFEZEIIBEZ L
DIEFEP o572, OMKEEIIORELOIREOT
MO TH -7 (Fig2) BT, 2 MOKE THE
HEE 12, O~QOHM TAEEIRD o7

(Fig3)o L2vL, BafliZe Lo lRIEmi4E R o 2 [l
OEFEL L ICORETE, 572

FRIBEIZDWTIE, B MEE D12 65 ~ 69 1% TILHERM
WCHBEEDVRH 720, 710 ~ T4 R TIEIEZRD L o7z
(Table 3), CPETIE, 65~ 69 TOEEIZBEZ LD
WD o 72 (Figd). BT, 65~ 69 i TO®I
RETHKIEZ LOEIEC, ORFT—AM4HD L
T—H 28K E»ro 7 (Figs)o THEBEMEE L1270
~TAFTIITEMICEZEO R P o720 DD, WEEIX
65 ~ 69 DK & U < kT OE¥E, BiHkix@IER
ECTHIEL LOESBHWEN D A S7: (Table3),

BEMEIBEEICOWTIE, THEBMEE 1265 ~ 69 5%
TREMICHEEEDND o720, 70 ~ T4 R TIEEZ D
Z7ro 72 (Table 3), 65 ~ 69 EDFEE TOIFEED
HEH T 3T OREKIILME19.6%, BMH313% T, O
BEOZFZNZEN102% & 195% 12T ELIZHEDP -
T2o B2, AWM T 7-10 TIZOEEN M 53.5%, Bk
425% T, QFBEDOEFNETN43.4% & 33.6%I12LT
EhE M, o7 (Figé, Fig7), oMK EE L&
710 DIEFPOBRELFAETH 72 ZRHMEN
13, MEEBIP4EREDICAON, 70 ~ 741K T
BHMICHEEEZRO L o200, THETIE 65 ~
69 i & FREDOMHE AR 5 417- (Table 3),

F7:, BHORBETIEZWORENRRERITo> T
WS, EREEB L4 EBRORR IS &, )
7 L O IEII LB O W FREE O£ TORT 4 4
BICHML, 5270 ~74mOTHEWEINAH S
7oo BMEZ: L OWETIE, BEOETOMT4FRZICHE
T 225 65~69m LD 70 ~ 74 CTHWEMIZH -
7z (Table3),

2 BEEET-ZIIDOVWTOhHR

MREOHBLOL@DEEL DMLY HIZL 5B
LU ERERBIC & o THFTL, 3 2OBOEZ MG L7z,
#5318 L OBEDHF- % Table 4, Table 5|27k L7z, 72,
HHOBVWERATEL L)L, BET-FOHE L
DF k%% Fig8 ~ Fig.19 12275 74L L TR L7z,

BMI (X, WIFEEIZOWTORBERCIlLE L 720 it
BEE L2, WERBBIZBNT, FEE2EDLD-
72 (Table4),

EIEEE, B b & i L Tw
H, WERIEREO 2 MoK L 12, AEEERro72
(Table 5), L2 L, AEEEIZVWIOOXERMEE D
1270 ~ 74 % ClE, OBRFETHRMNMEEAR SN
(Fig.8, Fig.9),

PERAE L, KU CTIIHEMICEEELRO L o7z
(Table 5), BETIX, 65~ 69 EOWMEEIZB W TOR
HDS3IUBIZRLTOFRRTI3T%LEETHY, F
7o, DR, QLR OFREDOIEIZED AT
LEm %R L7z (Fig10), 72, AEEERVH OO,
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BYED 65 ~ 69 D 4 £ L 70 ~ T4 RO HERHEOM
FEFETHRBEOMEALS RS 72 (Table 5),

ERBRIMAEZ X, W TIIHEICEEEEZRO Lo
72 (Table 5), BMETIX, 65~ 69 DFIERE & 70 ~
TAFIZB O THEICAEEZEZRD, OIFBEINEET
»o7: (Figll), BHETIX, OEE OBRHKESE G
FEEDIICED LAT TR Lz 72, AEE

FAT TAEFERTEGH. 45 209 %

(2009)

D VBEMED 65 ~ 69 KD 4 4K T L FEREOMEIAR S
N7z (Table5),

ERIMERETRE L, ZMETlE, WERBE LS Ik
W CHEEZRRD . WD 65 ~ 69T, ORKE
ENERT, 70 ~ 74X TIEOIEZENZRTHY, v
FTHIZBWTHLOEEDNDL - & LIEETH > 72 (Fig.12,
Fig.13), B0 65 ~ 69 M CIIAEER I DL h o 72

Table3 EELDEDLY &R

Differences between groups in life style

LS 5
)53 @3 OF/F-53 )53 QB 3 OF]9-53
65-697%. n (A) 1201 100.0% 561 100.0% 311 100.0% 889 100.0% 211 100.0% 211 100.0%
AT 1) 45
L 1196 99.6% 545 97.1% 296 95.2% 305 34.3% 62 29.4% 61 28.9%
WL 2 02% 10 1.8% 9 2.9% ** 365 41.1% 87 41.2% 91 43.1%
by g 3 02% 6 L1% 6 1.9% 219 24.6% 62 29.4% 59 28.0%
WL 4 4E15
L 1196 99.6% 547 97.5% 299 96.1% 323 36.3% 63 29.9% 66 31.3%
Pl 4 03% 8  1.4% 9 2.9% ** 383 43.1% 101 47.9% 102 483%
TLE B 1 01% 6 11% 3 1.0% 183 20.6% 47 22.3% 43 20.4%
FTERIAE
L 1103 91.8% 482 859% 268 86.2% 184 20.7% 58 27.5% 62 29.4%
—AE3IHLT 71 59% 46 82% 29 93% 127 143% 24 11.4% 33 15.6%
—EM4H M E, —H2A R 24 2.0% 29 52% 14 45% ** 358 40.3% 68 32.2% 67 31.8% *
—HEM4A MU, —H2AUE 3 02% 4 0.7% 0 0.0% 220 24.7% 61 28.9% 49 23.2%
#RH 4 F1%
L 1109 92.3% 494 88.1% 284 913% 216 243% 67 31.8% 72 34.1%
—HE3H LT 61  5.1% 4 78% 17 5.5% 122 13.7% 32 152% 32 152%
—BEM4H UL, —H2AEFK 31 2.6% 20 3.6% 9 29%* 361 40.6% 65 30.8% 65 30.8% *
—@EM4H UL, —H2AD L 0 0.0% 3 0.5% 1 03% 190 21.4% 47 22.3% 42 19.9%
BB WA
3 123 10.2% 74 13.2% 61 19.6% 173 19.5% 53 25.1% 66 31.3%
4-6 435 362% 186 332% 115 37.0% ** 338 38.0% 77 36.5% 74 35.1% **
7-10 643 53.5% 301 53.7% 135 43.4% 378 42.5% 81 38.4% 71 33.6%
Y 4%
3 164 13.7% 69 12.3% 68 21.9% 172 193% 46 21.8% 69 32.7%
4-6 432 36.0% 209 373% 105 33.8% ** 324 36.4% 86 40.8% 74 35.1% **
7-10 605 50.4% 283 504% 138 44.4% 393 44.2% 79 37.4% 68 32.2%
70-747% n (A) 602 100.0% 224 100.0% 150 100.0% 628 100.0% 113 100.0% 109 100.0%
T 1) 45
L 600 99.7% 216 96.4% 144 96.0% 163 26.0% 22 19.5% 22 202%
WL 1 02% 5 22% 4 2.7% ** 289 46.0% 65 57.5% 59 54.1%
byl g 1 02% 3 1.3% 2 13% 176 28.0% 26 23.0% 28 25.7%
W 4 4E15
L 601 99.8% 219 97.8% 145 96.7% 178 28.3% 26 23.0% 25 22.9%
5 0 0.0% 2 0.9% 30 2.0% ** 308 49.0% 66 58.4% 63 57.8%
TALE B 1 02% 3 13% 1.3% 142 22.6% 21 18.6% 21 19.3%
FE AR
L 554 92.0% 201 89.7% 135 90.0% 156 24.8% 34 30.1% 38 34.9%
—HE3A LT 30 5.0% 14 63% 7 47% 95 15.1% 17 15.0% 23 21.1%
—HEM4H M E, —H2A R 18 3.0% 7 3.1% 6 4.0% 258 41.1% 45 39.8% 35 32.1%
—HE4H U, —H2AUE 0 0.0% 2 0.9% 2 13% 119 18.9% 17 _15.0% 13 11.9%
FRH 4 1%
L 556 92.4% 208 92.9% 139 92.7% 186 29.6% 35 31.0% 39 35.8%
—EM3IHUT 30 5.0% 11 4.9% 6  4.0% 76 12.1% 12 10.6% 17 15.6%
—EM4H M E, —H2A K 16 2.7% 30 13% 4 2.7% 266 42.4% 54 47.8% 42 38.5%
—EM4A M E, —H2AUE 0 0.0% 2 0.9% 1 0.7% 100 15.9% 12 10.6% 11 10.1%
M T WA
3 89 14.8% 40 17.9% 25 16.7% 110 17.5% 31 27.4% 22 202%
4-6 195 32.4% 69 30.8% 47 313% 252 40.1% 40 35.4% 41 37.6%
7-10 318 52.8% 115 51.3% 78 52.0% 266 42.4% 42 372% 46 42.2%
HH Y 4%
3 90 15.0% 27 12.1% 32 213% 128 20.4% 21 18.6% 22 202%
4-6 207 34.4% 81 36.2% 49 32.7% 209 33.3% 48 42.5% 35 32.1%
7-10 305 50.7% 116 51.8% 69 46.0% 291 46.3% 44 38.9% 52 47.7%
¥ HEHoOBEIR, HHEEBETIERO3OOHOMBMILEIZENS L1 %2 B L Twh, *p<0.05  **p<0.01
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Tabled EELDEDbY) &BMI

Differences between groups in BMI

LS 5B
(@) T3 QB ©F3:54 DOEE QBB ©F3-4
65-697% 23.0+ 2.8 23.0* 28 23.0% 29 233% 26 232+%25 234%25
(1201) (561) (311) (889) (211) (211)
70-745% 228+ 29 232+ 28 232* 34 228+ 26 229+24 228+ 3.1
(602) (224) (150) (628) (113) (109)

¥BMI=fAE (kg) ~HE (m)? *OKMEIIEERE, &y INOBHEIZAE, *p<0.05 ** p<0.01

A% (Fig.14), 70 ~ 74 % TIZ@IEEED 4 EHIZB VT
HETH o7 (Fig.15),

MARRE (BRRIMERET 2 RO 1L, Bl i,
QEREE-Q@IFEEEIFNEN, OBFELD LK
IV A7 H—)L& non HDL-C WA EICEME LR L 725
(Fig.16 ~ Fig.19), Q@RI ESE L QI EEOMIZITHE
RO Rz (Table 5), HFIZ, 65 ~ 69 j THHIE
THY, 72 ZETEOMEEOKRIL AT T — )L T
DD 208.1mg/dl (23 LT, @R 3 T 215.0mg/
dl, @IFEFK T 216.6mg/dl & EH o720

=

as

|\

1 BENLEEREEODRICOVTORE

B¥Ex LA (OFFESE) LRE3EIC1TH3IKEHDLE
HHELTWLIAN (DEFE) OFEFEREOREICEWTIE
(WEE L 4F1%), B¥Ex T2 ANOFIREELT LEVA
OB LWL, &FICETR &4 SR (Fige, Fig7)
ThY, \IE, WERFE, SERIE, SREBIED D %
WEAIASEES H 7 (Fig.8 ~ Fig.19), AMEIIZ B
TIE, 65~ 69 ICBWTHIZ & L MEMIZHBEEZITRD
SN, E¥ER L WVEICBWTEMIBIROME AL 2w

Table5s E¥ELOEDLY AT —%

Differences between groups in health checkup data

LS %
O QBRI g3 OFEE )-53 @it 3 OFEE
65-697% n (A) 1201 100.0% 561 100.0% 311 100.0% 889 100.0% 211 100.0% 211 100.0%
v I RDAE 329 27.4% 162 28.9% 85  27.3% 246 27.7% 52 24.6% 50 23.7%
7 L FE 44E 15 437 36.4% 200 35.7% 105 33.8% 307 34.5% 71 33.6% 71 33.6%
TR IR AR 61  5.1% 20 3.6% 18 5.8% 74 83% 18 8.5% 29 13.7% *
HERIR4E R 74 6.2% 27 4.8% 19 6.1% 88 9.9% 21 10.0% 28 13.3%
o PR BRI A 4 3 02% 1 02% 1 03% 2 47% 16 7.6% 20 9.5% *
B PR BRIIE44E 72 6 0.5% 2 04% 1 03% 59 6.6% 15 71% 23 10.9%
TN ME IR AE 74 62% 59 10.5% 32 10.3% ** 17 1.9% 8  3.8% 7 33%
R AR TG IR 44 12 137 11.4% 9% 16.8% 49 15.8% ** 32 3.6% 11 52% 9 43%
n (M) 1046 458 253 852 197 199
TCHIAFFE (mg/dl) 208.1 +284 %% 2150 *264 2166 *298 [f 1913 #2901 * 1995 *31.0 1975 =319 [
TC4%E# (mg/dl) 208.5 *285 % 2159 278 2172 *29.1 ff 190.9 282 % 199.1 +30.8 1961 *32.4
non HDL-CHEE  (mg/dl) 149.6 *£292 ** 1558 *27.5 1598 *29.7 [ 136.6  *£29.6 ** 1461 *31.0 1447 =342 [
non HDL-C44Ef%  (mg/dl) 1493 £294 * 1556 £282 1593 =283 [f 1359 £284 * 1456 *31.0 1426 =£328 [
70-747% n (M) 602 100.0% 224 100.0% 150 100.0% 628 100.0% 113 100.0% 109 100.0%
o L R4 188  31.2% 85  37.9% 60  40.0% 164 26.1% 36 31.9% 33 30.3%
i HE44E 12 249 41.4% 101 45.1% 71 473% 228 36.3% 44 38.9% 41 37.6%
TR IR AR 32 53% 15 67% 12 8.0% 41 6.5% 9  8.0% 13 11.9%
TR 4 40 6.6% 15 67% 15 10.0% 55 8.8% 13 11.5% 11 10.1%
B PRI IME R4 B 1 02% 1 04% 1 07% 26 4.1% 11 97% 12 11.0% **
BRI 44 1 02% 0 0.0% 0 0.0% 32 51% 9  8.0% 12 11.0% *
e Wi ML (3 8 ) 4 46 7.6% 20 8.9% 22 14.7% * 11 1.8% 0 0.0% 2 1.8%
FE MR M F R A4E 12 71 11.8% 27 12.1% 31 20.7% * 21 33% 4 35% 12 11.0% **
n(\) 514 192 112 604 109 97
TCHI4EE (mg/dl) 207.8  *294 2126 £27.0 21201 %296 190.8  £26.9 1949 £285 1949 *27.1
TCA%EH (mg/dl) 206.5 *284 2120 £27.6 2154 *309 189.9 *283 1951 *284 1940 =*268
non HDL-CH4EE  (mg/dl) 1487 £295* 1575 £262 1538 =317 1362 *275% 1440 £298 1407 =285
non HDL-C44Ef%  (mg/dl) 1473 #283 ** 1561 *268 1564 *318 [ 135.6  *282 1425 #298 139.0  *26.1
¥ OEIMUE, BERIE, SRFRILE, SIRMEEOBMEIZA nZRHOBAE, 320HOBELRIZELD L2 HE L Tw

2. *p<0.05 **p<0.01

M fEE (2L A59—-)LVTC, non HDL-Z L A5 1 —)b) OFfEITFIHE,

l/\Z.)O

Ovs®@ *p<0.05 **p<0.01, Ovs® [p<0.05 Jp<0.01, @vs® T p<0.05

n IEEHEOBANET, 2200HBTEEZME LT

T p<0.01
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Woman’s (65-69 years old) smoking ratio (first year)
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Fig4 1k 65-69 Wefkili (W4EHE)
Woman’s (65-69 years old) drinking ratio (first year)
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Woman’s (65-69 years old) kind number of food (first year)
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Fig.8 1k 70-74 5%  wfE
Woman’s (70-74 years old) Hypertention ratio (first year)
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Man’s (65-69 years old) kind number of food (first year)
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Fig9 597074 % @iiE
Man’s (70-74 years old) Hypertention ratio (first year)
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Man’s (65-69 years old) Diabetic ratio
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Fig.12 7tk 65-69 7% mlRIE (HEH)

Woman’s (65-69 years old) Hyperlipemia (under treatment)
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Fig.14 B 65-69 /% BIRIE (AFEH)
Man’s (65-69 years old) Hyperlipemia (under treatment)
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Fig16 ZM 65697 #ILAT7Tu—) (FHfE)
Woman'’s (65-69 years old) Total cholesterol (average)
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Fig.18 BN 65-69 5% #BI L AFu—) (FEHfH)
Man’s (65-69 years old) Total cholesterol (average)
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Fig.11 5314 65-69 1% & iR ER E
Man’s (65-69 years old) Hyperuricemia
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Fig.13 etk 70-74 5% @FRIE (GHEH)
Woman’s (70-74 years old) Hyperlipemia (under treatment)
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Man’s (70-74 years old) Hyperlipemia (under treatment)
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AD % 9o 72 (Fig.6, Fig.7), F7-MET— 7 ICHE®E
A U2HEIL BUEHEOMIRE (Fig10), &R IMNE
(Fig.11), B L OEEP L EO-B Lol igE (Fig.16
~ Fig.19) %Ch 5,

BEEE 3EMUELTWAROTIE, B, FGER
WbHT, EMEIURRESBIFCH Y, HERE, iR
IE, BRBIEORET—FI2BWTh, BEZLRV
HOICHNTRIFEEZ AERTH o 72 BERIZOW
TIRAHRORERETH 205, NS DEIFDO TR
LT, BAEEE EHEEIKEALELHOLC
Ehs, HEORETE, RECHRT AEEEE) S
NOOEIFFHICHIIIEH L72TREMDSH 1), EHIC
BT HRHERTHD, FFEETH-THIE - BEIEY 2 H
WA ANTWwa A (OBEESE) 1§, ALY
I & L CEGIRASILE BAFCH D, BRI IR
FRIMLAE A3 A 72 WIT REVEDSRIE S 7z,

F72, BELOBMDY FOmENI L B EEH O LB ORK
EREGEZ Table 6 |ZEBLL 72 7 10 AFED 104 HHH T 41
HHETSHKED FTHEEENAON, F0E2IC, A
BEVBOONL > 2HBOHRIZH AR EDH - 2H
HERBOMEMS L CIXOREIR D BIFRHERE Lo
HEEAR0HY, VIR TIETINALD
BREE R LIRS D 5.

2 JEEROEEFBROPRIZOVTOMEE
HEAEICEEREZIMA L I LIZL > TEBED Y

R TP 56 209 5 (2009)

FHEREDIR T 2K T E B0 89 hEMETT 5 2 LA
WEDHMTH L. L L, RIPERIEASEREEE
Y —DFERL CWLEMBEER ) —= 7 (B2 %
SZHLLEBRAEZ 2R E LTV 0, HliEo
HERDSEAN R ICHTE L CORERBRY 35 Lo
F—ARBRETELRV, F2T, BZOMZEIIBNT
A6 - B3O ) BERRRE AN E LCTHIZ L Tz
) CTIBRE QKR LQIEED 2012517,
FRRTIE - BEO Y 2475 T 5 OB EEDREIC
EH LR ZBRE L7,

AEIRIE D S b AMEIUZ O WTIE, QR EEIZO
JRELVLRIFEEZ DN, k65 ~ 69 K TIIA
MBRNOL NS OPORELREOERTHY), /2, F
1% 65 ~ 69 K Tld, BMENOL N DOENFOEEL
@IEEEDOHIZA > Tz,

AT — 7122\ TlE, HHTBMIICEERZL D
Wb oo, BEO—IORRE CHIRFE & &IRBRIE
FHIZDOWTHEBREZRDZ, BIRFEEIZOVWTE, B
65 ~ 9 EDWIEE THEEN D), OMEEFEDFIL
OEELQIBEOMIZA-> TV, 72751, 44D
RIIGEERIED LD o 1o B IRRIIER 12DV T,
BYET 65 ~ 69 D 4 xRV THMIZEZRD, @
B EEOFIIOBEE L@IFEEDOMICA > Tz,

FBRRTHoTHIL - BHEOL ) HMRAE SN E L
TWh AL, AEGEZIZ LD E U CTEGRT AT iR B
FTHY, BETFT—FI2BVWTH—EBORE THRIFL

Table6 LD FOENIC L 2B OEOHIERHED—E
List of test result of groups in lifestyles and health checkup data

gl s %
AR WAL 4FE% WAL 4R
AE 65-69 70-74  65-69 70-74  65-69 70-74  65-69 70-74
72 il ok sk ok sk N A A A
ML A A N A
HEPRI A N * A A A
25 PR R LR * o *
E R IME 7E B B EES * A A B
a1l A5 - )VTCHO @*@ sk A EES A EES A EES N
@*@ sk A sk * * A N N
@*®
nonHDL I L A5 U - ) @*@ ok sk ok sk sk * sk A
@*@ sk A ek * sk N sk A
@3

#p<0.05, **p<0.01, AFNF0.05DFBAMEL /2 S R WHAOREPRT 2% R L72HE,
W (BUE, #m, AOMRNCKRIC, ST, BERE, SRERIVE, SRRILGEH) OB ¢ e

Wz,

BB, O, FMRIUIRILE, O, OmIRESE, QFFRFEOHEETIER C 3DDMOMILR

2D D B e BE L7,

P, BEPROP, RPRRRIVE, mfRiiaRi, HEBmICORE, OBRRESE, QI FRED 3200

RERCHERIZ 38 B % T L 720

W (P AEE (TCHO, non HDL) ) @ HBRZIZ 13— TCHLE 73BT f 0% B Heishie & H v 72,
MR IEORE, QOWKESE OFRFED27NV—TOMAEDEDILIEETH S,
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FERERIME 23 A 7\ 7 E ORI AR S 720 FRIHEIR
AEEE BT O EFOH LT S 25KETDH
D, MHEL TEITTEATPHREAROLENT VD, FER
RIZBUF B - HFEOL DI FEO—2 L LTI S
bo 72721, SENIWIHFAETH ), 7z, FERM THEIR
TWSEREV S AN (RIREE, IR SR MLE O &
Piel) PERZZWTEMELDH ), FREDONICBIT HE
FED S SRARERDHE IRIR D FEIE 2 T § 5 70 &) Ao wn
TIEHER D PLETH 5o

3 FEERORFEANDEIFDEIR

FEI TR ORGSR & T E ARG RE O BEANOBE D IR
AL E, REEOSEEEHIO NTEF 17 £ Tl
55~59mAE—27 L L, MEEBILEDLEELEOHE
(BRHI) 13, EWHPLESBIZES 60U LET
BALERALIS~79TIZ06 2R 5, BEERLFEL
EHIZT70 ~T45E E— 2 12N L T 5 (Fig20a,b),
YR R2EPSDOELEADL L, BEEROLILED
40 ~ 49 EE R NTIZIZETOFEERBERT 1.0 TR,
REZBOILTD 1.0 2z 2 HA% < (Fig.20¢, d),

59T 08
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r 106
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EWSETIIONTERFERFEZE S 2 2EAEZR L, FF
12 60 ~ 64 DB TIE 5 ERTD 3,418 AD 5 7,681 A
B 2 Tz (Fig.20d) o
BEABBTIE, PR 124FED 37,044 A5 5 F K 17
41213 36,750 AZi- TIEWV 5 b D0, FEAEFEZIX
Lo T 2HEERECOFHEBREOERNR NS
s, BAEERTH 2 & DMERRIEIC RIF AR E R
L7724 MOMEEDS, MEOBERE N LS4, BEH)H
M s—Be%nsl & FEds,

V &

il

WA RS, BIEEL HENIT> T2 AOFHE
WZDWTHITEATH S LSk MR EDTICERT
b
(1) BEZIToTwWAH AL, BfEEZz & LEVAIC
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DRARTRNMET DD - 72,
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Fig20 KO 5EEHBHIAL, Bl BEEY BFEELOZI

Change in population, number of employees, number of farmers, and ratio of farmers by five-year age group of Nagano Prefecture
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(3) FERRTH-oTHIE - BFED % HEEF I A
NTwa AL, BEFEYRD & L TAFRIS K
WEIFTH D, RS B IREEMUAE A 70 i REME:
AR S N7z,

(4) HEORBRIERE, BECERTLZ2EEEEIAINSD
PIRT BB RV VE L 72 T REME SRR H 7z,
RIFFEORRIL, Wbwd [EEFR] ok, 7
)= =) AAHEMFIE I L CERN R HE T
AT D LDTIERVA, BRHTICEZEL R T -4
\Bohi. ®BE0 T NOBLBREOERLICET 2
g E ] (2006) 12&NE, Y- v -1 X
LARZFDOFREIEREL L CTHRMEAB I BT, ZHilE)E
fEEVIFERETED V FIA4 TR LTEIER WL
BHLAE LTOEREFHNET2HEZHEL TV D
FEPL R 6N D, RUIRICB VT, RBWEED
BAEEOHE CH-> T, EHHERORETH LW
BEOREMEI DT — 5 BRI LT, e
AT OIS & AR T BRI CTHERE LT

AR TE %,

MEme LT Rifftor—%, HEEHE BITFE
WCHEET AHEROBERBHOT—5I12L55DTHL L
W) ZEND, BBHOHFEFISHN L CORMZEE, —
PALIIZRED D Y, Moo Stz & 2 A2 IF%E, WG
BIThbb 2 L 2T 5,

SEHK

1) EIREFRRBR g2 (1997) @ HHAIZ BT % E#
BOWFERICHT 5 8 #H, hip:/www.kokuho.
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2) JEAGTEE (2004) PR 13 4L NEREFERE
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(verified 2008-12-08)
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Effects of Farm Work on Elderly People to Prevent
a Decline in Their Physical Functions

MATSUMORI Kenji, NISHIGAKIYA Yoshio, MAEJIMA Fumio,
USUDA Makoto, NAGAMI Hirosi and YAJIMA Nobuki

Summary

It is pointed out that farm work has an effect on the physical functions of elderly people. Demonstrative studies on
the concrete effects, however, have not been fully carried out, including the relationship between barometers of health
in elderly people. In this study, data from health checkups were analyzed in relating to farm work. This study provides
useful information on the effects of farm work among elderly people.

Approximately 5,000 elderly people aged 65-74 were divided into three groups: (1) those who were engaged in farm
work for three hours or more every day, (2) those who were not engaged in farm work but grew flowers and vegetables
as a hobby, (3) those who were not engaged in farm work nor did they grow flowers and vegetables. A study was carried
out as to whether there were differences in the state of their daily lives and an examination was made of data due to dif-
ferences in the level of involvement in agriculture. As a result of this comparison, Group (1) was better than Group (3)
in dietary habits and in risk factors for arteriosclerosis (diabetes, hyperlipaemia, and hyperuricemia) with a significant
difference. With regard to the proportion of men who suffered from diabetes, the rate was 13.7% for Group (3) whereas
it was 8.3% for Group (1). With regard to the value for total cholesterol among women, it was 216.6 mg/dl for Group (3)
was whereas it was 208.1 mg/dl for Group (1) . Group (2) ranked between Group (1) and Group (3) for most items.

Farm work has an effect on the physical functions of elderly people, such as the prevention of lifestyle-related
diseases. Data obtained through this study can be used to motivate elderly people to participate in interaction activities
between urban and rural people.

Keywords : agriculture, health barometers, health checkups, lifestyle diseases, rural-urban interaction, agricultural experience
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Study on the evaluation structure for canal landscape in
rural area by virtual experiment

HIROSE Yuichi*, MATSUMORI Kenji*, MINETA Takuya* and ISHIDA Kenji*

Summary

In order to obtain the knowledge on residents’ evaluation structure for landscapes with an artificial and a natural
canals, we carried out the virtual experiment where the questionnaire and the interview about two photographs with an
artificial and a natural canals to a virtual residents’ mass that consists of the staff of office in the National Institute of
Rural Engineering (NIRE). They don't have the preliminary knowledge of the two canals. The data from the experiment
was analyzed using the hierarchical Evaluation-Grid-Method (EGM) that is considered human'’s cognitive construct. We
study the differences in the evaluation structure and the factor that influenced the alternative decision on the basis of the
analytical results. The reason why the staff of office in NIRE is regarded as the residents’ mass is to avoid the interven-
tions caused by residence in areas photographed to the evaluation structure. The interventions, for instance, are experi-
ences of daily life and of smell from the canals, etc. The results are summarized as follows;

1. Group A, who feels agreeable to the photograph A with the artificial canal, considers that safety against the disaster
and easiness of life are important and has a tendency to like the canal landscape with a feeling of safety and easi-
ness.

2. Group B, who feels agreeable to the photograph B with the natural canal, has a tendency to like the canal landscape
with the survival atmosphere of animal.

3. The factor that influences the decision of the alternative two photographs seems to be with or without the experience
of playing in the waterside in childhood because the evaluation structure of the group B shows the process of process-
ing information with linkage between the experiences of playing in the waterside and information obtained some hint
from the photograph, while the group A seems to deiced a desirable photograph from the experiences of daily life.

Keywords : Evaluation-Grid-Method, questionnaire, interview, canal-landscape and rural-planning
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Classification of characters of measures against rice grain damage under high temperatures during ripening of rice
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Water management techniques for high temperatures during ripening of rice and influences of them on water demand
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Influence of water management on rice grain quality
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Problems and Future Directions of Agricultural Water Management
as Measures against Grain Damage under High Temperatures
during Ripening of Rice

TOMOSHO Tatsumi and YAMASHITA Tadashi

Summary

Grain damage under high temperatures during ripening of rice is an urgent problem in recent years. Various measures
against it are investigated, and agricultural extension sectors need to guide farmers to prevent the damage. However,
there is strict limitation of water supply to apply theses measures in a specific area. This paper analyzes how the measures
against grain damage under high temperatures during ripening of rice influence agricultural water demand by literature
documentation, and shows how restriction of water supply constrain agricultural extension sector from choosing practi-
cal measures in an specific area. Direction of measures against grain damage under high temperatures during ripening of
rice with corporation of agricultural extension sector and agricultural water supply sector considering limitation of water

resources are discussed, and a desirable process for choosing practical measures in a specific area is proposed.

Keywords : paddy rice, rice grain damage under high temperature during ripening of rice, agricultural water management,
irrigation facilities, global warming



[%Iﬁﬂﬁﬁ mwj
139~152, 2009

139

R 20 4F (2008 4F) ATF - EIAEMEIZ L S
BRI 38 D ZEAT KR it i SRS B 9 % B A

BAEBEA * - T LA -

I 7‘%& % ...................................................... 139
I ﬂ%@*ﬁ%% ................................................ 140
m gﬁ]ﬁ;}ﬁ%%‘g ................................................... 141
N %&%Ilk(ﬂ <\: E%%’?E]Euk(ﬁ .............................. 143
1 RIEHEAKOBEIRD & BEEEIRRI e 143
2 FEIHKOBEERR & BEREIRRG e 145
V AR OFEIHIZ DU TCorrrrrrrerenneeenneeeecn 149
1 RJEHEIKEG -oovverrremmeeeei 149
I # 8

20084 6 H 14 H 8 Kf 43 43 tH, B FIRANEMIS E
e LCaET - SWNBERENSEE Lz, REIL, W
JeVE A & BEREH A 1A 7 8 & o i W B (44
¥31 ) THY, AEHIIICILES SEEVEICIAAD
EFEMTERELZLOO—HIE, BHEMETKATH
oo CZOWEOREFEE LRI AFTRT T, v
WELBR L T2MBEFHINERTH Y (Fig.1), 5H
DOHEIZOWTHHERSH 8km L EHRWERIZAR > TW5
(BF SRR ZERT, 2008 5 EILHBEEE, 2008)

REBFEHMOBATIE, B\FI2H S EEHEOK 30km
MR CEMEALIHE (1900 4£, v~ 7 =F 22— F 7.0,
19624, ¥~ 7 =F 22— F65) BEEL TW5EITD,
1996 fE 12 20km FEVE T~ 7 =F 2 — F 6.1, 2003 F12
FI3kmB TV = F 22— F 64 DHEISELTH
D, TS OHBEHENIERIZ A L TWb, 7272,
KEOHMBHEIL, ~7/=F2—F72 (ARF, FK
2047 H IS HEFN) LBEobDIZLLKEL, A
FEILINT & FIWRTFE T CIIRKERE 6 ma Bl L
720 F7z, MEHEICH L CRE 2 IS A B &
N0 b HRC, RAIEREE L 4022em/s? (3 B A RE,

* it R P R K e B A BT 7 2

it R R T R R it A B R RIT 7E 2

R R R K s T KR SEE

SERE204E 11 H 5 H 8l

FoU—F o ME, BUEE, Sus, KE AV, BIKES,
12

FH A JLATT * - ERERE *

2 TEWHIKTI TRV RIL o, 149
3 OTNEWHIK2 T R VR v, 149
4 TEITHKI B RV RIL s 149
5 %@ﬂﬁ ................................................... 150
VI % ...................................................... 150
BRI v veeeeee e 150
SUITIMIALY + -+ 152

B S5 BF 5 B Aty F 28 e 26 A R B AL (LLT KiKe-net),
IWTH25 (—BVH)) %8 L7z (B SR EEatr BT 2T,
2008) o

SRIOMETIE, HT_Y, BHAEHEICHED KB
EDLIEL, ICBOTHIBE TELTBY, BEFEAKFH
Wik, M DO ENE L T D, B
ENE MR, PR, BSERRERE, b, Al AN
BRELZIKICHSTEY, ZOREKIT 2844 FFT, BER
FHIZ 1330 M E %> T 5 (Table1),

() ST AR AR AT 22 WESE T MR B IR B T UL, BB
12X B KRB O, ZkEEO RSP ARIPGR
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#% (2008 47 A 18 H) \ZKFIMERE (F, KEEHR) 2%t
RIHMBERAEZ T o720 FEMIIABEOEFM (5F
R — BT BIR, JbfE 39 BF 1.7 43, LA 140 i 52.8 43)
M ORFHRITIN, FAE 8 ~ 1lkm ML E S % KIEHEH
KX CEFEIIMNTLRINX), FERAKMX (&F
B —BTiEEENT) CTH D (Fig2)s Wb KX O
M7 ) & FHEEAFEOTIRAKRE b > AL OKEEHAD
DRBBAEIHR) DHOTBY, OB, Wimd EiE
252 T e v, BIAKRBRXEIZS tARkBOE T L
ZHNH D,

/2, IS5 OFEMIIEEDNEE D LB LK X
Moo HIRICH D, T EEEH T (KiK-net, TWTH26
(—BIH)) DJRAILELEE T 3 18548 T 1000cm/s? LL L,
KT 2 e - B9 700enys? PR & R
FEL T2 (BRI SERT, 2008)0 40ll, ARE
DI, BRI TR SIS < 7 -
TEBY, LRfiEhdzox) 7WICH b, AT
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-MAELE@®E (1997/10/01~2008/06/13)
o Mkl EME (1997/10/01~2008/06/13)
e M4EL EDME (2008/06/14)
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REIUEL (REEN) 12 BT AM-TIM (B SRRl 78
7T, 2008)

Epicenter distribution over 20km depth of earthquakes not less than Mw
1 in inland area of Iwate, Miyagi and the M-T figure in the aftershock

area of the 2008/6/14 Iwate Miyagi Nairiku earthquake (National
Research Institute for Earth Science and Disaster Prevention, 2008)

0.0

Fig.1
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Table 1 FEROKEBERIL (RMOKER, 2008)
The amount of damage with agriculture, forestry, fishery

(Ministry of Agriculture, Forestry and Fisheries, 2008)
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20km P 12 1000cm/s? & #8 7 % H A 8L S v (Figd),
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Lo TWD, P 20km BN TIE, AEMHEED 3 K
TERAE, K2 KA OFEE, TGS bR
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11km B4 FFIFEHIX b B Z OFEBNICH 5. FIR
WAHE OB A (Figd, KiK-net, IWTH25) % Bk < ARE
ORI 1372em/s? (3 KAL) b FAASH X T 5
Bl s (Figd, KiK-net, IWTH26) CHEIlI S N7z DT
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6.8) Tl 1750cm/s?, 148cm/s (W94 b A Z7)IN1T)
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Fig2 AKX DM E

Places of investigation areas

Fig.3 #BUTICBUY 2 EESA (KRIT, 2008L 1)
Distribution of seismic intensity of the 2008/6/14 Iwate Miyagi Nairiku
earthquake (Drawn by data of Japan Meteorological Agency, 2008)
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T 7518 3866em/s2, IWTH25), KU, F/EMNS (B4 0.5
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Mol LW TH D,
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BIE TR L 72 &9 ICAREIMAEE O 3 &1l K
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SALVE IS E WE L 22 o T B EIRHLAT T o B
1 (Figd, KiK-net, IWTH25) % B < ARFED RN SE
1372cny/s? (3 43 E ) b B2 U5 RS 3 o> — B SR A (Fig.4
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142 FAT TEABFFEIT R 58 200 %5 (2009)

. . . —~
O, O mz @ 1m0 -

Wm0 . l‘fou\; i3 *{,- IWTHE: 3‘
ius!':}tm ot -f’J}_ T
s - A i‘rfr

00BERT - SHABSE ¢ Voa &
* L e e :\ . ‘tf‘%'/‘s
& 5 Jﬂ;-ﬁhll‘ {‘ﬁ

PGA(gal)
L r e 1,000 LAk
D) ."IFI-H{ WYG0OT €30 = 700 - 1,000
] o < < R 400 - 100
3 SRR | (PN o O =
: W l 100 - 200
P e @ v~ g 50 - 100
Y M I S N 0- 50
- 1 \_. SASE A EeT v
\e\ :ﬁmz w~$5}:
WYGOE ‘-""n‘i'l}m YGO0T )
T et e ;
O;'N@ﬁmll_‘h_lr"'. _ ,_’ ° “::ti
~ ﬂﬂmm i 0
f;f‘ N I - —
H&‘-~1 N D
o) ke B T
e > 'hw:.m f;:'_n,r
Figd #HF - EHNBEMEORBEORKNEE Glooam) (FiSERHHEArZERT, 2008 ; KT, 2008% D)

Maximum acceleration at the 3 direction composition of KiK-net and K-net stations in the 2008/6/14 Iwate Miyagi Nairiku earthquake
(Drawn by data of National Research Institute for Earth Science and Disaster Prevention, 2008 & Japan Meteorological Agency, 2008 )
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The acceleration waveforms and the fourier spectra of KiK-net , IWTH25/ IWTH26 in the 2008/6/14 Iwate Miyagi Nairiku earthquake
(National Research Institute for Earth Science and Disaster Prevention, 2008; Aoi,et al, 2008 )
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The geological features in the damaged area by the 2008/6/14 Iwate Miyagi Nairiku earthquake
(National Institute of Advanced Industrial Science and Technology, 2008)
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MEF: 150m, 123m TEHiE LT\ % (Fig.7)o
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Damage places of the Ohhara seki channel

kY AIVHOBAZEAFNIZAY 205 70m H & o,
BRI E WA LT IR TN 2 WIREET
Ho7,

AR T, Rl EERERS X OKET 10m ©
FHA FE W DSTRALA A 720 (M) DEIHA D
RELAPL> TORWIRETH ) (WP b iliEH),
F7o, YN AVERE, TE ORI OO KR H
LUMBREE 722 &b H D, KIRWEIED Bl -
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Sectional figures of the Ohhara seki channel

Fig.9 REHEMKE T N A VvIlO EoER (k) kﬁ%?ﬂsﬂ%m}ﬂ (Z’i) (Fig.7, OHb )

Collapse at the road over the outlet of the Ohhara seki downstream channel
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Fig.10 KJFIEFKEE T b > AOVHOOERR (72, Fia > 27 ) — MIH O,
T b rAVEO (GLE), TN AVEORSHEOIRE (HTF) (Fig.7, @)

Collapse on the outlet of the Ohhara seki downstream channel (left), the outlet of the Ohhara seki downstream channel
(upper right), Inside of the outlet of the Ohhara seki downstream channel (lower right)

Fig.11 REEHKEEORKE S L —F > 7 EAOEAIRI (75), FAKB~NOHEADR (),
LR > TH 6 FKBENOBOKKIL () (Fig.7, @Hur)

Fallen rocks on the gratings of the Ohhara seki channel (left), fallen rocks in the channel (center),

discharge to the channel from a temporary pump (right)
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Damage places of Shimo masaka channel
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A sectional figure of the Shimo masaka channel
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Fig.14 THEMKLS b VoS (Fr b v 2V ERBAKB~OEL (Figa2, O#ir)
T b AVvIOfE oL (Figa2, @#R) . 4 P> AV EBof s (Fig12, @)
Damages of Shimo-masaka channel tunnel No.1 (upper left :fallen rocks in the Shimo masaka upstream channel,
lower left :deposited soil at the outlet of the tunnel, right :slope collapse over the inlet of the tunnel)
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Fig.15 TEHAK 15 b2 2V EEOF T HERL C B 2 MR (Fig.12, @H)

The sectional geological figure of slope collapse site over the inlet of the Shimo masaka channel tunnel No.1
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Fig16 THIFAK2%5 M A VAD O (£ (Fig12, @), i (G (Fig12, @)
The Inlet (left) /outlet (right) of Shimo-masaka channel tunnel No.2

Fig.17 TEWHK 3 5 b 2Vod (Ll by AVAY O EHOMBLTIC L 28% (Fig12, ©fbsk), LT :
b AVAY ORI EYE, AL M AVl (Fig12, @) B L EEoOMEOME (F2mig s

o), AT 0 b AVHIORHEO R OREE)
Damages of Shimo-masaka channel tunnel No.3 (upper left :bump caused by a subsidence over the inlet of the tunnel, lower left :
small collapse in the inlet of the channel, upper right :a subsidence over the outlet of the tunnel, lower right :a subsidence at the outlet

of the tunnel)
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Ay ED ) B0 E7ET
Fig.18 T ) IHKOFHEBHERN (F£) KHEOBILT (G, HRILHBIX)
The slope collapse on the Sagarimatsu channel (left), a subsidence in a paddy field at Hanokidate district (right)
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Field investigations on Old Irrigation Facilities Damage near
the Epicenter of the lwate Miyagi Nairiku Earthquake in 2008

TSUNESUMI Naoto, MORI Takehisa, TANAKA Yoshikazu and TAKAKI Kyouji

Summary

The Iwate Miyagi Nairiku earthquake in 2008 caused many dameges to agricultural facilities. The hypocentral
region of this earthquake was shallow and the earthquake acceleration was high, especially in vertical direction around
the epicenter. But structural damages were relatively low to the large acceleration, because the velocity caused by the
earthquake was not so high to the acceleration for the superior high frequency components in the earthquake wave form.
Therefore, full or half structural damaged houses were only about 0.2% (162 houses) of the whole number in Oushu city
(Iwate prefecture) and Kurihara city (Miyagi prefecture) with an intensity of 6 plus on the Japanese seven-stage seismic
scale. Also, structural damages of agricultural facilities were few and most of the facilities damages were indirectly
caused by slope collapse, land slide, land subsidence, surface crack. These damages were remarkable in old irrigation
channels, tunnels on riverside steep slopes.

This situation of low structual damages was almost fit to the structural large damage standard from the maximum
acceleration ,velocity for an earthquake proposed by Kawase in 1998. Our investigation results supported this standard
also in old agricultural facilities, although the maximum velocity for the earthquake was near the lower limit of the
structural large damage. But this standard is not able to cover geological damages and indirect structural damages caused
by geological damages like slope collapse, land slide, subsidence, and so on. Therefore, it is important for risk analysis
that geological and geographycal risk assessment should be considered as well as assessments from structural fatigue,
earthquake acceleration, earthquake velocity.

Keywords : earthquake, field investigation, rehabilitation, disaster, tunnel, channel, headworks
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Table 1 AR & BIAIGE 2 DX H
The contrast of model amount and model contraction scale

[
KOH = FWy
K =1/6 | K,=1/8 | K =1/10 | K, =1/12
ERIARE
IKIEENE (m) 5 0.833 0.625 0.500 0.417
HE (m) 42 7.000 5.250 4.200 3.500
PIREIEE (m) 6805 | 1134.167 850.625| 680.500|  567.083
HERE
A E (mYs) 34.9 0.396 0.193 0.110 0.070
Ry (m¥s) 29.5 0.335 0.163 0.093 0.059
kE (mY/s) 5.4 0.061 0.030 0.017 0.011
TKRARMR
FHEZKE (m) 2 0.333 0.250 0.200 0.167
K (m) 0.53 0.088 0.066 0.053 0.044
HLEE AR EL 0.015 0.011 0.011 0.010 0.010
FRARAE
AFEE (m/s) 3 1.225 1.061 0.949 0.866
LA VA 1.7E+07 1.1IE+06 | 7.4E+05| 5.3E+05| 4.0E+05
AT AL K T 1 1
it B K bt} T o}
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it A b} b} pic} T
HE A R A O (@) A
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Table 2 KR O FFHLHIPH
Reproduction range of the open channel model
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The measurement result of shape of water surface profile
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The local surface elevation in the downstream edge of the side-weir
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The trajectory of the tracer in the main line drainage
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Flow velocity vector in the main line drainage

1

\

"

f A LARE \x_x
s e e —

s = = "C._.—-—H'F——-—-.-.__' o
= S
o I ‘g ’ <

gt R b

Fig.10 7% TAKNRDIRE) S 2 FHI OB &N

The conceptual scheme of the region where falling water vibrates
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The relationship between diversion quantity and
contraction dam padding height
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130 30.44 242.5
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50 23.65 238.8
0 21.46 237.1
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The change of the overflow depth in the side-weir
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The detail drawing of improved I
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The detail drawing of improved 1II
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The measuring result of shape of water surface
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The flow condition in the downstream edge of the side-weir
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The flow condition in the downstream edge of the side-weir (improved I)
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The flow condition in the downstream edge of the side-weir (improved II)

BT, TEMI L) SLEBITOLD, HTKIRD
K OF S5 10em K <, & T AMROH A & 1 g
ENTze TOEVIITNOGE (Fig.15 ~ Fig.17) 75
EIBTE 2, QBRI T T, % TANRAE L 12
TOREHICHmMT 2, M), TEAITTX, % FAIKR
AYHE T O BETE |2l 5 £ TORBIDRRIEIC % - 720
LA L, SBATICBNThEacEmrEd 25b
FTE o7,



BT - RS - MR KBRS X 2 R A & B o0 oK i T AE ) O MEE 161

=T
LI

[ I
wE |

Fig18 MEOT D8 D > 7 1) — M2 RIRER
Wall surface concrete part under the frontage road is the shape change
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The installation of the embankment by the frontage road
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The verification by the hydraulic test of the ability of the side-weir
with the contraction dam under the flood flow

TANAKA Yoshikazu, MUKAI Akie and TARUYA Hiroyuki

Summary

Recently, the farmland which had fulfiled the role of the regulating pondage of the flood decreased. The outflow
which lost the adjustment function can become a cause of the flood damage. The side-weir diverts the flood discharge
which exceeded ability of the downstream of the main drainage to bypass channel. In this report, case study of the side-
weir with the contraction dam was carried out in order to control a risk in the flood in the downstream of the main drain-
age. In experimental result and value required from the formula, there was 11% difference on the flow coefficient of the
side-weir, however, the diversion quantity has been appropriately ensured. Although falling water is disturbed on the

downstream edge of side-weir, it was drastically reduced as a result of installing the rectification plate.

Keywords : contraction dam, side-weir, flood
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Fig.1 70X 7—2ADEN (FH#X)

Schematic view of cross arm pipe (Manual operation).
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Schematic view of rock extensonmeter.
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Outline of the measurement of internal deformations
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Structure of a wireless pore water pressure transducer.
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Electromagnetic field emitted by a small loop current.
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Sensor installation.
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Schematic view of experimental equipment.
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A Study On The Measurement Of Internal Soil Deformation
by A Low Frequency Electromagnetic \Wave

ASANO Isamu, HAYASHIDA Yoichi, MASUKAWA Susumu,
TAGASHIRA Hidekazu and TOHMETSUKA Ryoichi

Summary

The aim of this research is to explore a method for measuring internal deformations by the field strength of a low
frequency electromagnetic wave. Some experimental tests were conducted to investigate the basic characteristics of the
low frequency electromagnetic wave in the air.

The results are as follows: (1) It is possible to obtain the deformation data at a 15m transmission distance, but it is
impossible to measure over 20m transmission distances. The reason why we could not obtain the data were probably
caused by noise factor at receiving points. The error of deformation measurements at a 15m transmission distance is ap-
proximately 3-4cm.

(2) In order to keep the deformation error within = 10mm at a 15m transmission distance, the sensor displace-
ments in direction orthogonal to the transmission axis must be within * 10mm, and the sensor rotations must be within
+3.5%

In conclusion, since the accuracy of this method is not higher than conventional system and the installation condi-
tions are very severe, it is very difficult to apply the proposed measurement method to the field measurement with the
present specifications. But we think that there are some possibilities left for the proposed method because the method can
be used for the short transmission distance, for example, laboratory model tests. We plan more study about the applica-
tion of a low frequency electromagnetic wave for the field measurement in future.

Keywords : Measurement of internal deformation, A low frequency electromagnetic wave, Wireless transmission
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