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Challenges of Landslide Prevention Work Completion Methods and
the Management after a Project Under Direct Control

KONNO Michiaki*

*Disaster Prevention Unit, Division of Facilities and Geotechnical Engineering

Abstract

Landslide prevention projects are used at five stages: (1) designation of landslide prevention areas, (2) formulation
of master plans, (3) construction of landslide prevention works, (4) completion of projects, and (5) post-project
management. However, (4) and (5) have no universal standards. Local rules are used for individual areas. For these
stages of (4) and (5), this paper presents four points as difficulties for the Kochi Sanbagawa belt area. Its current state
and expected outcomes were assessed.

First, landslide blocks were identified. Correct evaluation and identification are necessary for a landslide block to
be processed as a unit during management. Topographical analysis is the main method used today. However, results
from GPS, aerial laser measurements, SAR interferometry, and other methods are also considered. Furthermore, more
accurate and simplified investigation methods are anticipated. Second, evaluation and prediction of groundwater
conditions must be done after building construction. Systematization of a certain degree is necessary for application
of an analytical method, including the identification of subterranean stream networks using water quality analyses.
Current methods rely on trial and error at individual sites. Third, judgment of a standard of the completion (Gaisei)
is necessary. Such standards are often produced separately at different sites based on an empirical rule, but many
contents must be handled as present criteria of control. The techniques to manage slope risk by assessing rainfall and
groundwater effects on the amount of displacement of a landslide must also be considered. Fourth, slope management
must be done after project completion. Different ideas must be examined in order of priority, with slope management
emphasizing landslide measurement facilities and simple observation methods. Realistically, it is costly to maintain
observations of ground displacement throughout a landslide prevention area during implementation of countermeasure
work. Future methods are expected to provide continuous observations and function indicators at each measurement
facility. Moreover, a risk evaluation method must be developed for a whole slope with multiple measurement devices
and observation methods.

Key words: Safety factor, Standard of the completion (Gaisei), Kochi Sanbagawa



[%Eﬁ 5. ORI 1}
11~ 17,2017

11

i KIE N DOKERE 2 W13 %
AL T H K EOE O FR & BUKGAER

AH RS Ass”

R AR

EAE

F U I T AR e TR = b
T EBAE SRR (A T )

3

=
=]

| KOOI T DOEEDOEE R 228y 1 —THR L, 7Sy 71— BT 2EEDSEBIZEKS 2 2 & THRKBHOKE
RAEZIES 2 HILX ZESHREEZ R L2 SoE@EZ TV, BH TEHERFNOI T O T KE T 2m 1275y
H—F& ki L CHUKRERZ TV, 3Bk oKz, EC, pH, JKifli, DO, ORP % /%v ¥ — LB - TEZNZNUIZDOWTHl
E Lo ZOREER, K 2L/min TIA/ Xy & — EBOKMIZER L & S IMETF Lze ZHSH LSy 1 — FE ok
IR BT, LB OKMNEALDEE Y 2 e o720 F72, HBKM O/ Y I — FEOMTRE Sy I —TEOH
TAKIZIZEC, pH, DO, ORP FMZIIZDWTED D - 727, BUKHERT & F 03 g2, WEAE CAEICED €
ZEE otz INHOFERELY, EHLAEEIZL) 2FREOHTREZRESETIIHAIHKTEL I EHRS

n7z.

F—TU =K ZEHK Xy h—,

1. #

il

BRI OARE# T KL, KT &L kEo BB,
BRI L o THRAREDIHELEL, WRFERAPER SN T
Vb, ZOX) HISICERE SN H T LEKT S L,
HIEFDOEDNPIET 5720, HWKB TS HTIZ
B2 CTHEAPX#ALEL (7y 7a—-=27, Figl ),
HATRE M & 72 0 oFkE (5KME) 2B KThsb LR
WTHIEPERARE & %2 5 (Presley, 2005) i ACE D%
RIS — K CHe I b &, HRkEEIEL TkAkD
JEF &R S ThH, M OM/NEBIZIEKAERE L
720, WARPEBATLRKAEDNIEEENZD T L5 &Eh
LT REBEOBEICIINEEE 22 25602 (AH,
2010 7 &)

Ty Ta—=rr, YEik

EZNCITORIN ki X K1k
. f
ek HFA D
= xF T N
~ x@&ﬂ/_ e,
SR

Figl 7 v7a—=7&~"
Conceptual figure of upconing

LKL X, MK

F72, Ty TaA—ZV TOEEWHINE T, HK
12X VIRRER DS LA IUE, BAKERKDRSE (K
Kik) OWEHEEDL LA T D, AP —HICFIHT
& B RR ORI L ERILEE 2mS/m LT (FE S
2009) THY, E,LREFTRED FATHRERE LT
AW Do TORORMEREREZFROHARKEIIB VT
BAREDSHIR S %o

—H T, WAKEIKEDRL LM T RPGFAET D56
ZNETNOEEN SRR T 5, ZHEKEFIEN
LGKRFEND S (Fig2 /i) TOFFIE, KEOR
HWTFRKEREEC, KEORLRWHTRGEKT 5720,
INZREFETLIFEPLETH LD, TNENOKEMHE
HOMICENEZESIE RO T, HEORE ZIIE
TAHLIENTED, 2OEZHITEHES26HY X
Zack and Candelario (1983) 1%, 7T)L b I DifFEIC
BT T 5o Fo—Folukd (A bL—7F)
RPOKI, MO ML —F REAKEBIZEE L, T
NHUKT 5 2 & CRERA Z PR LRk &K% 558 L
THKRTEDLZ L ZBMHRIZL > TRL TV S,

LA L ZNFETOMEIX, A & gz ZznenE
H DGR 25T 5D DT, FAKDIGRKIEE L KD
IKIBEILEE SN Tz L LRI # T ARG 37
IZEoTBALL, $EmBEFRE L EILT 5. FRTAIKED
5% H/NEIBILEKEABIFCTH Y, BOBRBA/NES
FED b OHEED L ZOBMITEE TH D, HKIZ2AE
DI FEHCZHE, IRREROBEGHOERIUKEE %
ZALESELZ LWLV (HES, 2014),



12

FEWTRRERT Je s

RKIFFE Tl 1 RO F OIE AR & kK 0 B Tz 1k

KD ISy B =12 X BT %

BT, HF O T IR

WS A 2 LT, BRI & oK S D[R K 7 5

i A B R S

Ny N —ONESR S EWETT L2 L

T, ERBERREOZAIC OIS T 2R THEEERL
(Fig.2 15, FearHiET), Sk E 2 1FR L, BUKRERIZ X -

TFEOEMEICOWTIHRE L7z,

BKDBK RIKDBK

N\ 7

BKDBK

HIKDBK

HF KO

FER 2R e R

#15 CEB2943H)
2. RF&E
21 BKEE

RWFZE TR S 2 R BB AT 72 TR E LMoV

FROEBY & LT
FEDEED AR SHRT LI LDkl &

OIRRBEROBEEDbEPUKIEEEZEZ 6N, L

OB O T RKEZFMETELZ &

OERRELZFIETE LI L

CDEMIZHEIOTHER L 25k EBORR N, R
B, 2N % Fig3 IR d,

HERIIIES Im O TLBOZER /Sy =L L7z, /8y
B =R EIRCTIREETHIAANIZIHFAL, =7 h—2A
EoTHERENHEOZ TR FI2L > THRSE
HENZ KT 5

I8y J1— E T3 FNZFN DCI2V BRB O K E — & —
Ry THFESN, WTFKREEKT S 78y 7 —Wmihh o
KIFE—% =R FRUKLE CORNHEL, Sy r—LETE&
H1205m TH b TNENDOHKF 2 — 7Kgl L=

i - B ¥ N y N © Hi N = s <3, ~. S, N
Fig2 “EEAFE (240 4 HILY AEOSEERR S, BRI & RTTE 2 T B o Bk
Scavenger/production well coupling AL FOEEBEL LA 2 —% (BRI ACI0V) |2
Lo TELE DL LI THIBEN S,
Ny — ETFIZRE 7, ENEIUKE - BXEERE (EC) -
117_N7ﬁ_\17—m—x F—EN—d— T7 B ] 7T |
IECEEEA ErY1F CBE)
@ 12mm
8 mlml Foo N BE [N R [BE [$2 025507 | Bk —R ($330m) |
BkAKT BB R
AR
ZAvF T REREEILER
-REWBAE  -AC/DCEH F—5n5— }_‘ R ‘
EIRAC100V ISILRAAS
BE ZAvF T REREEILER
SREMBEE  -AC/DCZLHE EREEER
®12mm BIFAL
gFBAn—7 BAKRLT Bkh—A— [RERE D] [Fron—]|  [hEREE Y
3 @ 12mm AEERIEE |- RigRR B[y Tu 57
BRI
{ b8 mAEMES-KEE | 7—JLF9F | PCHEfEI—F vy
AT T BRI
BAEmM -EERER AL
(=) A%
T# BREBEM-KERN | 7—TLFUF | PCHEfEI—F Ryar B4
LI LIS II IS 7777777777777 7777) SIIIIITIIIT iﬁi%iﬁ?
5~15m * KEEHAEAOKSE L3R H5% EER R
wrkxE Y EXANEdl 128
mAkRyT KE- WBEF EHEa—F MEFREESY— ] FEO0H— |[ERRELER
Bk 71 AT RT—hNEkA [S&DIMNECA—S— |4 5 2ok pc |BE WERBE |K—4TLTLFO | RAvFooR
K =T 7 (20mfd) o —R H— ERRELER
2~10m : g : 03 pidEae DIK-670A-A1 MODEL-4820 04800-9205.04800{OF10ZAWP ZR-RX25A DM-330MV
/ \I etk | ¢ 37Tmm X L400mm | ¢ 22mm X L200mm  |30m 90 X 70 X 87mm 194X 117 X 42mm 175X 67 X 165mm
TS o S — £ 210g #9260g #9520g $92kg
| SRR B ; & 92,7075 (15524 |BIEEEEA40~5,000 |S&DIminiv 7~ YFOLEBRAR |OCvI75—Lr— |AHBIRACI00V
1.0m  2.0n 20mith 51) mS/m FrEHEFH0.085~ )L (ZR-XRL1) HEEEDCS
| =D ILE24m FEEE+3%(25° C) 5L/min %)L R4ch ~15V (T %)
WA 72 N\ K EY 52 BIFDCI12V (BA15V) |4 AERE+0.02%F.S. EREX7 AR BAE20BIT v a | A—5—A/VE]
T A EHEERAI55 LA iR EH-20~50°C AEYRRE st
1 1 PVC/ ISR F Y./ |BIERINEE~09% PCYTNCT—AEEE
| ] ATULR AR B SUS316
BHEEE/(MTvP100 | A—h— |[AEBEIER  |[GRAMER BHBHERE |4 L0VH0 FILAal
(Af%100mm) 1 1

Fig. 3 #kEEOBRK, S, T2
Structure of pumping device



AEOE, P
it v =k S, BT O T — 5 S EE Lo
MM Cisgsn s e b, Eir—7VvEHL
THIED/X TV TYT NI A DFERTAHIENTE
Bo WNuh—, KU r¥— HR#EEE2EOE
REBOERITH 3m, FHEILH 73mm THh 5.
KWFRTIRSYy H—DTAF 2 — T 5B TES TS
TIEARLTCWD 720, HoNENZE S 2 RHETH 5
VED D Do RIFFETIEH L2 L) REBIET KN 2E
HAIGHATRETH Y . Z O LEEFFIE 100 ~ 400mm F2
EEEZEZOND, FMREFEEIBEMTH 52, #F
FRO#TRD BC #EEMICNET 5 2 LI2X - THE
TELZERMEEL TS,

2.2 HERHBIE

HUK B ER 0 T2 hti s i 1 IR LT O HEAE & I fr
B3 % B TR M ORISR E S Nzt — L R
FL—FHFTH B, FHADONEIZ 100mm TH Y, FRIL
EoOMBIIEEE/ILY = Ve (VP-100) Th b, T 72,
BRI L 22 P 3R E R 20 S LA BB L T b,
WEIZ LY ELE BE09Im), T—2 (BIFE2.6m),
BIKE VN, (BE2.0m), EUEEHEOBELTH
% (Figd)o WEIICE—II NV M ET L5, 2o
VMR L X > TWw e,

A # +t
0 |/ |

=AU

5
b T K
v/ b
10 i
LN
157 wE +
20
Sme
Fig.4  F77 5 BH o #b & T (X

Geological section around observation well

KB OH T KENIWELFICH 50, U—LEB
JOBIRE YV FBAIZIZX D ERVWIBT K (FK) @
HFIEL TS, MR L2 EHKIGRILE 255 T
WELTHNOHTKEIZH T LTS, 2D, HAN
Ny N —THEWIT B &Ny B — EEICH AW E Y,
KNBEHAT S, HARKEWHELNOMTKILEC 7 DK
BIZENRHDLOT, /8y 71— EH (LT LEEEER) &
Sy Jr—=TTH (DN MR EIER) OKRBEIZH ;AL 5,
AWM TIEZOREDEXZFIHL, LEOKEZHKIZ,

LR, HARRT AKEN oK

B a TPk 5 BILR SR E O F R L BURHER 13

TEONKE % AT, BUKERERF 0 KE DI
LT, REKFFEOERMEEMHE L7z,

2.3 BUKEER

IOk EBRIL 2013 42 12 B 6 HIZ T L7z Figs I1Z/EH#
L 7o 35K 08 & BRI IS T ISR A T AT B & OB
R E R o

Figs (F#L 724Kt (k) IS AT 2561 (BA),
AR (F)

Experimental device, insertion in well, scenery of pumping test

SRR O #T AKAT IE 4 GL-8.4m Tdh o 720 78w B —
BEEREIL Ny 1 — s % GL-104m (MU T KTE T 2m)
ELTe Ny —RiZ Im TH D70, FEOHTREX
FEAER 15m &b, /Sy I —RBEELZO LI
ELDL, Ry 7T LEEWOKEE ImERT2720DTH
Do Nyl —RER BHAKOEBICLL, FEOKM L
AxfEo7ze ZOHK%, FEBIUOTELD, 2L/min 0
IKEEEE T 15 53 MK 2 ATV, £ Of% 1L/min @ 5 FE T 45
SRR EAT o 720 BKBEOFEITREFHIRR SN
Alkiier B CHER L 2086, Ry 7REO®RLE %
ZALE D 2 LTI o 7o Bkiid LB - TEROKE%R
ZTNENHREFCTSHmICHE L. /2, LE - TE
FNZEND HEAK SN M T AKIZOWT, EC, pH, ZKif,
RS (DO), BEfLZEICEA. (ORP) OMIE%L 10 54



14 FEUFRRIERT JEfs BT CEAWRZEEMT 8 15 (CPRi294E3 1)

1247 > 726 EC, pH, ZKiE®ll5E 1% TOA-DKK #I$#¢ WM-
32EP, DO & HACH #1:# HQ30d, ORP (X TOA-DKK #t %
RM-30P % Z LI L7z 57K L7z FAKIdRiEe L 72
AREMER, FERTIRELRV LI IZHTNOFEKEIC
KL 7z,

F72, EBRETEIMIZLTHERKEINTRLZ L 2HE
AT o720, FEEOAR, BLUOTEBEOARDORUKRE D17
TR OKIEE BREECHIE L7z FEOADEKTIE
2L/min O #H/KEEE T 18 43 B K 2 4T\v>, Z @ 1L/min
DIFIRIRFET 42 7GR & T o720 TEROADEKTIE
1L/min O¥7K5EEE T 2 K 21TV, D% 2L/min O
AR C 145 M, 3L/min O /K58 )% T 1 47, 4L/min
DIZIRIREET 1 MK 24T o 720 HIREENDFREIL
FINICELTE TV b AC100V B B % v 7z 3Bk
I RAE 2 BlaRBlE L, W5 L 72K 2 KA (MR
MHOBE) I L7,

3. BREIVEER

31 Ny h—EAZOKEEIL

RERR Ny A — 2 b DRI E NS, BRIE
DORBIIFTbN R h > 72,

Fig.6 [2H WISy A—%FFALIEKLTHS®, L
BB L OTEOKE Y v —THlE L 72K 2L E 7R
Fig.6 [Z/R IR, /8y 7 —3FA 8 0 tah 5 4 4R
VT ORI AT o TV, LEOKAIEZ Ny B —IFA
%, Fr7IEET R BRCTEDYHT, A R
DLl L 72 ZEClRIE— %M (GL.-6.5m) & 72D, K
il 1.9m 5 L7ze Zhuiast L TP o RMIdIEIE—E
ThY), FEOKNELOZEZZ T hho72,
RGKTFHEOBEEHO—2 L LT, /Sy —1EKK
MICBIT 5, FLEE L RILE DM OERERD D 5,0

6.0
65 — LB
T — e —
7.0 ///
E 75 =
© //
E 80
% 85 \‘\
9.0 !
95 =
R TS
-10.0
0:00 0:15 0:30 0:45 1:00

3y 7 —FEADDORGE R (h:m)

Fig.6 /¥v 71 — 4§ AR DKM ZAL
Fluctuation of groundwater potential after insertion of packing

SEHBICHWA L) RETE, R-yrr<wv
WX BIHERIIRILE R L ) k& L, EILoFLEE &
FILE ORI 22 OB KEFBCWE CAE I N D
W TH b, TODIFTFRNO XM %23y /1 —
TIEARLTH, HFAKAILEE L RILEDOM %> T8y
A—LETHTHRNLTLE) LIEKOREDS LR D, K
BUKRBREEE T/8y 7 —E% Im & HEBELCRELZO
b, IEAKXMAPEL 25138, LK Z w2 LB
ERILE OB OTEEASTAET DHEEIN S b EE X
T2ledThb, EBMOITTIL, RERMBEDIGE 2 1265
LEICEEL T OT, HAOM T2 5 R AR E§
513 L, fLEE & RILE OB OB RV IR O FE KT
DL EEZOND, HEOFREFTIE Fig6 |2RT X 51k
BETEOKRMIZHMIICEFSH L WL I 06, SHO
BTNy DI X B IEKRPEEEL T b e E 2
bbb,

3.2 WKHBRPOKEEL

Fig.7 \ICHUKRAERT O, FEB LU TEOKE L ¥ —
TlsE L7z L, BX ORI CRtsk Lz LEEB &
OTEOWTARSGKEE (i) OZbERT,

-5.0 2.5
— LBEKAL [oeeeee [NEZN 1A

—o— LEih @ TR
-6.0 ‘O—j 2.0
R 1.5
\ '..".
-9.0 0.5
\\-—/L____’“/_____.._w
0:00 0:15 0:30 0:45 1:00
K BRAG7 6 ORI R (h:m)

Fig.7 UKGERT OIKAL & 357K R EEZE AL
Fluctuation of groundwater potential and pumping rate during pumping test

>
o

ey
=]

JKAZ(GL.m)
¥ & (L/min)

BRBIGE2 5 15 s3I LB, TE L & M KIBK R EE
& 2.0L/min T&H - 7275, LEOKUP2EIETL, %
JKBAMG 15 29121213 2.0L/min TOHKI I TE % %>
720 ZD72OHIKERE % 1.0L/min (2T L TR % fkiE
L7z BKREET R, LEBEOKRMITRAENIZ GL9.2 ~
9.3m TLIEL720 TAUTK L TTEOKAITEAKTREE LS
IBEFIFIE—ETHo 7

FEOKRMPEIART LB, Sy h =125
IEARIZE Y, BRI SRE % 2a5KEOIE S DSHIR & 7z
CLIZEBEEZOND, WTKOEKIZBWTIE, o7
KBOE S &L BEXRBREOETH 2 ERBRBOTRIE L %
%o IKEREDE U CTH - THmAKBIEDI/NE L g,
BARKWTRERAVNE e B b LB 12, KR TFAREL %



AHE OB, AR, LR, AR HAKEN K

%o ZOBGITHALNZEHARIZES T, 2 LN ZFEHK
TOLRBICEET L EEZZ 5N 5D, WTFhizw Xk
BEPURE S ER Y GRKIBOE S 23H) BEICIESER,
KFFEEHOTY, WARBOWIRIZ X > Tld+0 %Kk
BEHERLN L WITREEDH 5

— T LEORMETORZEZ TEOKRMIEZT %
MmolzZlix 3l ERETH -7,

3.3 WKHERFDKEZEIE

Fig.8 [ZHUKHBRT O FEB L UOTEOR Y 758K
EN7H P kD EC ZEAL % 7R” T,

Ik Bt F B o EC 1 14.9 ~ 15.7mS/m, FE @ EC
13 16.7 ~ 16.9mS/m O HiFH THER L 720 B & B D EC
DFEIF12~1.8mS/m TH Y, ZOEIFTUKHE R
Tz,

18
Pk e @ LEEC
2L/min «!— 1L/min ~@- TEEC
17
® ’\o—o//\
g
wv
£ 16
2 .\\\i\\k——*_
15
~—
14
0:00 0:15 0:30 0:45 1:00

K BRAGRHOFRERE R (h:m)

Fig.8 UK o EC 21k
Fluctuation of EC of groundwater during pumping test

Fig.9 [ZHUKBRT O FEB L UOTEOR Y 75K
EN/HT KD pH B L OKiRDOZ L%, Fig.10 (IZHUKE
B o FEBXUOTEORY 7H 05K EN T AD
DO B X' ORP OZAL% R T,

7 - . 21
—aA— EpH  —a— FEpH
=x= LFBUKIE == FEUKIR
A———=Ah— , 5
6 20
A——A—4
:& 5 198
S i}
x‘// It VR %
.
SRSt R
4 el S eae ==X 18
s
~
3 17
0:00 0:15 0:30 0:45 1:00

5K BREAEHOFRE R (h:m)
Fig.9 HUKREETH O pH B X OKiZEL
Fluctuation of pH and temperature of groundwater during pumping test

BA TPk 5 BILR SRR EOFH & BURHER 15

7 ‘ ‘ 500
—a— DO —m— FEDO
=%*= FPXORP == FEORP

6 — 400

!
0

DO(mg/L)
2
ORP(mV)

e m===X
W = o o e o e B == K=T
4 * P 200
e fm===X
N DI =
*__..---)K e
3 100
0:00 0:15 0:30 0:45 1:00

B/ BARZ D OREEIFR (h:m)

Fig.10  HUKEERF 0 DO 3 & UF ORP
Fluctuation of DO and ORP of groundwater during pumping test

INHDH L, Fig9 (R HKEMG 23 5O KA b
AL TWEDIE, BREORIEIEC—REIZKRY 7%
L L2l kY, BKF 2 — 7O R H & TE
DOENTZE L DRSNS D, MO LTS,

Fig.9, Fig10 (IR T WIhofEEs s, FEETED
ZIRURRE Rz T 7z,

INHOMERIE, FEOMTKE VTEOM T ARINES
HFMTIHKENRTWDL I EERLTEY, “EEHK
DOHAMTH BHHKET O 2EEN S OREEGKDS, AR
BICL> TEBMETHLEEZOND,

34 LIEBRDABLIUVTERDATHKL HHGEDKAEL
Fig11 |2 FERO AT K2 70728 &0, FEBLIUT
BOKILEY v — Tl L 72K L2 7R3,
FBOARTEH KT 7206, LEOKMIZIGKmE
WG UTIRT L72AS, FTEEOKRMIZI &2 b§, B
DIKN AL DB " 2T o 72,

5.0 2.5
AT FEEAKAE
—e— i
60 |o—e ./%X 2.0
E 7.0 15 2
= \ E
© 2
i:_]
%80 N\ . gt 10
9.0 \ el 05
-10.0 0.0

0:00 0:15 0:30 0:45 1:00
7K BRSO R R (h:m)
Fig.11 LB D A5k DR v & ks EEZefL
Fluctuation of groundwater potential and pumping rate during pumping
of upper pump



16 BRI JEfs BT LA ZE

Fig 12 ICTEDOATH KEfTo/2L &0, LEBLIV
TEOKIEY ¥ — Tl L 72K 2L 2 7R,
TEORTHKET 7256, FEOKM S FTEOK
WHHHKIZE > TEL L e d o Tz EEEDKALDS L 5AH
MIZH 5D, ZOHIATHLNZEUKRERIZ L - TET
L7z O RIEBEIEICH o726 Th b, T2 TERDOK
PAZZAL A N Z 2 1d, SR O KEE (5 4L/min)
HTFEDOE KBRS LTIEFINESL, MiTEs
T OKMNIKTVRE L o722 2R LTV,

5.0 5.0
B e FERALE
— R
6.0 4.0
E 70 3.0 E
= E
<} 2
= | i
% -8.0 2.0 s
9.0 1.0
-10.0 0.0
0:00 0:01 0:02 0:03 0:04 0:05

557K BR G725 0 & 5 ] (h:m)

Fig.12 T B D A5k O /K r & ki 221k
Fluctuation of groundwater potential and pumping rate during pumping
of lower pump

LRI OBUKRERTIZ 8y B —iF A ORMZE L, LB -
TEEIEESK, FEOAREK, TEOAEKOVWTILO
WETYH, BB E TEOIRKNAIL O KA ZE B R 57K
DEEEZZITTELT, Ny h—1bkoFEHE (FLE
RILE L OMOSERLPEEL TRV I L) ZRLTW
5o LMLIOZ L, SHHAVZRABHIIZONWTE
ZAHZETHY, AR CHWFEZHMICHETT
BEIL, REFZECTR LR ET/Ry B — 1Ko A 8k
RHERT D EHWETH D,

4. ®8

AKFETIEIINE T2 ADOH T TEBENTE L H
BIKFEEGR L, MRSEFRESZALS 2R EECTH)
R 2720087 FikaER L. BARMNIZE, 1XD
FEF O AR & R AT DB TN IR E D 2258 71—
WX B0 2%, HANOHT KR ER T 52 &
T, K E POKED D OB KT FEHT L L L B,
) offERES 2HFE 52 LT, WMEHRRED
ZALICH I T LD TH D, T, ERLAZTHEICL
DK EAEES L & 812, B THMIREMANO
HEIZB W THUKEERZ 920 L 720

REROAER, Ny —IFAGOKME, FE - TE
K, EEOARLGK, TEORGEKOWTILOE
ThH, R TEOKMIEAE DKM LB H KD 5
BAEZT b ol

#15 CEB2943H)

Ny T =0 R - TE2OREEEICEK L ZRABRIZB W
T, LEPOEKLIZMTKOECIE, TEALHEAKL
HWTKDEC & )RR, ZOEIPUKHERE TIREE T
fR7o7z, F72pH, JKiE, DO, ORPIZDOWTd, LE
ETBO LB TR F TRz,

CNSDORERIY, EBROHTFKE TEROH AR
BRETMVZICHKEINTWDE I &, Ny =2k b1k
EAERTILEE L RILE OB OHMER D FBEL TR v
LIRS NIz,

— 5T, BUKREERIEEE D8y H — EER O T KR
#13m T o 7275, HRFBERKMSZEIKT L, 2L/
min DLKBEEZMIFTE L o720 ZOZ EIE, HAD
HAEE, Ny B — 12X BIEKIZ & o TLEEOWKRBIED
WAL LIl L BB ThbLEEZ LN,

Dbkky, ZHEEKOBWTS LK@ O 2 EH
5 DRI KNS, REEICL > TEBHWRETH L EE L
bz, FBEALLT OBHBTHW AT IZDW
TILEE L RILBE OB OSRE A EE L v 2 & 2R
LAENH DL, QFKBREOFIC LD HKEED
HFIRENE 2 EEREEBIZANLLEN DL &, HEIT
b7z

B ARIIgE O —iE, REFgEO — BT (15K07659 B £
U 24580362), A BIBRBEWFZe B WL O 3% % 521 CHEMi L 720
FPUKRBOFE I H 72> TlE (BR) 77~ (L) ORA
BREWRIZ S TEG 720 S SIEHOE R £ T 5,

51 3k

O B, HARETE, Ak 8, SERAA, TR, AR (2010)
Y=Yy VEERIHIE Y U 2 BRI BT 2 TR O dERAL
2oV, M Ty5EE 58(5), 22-25.

AR, AR, TR AR (2014) ¢ AR EE O3FK
&P 2 IR T3, WiET545E  62(11/12), 36-37.

Presley K.T. (2005) : Effects of the 1998 Drought on the Freshwater
Lens in the Laura Area, Majuro Atoll, Republic of the Marshall
Islands, U.S. Geological Survey Scientific Investigations Report,
2005-5098, 1-40.

HlEwE, RHFEH (2009) @ AL > X5 OKIERSE % B
LC—% BB B 2 ME— METEaE 5709),42.
Zack, A. and Candelario R. M. (1984): A Hydraulic Technique
For Designing Scavenger-Production Well Couples To Withdraw
Freshwater From Aquifers Containing Saline Water: Final Technical
Report To U.S. Department Of The Interior Washington, D.C.

20240, 1-50.

SHAEHH 28411 H1H



AHE B O, LEERE HARRT  HKENORERES IR 5 BFLR T ESK R E O R & RUKEER

A pumping test of single scavenger/production well system to prevent saltwater
upconing

ISHIDA Satoshi*, SHIRAHATA Katsushi*, TSUCHIHARA Takeo* and YOSHIMOTO Shuhei**

* Groundwater Resources Unit, Division of Regional Resources Engineering
**International Water Management Institute (IWMI)

Abstract

We proposed a device made of air packing and installed as a partition in a borehole. The device had two pumps;
one was set above the air packing and the other under it. The use of this air packing made possible the groundwater
pumping from two horizons. The device was set in a borehole with a 100-mm diameter drilled into a field in our
laboratory, and then the groundwater was pumped into it. The length of the packing was 1 m, and the packing was
set at 2 m below the groundwater table. The groundwater pumping rates of both pumps were 1-2 L/min. EC, pH,
temperature, DO and ORP of the pumped groundwater were measured during the pumping. The groundwater level
which was measured by a hydraulic pressure sensor at a pumping rate of 2 L/min was found to decrease with time at
the upper side of the packing, but it was almost stable at the lower side. The EC of the groundwater drawn above the
packing did not fluctuate so much. The difference between the EC of the groundwater above and below the packing
remained unchanged; the same tendency was observed in other water quality parameters. These results showed that
the groundwater from two horizons could be separately pumped by using this device without negatively affecting

water quality.

Key words: Scavenger/production well, Packing, Upconing, Freshwater/saltwater boundary, Freshwater lens,

Groundwater
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Qualitative Investigation on the Process of Technology Acceptance of GIS
by a Land Improvement District

OTSUKA Yoshitaka*, ENDO Kazuko* and KUNIMITSU Yoji*

* Resources Evaluation Unit, Division of Regional Resources Engineering

Abstract

This study investigated the psychology of office workers in a land improvement district on technology acceptance
of a new GIS software “VIMS” developed by the Institute for Rural Engineering, NARO, with a qualitative research
method. As a result of the analysis with the modified-grounded theory approach, five categories for acceptance of
new technology were generated from semi-structured interviews of office workers in the land improvement district: (
present conditions and problems ) of the land improvement district, { obstacles ) and { conditions ) for technology
acceptance,  support ) from the developer that promotes technology acceptance and { motives ) as the reason to
accept the new technology.

Key words: Land Improvement District, VIMS, Technology Acceptance, Semi-Structured Interview, Modified-
Grounded Theory Approach
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Operation duration of irrigation-pump (17 samples)
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Operation duration of drainage-pump (23 samples)

Table 1-1 A FE7kH; ORI ] & F2 Bl Rl £

Operation duration and startup frequency of A-Pump-Station
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Analysis items and specifications
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HICKDEHOBEZBET 228 TE %,

O &JEIEEEHT (SOAP )

SOAP {# (Spectrometric Oil Analysis Program) (&, i+
(28 TN D BRI S EM 77 A~ (ICP i, Inductive
Coupled Plasma) O CHRBESE, Z0L XA LERE
FHEDANRY bVEIHIT 52 L& > TERER DT
FLERBREEETHAHETH S,
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TETdh Do WD B B EEFERL T I LRBEF 7 AN SR T
REND, FEHERITE L Eex5 L 7REE CEEFR T- 275
D2 ENL OO THITHRSINLD, BRI, %
V2 IH3E5 O TRANIBANN T o, BN 1, €
DOFEAFRIZL DA RFEMEAEL T2 00,
RESNTERTORIRPE, HE 2o T5
LKy, Wiz OB REXHET S LATE
% (%M, 1982),

FEET7IOY574—1%, EfETOEFNEL,
DAFWEZEAL > & B FEFE D IS A W % T 9 5 4041 i T
oo [IEWEFRNTII/NS C, BFERTIEIRENS
ENLn ] EW)BIRERE L, KERRT (15 1 m DLb)
CUNEEFERLT (5w m PAF) 1240, (1) 2HWTR
TWEEFETR L (Severity Index, BLF, [Isfl] &) %4
3%,

Isfi= (P, + Py) (PL—Pg) =P’ —P¢ (1)

T, P=REERERT (15 4 m P b, HAL : %/mL),
Pe= /NEEFERL T (5 u m DUF, HAL @ %/mL) , (P, + Py
= EEEFEE MY, (P — Py) =BEROREETH LD,
WEEREDIRE 5 & REFR T2XEMIIZ Y e L
ATHIEND, BEOHBIENVEZRDITLIENTE S,

ST 20757 4=, T AEKEICES L 72 B
PR 2 B TS 3 A 2 & T, B oOMEEIR
BEICOWTHLWIEREZELZ LD TE L, EWICHED

Table 1-3 NAS {HHefEdE#E (FHEUE, NAS1638)
NAS standard of pollution (Measurement method, NAS1638)

HAL © 48 /100mL

NAS
1 00 0 1 2 3 4 5
pRES

5~15um 125 250 500 1,000 2,000 4,000 8,000
15~25um 22 44 178 356 712 1,425
25~50 4 m 4 8 32 63 126 253
50 ~ 100 4 m 1 2 6 11 22 45
100 4 m VL E 0 0 1 2 4 8

NAS

e 6 7 8 9 10 11 12

pRES
5~15um 16,000 32,000 64,000 128,000 256,000 512,000 1,024,000
15~25um 2,850 5,700 11,400 22,800 45,600 91,200 182,400
25~50 4 m 506 1,012 2,025 4,050 8,100 16,200 32,400
50 ~ 100 4 m 90 180 360 720 1,440 2,880 5,760
100 4 m bk 16 32 64 128 256 512 1,024
Table 1-4 NAS {54:FEsk#E (EE:, NAS1638)
NAS standard of pollution (Mass method, NAS1638)
HAT © mg/100mL
i 100 101 102 103 104 105 106 107 108
R 0.02 0.05 0.10 0.30 0.50 0.70 1.00 2.00 4.00
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Table 1-5 27 G BRI TERE O 7040 & Fe R A

Classification and the origin of metal wear particles
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Degradation diagnosis of the machine by analysis of lubricant
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123 %,
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SHOBEEZHRET S,

AL Tld, ML EOBZEREOHE 28 LT, [REM
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FALD I S 2 EAM O@EH 2D, S 512, &
DHACIKIE % 5 = 1 7 5 1% THRERZ T3 % Bl 2 A2 §
AT EEHMET b

1.7 EEX DB

A XIEETELLBREINTBY, FEOMEILL
ToEBYTHL,

BIE #B5

Mo BEREEET LMoL EFLHH LT,
KWLM E ST 2T\, HIEDBHIZOWTHERS,
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T304

BEER Y THE, BHIE ) TR S IO kS X
UK A ) BELIGH CTH Do T DL L ATHF DR
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X, Ry TR OMERFE IS 5 ERE R N 2 TR
FTAHIDIZEMLT v r— MREICESE, KU 7%
DHALDIE# D —2>TH 2T OAREEGDREKDE
B, HREEE OB L & HIETTAEREICLELDT
HHIEEHRT S, 512, BMOHILE ERWICH
W22 eIk ) FRaReHiiEo#Ey Ry 43Iy 70
HIBATREE 2B Z e & B2, REEREEDOHE
HAEXLZ L2 L )Ry TEMBOBILDOMEST & FIKIE
¥, ERBLWEZRER TS THEIIOWTOEZ T ER
N5,

BIE BERARIHREICE T 2EBHOHIbTE
HEHOLILOERIIE, BBz & & 2 iEH]
H & 022 b AN ER 0K, B, SR A % &)
WCEDB0ONH L. EIFHOREIZFH L BAEEME A O
HEREOHEICHWSR, T/ ) —2AD0brH)E
B L LBIEDOFMMICHCSNLIEETH B, + 2
TRETIE, WREETHES BRI OGS T—5 O
B SEBHOMEB L) — 206 L I FEIZER L,
ZN0 OGHHAERD HEEHR 7)) — 2A0H LTI
WTHL2IZT 5,

BEVE EHEFHAVERY THREOCSHLBERR

B R UL, SRR 0> B 2 e R K T b B Wil
DR R FH & R BN 3 2 IR L RS i
MiE L, RENERCIHRED, AE (Acoustic Emission) 5,
BEWELG EDPHAONT WS, £ TRETIE, FEiE
FHGCCEERICT 7L 27 (YWEH) &%, BEmo 3
FEH OB NBIIE S, BEMARY THMTL
CHLNLYH LG, BRIOBS* BHH T 5 51bEAE
REREFERT 5, RRETIE, EEAICEINLEREE
R T O L A X2 LS HEME TBIE L THILIRE
IR L A5, FOREOIREIINEE R IRE D%
b, EEWEPICE N5 & )E BN T O o FHl =
1T, WA 0SB ISR T 2 B2 kD 5, S 512,
Ry TEMOBHEZREITERE LTEICHEESNS 3
FEOBEEHR 2 WAL, MG T s&BEERNT O
T CIRE, W A AW oS ILIE L Rl 2 5
MEBHE 2D 2L 25T 5,

BVE BERKRCTREOHEREREEEZOER
LEDRE

REH AR Y TRMOMEZIIL, CThITELLT,

HE - £ Smse e ICEH - 2 - 2% L osel
FENEHBEINTE, 208 RABFETIINTD
FGALREZ LR T A N TE LW LD, TE,
BHIOFEMIC & RS OBHERAISHE SN TV D,
FEZWL, Ry TRMoMZ eEE oo rke
A OHEWEWe 7)) — AR, WHICEENLERE
PR FoRLIEELR EOERE AV, K 7%z 50
RTINS 2 EOBEFRIRET LB T 2 FETH L. &
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SR EEFER T OB CILRE, W 4 AW H O % LIk
EABETIEREA 222 MG Lz, LaL,
FOMPTEIZOWTIE, WELRHS LM ENT
WHRVODBHIRTH B, #2T, AETIZ, TnFITK
TE R & F20 L TR 0B LIk 2 Ml L 7- 0 78 361
REF 2, R TERMBORZEN L ORI LA RE T
FEIZOWTHET L L &b, FHERMBOREHFEI
DWTERET 5,

BVE BERRCTHREOH-LHEESRS AT LA
MWL, Ry TREoseuEts oYk
EHEERZRICL, WPICEEN L SRIERN T O
R EOBMEHWT, B FEEESHRETIC
5 7 & O BEFEIREE 2 LIRS 2 AR IMi C°H 5. B
KRR Y TRMOR L, BEREMEEFICERL
TBY, o, BHEGES LFIEEZEYET LW E
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A S8 % R OZEE R o3 L7238 Ok S, 2014)
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CBM i OEEVEIZ O WTEE L /2,

22 MRMNROBELRAESE

221 WMEMROBE

WIFE DR S & % R ¥ 78 O3 3 4R I I L i
BHENMARESESICKBEL, 4 300mm Ml EE HE L

LC, HARBHRORBEES (B 10 4, 154, 20 4F,
254, 304ELL L) D% Bk % 3 EPT, W ONICHE
B 3 T & 45 4 BE L7z HEUES, M&ENIE, Bl
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Questionnaire about disassemble-check
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Relations of pump-head and discharge about pump facilities
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112 20 AR A5 86.1% & 7 5 TV B - (139
PR Y TEMTIZ 136 % (47.1%) DHRIROBIE
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Distribution chart about period of disassemble-check

Table 22 7R > 7R D 75 1 kR0 Tl AHR
Disassemble-check and exchanged parts of pump facilities

(RE 2 TB: %)

SRR DIREBED S B 5 I R O
=z D5k PR EaPU RO FiEhE
H bz A A i AW H i A
EZVIN 178 51 5 137 24 17 122 29 27
(234 3%) 76.1 21.8 2.1 58.5 10.3 7.3 52.1 12.4 11.5
ek 136 141 12 74 37 25 92 25 19

(289 %) 47.1 48.8 4.1 25.6 12.8 8.7 31.8 8.7 6.6




42 SRR T R

2332 EZLSOBRORES

ORI R O BRI Bl LIS O B % S L 72 214 22 )
5, HHIZOWTAEN LR D - 72 80 FED NI % 45
2L, REGELWH OOEMEmMMIEIZHDLET
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Exchange reason of the bearing
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Classification about the trouble of apparatus
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Table 2-3 HEENRFOE L THMDO T 7N L HE
Number and percentage about the trouble of pump facilities
()
£~ 1950 1960 1970 1980 1990 2000 2010
BikAR v Tk 3 17 32 66 54 22 11
(NI ¢ 0 4 9 6 4 0
= (%) 0 235 28.1 9.1 7.4 0 0
HEARAR » TR 4 25 48 61 43 34 1
b7 7R 3 8 7 6 11 1 0
= (%) 75.0 32.0 14.6 9.8 25.6 29 0
24 EE ZERM MO I & X A 121X, oS % IREE
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Fig. 2-11
Regional distribution about the trouble of pump facilities

R 7 T A O\ B3 5 Mg 7 45 A



44 SRR JE s BT CEAWZEEM 815 (CPRi294E3 A)

DHFEIZE Y 54 % FEh S 2 B RS2 IRET 5
BT, T2, AETHELONLHEREIEROR T
I HBETH D EER Do

25 &8

RIfFFECid, BREHRY TRMOMREHICET L
RRPE LR BT L7207 v 7 — M T Ehifi L
720 ARG L LR Y 7oK X 5 RO F Y
ELTHARR Yy 7ORNITEHBREOBE R Y 7% w0
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T/, BWEOBBRL NI TIVTIE, MEIELIET
L T HILET R OIBMOTEI L < A sz,

(3) KM% S L D RN SEE L WHEEASRZE ST
WEPEPEHBELLEZA, Ry FkEoREIZIX
ST MR NS 5D 72,

4) Ry 7THMOEBRR NI TIVENILT A720121F,
W OFBALHHEITST AT OB ICHBE4T) & L, K
O TRERMICBIT A CBM OB TH L EEZ D
b,



BB IE @ BEERAR Y TR A O IREEES Wl o @ B 2 BF % 45

FNE BERKRTHRBICHTI2EEROLLFHE
31 FLsIic

AR, ESER AR U TR O M - FEEE 2 S B A =
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il VSN BIETH 5 (NE,2012), £ 2 TEETIE,
e TE S NzEER oo 7 —% (IS, 2015)
DR STEFHOREL L7 ) — 20L& 9 EICEH
L, N5 OGRS MM 7 ) — 2 0% Lk
IZOWTHLRIIT S & L b2, FHILEMO R E T
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Analysis items and specifications
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IR-chart inoil analysis (an example)

4000 3600 3200 2800
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AW METH Y, EEAOEMO Y A 7500
B D5H, BAEOHERE R VRSN TwD GIE,
1960) 0 Z D5AHTIC & B IR F v — + % Fig. 3-1 12
BIRY Bo WEr 650 ~ 1,300em™ (LA WV IILA L Fr o &
NAIGRGHIE E I, 2087 — VIZWHEICEED D
DEDo TONY — YHPHFE —F L TV ALXE L
FECTH DY, RETEIMEBINART M VDY — 2773
—HL W ENLMATEL L, b L ITREHOR
ADW RV S % L HET Do

34 RRER
341 HigH

B Im 113 5RO 3445 H % Table 3-2 127897 ARV
WX A~ 7 bovik (IR) DI &) il & PR ~< 7
MVOY =7 H3—F L % WiEHE2S 29 3B (25.7%), F
7z, BIEIEEESATIC XD B & 57 B N g % e
L7z Ds 738K (62%) Tholzo TNHDAETE36
B (31.9%) FEMOEEMASRALTVS, b LI
H &Y 24T o 72 EEHO BB AR L2 5% 8, 350
| OFEHPIELCEHINTURWI L EZR LTV A,
ING 36 AR ERIIL, 77 B (68.1%) HRHKE LT
W ORE O BILEEEH Lz, MiEOZLFRIZOW
TOHERKFF Fig. 3-2 1R T BRI ETERILED
H% (£ 15%) IZWF->TBY, MEIZB W TITEEH

Table 3-2  {E{E D 737G A
Analysis of lubricating oil

DEERIZHIE L T e LEFA L 72

—HT, B L3606 WD) B, 6 SEHIRIE O Wl E
EAFEER S T il & He L T iE (+ 15% B
B, TEEPMRNE (- 15%8LF) ZRLTwi, Zh
5 7 EHIEWEMASIL L T2 TR S %o

342 JU—-2Z

7)) — A 29 BB O 4T RE R % Table 3-3 12783, R4
I A 27 N vk (IR) D4R & 0 Frih & LA A~
7 NVOYE =2 B—F LT ) — A5 10 3F (34.5%)
THholzo TNHO 10 HFHIRED 7)) — ZAHRA LT
Vo, b LAIRHERDY 2170727 — ADB R AR
Bbed 3500107 ) —APELIEHIN TV
WIZEERLTWS, IS 103 2B L, 19 3F
(65.5%) Z#RHRELTTY) —ADSL & ) EOELRZH
HWL720 Bk EOEALRIZO VT OHEERF % Fig. 3-3
IR o A 13 508 (68.4%) DEHIEEDOHZE (+
20%) WINE->THBY, 6K 31.6%) IOV Tikh &
HFEIZBOWTHRALIL LT EFEi L7z $72, 5
KR TG SERILL 722770 — A 10 BEHT & T LD
%, kR TERMHSSHRIL 72 9 RE 0 ) 5 8K
BEDSTEALOE] % 7R LTV,

— 5T, BALZI0RBOY B, sEBED )
OWEMAFLEE S T2 FmE & B L TR iE (+

Table 3-3  71) — A D5 #EH:
Analysis of grease

HOH B (%)
PRI L 72308} 113 (100)
IR TE— 27 25—3 L 2wkl 29 (25.7)
L7 B RINAIRL S % M L 72 3k 7 (62)
FHNE & DAL E R 7250k 77 (68.1)
250
H
200
i +15% |
éuo— S
i S
ke ya -
50 | o
0 | 1 1 1
0 50 100 150 200 250

FrimOFEE (mm?s)
Fig. 3-2 MR EEDZALER (77 308
Change rates of the viscosity about lubricating oils (77 samples)

H OH AL (%)
FRELL 7250 29 (100)
IR TY— 27 —3 L 2\l 10 (34.5)
B & DAL L R 725Uk 19 (65.5)
400 -
o WkRv~7 ° Y
o kR 7 g
[ ]
350 ¢
)
40 300 7 e
S g i s
B8 ° ks
° °
250 _ : P
200 L L
200 250 300 350 400

7V —ADH x HJE
Fig.3-3 7V —20bH 19 EOZE(LE (19 #H#)
Change rates of the consistency about grease (19 samples)
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20%LLE) ZRLTWZ IR 58REHZ T ) — ADE
it (8fk) LTV TR 5,

35 HEZE
3.5.1 HEMOEDHLER

— M09S, HACIEINNC B Z B0 C R, BE < ERA A3 1
mL, REEDFERTT2Z M5 TS (HK R
AR T =45 2001a), MEHFEIT HERICOW
T, BB dmA OWEE - 28, o 08y
BA, BEMOBRAZLZ EDPFTENL, HERTIZLS
MEE L CIBEfEofBitEs, £, LR LSS
WIZBEIRI OB RIS X 2 B EEoM A E 2 5
(BEH, 1994),

Fig. 3-2 (IR 9 £ 918, W 77 SEHI BT 2 HiE 0
AL R /IME — 72% 0 SR+ 9.4% ORI E -
TBY, BT EAEALN R, BWIEICEHR IR
FEEHIC BT 2 K EOZEFEOMEL R  BIF 2 KNI H
BTN, EEHOREOHLERN E BB o 7,
BE L LIEE LT, EEMO WA EIR % 7R 3 Bl
KRG, RF Y — MEFER L&A, IKE L k/ME
FRL72HEE QICBIFOHEHBTH - 720

352 JU—2Z2Mb &> EDOHLER

7)) = ADHALHHITT D L, TRV T L C i
STOBEERESE, TRREBPKEL LD, RmEMIC
BEZIEEETE R kb, ) — A0, Bt
(LR85 12 & 2 B0 70 & AW, SMEED S DB &
RBAIZED, ZOEgRERIE/LLT, 7Y —ADH
W oORBEE EDQIETT S (HRMNI AR
¥ —%4%, 200la), Fig. 3-3 2" 3 L9112, 7 —ADOH
SORETHLE &) EOERITR/ME - 24.1% 55
wAME+ 357%DMI2H Y, HAKRRY TEMO ) — A
WAL () ofEmERL, BKRY TEO ) —
A FHAL () D% R L TV iz FISERAETES
N72R Y TR OBRBEEE ORI TIE, HIKR > 7%
(23 %) DEBBE OFIGHS 444 BRI L, HBARKR Y
T (17 5) 13204850 2136 B TH -7 (51
BB, 2O Lhs, BEENSIEREWEKER
TTIRMEDS &) FI O AW X BLAS, HEEKOE
WHEKRR ¥ 7 TSI & 2 L2 E U 72T RetEAs
Hbo 7Y —ABEDOIIER Y TERMGOMARN (4
B PEERIBEOVEDIZRL EEZLND,
BB, YRRy THMO 7)) — LT B EICH -
7o, BHEREMATIED L 00 1 HEDHL (b
I JE385) LT\ e AREEHIOWTIZ, MoPFA PR
G, Beffi, ko) ZRIFOHEHMICHY, o, Ko7
A% O 4 R FR B R U 166 BRR & A7 <, HILEEIN & 4F
ETAHZEIIHETH -7,

353 EEEEFEEOLBKICHTIHROEZE

SEOGHFERTIE, BHEmoOREoZLRIT e TF
HEEOHZ (£15%) LD LELWE (£ 10%) %
ELTBY, MWECBWTESILL TR &5 L 72,
—77, TV —=2A0bH & 9 EOELEIT 31.6% DK E
HEROHZ (£20%) ZEBBLTEBY, brHEICE
WTHERD S L T2 LFRfi L 720 BEHNIER > 7%
Z IR ST A TR TELZLRVLDTH
bo HIE, HBHICOVWTIRHE SO LTS % B
MBIBRPE/RS N T A2, ZRISZ TEHBEE
HlOMEIRE 5 L CEOHLIRM 2 {018 L, FHAiEH
ATV DA IITE DI L T % 7 L oxtifk
HLUDLLEND L (BB, 2014 Kunieda, 2015). %
2T, BRI AR HWEEZoERLY 5 7291211,
FESERAR Y TR L - E R EORENEETDH
bo TIT, MELWEMIEMEMAL IR T 5 & BAF A
WE LY, BT B EHEY A HREL DS
ENS, BEMRY THRMOEITZHOEET— 5 24
BT aZ EIcky, FERICEIL 22880 7 S B L e il % 7%
ETAIEDNLEELRD,

o2, BHHILEHIINRETIMFOEEEIZGL
THRETHLEND 5, BT Th HBOPKETHE
I HEREE T, MBI X B AR Y TR oI I o
HEFICKRELSREBZ 52 2060 D b, 2O L) ik
DY AT B B 2 A M O EEE RV
WAL, B2 IZEEHORE ThIUIHMEL» S D%
bR+ 10% (HARMF A KO T =54 2001c) EREL <
RETH T L TEMEMOBEEY B, REREORMY
WA REL 22 B L E 2 B

354 ROTHEBBOHELBIET 25K

RIETHS IR o 723EIE, BEAHOREMAHES
ELLBFHIN TR WE EOREOE G, i
31.9%, 7V —RA345% L VTNLEN o7 ETh b,
FERNEH OPEIR %2 404 L 7oA R, @RI BB S 72 A
BELWHALPROSN L W—T, ELLEHRENT
W WEEFNESLOMEIT LD L HE B VWEET
RSNz MEHANCE D B R Y TR OME 2 Rk
Filk3 % 7290121%, fesk oz i, Mo B2
AT, RFEMICBWCEEA OB A& S H,
RSB T L PEBETHLEE L D,

36 £&H
AREETIL, RFEHR Y TERMCTHEH SN L HEEH O

wOCHEE, Bx ) E) oML TELNEELS, D

TOZEDPHLNIR -T2,

(1) BIFICEE S NEEME, K OZLEOIRIE <
BIFRIRIICH S s, HLoEm % Adhh o
726

(2) BkE Y TEMD 7 1) — 2 AL O A %2, HEAKE >
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TGO 7)) — AIEEOEE IR L T ize 7Y —
ABEED IO, R ¥ T MG ORI CERRBIFERH)
PEELBEODEDIZR b,

(3) BEMRY 7HRMICHE L2 EHIEEMBEORENEE
Thbo ZIT, MELWEHEEMEZRMAT 5 & &4
HMSEBE LR, HWEICT D L HEE) A 7 K E
Kb e, FERICRIL 72800 2 H S e fili % 5%

ELZTNE RS2, S5612, HHEEHEIITRE
+ 2 MR OEEREIS U CRET 2 LEAD D,

(4) A DY % W5 L 72 kE S, T O B B %
LR 5 7% CMIE I S T B EEHIEE
LuHed@o bnzwn—7, ELCERINTHE
VB AN S L D AT ASEE L B BURHATE B4 TR
Ry (WA
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BEVE EHEELHVERD THREOSHILIBERR
41 [FLOIC

BIEERAR Y T, EEIE, ) T < o kR HE
KED BELMEERE o TWh, TN5DE L HBHEH
DB ZILZ TWBEL DD, Ry TRkEDOLILOMETZ
ST 2720 DEHRAREL TV HIKRICH S5, KO
(2014) 1, BHICHH SN TV BERRY 75205
ELTC, BEhiEmsiist b IRy ToEEE I EER
AT, ZEEENY 7l I & AT 5 BT & BE ok
fie % B HNHEIR 5 2 0D Ml A % i b LMk L 7= in & 08
WIS 2 BN B LR LT b,

T T MBI ATy AFRE, —ENEE
MR FEHES 5 R FHE -2 (Time Based Maintenance
TBM) HERD DD EFRTH 525, FFETIIHE L T
LIMEEORELYEMHL, ToFERIIEOIWTRTE
1T 9 IRAE B - 4= (Condition Based Maintenance : CBM)
NEREFADPBITLOOH b FFITHEMEMDO A » 7
T AOBB B TIE, AR 0 35 2 B R
TdH 5= OBRGRE % W, ORISR 3 5K
REMZHEN & L, REIERIER, AE (Acoustic
Emission) &, BE WD, R ERER T % &AL <
HwbhTwa G - HE, 2014 AH, 2014). Bz
X, IRENE L, REREIRENE (REIIEE) & FHY
BTEICEWREORELHN S A AZHEL, 20
FHAE RIS U CRE O & FiE LA R 72 6 3K % g
TOMBEZMEDS S B REEIE, RREMOERE -5
PEZ OB E R ORISR TH L Z L EFAL,
EEHREE L IS L 2 EBEE LT HETH B, #
W O &R EEFER T 2 AR5 I & T IR 2 HE
TLHELELTE, 7xur 571 — kR SBEES
(Spectrometric Oil Analysis Program : SOAP %) 25{EMT
Hsb (HAMT A RO Y =54 2001b).

BERR Y TEMEM G E LT, EF, REIISEEIC
LB OSBILIREEZ HBIET 5 AR I Tk o# A
HHALNTWD KBS, 2009 ; BEH - FHH, 2012),
T/, Ry TRMORE - FEE)EEA S EEH Gl
7)) —A) R LUMPICE TN BB TOER
ERER EoFEHE VT, Ry 7% ESHEF I8z
7 NS O BEFREIRRE A IR T 5 Fik (LY, [EiE#
Wil v9) s cws (BHS, 2014), hb
DOFEEZHCTHMOABILIREZ E2WIIZHT A2 L
IZE Y, AR o#EY Ry 4 I Y 7R 5
HffizR_R L CTWD A, IS OME CRBEHMTOER)
MDA HGEE S TV 2\,

INLOTWEMEMAET L2 L2 HME LT, [l
P OB AR X ARFEASZ L F TIATbILTW»
Bo FEHEE V7B IR E) L T B B 0%
LIt 2 e 3 2 AT iREE & 72 5 2 &6, M D PRSE
BHCHIEZIICET 2002 b, BlZIE, ARESIL,

RIFEEBED TN #sz % H g2 Fe 3 5 T3
TERRBEZERL TBY, OOV CEIZE
B L OEIRN A FFERMEM R T, AR & B ER
TEHL, B8R 7207574 —& SOAP %
TR 247> T\ GRIE S, 1991) F 72, JI14H(2010)
&, BT v — & CHOE LMK 2 Tl 2 IR
BEx O B FETEROT D) #hz % v CERERRE
TV, BE L - SRIERN T 5 5 M RO M % 17T -
Tk, LrL, Ry 7#oRELZ &R TEHO
R % HE L CHIRERBR 2 TV, 2 AIcH bz
M LT, &SRB TOREY BI% L -H6IEHmE
STV,

BEFEIL RIS, 7L YT (UIHIE) BERE L SRk EERE
WZHEEND, 77V TERE (UIHIE) &, BEEwms
IR A L 72BN ST & 0\ 8 0 F T 12 BV TA A,
ZOERHDS IR EECHHT28Em2H Y, Y
BIEEN T+ RESEIERTHLILENTWE (I8
A - Rotondi, 1980). %E75EFEIL, BT 5 RE M O
&, BETMOBWMWIZ X > TEEHEMIBO—H2H XN T
MFEICEET LI LERFEL TIEETH L. Mfllz
R TS EEFED AT IS VIR M CHEAG L COlET 2 #
AT, ZOBREIL > TREEBRN AR T 2 &
WMEINTWD (ZRS, 1979 =85, 1996 =85,
2003)0 TMSITHNZ, EEL R BEES D H i 2 TR
BTN D W6 7 EERH A SIS % 5 &4 T T,
BRBEFREN AT 5o WRIEREX, FERRITO—HA7E
Bl 272010 RELBEHTH D, RHO—ERAERL 72
BICHOERE T 5720, BN TIEEKRICR S 2 L9%
Vo JIH (2004) 1E, KRITFEEHEO T # 2 VT
R AR E TR L CARBERERER 2 06 L, BRIk
TORAEZETHMBETHERL TVD, INLH 3D
SIREFEN T L, B IR TR A 5 IE W BERER
TOREOFFE ERN Y —EZKIZ LT, Table 4-1 (2
R

FIZTRETIE, EREHOCTCEERIZZ 7Ly 7 ()
HIED) LR, HELo 3 FEHEOBEREY NAMMICHEE S,
BEERARY THMTIL AL NLUH & &, HRoB
S % BT 2 BB & i L 720 S LIRAE B
2, EEANICE NS EBERN TOREL A X%
SEREMEE CRIEE L TSRO S LIRE 2 A EIZIEIE L 28
5, ZOROIRENINEE R EOZE/L, EiEmbicE T
N2 &EBERER OB OFHN %17V, Ry TEMO
AL T DI E R ko 2. S 512, HEZ R
CTERE LTCHEE L 3HEEOBERHE 2T 5 &
b, HEBMORBEHRE~NOBHIZOWTELE
T o720

4.2 HEWNROBE
BGALRERERL, 1976 FFICBE I N, BRESTESN
TWD RS EEER R Y T EHWTERL 720 K
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Table 4-1 &)@ BEFEAL T ILRE D 4048 & 8L T A Table 4-2 % & il 52 DFETT
Classification and the origin of metal wear particles Specifications of speed reducer and bearings
P! FELE R 4 FEFERL -1 E2i Bt
L BE S I E FYI 5769 01
- R FEMA F 72 R AT IERE D BB Z A8 22318
w7 ﬁﬁc:;%‘éﬂf}, EQAES LivRUE: B A - AHE - 1 90 X 190 X 64mm
g L | Do SMERIC & DR LD YRR 6312
o | ZHARE AN ATY B DM PIEE - OFE - 60 X 130 X 3lmm
TIRORT BHARY T WEARTAF AL
T sz S - T 25 X 55mm

B | A ASEEIRIC X o TH W
Bk L RER S0
g BT R ko TR
W HAIREEALE S,
T | aETofs.

G| BER  2 Wy
B RNABC, B
FE | 2 DREIC & B R

B Tk,

i

B BASIER S B R
5 |LCvaBicRET 5,
;% P 72 T IR O AL T

oA

|

I
@ EAR 7

(b) R T A OHERK
Fig.4-1 HEEhRIEAR > 7
Horizontal axis type mixed flow pump

TR DOIMER L REK % Fig. 4-1 RS, K U 7 Ik
FHAIICTH Y, FHARIZIE 900mm, 415FE 4.2m, 15
JK& 100m*/min Td 5.

AERIL, R Y TR OBGERKD ¥V B L OHRDT)
Whz, EEROEA ) B2, WEKKR Y TE#o$DY

Wz AR RE Uiz itk & filis2 O FE 7T« Table 4-2 (27K
o BB, HEAKE Y FidMEE ORTH Y, Eh AR
WOV TR OREEA % <, &8 15m, /K& 0.1mY/
min TH > 72,

43 HEFEE

RETIE, Ry 7EBOMZREL TR E L THIL
OB SEEGICE 2 HbMRAERRZ L 72, &)
BCEy, 77V 7 (YHIR) EERE & GRS EERE, TARL
PEEFED 3 FEAH O FEFE A [l - FHEIC A BSR4 S &
T, ZOWNORECIREMNMEE, MFHICEINL &R
JERERL T O ML, A R EFEMEA L LTHEL
72 BEAIEE & Z O HIE S 1E % Table 4-3 |278 9 o sl BT 12,
Ry THERBOBMEMB L7 ) — A% FMIIZHEL T,
Iy Rz OB FEIREOMZME L7z, Wiz, %1t
IRAE % FGE IR 572012, HEX 7202757 4 —
FEiE (0 - I, 2013) & F Vv Ca B EERER T DT
RBL A A xS B CBlgE L7z, Bt $RIL 72
RE R GRS/ Y, o7 ur797 1 —FEx%E
i L C &)@ BERER T DILRE & 1 X % St BEMEE 72 & O
|2 TR CBIE L ClifRICRRER L 7,

Table 4-3 HithIHH & g E
Monitoring item and measuring device

BEAIH HAT o Fe
SIEBEFER T8 B /100mL kLTI e i
L RIS "™ (Particle MATE)
PRRIRTY  am HH7=077 74— TR
i T E Yo
. EEt
AR MG g s SHz ~ ki)
B 5s r/min mEnEt (e
FNEE A tiazxa—7
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431 TITL Y TEERR

AR T OAEICLDLHD T2 35~ EEEHZR I L
T, T7 VY 7TERLBHROWN) M 125 E S 272,
sz I WSS A L 72 IREER N AICIED 3720
2, A LB R E 7)) — AIRA L, RUEES
F7 % 38 (100mg/L, 1,000mg/L, 6,100mg/L) O 54
RBAZ ) — A% FENANH L7 RERAMEIL, #@EOR
AT D80 CADOREN L b ORIER(L TR T2
SGATEHE - MESNIHETHY, B LAICIRD 2 £1E
FEOVRERER L I SN D BRIV 72 JIS 3R
FRE 1 OflAf: & P44 % Table 4-4 | 2RSS

Fig. 42 |IR T £ 912, RETE @%@E%@%lww
min T—E & L, %Eﬂ%@? ) —=ZA= v TIuh Sl |25
%%ﬁktfw&w%Lwﬁu—X@%%%ﬁw,ﬁﬁ
TIMHEDOBEYEAT ) — AZRIEED D DD 5 E ik
DL DODNEIZKERRZAT > 720 G5z OIRBYINEE X, 62
WRLARENTr— 2 v 7 EERENREI L 245D
R RS %2, R — 3 v 7 LRI BGE
X & B O A TSR E A I L 2. ENENO B
ET3 I3 MM LR R L, FEIRD 2 5 HE
WENLZ)—2FFULT, ) —Al&Ths48E
EFER T OB LA A2BE L. B, 7 —AH
WOz iE, RERENCIE L 22 BIERR T 2 10 <
CENHEETHE LD, REEIICTEEI LTV S

Table 4-4  ZRERIAD RO ALAR & P aEI1&

Specifications of powders for examinations and compounding ratio

2 JIS BRI #A 1 (JIS Z 8901)
BT — A

BRME soo chm L, 2o, FEme)
B BUAREELCEELLAb0. FED
51 7 i i

AL FERH 27 ~ 31 6.6 ~ 8.6 1.6 ~23
(um)

Waha  THSHE 1A= 10101

EIEMTERHRE LT 7L TR

Abrasive wear test for the bearing of motor

Fig.4-2

)= ZZEFNAMGFOEBERR T 2B L7, $72,
%mént 7)) = A3 E BB T Y EICEEINT

w&w;t#%,ﬁﬁ@ﬁﬁ%ﬁ FHU DR G L L7z,
432 BREEFEAR

BT ASEERIC X o CHWIZES L, BEERm»S5 0
% £ 721312 & o TARFLANZ REAE U 5 B EEFE
EWHKR Y TEEMO TR 125 E S, RERET
2564 L7c BRI A L2822 ) R 729
W OFR EI7, Frah (55mL) 2L 72k, Al
EHOCTHEOEILZ T o720 WA N L A 2 5
PR T A 2 LT, TR i R % R S iR
WA < L, il & s Bl S o CEEE R A 5
A ST B OIREVINREE L, sz AAE N —
2y 7 PEFEREICER L oA B A EEE T RS %
MR — o v I R I 0 & BVE R & 75 A Ayl AE
EEER MR ZEE Lze 72, Fig. 43 1RT X912, il
ﬁ#%%&#éﬂm@%ﬁﬁ%ﬁﬁ&“%kHéﬁé_
ET, M oOEEERN T HEETH T S LI L7
HERL, Ky 7E#o R % 1,500r/min T—E & L,
15 5 &8z L7214, FEoMiE N L A v 2 S5 EEh T 4
%ﬁ 3mL 30k U CHMRCERICL, & £
NoEEEFNTOREL A A2 BlgE L7,

4.3.3 BELEEFESER

Ry FEME WERDr — > > 7L ORIZELE Z N
LTHEZREI L, EEBEREZ EENT o Fv B L
RS ) WA I B8 A S T AR IR L 7l E R A
Fig. 4-4 (a) (7R T, BABRANZHAERED FEZ A 7L L C

Rt

EILy

7 i

WL FETREE

N4

R

Figd-3 (GHUKK ¥ T2 2 G & L 7 Beag BEREHUR

Adhesive wear test for the bearing of cooling pump
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WAl O 217\ (Fig. 44 (b)), #ill (40L) 2L
7otk AlERE RGO OEILE T - 72 RERIE, K
CTEMICH R T IR, WO - v 7ICE
W 2 BUCD AR, EREREE,> S BE (&K 12V)
ZEUNL, BHRSWNIZBRICEETIREIZL > T, W
RN O XV B L) iz IcBAEL R LERLE
FER A Sz, Wi ORI, WA AR F
Nz —2 7 EHEmICIRE 2 M) AT EE
mIRE Z, WER s — Y v 7 AR E D L BER &
LA A IMAE T RS o miR 2 Ml E L 7ze T 72, B A
Tl & ot TR B i & 2GS & & Tl o &8 1B T
Bashills 5 & &b, AR 2 B o —E6 & B
TR L, SBERR T OREE 14 X288 L7,

ABRIE3ODAT -V THEML 7z, F1 AT —VIFE
o R % 600r/min T—E L L, SOMECEEZ
4V 225 12V TR L TRELR Z L7z, 2
AT —VIEEELZ 12V T L L, ML #E < LTlE
w9 7212 10 4 FE TRl E % 600r/min %> & 1001/
min ¥ CEMMICET &4, ZoMOFHIE & %
fTolze BIAT—VIXEEE 12V T—E L L, HE
JEWIREETHEZ R T72012, 10 0k THiES %

N—Rr TS5y
£ T

_ L
o .
(b) WP
Figd-d ERER K G L L7 MIERtsR

Welding wear test for the speed reducer

#5 ) H

800r/min 7 5 1,350r/min ¥ CELFSAYIZHE N & & ClE %
’?—TO f:o

434 HBRERTOHIMELELE LT HIER

R TEMOKEIIEIIE, #hzoORERE, REPIN®E
B, L TRELERERNTHZFICERAL h
SOEHEHD ) bW I a kA LR TRy 7
OEEEEIE L CRABRE R T L7z BRI, k2
SFELTEYOL T (BIRIC X 2R ) Z20ER L 72,
T72, BBTHRGLCESV#IRE L WEIKER Y 7E
iR L oL, BB E ARG L2 E
At O WG 21T > 720

44 HERER

4441 TFTILYTEREHR

Fig. 4-5 12779 £ 912, 100mg/L & 1,000mg/L F45iR A
7)) — ADOFHETIE, #hiREE B X OIREN IR 12K &
BEALDRA SN o2 b s, RERE 1RO T 87 i
L 7R TR B A R Lo miEEE (6,100mg/L)
DFRYPREA 7 ) — A % il L CTRERE 58 512 ICHH L,
KlE % 39 MM DR LT, HEIRO A S S /e
7)) — ARRIL 720 WhAIRE B X OIREY IR % 47 57
MY 5 F TR L Z22NEMEIC K& AT IS N2
N7z

I 722770 — A& F 0D &g BEFER T % 6 Wi
FECBIZE L 7oA R, SBRENCEZ ISR SN Tz s —
A CHIGE SN O BB ERER T OIRREL D A ZIRD
FIEER (EES5~10um) Thotzo —F, BEWEIEA
LTwuaWwHiLws ) — A & 100mg/L BWRAZ ) — A
DHFIN NIRRT IR S N D 2725 DD, 1,000mg/L
BWRRA ) — A 5139 B ZIROBEER AEIE Sz,
6,100mg/L R A7) — ATIE, 9 A IROFIEER & B
o ENn, 2512, MuboTHlsNLd %=H
HIEOERRF (RS 4um) PBES N, ThixES

SIS ((C)e BHEERE (/min) € IRENHE (mG)

5000 50 100
4500 D@ © @ ® 45 90
4000 40 80
— il
g 3500 35 70 @
£ 3000 30§§ 60%?
= e
2500 25050
ﬁg 2000 205 405
= 1500 15 30 &
1000 10 20
500 5 10
0 0 0

0 30 60 90 120 150 180
PEREER (min)
OF LW U —24405  @100mg/L BPIRA Y — 24505
@1,000mg/L BEA  @FBRIEILE ©6,100mg/L EYEA
Fig4-5 7 7L 7EERBOWNET—¥
Measurement data of abrasive wear test
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DEM S CRIEE L 72 Hi{§: % Fig. 4-6 |27”$, & OEFERFO
fﬁﬁz% X#~A 207 FI54FTHIT 5 E 99.4%0
HThHhoto T, WML HB{%2TIL, Fig 4-7
RS &) ICHZ OEEAEIICH SN TTEEARD
NDIRIDBIGE S Nz,

442 BEEFEAR

R F-HR 28 CRHI L 72 vl o 6 s BERE R T8
DFERZAL % Fig. 4-8 (2R o (i 0 48 BEFER T- 201
15 B O Z 1T F Tl3fEe 2 2 inEm 2 /o h,
FOZALEIRT £ 912, 15 [0 B OHEm 1 S8 hn
L7z 18 [0 H OFEM 24T o 721212, @@ BEFER 15

FAREIE (wi%a)
Fe Cr Nn
994 06 0

lpm
p——

Fig. 4-6 7 7' L 3 7 EEFERUIR CHERR L 7o & I8 BEFERL 1
Metal wear particle of abrasive wear test

(@) _7) ¥ 7 OhHE (b) EByE

(¢) HRDYAFRI O E-F B R
Fig. 4-7 EEIRINZ OEEEOE T HMETE

Photograph by electron microscope about the rolling element in
bearing of motor

4 BEFER T4 (TE/100mL) —jH& (mL)
s R (C) & REMAEE (mG)

605 ——150 1100
=700 : ;r”- 90
501 600 L s 45 180 g
= et 1 il
40 %500 WM -. a2 40|70 £
»é N Www%«bw Er 60 F%
=30 {54001 g 35-(50 =
glﬂ H-3oo 1 Cla0 o
=20 30
ﬁzoo P E——— P zg =)
10 — 25
15 100 15|El/ 1, 10
0 @ ol 1 Iy

0 10 20 30 40 50 60 70 80 90 100
BRI (min)

Figd-8 G5 EEFEHEROWE T — ¥
Measurement data of adhesive wear test

AREE (wo) |
Fe Cr  Mn

Fig.4-9 Hia5BFEABR ClERR L 7o &8 BEFER T

Metal wear particle of adhesive wear test

(c) HhERKMOEF SRS 5
Fig.d-10 FHIKAK ¥ 7 O8O &1 PS5 E
Photograph by electron microscope about the shaft of cooling pump



54 FEWTRRERT Je s

PHMERICH B 2 L 2R LRREHT Lz, 2B,
JEFER T A EH LT AIZ b 68, IR
EYMIRIZIT R E B LIE AL N2 9o 72,

SE RN T O BIE L 724EHE, 14 MH2S 18 [
Ho#emhz, B2 AL TRERY A X (EX 8um)
R L7z R T- A3 S /- (Fig. 4-9) o BEFERIT-O
ML 98.6% 238k TH o 720 F 72, BTBAMBEIC & 28l
2T, Fig. 4-10 [2/R 9 X 9 (2 FEHORMICH L W IEEHE
WL THELUEAONLEHIHER SN, T2,
ZTORMIZITHE OFMCHRAE L2 E A SN LIENE
B2ANT,

443 TAREEFESER

T RNEERE AR CH A L 7 | BERE R T B DR 2 L %
Fig. 4-11 127", (51 AT — U Cld, RAEE 12V ILB
WT b EBERR TR E ORISR E LI LD o
720 B2 AT — Y TIX, 600r/min LLF o [ 6% 5T i v g
M FIBEEIREL 2 ) REIRAE L o722 &
5, BB TR EOBMICRE REEI %2072,
B3 A7 — YT, % 800r/min A 5 BBy A 12140
ERTHEEREL L2 b ENEEL 2. Z 0%
F, AR E AL T3 QI &R BEER T s Ao
hnd 2 @R S, Z O, 880r/min C 40 43 [ EH
R CHRBRE T L, BB BILRETIE, BT
BIFEEOMFEIZL B LD TH o720 RERBIZHITEIC

FERLAARREHEM 515 CPI294E3 A)

BT, WL EMWMICE TN &R ERK T ORE
BB EE TEIE L 72K, 1,0000/min i 2 THH D
gy~ 7V THWH O TH SRz ASNEEIRO
FERER T DL CEESN, DEHLTEHLH 2 u m
A XD FEMAH S 2% BRIRK T (Fig. 4-12) 2585 37z,
BRARKL T- O F B 98.0% Sk TH o 720 T2, IO
BRBIOFYHEHEL 7 OERRMEBAEICBENT, BT
SEEBMMBEM L CTELEALNLERIBIZE I N
(Fig. 4-13, Fig. 4-14)

HAREE (o)
Fe Cr Nn

980 08 1.2

Figd-12  VEBIEEREABR CRERD L 72 &) BEREAL 1

Metal wear particle of welding wear test

¥ EFEL (V) o Y (/min) & &J@FEFER 72 (TE/100mL) & E (C) & EEEE (mG)

4000 100 40 100
450 0
3500 < D Sle @ Sle¢ ® S 90 35
400 80
3000 80 30 70
350
3 60
E 2500 70 25
g 300 50 o
= 2 2000 60 B 20 . 40 &
ﬁ% 250 E 5 = =
Ly = B B30 m¢
1500 50 & 15 =
#® 200 3 20 M
+ e 2 0° 108
e 4 1000 40 =10 10 3
2 o150 = Q
i = 0
W 500 30 5
B 100
& 0 (A 20 0
50 L
10
0
0
0 60 120 180 240 300 360

BRI (min)

DOFE1AT—Y QF2AT—Y Q@F3AT—

Fig.4-11

ERLERERR O W E T — &

Measurement data of welding wear test
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Inm

(¢) PREFZREIE M OE - PS5
Fig.4-13 il 5Z IREHF OB TSI T 2L
Photograph by electron microscope about the holder of bearing

7 ) 5 DR

ey

_5ll'| m
e b T ¢
Fig.4-14 A VIH O#G L 7)) 7 gk
Photograph by electron microscope about the replica which copied the

surface of gear in speed reducer

45 EBE
451 SEEFHNTETORERM

CZOOBBHHEML TR R EHE T L L F,
ZN O DOEEOET SR A EMEPBRE S TW M
BHELZ, BREL V) Mo SEERN T OIHR L &
Ao CERRFOREMIEFEL, £72, €0
EICLDERORELILET LN TES BIEE
ZH)o

4511 T7ILY JEFERF

TEEABAME 1 & B B EFER T ORI 5, RER
S Z IS RE I N TW 7)) — A TBE SN FED
BEFERLF (9 A ZIROFWER) 1X, #ELIGEZ 2T
TEBIEFTN L) AT DI FERR T O (IR -
Rotondi, 1980) & [H UHEEZ A LTz,

— 7, BBRBALG R T 72 1285 S A72 6,100mg/L F 1
RAZ ) — A OFERER 71X, Fig. 4-6 (2”4 X 512,
WHFDONTEIZ L AHI ) £ 72135 >R EEHTRET S
YEE o7 7Ly 7EERT (EL4um B um)
ERBLND, ZDOEEFRTIE, AR S DG L 7
FICIRA L7ZB R HAE S VA8 O FMH 12 AV AR,
FOFRMDP O AR U CHHT L28E 20l D) 5EL
7oHFHIAL T (Cutting) DIZHE (FA4 - Rotondi, 1980) &
FUESMEHLTCWE, SOT 7L Y TEERTOI
SrEEE (99.4wt%) T D T LS, Bl N2,
BRI, SRR OWVT N TIAE LB T Th 5 &
EZbNb, T, BETHMEICLLBIENS, #Wizo
HEAEEICH ONTTELEALNLYEE 2L
7z (Fig. 4-7)o 77) — AR A L7238 BRI 1E, B
b7 4% (Si0) PWEEFFETIM ~40%EFETN TV 5,
INSEDT ERS, BALZEYHEZHEED S\ IE
B A OA A, 77 LY TEERER 2 S S8 &
EZbNb,

45.1.2 SEEFERNT

RERBATAT:, W N LA P25 15 BodEhET) T
(&, R R O 4 BEREA A% R0 7 20 B I ) 3 L
S, 15 B H OFRMA I SR BERER - Bud S m L
G720 SAUTHENIC X o THEAME TS 52 & T, &
fh sz OMOMBES TR I NEE 25 2 812L > TH
HIREDTE L Y, BEEBEREDSTA T D &0 7272
WEEZLND,

SR EEFERL T OILRE & BT MM CRIZE L 7o 4G5, Fig.
49\ IRT & M R TAYEA L TRE LY A X (B
E8 um) IZHELABERR T 2R L2, 2 OBEFER
Fi, ZFS (1978, 1995, 2002) ASHidr L 72 BEA5 BERE
BTORELHUE#MEAEL 0D, T/ BlEsSKE
BEFERL T O ER 138k (98.6wt%) THDHZ Ehb, Jik
ERTIEFEMCTHLEEZBND, £2C, FZE M
MEECHIRT L, REWMLVEBRICL > TAELLE
IHNDEHEREZTERL 72 (Fig. 4-10) . TNHD T b,
HEIC & 2 IE O T2 & ) Eifil & 02 & O oA
BT L C, SR LAl L CEER 2 R 0 o) L B EERE
RTDREELIZEEZONS,

451.3 AREFENT

ARREERESBR T, A SR E A r— v 7
EOMICEEZEML CREAREZ L, Bl Icgkir
KT 2 MRS 5 2 L ST & 72 (Fig. 4-12) o & DEEFERIT-12,
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N AR L 72 BRRLF O TERE (11JH, 2004) & [F] UHFEL
E LTS, BRIRBL T, BEL -8B ERICRE S
CERHBICRIMEOENTH D NS, THENEE
BTERME T B LERSEE LI EZRLTED,
COBIIMETRELIZEEZOND, ZOERIRKT1X
gk (98.0wt%) HEWSTH D, REFRIIMESTH o2
Z s, ERIRK T o S ET IS NG L BBk L
M2, W2/ EEA e oM, FYEEOMOVTR
PCThHDHEEZSND, Fig. 4-13 3 L O Fig. 4-14 |Z7”§
o1, RESRBLIUFYREL 7)) H OREBIEICE
W, B IZATEEEAVSBERMLI-LALNLE
BERZMREL-C 25, 2B I CFVREOREE
OBM/NEIBIZ B W TIHEIZ L 2EENSAE L, HRlE
FERTDFBELEEZ BN,

%B, BRERERBROEI AT —VICBWT, NEHK
WKL CTT CICEBERN T A28 L 7235
1, BRI L) M ELER B L OV OB IR
WS A ihd, GIHIELD T 7L ¥ TR T 2354 B
HEASHEINL 722 I2Ebb0EEZ 515,

452 HERFEBRED-HDEHRER

A BERERER C OB R S5mL T 1) ERLEFE R
BRI 40L LB\ T D o 7245, IHEICER L < EEic s
F N5 &) B T B o By nE ) & R REI CTRII T E B
CERMERR L. 6, HWEANICE TN L BN
TOMERLEE, A4 APBEORELZRIBTE ZER
HEW D2 L 2R LTz, b o & BB 15 %5
WL T AR LK T T, Ry 7Tz El LT
B Al EOREE, b L ISR E L TR

HabkdsZ LT, Ry 7EMIEGICESEIZHL
DHEFTE S ENTEDLEEZ D,

—J, Fig. 4-5 B L 1" Fig. 4-8, Fig. 4-11 |73 L 5 12,
C NS O FBRIFE W52 O IREYNEE & IR IE B ok
A RTEE) (BbR) Z2HRET LI ENTE R ro7,
IREYFAASIAMN & 72 RER R v TR OEREZ T o F
BIDSHE SN TV 525, ZOFEMEETHITHEEE T
W\ CGRELS, 2009 ; BEH - THH, 2012)0 TNHDZ
EHD, MO 4R BERR T8 E EH T 5 TR
REEFREE LTI ) RIS toEr iz 52 L
NTEDLEEZD,

46 E£¢&®
R THRMBOMZRWEZ R E L THILORHIBH

P HIBEICE L HIURERE T, FEREE W CER L 72

"JONTHEREZTLDLEUTOEBY TH 5,

(1) 77V 7TEEERER B & OG5 BEREER, TARLERES
Bo 3 Bz ry, HEEEIERNE LTHEELR
BRIHTIE T 2 &8 BEFERL T & Z DS ER & 22
THEET A N TE T,

(2) MHEICEIRZ <, BEIMNICE TN 5 & BERR T80
BEINE T & BRI TR E 5 2 L AR L 72,

(3) HEHNCE EN L EREFR T OMBKRPEE, A X
B, Ry TERMBOFHICOREL M T L EHREHIC A
5T EERMEREL 720
(4) M O SR RN TR e RIS 2 T, RENERE
B L I L TS ILoJkiEr L) Bl <
ELT LRI,
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RERRY THRIEOHEREREEEZD
B _EORE
— XACTFLAMIARAT - —

BVE

51 FL®IC

20134F 1 A, HISoHKkEHE) 4 O RFERK Y 7%
fif (Fa2—75Ry7, OF2200mm) O 51D,
WEIRBHIG & & O ISR & B E 54k L CRRELL
L7co THRS (2016) i, WEMESHEEG T2 ICFE o 72K
W% L CRA Lo/ R, B LR EREo—IBIC
REAESILIC L D & A SN L IEHHE % BT B CHERE
LTwWb, BEIEFOEAMNICLZ2EEOEEGFIHERETH
L ERLNDD, FEHRIEICL DR TEEMOEREN
BEEIEERIEL, EHL TV ) A THE R EOREE
AoJfEE R IcHEB L, SEICH LY 2 0B NS DL L
TV 5,

BIEICBWT, MIZOREEGOERDSL D3 HR M
MoMme &b ICHETTLIERICLZLDOTHL I LR
CRMERL, BEARY THMICBYLIREERES
(Condition Based Maintenance : CBM) i O LE 2D
W7z, REHR Y TR ORREZITIE, SNhET
FE LT BE- - EMEMmEST O LICHE - i - B
T EONBRENEBINTEL, 20X ) BAEH
ETIINMOBILIRELZITIRT 22 LR TE LW &h
5, W, Ry TEMOMZ % SIfb T2 EEH
OFMIC X A HEZ O BHEA HE SN TD (H
e, 2012 S, 2013 5 #KJE, 2013 B S, 2013 ;
TS, 2015)0 HhszRWdbg, > 2> 2 &b b EE
FlERIL, WhicE s ERERN TOEREELR
EoEHRE VT, Ry 7R R TICHZ R &0
ERRET RS 2 F5: (LUT, TBEZE Lvwo) T
Hbo HEVEBOEKE Hu-HueERETlx, BEH
Ry TEMTLLALNDYHI LG, HRlo 3 HEEHO
BB MR L, WP E T N5 a8 EREN T OEE
RIEE, A XD O LI E R S B BEARIE
HeRbZ @t Lz, 512, MF o0& EREN T
EHIT 2 FEL, BERLERENEAET HENIHILON
BB OBErRHTE 28RELTMFETHL L
RRERE L7 LA L, ZO#EAAHEIZOVTIE, wWE7
TR I N TV R VWORHIRTH 5, 2 T,
RETIE, ITNFE TITEEZH % EiE L TRFoHILK
A LEEN LB T2, TOBHICBI5HE
IZDOWTEET L,

5.2 ximufE & BMAE

Tk 24 SEFE S 27 AEFED 4 4ER TT R HE, A,
TR, WHE, WO 6 BoOHKFEY 19 FETE L KR
B 7 @ATICB T, R TR 61 O iER, EE)
B O B 114 308 & 770 — R 29 30k, AP 143 B
R L7 SRHORFIIOVTHE I EIHTHEL

oEEZ A ER L, BEEFOWEMEIRE & OHEEH
DIEYIRAE, WO BEFEIREZ MR L 72,

HEHI A5 L CIEMER T — % 215572012, DTo
FICEREZLVEERIORN 21T o720, £9, BEAXR
VTR, MR oE Y ItICHEE S Tw
TENLNZ ERS, FRET LR Y TR E
KRR TEABETH B 2 L PO M T
H Do I LE R, oW HIRICH
100mL, {E# 0O G IREEICHY 300mL, FE3% O BEFEIRE
1249 100mL, AEF TR 500mL TdH 5o sHTHEEI TILIE
W7 —45 2857012, SHEOTRLFiE (F5
) Z2&OTHME ILBRELZERL Cwbd, 7 —2
O, IR 50g BETH Do HEIEH Z RIS B
1213, FAEOBEZLREPRALZVEIICT L2LEDNDH
5o

R TERMEIEILL TV AIRETIE, &8 BERR 71
FE L D FENZ &2 OMEIZLEL T b, 20729,
PRI IC 30 A2 R 2 AT\, Sl O & Bk T8+
B L o 72RO BRI A BRI T 50 HEKR YT
AR ET DAL, HIKEE DKM & HATHE L TR
Y THEENTRE R IRBEIC L B LEDRH L, —T5, %
KRV TR ET AT, AFIHERLTE ) 25
*ERE L, Ry TEEA G ERH R KT S 2
HND 5o

HHmZWcik, 2L ACOSHIEBIX IS B IS
BETH YV ERN 2T = EO N, EEH OWENE
KB L BRI OFGIREE, RO BRIRELET 2
CENTEL, T TOFMMIIHWEHILEMIL, —
el Ze R AR O BT @] (HA M Z 4 KD
V=4 200lc; HAR NI 4 K0P -5 2006a) B
LOHFS (2013) OMETHEHA L TWw5, EFHILHEAWY
DHZDO—EFK% Table 5-1 IZ/RT . TNHDHIEHR %

Table 5-1 (=i OFFAMIZ V7B B EEE O B %2
Management standards for Oil Analysis

5 4 S H EEHLAEA D H %
e o O S D
i frza0e AL * 15%
#;;II;[’;T{?I i Ko 500ppm i
h A Frmo s o
e
R ERE A+ 25% T
. ) — A EI SO
7N — A D 5IIH 2L £ 20%
W ERE PR T 150 DL I
% -
O ARG geBE (NAS12 #hAT)
HUREE | R Y (NAS107 ki)
Mo | RWEREN '
EEREE | (s ) (10" i)

E () NOfEIX, BERRY TEFEHRE LAESEBTH L,
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FH VA CIERE 72 5 2 47 9 B2,
5o

(1) EEH O WA PER
PRI HERIZAR 2 BB 2 47 ) BRIZIE, [HlofEr» 5 o
ZALE | FHOTEHEIT 5. 20720, HigZhicsw
T, WRET DR T2 S O L [MEC,
LTV BHMOTRE - 5B NEATH L5, B, Bima
A & o THIRRLBIMANATED D B Z &b, FEEEIZ
AL T2 EEAHI O, B, Sy ] 4 8 8 ik
LR CHERR T %,

(2)  EREIhMOH YR

FEEM OB G 2 3 MR L LT, &XMEEE
TSI L 72 NAS 454k (National Aerospace Standard)
AW 5N % (B2 - Rotondi, 1980). NAS %
A, R 100mL 47 ) ISR T B IHRAL T IO W
T, MAENOEB CTRIFHLELER TR THELEOH
BEOLNTEBY, ZNENOERTIFMEIT ) £
OB, EEMICEE STV BEINE (BUhzkT) 12
WEAZT LR EDH Y, HiHTHo THHEERITH
WL BRS CEMOHRERERTIENH LI LD,
PO & fEaR L TS 21T ) LBED D %o

(3) HEEROEEFEIREE

MR L T b @B BERR O R L SHE % HH
N, BRRTOREMMAREET 5. £72, TO®ICK
DEFEORELXILIBT LI LN TE L, TOLODIER
TEE LT, BEOME L THEx Gt NE LR & TR L
TBLLEND S,

(4) A7 EFAm

ElL7z (1), 2, B) HEHIZDWT, ZhZFIO
HEHZHMTHMT 20TIERL, TNEDEHZERE
MR 95 2 & T, HEHOHBILIREIC O W TOIEME %
FMMiafT) LA TED, SHIT, HEEZ W% MkEIC
EhiL, HFFEMEHOZ{LE BRI TE=F) v 7T 5
LIz, HBIibodkfEE RHICKRET S 2 LA HE
% Bo FREARE R, IO S BER 0 R & OMERS
EERMAER RO BT B ICA NG T 5.
O FHMAE HA IS U CHESE S5 KLY 32 % Table 5-2 1278
¥

EETRE A2 NI

Table 5-2 {E 75T O FFMRE 5 & b L7 ik

Countermeasures against Oil Analysis

S| EEHlo A O =2
2l UEEIERIN 53R JEFEIRTE
BAaf IRRERE A 2 kot
B %é‘liﬁ{%,ﬁﬁ ’%?E?ﬂ”ﬁ‘ %‘)I’ﬁﬁ%;ﬁﬂ’%ﬁﬁ _ E’)Iﬁiﬁ];ﬁﬁ%
- Wl MES | A 2 R RE ki
P A S 7)1@i;;§%‘(ﬂi% ﬁﬁ;ﬁ;}gﬁ%

53 HBZHOBER

B RO RERK Y TEMEFRE LT, HiEH 143
AEHCOWTHIBZMEER L7z, 2095, 1%
SIREFER T OILEEZER L, HILoJkEEZ R L I-Zk
FRICEHLT, 210 OFHiA 5 &L R Y T
OHACIREB IR LS 2 Fikx FH L LU TFIZB N5,
ZIT, EIEAIOIE LW T — F 123D 7 # IE 2
WHW 2 ERT 21203, BEEAORMLAHPLMmE, K
BRI 7 & OB E AT T2 2 LRk 55,

53.1 EXELIRE

2001 4F 125k S 7oAk A AR > 77 (1048 1,000mm)
OIMBLE L OREER (W) % Fig. 5-1 127897 Jfdibg
(EREEER) OFr— v 7 EEHoOBMmOr S EEH (A
By — ¥ ah68) &R ILERILL, ST %247 - 72
Table 5-3 (/R 30 HT DGR A &, BV Il W B 1%
K& L TR L 66.13mm’s TH Y Fri» H OE(LFE L
- 04% (BHEEOHZ £ 15%), K551%31.9ppm ([
500ppm i), ERAiZ 0.03mgKOH/g & #riffiE 0.08mgKOH/
gDFCHhY, BIFOHPHIZH L Z & 2 ER L7,
M OVG GIRE % £ T 7RG & 8 & (IF] 12 Mk

(a) ML

ZWL ﬁ

WA KA

(b) ML
Fig. 5-1 ###h#HER > 7 (1145 1,000mm)
Horizontal axis type mixed flow pump (¢ 1,000mm)
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Table 5-3  {EIF IO 53 H7H5 R
Analysis of lubricating oil
IFE (AfLHL - 68) HIEfE B
. HiFE40°C mm%s 66.13 66.39
%%iﬁfﬁ Koy ppm 31.9 4.1
i mgKOH/g 0.03 0.08
5~15um 10,416 1,017
N 15~25um 334 137
%ﬁ%ﬁ% 25~50um 90 83
bli-hicplislo) 50~100um 26 20
NS 100umpL I 37 0
G S % 8 4
i mg/100mL 0.45 0.60
G % Toa 105
REEFERLF Bt %/ml 2.70 0.02
INEEFERL A %/ml 2.50 0.01
FLHPERERR L (Isfif) - 1.0x10° 3.0x10™
fES 1.1 0
A=TN 0 0
Bl TAaI=wa 0 0
# 5 10.2 0
I 0.0 0
gﬁ%ﬁ% PRSN TUFE 0.0 0
IR ST A% 5.0 0
(SOAPk)
me/ke 7% B YA 0 0
Ye F U wA 0 0
AN 0 0
‘ iRy 6.0 1.0
;ﬁ U 7.0 0
AT 01 o1
RURyNN 0 0

i), EETHAEEE 104 # (F 107 fkil) TH Y, BEF
DFPHICH B Z & R L 72,

Peer O BEFEIRFEIC D W, BWEEE IR 2
INT A =5 T b IR EEFEIREL (Severity Index : Is fif) (£
10°TH ) IEHOHPHTH -7 (sEOEHTEIL, £1
TR -1 ZBM), 72721, SOAP I X 2 & E ik
MOFEF T, $ (Cu) 25 102mgkg M S /-2 205,
% L 72T IS B W CEEREDS S AR LT\ B T REME AT
HHEZW Lo D 7207574 —=12B0WT, ¥
SIS CRISE L 7o &R B T O TERE % Fig. 5-2 1IR T,
#5 1 Z2 Table 1-4 |ZBI/R L 72 IE W BEFERL -2 7 7L ¥ 7 (Y]
HIAD) BEFERLT-, JEGFEEREAL T KRB LA, v
nyLEThor,

No. | ek T-O4 5 ot it Fig. 5-3 12, #rihize o VTR GUED & RGBT
1 EH SpumAi DA 722 1A i . J : ot S

T 5o os @ e < pS ARy NV (Infr—ared Ab‘so‘r'ptlon Analysis : IR) T4 #F
4 s TR 35 TR 72 i P L7ZZIRFv— bERT WH650 ~ 1,3000n‘1'l (=R
7 5% 55 ZIROHBER (5umBl b) | WAL Z B 5 N2 FERI L I X, T D8y — 21
9 % SATIROHBEST Gumki) | b - <k e

o g P pe WHEICEAD LD L T,cZ,>o VAT S /ﬁ_%ﬁ(ﬁﬂ& L
12 %éU{ R%%@%%g /}\ Tb‘%ltf)‘%]ﬁt(ﬁﬁi’(“%%lt%ﬁﬁﬂ[,f:o if:,

Fig. 52 JGABIMEEC X 2 68 R 1 O i {5
Photograph by optical microscope about metal wear particles

L,710em™ A ¥ I Y — 7 DSTEAE L e v 2 &5 O
WNIALBIL L T EHE L 720
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100

AR LA F1 VR FEARAIR

80

20

0 I I I I I I I I
4000 3600 3200 2800 2400 2000 1600 1200 800 400

E&(om™)
Fig. 5-3 {Hio IR F v — b
IR-chart in oil analysis

FEFZ W OFE R, EEmOWIE RS X OV 4IRRE,
W OBERIRELZRTET — Y IZRIFOHIPIIZH o 72,
Table 5-2 (27 9 {F {8 72 W7 O GRS R & AL ITERIZHE W,
WA IEE 2K TH L LB L, KB Z k5
B ErHEREL 7z,

532 ERMERAICLBH1E

1996 fFE 27 & S -k R > 7 (1048 800mm) @
BEROIRA Y W2 ORI A S 7)) — X (B #HEL - 296)
R S0gERINL, S xATo72. 72720, 77V — R v v
BN e s, EIETCTHRA Lo TORBIERE toowy o, 11008625
BT L 223 cE TR Cwwo T, bk T
DEFHINIATH v

Table 5-4 |Z7R T OFERD S, 7)) — A O IR

(b) 77 Vvv7 (YIHIA) EERER -
Fig. 5-4 E-BEMEEE I X 5 &8 BN T- O Wi {5

Photograph by electron microscope about metal wear particles

Table 5-4  771) — A DA% R
Analysis of grease

I (BFE - 296) e i
y Hr I - 278 296
7Y —AD -
5 o
PR T C 181 251
Pt mgKOH/g 2.65 3.76
KREEFERL -8 %/ml 5.0 10 —
JINEERBRL 75 %/ml 7.0%10" —
FUHEERERRE (Isfif) - 2.5%10° —
S 316 0
VA=A 0 0
TILI = A 0 0
L
Kl 108.4 0
[=1=1 é{j\ 0 0
Jiﬁ@gé TLFEY 0 0
AN BB 3HT % 0 0
(SOAPi) —
mgkg % AR 0 0
Y F U DA 739.0 14.0
VAN 1,138.4 475.0
igh 650.4 1,338.0
w LTI TA 214.0 373.0
m V% 328.4 1,146.0
LN ENTP 0 0
Y 68.0 12.0
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RERT B L IEIZ278 TH Y, Fiilin 5 OB -
6.1% (EHEREOHZE * 20%) & BIFOHIIH LT &
ZHERR L 720 I 181C (A HIE#ED H% 150C P L)
TdH o 720 FEAMIE 2.65mgKOH/g & 7l il 3.76mgKOH/g
DFCTHY, RF¥— hTHILHBILOIELRT A ILR
YEROWIRDHER SN TR W E s, PWHEMIEIRE
B & e L7z,

PR OEEFEIRFEIZ DWW, IsfiEld 2.5 X 10° & B fiE
ThdHIEhs, BEEROLELYRL TV, &EiE
S ORIk, #& (Fe) 7%31.6mgkg Bl S CTw
HI NS, EZHIER S L CEEIAETIZ BV TERE
HEE L TV AR S 5 Bl L7z 72, 8 (Cu)
A 108 4mg/kg Mt S22 & s, W RERRROEERE &
AoNbe P 7205574 —12BWT, EHEME
THIZ L 7- &R EFA T OILRE% Fig. 54 (a) I27RF,
Fig. 5-4 (b) |ZRTHE A, HBIVEOHILIEEZERIC
BUILT 7L TEEREBCHAL &R ERN T O’
LA ULEMZAETL20 umzBLATA AT 7L
7 (IR BERERF 2B L7z, THOITERWIEAS
SIRBEMOMNIEEIZ L o THE L2 EALND,

FEZ MO 7)) — 2AOP LR E BT o #i
12H DO DDFRFEFEDIMMELS A S, fil=z D BEFEIKAE

AccV Mag 1 20um
15.0kv X 1000 111003632

AccY Mag 1 5um
15.0kv X 6000 111003632

(b) HEAEEERERIT

Fig. 5-5 EUMMHE EIC X 2 S8 EFR - O #/{§
Photograph by electron microscope about metal wear particles

DL o T AhH Z & REYRADHERL T X 72, Table
52 | R T IEE 2 W O SIS 5 & RFALTT e, 0
Wk FEhS 5N H 5 LB L7,

533 HBATRICLD %1t

1963 4E 7> & B f#) L T v 2wl #h it R~ 7 (L%
1,200mm) O FEHOTYEZ0r — 2 v 7 EEOK
P OEE (CHEL - 46) 289 ILFRILL, %217 o 72

Table 5-5 |Z{EHH O3 ATAE R 2 7R 370 EIEM O
PR & LRI 43.56mm’/s TH 1) Fiihih 5 OB LEIL
- 01% (FHEEOHZ £ 15%), K5 1% 69.3ppm ([
500ppm AKiili) TH Y, BIFOHMBIZH D = & ZHEREL 72,
B fifi 1% 0.15mgKOH/g & #rilifif 0.19mgKOH/g LLFT& 1),
IR v — b CELHILDILME % TR VK ¥ B OWR IS
RSN TRV &2 5, EEMEStL Twuiwne
HE L7z

MO HJIRE 2 R 33 B0F 4B 11 4% (1) 12 4%
Kiw), BEEIGHEIX 108 M (7 107 #KiE) ThYH, H
PRI E W EHIE L 72

PREF DO BEFEIRREIZ DO WTC, BEEFLD/INT A -5 Th
HIsfEIZ 12X 10° THo72Z &b, HEIREIER L
WEHIE L7z, 72, SBRESITOMRETIE, W (Cw
73 16.0mg/kg Mt SN 722 &5, A L72EPTicBs
WCEREDSE L C L D D D LB L7, T
TIO7 T 74— IBWT, BTHEMECHEL-2RE
FEFERI T DIERER Fig. 5-5 (a) | I/RT, Fig. 5-5 (b) IR
THEF AL, BVEOLIMIRERERIC BT 2 A EFER
ERCHERL L - B R F O L R UM A2 AT 5 10
umx B LA XOEAEEREN TR L. b
i, L WEIRECRAET L 2 L5, B T
PNz L TnEEALND,

EEZ W oM S, W oY R A R RaF o #HIC
HDHLODORFEFEDOIMEN A SN, @iz O BEFIRED
it L 7o T2 2 EDMERRT & 720 BB DTG G LD
BT NS, AR EERERL T AN 78 Bl T (2 I A A R
FEDHEATT 5 2 LR S5, Table 5-2 IR TG
W7 D FFAM G SR & R AL RS HE vy, EE O § D) #2045
ff BARAIE 2 HESE S 2 LB L 72,

534 EBRICE3%H1E

9N EPSBEHL TWEFa—7F Ky 7 (%
1,200mm) D4MEl% Fig. 5-6 (a) 12777, Fig. 5-6 (b) I
MY LI, Ry r—y v I EOHE»SL R,
WERRIZAMONE 7 — > v 7RIS S, NfE L&
B DOIE DK DT E 72 > TV BHEEDE Y TTH 5o
BENER BRI AR Y T L Ch b0, Ih
5T A ENE O — 2 v TR SR DB B
bo FIT, Fa—TI R TOIER D B I INEER
FEE A S (DALE - 32) 2 ILIREL, E#oT
AN s OHACIRE R B L 72,
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Table 5-5 (R H D 73 W7 s H
Analysis of lubricating oil

WA (CHERY - 46) ) E A HrimiE
o FEEE40°C mm?/s 43.56 43.59
qt%%éirﬁfﬁ Koy ppm 69.3 21.5
[z mgKOH/g 0.15 0.19
5~15um 483,570 1,953
_— 15~25um 8,570 40
%ﬁ%ﬁg{ 25~50um 2,653 20
O 50~100um 347 0
TG YiRTE 100umpA b 10 0
A E itk 11 3

e mg/100mL 3.80 0.10

RS P 108 103
R FERL -k %/ml 3.8X10° -
IINEEFBRL T %/ml 1.6% 10 -

B BEREE R (IsfE) - 1.2x10° -
o 6.6 0
Va=N 0 0
i 5 0.3 0
s i 16.0 0
PBEFEIRTE N AT TUFE 0.1 0
(SOAPi%) . A 0 0
mgkg AT 0 0
HN A 0.7 0
R 4 73.2 64.0
n v 116.1 108.0
7l ) TF 0 0

Table 5-6 |2 MO TG R Z 7R o O Y LY
PR £ E I 30.61mmY/s TH V) Hiiih 5 O L=IL
-51% (BHEEOHL £ 15%), K45 1L35.6ppm ([
500ppm A:fifi), BEMMIIL 0.02mgKOH/g TH Y, IR F v — k
TALBALDOIBEZR RS H VR BOWRIIAHEZ SN T
WhEWI ERS, BIFOHEFICH S Z & EMHERLT,

EE OB GIRE 2 LT HEH L 106 & ([ 107
WAM) Tholzhd, sHEAHEER 128 (F 12 fkim)
EREOBMEERLTVDL I ENnS, BEEHELL,

PR OBRIREICOVWT, BEEED/I(T XA -5 TH
5 IsfliZ28 X 10' TH Y EFOHITH > 700 72751
ERBESTOFERTIE, & (Fe) #50.5mg/kg, i (Cu)
M3 4mgkg MBS N2 &5, B IZB W CEREDSE
ELTWDIREENH S LB L7,

BT CTBIE L - & BB T OERE % Fig. 5-7(a)
2R 9o Fig. 57 (b) (R T L 912, REHH S 2R ERIK
 L7-EBBEFER T A iERE L 720 BV E O LR B
2B B EREF R CHER L - B RN T OREL
FUE#ME2ETL2 umP A XOERKTFTH o720 Bk
WAL, BRI 7-2SBAERICR S & X2 S
MWEOENTH L Z LD, WMBHLEE CEBERN
AAEmAFEELZZEERLTEBY, ZORITERE
MODIFEICLAMETIHELZDDEEZITL 72

B2 ORER, EEmoWIETERIE BITF ORI

H 505, WM OHFGEEDE  ERMERER T2 MR L 72 2
E e, VHYY NS TE BT LS I A oA S EFENEAT T B
PR EEIND, 72, REORERREZ MR L TR
F4 BUFEN D Do Table 5-2 |7 9 1B 25 0O ST i o
ERPLTTFENED, F 2 —T TR TOG RS %
3252 LB L7z,

535 HEBEEHOE1—vIT5—

1995 4123kl & 7o #k R >~ 7 (104% 900mm) @
T ) WIZ D 5 — 2 ¥ 7 B ORI S
(EALEL - 46) %4 ILERILL, W% 1iTo720 SOERY
TIERRBEHE 20 FEOF —N—F =V ERER R/ AT
B, 26 ERIFRE) L 22 A TR EE L 72,

Table 5-7 |[Z{EEM O AT RER Z R T EEMHOW I
PR % TR I 44.35mm’s TdH Y #Hiihid 5 OZELRIL
-22% (BHEEOHL £ 15%), K41E 14.6ppm ([
500ppm i), ERii% 0.08mgKOH/g & #riffiE 0.09mgKOH/
gUTTHY, IRFv— b THMILHILDIREEZRT IV
RUBOWNDSFERENT WAV 25, BIFORA
WZohAHZ ERMRL T

HMR OB A 26 Bl &I b 59, #
O GREE % 9 R OH G 12 88 (1) 12 #ok
i), BEIGHEEIL 108 # ([ 107 #ki) Ta by, EFE
HWEDNEFICHEL o TWATREEDH Y, HYIREEX
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AccY Mag ——— 20um
15.0k¥ X 1000 111003659

(a) S8l

o« SMU G — T

——~—

o N —y s

(b) #iE (Wi X))

Fig.56 F1—75K7

15.0kv X 4800 111003659

Tubular pump
(b) VARREFERL T
Fig. 5-7 MG I X 2 &8 BN T O M5
Photograph by electron microscope about metal wear particles
Table 5-6 (=l O 5T HE AR
Analysis of lubricating oil
I (D - 32) A i
o K E£40°C mm/s 30.61 32.27
%rﬁéiénﬂfﬁ K5y ppm 35.6 41.1
fi i mgKOH/g 0.02 0.00
5~15um 540,844
N 15~25um 5,423
é 0 o\iomm 25~50um 800
MO 50~100pum 0
15k E 100pump b 0
FHIG R e 12
s mg/100mL 0.90
BRI YL % 06
RIEEFEHL T %/ml 6.60
INEERERL T i %/ml 3.90
SURTERERE S (sfi) - 2.8x10'
% 0.5
VAFN 0
FE TINI=Uh 0
FE 4 34
B D #n 0
FERERE | Gemimresar Uit 0
(SOAPiE) Vk 0
mg/kg ® RN 0
P R WIES 0.2
RN 0.1
7w g 0
i EVTT 0
ﬁU VAN U ry‘L\ O
*FHMAAFREEDO 72D, [FIMAEIZ L 555 14.
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FE L e L7z, W OB Y OB CTESR OSH OTGYEDNE L ko 7z
BEOBRIREIZOWT, BEEEDO/INT A—5TdHh  WEMELEZ 5N 5, Table 5-2 (278 3 5 I O FFAllikE
5 IsfliZ 5.9 x 100 Tho/zZ b, BHEFREIEEL R0 AFICHY, 5N % FER L CHEMlmE AT
WEHE L, 70, S@RIEESTOMETIE, & Fe) v, EIESWEHEEGL T, ERoET % 2
A 8. 8mg/kg M Sz Z LA, Bl BLE B C
EREDFEE L Cnb LAbN b, F72, 8 (Cu) 2529mg/
kg M SN2 2 L2 b, mATY 5 O (R FEg: CEEFED
BELTCOWLWRENSH L EZW Lz 72075
T4 —IZBWT, BFBEMEE THIE L e BB T O
JERE% Fig. 5-8 |IRT 6 5 u m KD ) A ZIRDREE 7
B4 MRS Nze SRS M/ MR LR LG % %
, RESSBHESHERL, HEET LI ETERET DK
FEEFER T (W5, 2013) THY, fFHKET S
ETL—F U IPHEITLTHIEICE D 2 e SN D,
BRI L7-EEE A\ LAY 75074 VY —OFKE
i, A RERFRHST, AFE»rO|A L, &
SR DY) (Fig. 5-9) 2Bl E /2 &b, 4
RAEEROE 22—~ 27— (HES, 2012) O REME

s s e No. FERERL T D45 ik &
ﬁéé?w%tto“‘ ‘ ) 1 i Swm A OO BN 72 T %

FHERZ W ORR, EE oW BRI BT o #iPH 3 | 7oroT (GEE) |80 < b
B Db ODRFEEDOIMEN R S, WO BEFERIED 9 #5 DHTROHBENT (SpmAi) | %
N , W2 T b AT X 7 R O e S 11 HET ENCIORE T a
j}ff( LLZoTW53% 7 E% X : Rl (%ng:ﬁ 2 B0y B .00 % £ T >
LI EhD, SRR/ R A S A 2 T B 17 | 7usvarEY< |FER b
T A AR BEREDSHEAT T 5 2 &N E SN 5, AIH O Fig. 5-8 GSASAMSEEEIC & 2 48 EEEER T- O W%

Photograph by optical microscope about metal wear particles

Table 5-7  {E{E 1D 7347 A
Analysis of lubricating oil

AR (ELHL - 46) 5 Al i
N, HEFE40°C mm/s 4435 4536
WERA MR Koy ppm 14.6 23.8
i mgKOH/g 0.08 0.09
5~15um 1,286,626 8,340
R 15~25um 28,217 563
%ﬁ%ﬁ% 25~50um 9,910 177
T 50~100um 2,920 0
SN 100pum2A I 870 0

G % 12< 6
o mg/100mL 3.20 0.40
PG YL m o o2
REEAERL T i %/ml 158.33 0.03
INEEFEARL T %/ml 138.33 0.01
TR (Isfif) - 5.9%10° 6.1x10"

B 8.8 0
VA=FN 0.1 0
i3 T = A 0.1 0
#E 4R 2.9 0
BB Vony 0.1 0
FEFEIRTE N TUFEY 0.1 0
(SOAP{%) A 11.0 0
mg/kg 5 RN 0 0
Gy FrU YA 0 0.1
P A7AN 1.6 0
I fiiki) 4.8 3
il T TF 0.2 0.1
7l Y 12.6 0
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(b) LS K D BIEE
Fig.59 A2 75 7 4L%— LORY

Contaminants onthe membrane filter

WS 20BN e Db EBM LT,

54 EE
541 FEIEEHNIC K 3 HLIREBOFFHE & X077k

BT CHAE L 72 5 HFIZD\WC, Table 5-2 |27 9 #E
WO SEAARE 5 & AL TR IS HE, I O W B R IR
BLOHGIREE, HEROBERRKEOE 2+ O EZ ¢ T
REAMIFHE 21T > 720 215 OFENEZ R O&5F &bl
FiE%E, —EFIZL T Table 5-8 |27 BRHLL 7zl ic
BENDEBEBEERTORERY A X1E, BEVEOHI

Table 5-8

AR TS LR BN T LR U e A L Tn
7o HEIZ, T534EEIZE2HML] LBW§ 2HHRE 2o
ToHEE2 u m ROBERBEREN T GRIKET) OfFE%,
SRR OVEFEATIRICB W THERR T 5 2 L IEWEETH 5.
INSDOHREFANRYT LI, WP OSEERN T % BH
HHETHEEZWmER WL Z T, BEMARY 7 Hbh
BV THILOIBEE R L, BIEICESICRE O
K2 H L ) 2t illa M2 2 EATREE %2 & E 2
bMd, 612, [535 0RO 2 —< > T T — |
DZWIEGITIE, 5F IR AT o 72 B R IEE 2 5
i LT, AR & RS O LT B, ek T
ORI R P-4 (Time Based Maintenance : TBM) % i 9
W RERLTCWDLEEZ LN D,

INDDOREZM O RN S, BEHKR Y TR %
AT 235 2B\ CRE A LTl 2 Lg%
179 720121, oL ILIJLm 2 i3 2 gk« H
W IR REEE LR 4 (Condition Based Maintenance : CBM)
EITH) ZENERTHLEEZ D, N T4 KT T =D
R L72EEZ L, oS L3 ET L TR
EDHHNHILDORIREL I D J& g % A T & 2 R 720 55
W F#:CTdh 5 (Shah - Hirani, 2014), 45, EEZWO
FMT—2 2 L DEHLT, BEHRY TRIEOSBILR
FE & DM S 2 e R, HiE A O G P E R
SRR O PP ES IR D Z s, Ry TE
ORI 2 HEFFE D REL 2 D 2 E 2 Do

542 HEBEZWOEEEIREE

FeM T i DIRBEEATEE D A4 X — VM % Fig5-10 [2/R”T
(AR 714 R0 Y =24 2006c) Fi 0JufEr iz
SR, BEORNZMICEE L CHEBENZKRET
L7201E, BB CREERT L 2 EPHENTH
%o FRICRER AR Y 7HMORRI, HREFEH 2 E
FIZEPFLTBY, 2o, HHEEICER) & EIRET DK
FTEWIHIMHREICHL, ZTDLH Ry THEMBOHIL
et 23 2121, EIEZR oML < L THRED
FALIREE % B IS 2 BN H D, L L, il
TMOBBEEE T 52 81X, DITER & FMEER 12K
T LLENRHL s, BT A ML 5

T RO M ORE AL & 0PI

Countermeasures against Oil Analysis

N AR H
ﬁfgf mEAo | EEAo 7o LW R WA
WERGPE | MR | SRRk
531 P e T R 7R 1 % R
532 Jores * e R £ DAL SRR
533 Jores P P AR L %L SRR
534 =853 FH Fw BEIZL 251 3l RIS
, o IR O % e L g,
535 Bf L, EE b5 -

* 7)) = ZATTHEPEIMR N Z L0 5, = BYRFA L 3.
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O HBZHDE(I2YT 7 &)
% Y EEORBEEEHRER Z
7 ’
—~ 7
< 4
£ an P
E R 5——0——5‘3’40’*
EE
B
el
EiE N
(TzCH v

pEETRiST |
Fig. 5-10 e OMHEEITTED A X — VX
Image of degradation progress of machinery

EVIHEDH D, —HT, Ry TEMBOLILIREE S
Wid 2B, B OWE PR CHYIRE, S 5108
WOBEFEIREIZ BT 2 s TCOMEERDVIETFTH 5
EHEENIE, BIEBRESHT (SOAP %) REE K %
BETLLROONN 72075 74— LM X
HEE) HFEHTHUEN NI ENS, SHHEE %K
53T ENTEETH D, £2T, SOHIEE ZEE L 76
DB T TR E 2 ATV, BED R T IUIR v TR
kL L CHHT 2 LT 5, MBHZHTREN D 2
EHIE S NAUTETHE THM AT, BREORK % FEE
THEWVABRBEZ WY A T & BHESEST B 2 L DRIER
ORMREMNTH D, ZDOLD LfliG Wi iEeEAT 5
LT, HIEERHORMAESIZT A2 &R CREBEMRD
BN SN B e E 2 Do

543 FAITRxI A2 NOER

B F O IERE 22 0 M 7 — & 12 HE D W 7258 1E 72 B 2 I
FEET AL, EEA OB LR E, BE R
% EOE MO AFDART K TH o 720 EIFHIAED
PEREDMEE N LT B LB DBAL AT L THE > 73
OWMBEIZD%D5H T s, HEHOIER% 1512 54
S, Ky 7z EEICRE S5 7-0121%, ohE
HAEo CHIFHZ BEIICEHEL, oMk k)
WEAL L7025 2 ENRBENTHLLERZ L, 20
£ 7%, BEWORE B RIS W20, TR
Z720 52 HE L CERM SN L HEHEHOIREZ
BIEICEHS 2 TEE2 T AN AT AL PEES (HA
kT A RO Y =545 2006a).

EEH OBILOERIIE, AL &2 X 5 EEH
H & Db L L AR OKS, B, YR AZL &)
WEBBONH D, HMETI, EEHOKEZ S I
TV —=ADL 1) EOGHRER,S, N 0% b
AIE L7z, S50, HEAoRBEHEYIEL {REET
A7 EWIEICEH SN TV B ERERNLE L Wik asER
ENBVboo, 1IELERINTWAWEEANIZS
DHEITREDN LA EVE S THER SN2 L&
S L7z AN AR v TR & M ICEE S & % 9

ZATCHLATCE RSV D TH S, HEHICEDLE T
T aARKIZB I L, 512, EEZHCIEM 2 5Fli %
TWHILDEITEIMMA B 72D121F, FANVTHRT AT b
OFFETY AN, R 7THEMmORTFENmIZ BV TR
FIOBEAFR L T H, WIRE B MRS 2 &
WRIFENTH D EE2 D (RS, 2015),

544 EEEEBEOFRTESE

A O FBALIRFE DB WV 5 5 FHLIEE(E L,
ERW A — 7 — &2 —F— BEE 2 — 7 —H O
Lo THROENDHDONE v, T2, HIMIZL MR
BRORE W TIE, LY LWEEIZRITLONTW
bho LLEDS, BERRY THRMEMNRE L2
ZWOMPIZOWTIE, HTWICHEZZTo T3
EZATHY, WELAWGIREHIEE SN TV,
FD0, KUSEOEEZM CHW/ - EHEEMEO %
&, W A AR O EEE [l AL
Twb, INox#H L TKE4OSHHEHB LML, &
FEHAR Y TR O W THLIREBOFHl 2 1TV, HESET
BRIV EZPE Lz, L L, Bl 246 & B
BB L2 K EEME LT 5 &, BEHRY T
OB EMITRE CELRY, BREFFMAIE ESFIZ
EHLTBY, 2o, SHEEISGED &FE2#DKTIR
Wb, BHLEBEZHEHTHI12HD, BEHKRY
TEMENGRE LRI 2 ED 2 LEN D B L%
Zho

ZIT, BRERAR Y TR T A B & ARG
LEMB R ET 42012, EEZIICET 0%
WET — & OEREEMBICERT L2 & 2RET L,
Fig. 5-11 |2, HFHEEMBEORED /OO 70— %7K T,
T3, BERE B CIEME 2 5 2 17 9 7290121, BREFI O
BRI %2 EPMEICEREIN TV LLEND
LI Enn, EMAMSER SN TWE R Y 7% %
KA Y T EHEARAR Y TEMICK LT, H4I1I200n
THEBERZ®ET L. TOBIC, (243 koM
Lol THRZ-EBY, HoNHEET— Y IEEED

WET —ZIWNEDT- D DR T3 2 18 E
(BAKKR T, KR )

| mEr—sowt |l
\

[ B E 2 |

| MR A !

Al d KO D
AR 2 HE R

BEMR L TR R & L
T 2 M oD LB YR A 3R
Fig. 5-11 EHILEHEORED/-ODO 7 10—
Flowchart for setting controlcriteria values
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Ry THRMCIBEBTH LI E0S, MBERET HLE
v, MET— 5 FIET LS, HEARY T2 5
LT AYAE, HEKEEOKM EHENICHEL TRy 7E
DS RERIRBIZ L TBLALEDRH 5. —TF, HAKRY
TENRET LA, KAMERLEZGI % ZE
L, K 7 EEEAYT] AR 2 FE PN B A BB R W 2 T
bo MET—7 2 NET LHEIL, Ry 7HEMOBRE &
(B PR EIER SR &) XV RRL
Bl fZ k& AR T DR R Y 7RIS BT,
RN & A L TR OB LIRE 2 ki L CERLT 5
ZEIXY, HMERIERT 2 UNEDSH L. WET —
& a b LITHEEA B L ORI oS b 2 0 L A
BRAZHEST S Z LT %,
EHEEEEZRETT HI12H0, B LWEHELEHEZ
BHT 2 L BB e 20, BwEicd 2 &gk
VAIZDBRELGVHEORNDIDE R DIENDD S,
BIZAEARFZEICBNTC, FMHECTRERR Y THMIIB
2 EER OB IR O S AL & FERR L 724G R,
BHI OB LT AW H 70 &AM IE BB S 7 il
ORI ZHBILDERD A SN holz—HT, 7)) —2A
DB &9 FEIE31.6%AEHEREEO BL B L T,
ZOL ) nEEAOFERRRIEO b & T, EERAERY
B L TWABRY TEHPERIN—ZAT615%TH D,
POBEBL TVLIRRIZHEZ s, 7Y —2ADH &
IEOERERMOHE (£20%) 122V TI, HED
A 2 HEFR L 729 2 CRERNCIANT 72 % 0 5 2
WhDHENZ D,

55 x¢&®
RETE, BEHOEERE Y TR S EEH OR

B A& 4T, ZOFHE 2 Vv TR v TRk o % LIk

BOBMEITo72. BONTHEREZ I LD ERD LD

7% 5,

(1) Bz, EEHoWEATEIRE L 075 IR EE,
W g O BEFEIRAE D 45 4 D58 % B¢ CRRA I I FTA 5
52 LT, EEROSILIREEZBMCE LI L 2MHRAL
72

(2) WO BERKN T BEHEH &3 2 8EZH % H
W3 Z T, BERKRY TEMIIBTHILOIEE
Mo U, BRARICE 2 5012 S8 O R % B LGl 7
FLER L Z EDMREE 70 B 2 & ZHERRL 72

(3) BEMARY TR EmERT 23 ICBWTEY
FEAETR L CHBY 2 E R 1T 12, Emos e
PRI T 2 EESE A VT, REEREES2IT 2
EDRERNTHAZ EmR LT,
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BEVE BERRDTHEOH-LERZKY X7 4
6.1 LI

EVETIE, BEARY 7THFr SmEHT 23508
WCEFEFAI L CEY 2B AT 121, o1t
JefE & Mt 2 BT & Vv CIREEE 44 (Condition
Based Maintenance : CBM) %179 Z & WERTH L &
R L7z HIEZWTEL, Ry T2 Mg T
TR EDPOEER A RIL, WPICE TN EEE
R TFORREEL EOFHmE AT, Ky 7&biz s
R3S H S 7 & O EERRIREE & HUR T B B BERS W Bl
HDH (BE:S, 2012, 2013 : S, 2013 ; #FHJ5, 2013 :
ZERH S, 2015)0 AW TH G ETHEEREY Tk
ROFEIL, BREFMAEEFICETLTBY, 2o,
R I RE L AE IR AR R e EHEEEICH S (F
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9 2121, BeHECIREERT 2 2 L08R TH
5705, HEZR oML E <35 2 LI © B
BIKIES 2 LD HH 2 L hs, B E a2 F2%
BHEVIREDND L, —HT, Ry TEMOHLIRE
W HEIC, EEAOWEERCTHELIRE, &5
2R SR O BEFEIRTE I B 1) B BH EEFEIREL (Severity Index
Isfi) OWPEFERESIEE TH D EHESNIZE, SRR
BE53HT (Spectrometric Oil Analysis Program © SOAP #:) (H
AREF4 RO Y =24 2001b) LEREENEHFET S
BDOGNT a7 T 74— CLFHEMEICL L85 (18
A - Rotondi, 1980 ; 45, 1982) % FEET 5 LEAR
ZO7H, EEZW AT RIS, SEE 2 EE L —
KAL) == T RFERTHILEDTRETDH S,

FITRETI, HWEBZRE LS 2ZWHE
(DT, Tigegh) Lvo) 2@A LT, s &y
B HEAMEHSABM T B AT 2 LA TE DA
R ESEORSEE, ZNo % HWIZBERER Y 7%k
D7 AEFEBWI S A T DIV TR 5,

LB, RECTHRNLEFHNELEEBEOMSIL, HEH
Ry TRMOBREZS WM OME 2 EET 2 2L 2 HIY
LT, BEMOKESR BRI - B REHEH Sk 5t 5
BHRE[MIAXRDY —2FEH L RERAGYEKED
PERESWIH BR3¢ (PR 24 £~ 26 42) ) (BIKE, 2014 ¢
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FFFE 2 AT o 72RO —ETH %o

6.2 BEZZWOIMTIEE L EEEAEE

BEMRY 7HM T, el 2 & o Rt
HEAPEH SN T L, IS X, Ry FEMICH
SN B EEHOHILDL BB EKTRATH 5
ZENS, EEZMOSHTIEB TIEEEIh o BRI & K5
= HET UL, OB EIRE MR ETE S &
MELTYD (IS, 2015)s 2O EIZDWTIE, &
I #Z OFEEF OB LFFEIC BV CTEEMH O R E O 2 L=k
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BEBEEOHMTHY, FTHEOWMMHRIL 8% TH D
HEOMEMBIS 2% 12N TIHEFICH N LS, KT
BaRmTet G R E 4 EEHA L5 L RTW5, F
72, WERROBEFEIREECIX, BEABERERT (37%), JEH7EE
¥R T (32%), UIHIESRERI T (26%) % < S L Tw
HEHRELTWS,

B OBEFREZHETLIER 72075 7 14 — I3,
RN F OB EE L, FOREEL) S REEREDSE
A TS 290 TH Do [IEFEFR T3/ E <,
BEEFHTIIRECIEDNZ 0] LI HREFEL
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= EEEFEE MY, (P — Py) =BEROREETH L,
WEFEDIRE 5 & REFANF2ZRIIC R IsfE8E L
ATHIEND, BREOBENVAZROITLIENTE b,
FIC,ER 705710 — (Isfl) #®EHEE &3 5,

INHDOZ LD, SHFBWNIZBIT 2 EEHO 55T IH
HE LT, WEMMEIRIEAKS & Bl %, HYREITE
GO %, HWBOBHERERIEE 72075 74— (s
i) #B®ETLILE L, EBZWOSHER L5
BT 5 REHH 2 %8 | /2—E K % Table 6-1 2R
Fo T, BELZEHAOFEHMEEMIE, —BiyEE
IMER MO BEZRE @] (HARNT A Ro Y —54
2001c) BLUHHFSOHE (HHE S, 2013) 2#EHFLC
W5 HEAMEMO H%DO—5 3% Table 6-2 |27R T,

Table 6-1 FEZWOFHIEE B L O G Z W0 REHE
Analysis itemsof lubrication diagnosis and chosen items of simplified
diagnosis

H H IS OSHTIEHE &AL HIETH H
HigE (40C)  / JISK 2283
s Ko¥ / JISK 2275 O
LERERI) —
R R P Al / JISK 2501 O
FRIMRBIN A R 7 S Vi
(IR) /MSK 0117
BTG Y e / JISB 9934 o
—_ (NAS1638)
fg‘,,’iﬁ:z HEAGRE  / JISB993I
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PPl EIRE A
EIEIEBEAT (SOAP )
/ICP FE655 653 HT
1) — -
ek |7 =07771 @ o
(GEE707 5714 — (1s f8)
ST LT T T 4 =)
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Table 6-2 {EVEFZIT ORFAM I H V728 BIEEHEfE O H %
Management standards for Oil Analysis

& SRR BRSO B %
MO K5 _S00ppm i
P - R0
g A e (NAS12 Bckith)
e e

O WO, RENRY THiieNRE L2SZHETH L,

6.3 EHERATEBEORR

AT E %852 L -5 Wi, ikt BT 5
Heili# 8 & 03B TR S B 2475 2 LAY RE 2 HE T )
TEREOMEZIT) o BmBlEREE L, FEEmow LT
PEIRICE S A BRAILS LD Fs 4 B X ORI A % 555 %
HALE M EREE & OB B RHTE A E O
BN & BE S 2 5 G S E R, S O ITEEE O ERE
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BUWERATD o BT ERE B I E DO RE A K& & &
L, BlHiZ 100V OFER & BER () 7272400 e
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HE R E R E W EIE, R TR O E B )
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EERAIREEME LT, BIFEO, FEEA, BEE XL
T 5 ZEREICE L CERT AN E Lz, 22T,
BIF & 3MER WAL L, B L I3RS %
ELTWAEZ, B L3 LENET L TWw5
it LERT 5o

6.3.1 BEEBHOHILBESZATEEE
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SB) b E V2R &, FREE S X ERE S
e SN T3 (Fig. 6-1) (B S, 2014), REFEOIF
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TR L e 2 VARF D VEE ((COOH) 12 & 1) ARAMEEATR
Wan s (1,710em™ £11) &, K5 Tk (-OH)
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DAYV % 5 R B EHER T BRI L 720512 B Do
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W9 % Bk % 72 4T o0 [ A IR ED AR & BERIAR 722 2,000em™
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(2 ATR A% PN & ool L 72 ARG, ST s i o) 2 2
2T TR = AV F =5 T %, 2 O T 1
V8 &gl L 72 ARAMR ORI & SR TREAMIC KR
THIEIZL T, BREFI O & K55 % 45 2 WET 5
ZENTED,

e TERICER L b s, ZhEholE ok
fili & W L 72 BE O BIR % Fig. 6-2 12783, MDA
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WA O = THRILA Lo FRES R 25 2 &b
HMOFALHILA T NPL EAICHEST L &I X 21
Mo BN % BRAE & 2, BRFEME O i % ) 5 2L e il
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Td 5 500ppm & Y ERHEM L Lz fmELEMEIL O
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AT TR SHET 5,
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Fig. 6-1 LG MEEED A A — VK
Image of simplified measurement device for degradation
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Image of estimation with three phases
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6.3.2 HEHBDOEREBSAEEE

FHEE YL BE O MENZ I, I o &R EERER T O R %
BT 2 EANVK L —FEHIIEES RIS H VS
B0, WHPICHET 2 RE LT ENNT 5720, B
FEIIAWERET S (Be) BESAT K TH L (i
2011) 2L RETEME %5, 2T, GENVT)
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LR TR O (BFRIEE 4719587 %) @M %,
OFMOFEE A DTIZR N5, AiEiEEEmhicsn T
BERIZEWIBIRCHEET Do —F, BT I3HCIR R 6
R EWUOOLRERE LTV LHOPITEAETDH D,
FIT, WO LREIRIZE 72 o 7B A AN B L,

(a) #H8l

(b) FRMIH 1

Fig. 6-3 5L 2l %2 1 & SR
Simplified measurement device of degradation and displays

(c) FORMWI 2
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Fig. 6-4 HREMHAEREO A A —TH
Image of simplified measurement device of pollution degree
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(b) ForR
Fig. 6-5 {H4LFEf 2y e 38 1 & FORMI A
Simplified measurement device of pollution degree and display
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AREEE OB & FORE N % Fig. 6-7 12830 AT 134
150mm, B47 200mm, % X 200mm T, B 213 3.0kg TH 1,
BB A A CTh Do MIEMEIL, ZBEBHIC
AR (BT, R, BE) LTERT L, 28, ST —
y (BfilE) IZOWTHERRT DI ENTE D,

6.4 BHBAITELREEOMAEFTM

o RO e R B O PR 2 MEFR T A 72012, 4 T D B3
FHHEKEES 12 BT, 10 B R > T3 & gl 28 5t
BEALRILL, B B CHE AL 2 3 & V72 ff 5
B AT o720 EHIC, ENEOHEHI OV THITEIC
BUWTHEEZ W 21TV, Table 6-2 (278 L 72 & FIL#E L 0

Fig. 6-6 EFEMIZIELED A A — VY
Image of simplified measurement device of abrasion

(c) RN 2

(b) FRMIT 1

Fig. 6-7 JEEFER 2 2 $eiE & FORMIH
Simplified measurement device of the abrasion and displays



7 iy e
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A) LIBGLIREE, IO EFEIREICHE L CHILoAEFTIR
TEDFE % 17T > 720 IS5 W 0 = BeBS SEAI 0> ) 58 F5 e il
X, BRI OWTIEERLEHO L TH S [HiiofiE
PO AR+ 25%] & HEEAEMEE L2, Zofho
HEIEEMIIM A ZM & AR TH 2. HIFZ Mo =K
B & T R 6 1 CHE S BT R L O A
AH I EITL 5T, HARTRINERE O W REREAN 2 1T 5 726
Table 6-3 DGR —EERITIRT L9 12, BWHEROEELER
IZDWTUE, WO LS ILIX 92.6% CTH b, EIEH
DIKGFIE 100%, BHEIMOTGIIREEL 96.4%, HiROEFE
REBIERI3% TH Y, MHZIIT TN LHA9IFLL L
TR LWk RS 6 iz,

ZTIT, NEADVAROLNIFHMEREE S LI, #Hawi

FERLAARREHR 515 CPI294E3 A)

WoEdEEOF REIC O WTHRRS, iS5
ERE TEE ] CHETLIEDRDOOENDE NS,
oW R PEIR (BRILBIb L KRR 182w Tk
BEEFEVL OO, BIEZHT [RE] LHESI N
PR e <A M IR L 72, ElEmmoE gk
BIZOWTIIEEERDN 9064% EHmVb 0D, [FRE] OR
Bz TR CHELEZLON 13D, HioERt
KEIZOWTIE, TR odEz [RIifF] LHzELzD
OR3IREH B, FNHITONTIL, HE RO IE
PUETH D, 0720, HIFZH L O E 1T - /-
DEWOERT— 5 % LD EELC, #HiRHEEED
SRR RN (RAF, EE, BE) OfiEEITH) LT,
TEUZLIVEVLDICT LI ENTELEER D,

e RN B8 % F W 72 (i 5 55 0 C ol E 72 BRI 2 179

Table 6-3

2 & 5 W Ok — Tk
Table of lubrication diagnosis and simplified diagnosis

R MOWEAER | e gme Hesm
No. |bekies | m| DB e | g | st | ko | RN | IR
e s | e S | e Y | 5
1| ABES | B 800 EM |Z#hd~vifzz| O O | O O | O O | A A
2 | ABY | BRI 800 EM  |jgodig O O] O O x A | x x
30| AW | BERLRLT 800 EM |Z#hd~vffzz| O O | O O | A A | A A
4 | ABES | BREhRHT 800 EM  |jgodi O A|O O]O OO O
5| ABRY | BREbARHE | 1,200 DE |Ffhd~vfz| O O | O O x x| A A
6 ABEY; | BRERRNT 1,200 DE  |JBudii O O O O O O O O
7| ABEY | BEERENE | 1,200 DE |z=rvriliiatg| O O | O O | O O | A O
8 | ABRY | BhlbAWR | 1,200 DE |=yvrilliat| O O | O O | A A | A A
9 | AKEY | BElmALE | 1,200 DE |F#id~v#=z| O O | O O] O O] O O
10 | ABSS | MR 1,200 DE sk O O O O O O O O
1| ABRY; | BEEDRNE | 1,200 DE |=rvvrilifagh| © O | O O | O O | A A
12 | ABESS | BREbARRE | 1,200 DE |=rvrifgg| © O | O O] O O | A A
13 ABS | BRlARR 1,200 DE |F#iJ~v#h=z| O O O O O O O O
14 | AEEY; | BRlibAbE | 1,200 DE  |Jsidihk O OO O]O0O OO O
15 | ABRSS | BRlARR | 1,200 DE |=rvrilliaté| O O | O O | O O | A O
16 | AMSE | REdmehR 1,200 DE |=y vribfat| O O O O O O O O
17 | BHESS | HEEbRHR 1,200 DE |F@id v | O O O O x x x x
18 BEEYs | BRERRNT 1,200 DE  |JBudi O O O O O O O O
19 | BEEY | BEERNE | 1,200 DE |z=yvriliiat| O O | O O] O O | A A
20 | BH&SS | BElbARR | 1,200 DE |=rvrilliat| O O | O O | A A | A A
21 | B | SRR | 1,200 DE |FfF~<vi=z| O O | O O x x x x
22 | BHESS | HEERRRR 1,200 DE  |JHudih O O O O O O O O
23 | BEEYS | BEEDRHE | 1,200 DE |=rorvilifagh| © O | O O | A A | A O
24 | BEEY; | KhdhsHR 1,200 DE |=yvruiisil O O | O O X x A A
25 CHYs |F=2—77| 1,200 EM |jRsE R O O O O O O O O
26 | CH | =2—77| 1,200 EM | F@hd vz O A | O O x x AA
27 DY | F=2—77| 2,100 EM iy A O O O O x x A A
28 | DS |F=—7F| 2,100 EM {78 s O O O O O O A A
EM : EEh — 8 26 28 27 25
DE: 54 —Brmr oy | #5% (%) 92.9 100 96.4 89.3




BB IE @ BESERR Y TR A O IREEEZ Wl o @ B 5 2 BF % 73

WU T AR A IE L KRS 5 2 EEETH 5,
Wik 2 BT 2 FAE L, B A BRI A RIS v TR
fiff % %9 30 43 P RRME) S &g 2 3 ISR L, s
FND ERBEFER T D3 — 127 o TV L IREETEGM O
T EATH o EHI2, BRIMIEIC, Y00 08 &%k
ASELRVEIEBEAIN)UEDR DD, TDL) BHE

HLHHTFIREZ R L7228 E~=2 7V JIJHS, 2015) %
BECHEZ ThB Y, Bl % Hviud, SR HEESS
T4 C% < THEMEMOWIEAMIR S L OVHYIREE, s
DEFEREZ I HET B 2 LT REL 2 5,

6.5 EHERATEEEHVET-LBESHY X7 L4

BAE, BERR Y THMICIHILIREEZ T2 H
T 5 FENR L, BHERL e ke s LT
VR R s A 4T ) AR EH SN CTwb, 22T,
Ry TEMMOBHEE RS E 2 &) 2 5 EiFm%E
B - 932528128 -T, REDHBTHERL
FBACKRIE X ERMIZZUT L, BB 2k 1272
HLENCEE XML T, RENLRE) A7 2 KK %
DD R Y AT AR EAT S L 2IRET
% (BB, 2015 ; Kunieda, 2016). Wi, M Hl
BT 2 ARk A T A B PR AR HE 8 % Vv CAT
IREBWCTH Do —H, RWFZETHIZE L 72 A
KEEHCHST0NE, Gy EES 25 EH O
B CRIMEICZWEZIT) S LD TE L KRBT EMED
J oG, 3TEEHOEER T EREE LN OB R TH B
Z L DB HEREBSICFE LR, 100V BiK & EER (T
72z AL HIE, BHICHHTHAZHATE S
L EREREL TV b,

Fri- e BEREZ WY A7 20 7 10— [ % Fig. 6-8 12777,
oL, FT kBN E LT MREEE A S
A EEELYHCCHAZE ElT 5. — KRS
T TR LHE SN, BP0 AR FE 72
W (2R 2L, RS R @i % 5
E LTI, BRI AR v TR O 4 - A
BERETLHRTH L. ik OFHLER A HF B
DL THALREEZZW CE L2 05, EH»OW
BRI AR T O 5 s O ey 4 I v 7
UMW HZENTREE D EEZ LN D,

66 F&EB
RETE, Mk x2EHET 2 HEMEH S 0B CHiS %

Wixir) e TEHIEHMANELEOREL, Zho

FHCTEER AR Y TRMOH T RSB L A T A

ADRFEIZOVWTHNR, BoNTHRETTLOD LK

DL D,

(1) BAgE L 7o BRI E 26 % F VI, B mE#s+
T L THOEIE oW R B L OV YIREE, B
TOBEFEIREE I ET 5 I LN TE L, 3D
e BRI ER B LN AOBETH L 2 &SR

Hi=eAN

— R
SR PR 78

kAR

EE RS PR LB 2 T
BT 7 & C Bl Cfii 5 2k
H & s & Sk ‘E{‘ﬁtib
B
HY 13 F & #a et
ZRH
SYBTHSRELC
EEZW 2 (kg L
B AP R E
B0 8
RS - WiE NIRMEE
it thic PR i 1Ll
TE N oy it s b % BT O 45 R E &
FEE TEIE

Fig. 6-8 #H7-MRiEZW > A7 40 70—

Flowchart of new diagnosis system
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Application of Condition Monitoring and Diagnostic Technologies to Agricultural
Pump Facilities

KUNIEDA Tadashi*

*Department of Technology Transfer

Abstract

Pump stations for irrigation and drainage are important structures that handle water for farmlands and the
surrounding area. Many pump facilities must be periodically rebuilt. However, information to evaluate the progress of
deterioration is presently lacking for pump facilities. This study dealt with plans for a technique to apply to detecting
signs of deterioration in agricultural pump facilities before problems become serious. The number, form and sizes
of metal wear particles in the lubricating oil were confirmed as appropriate for detecting signs of deterioration in the
facilities.

Therefore, the author proposed application of condition monitoring and diagnostic technologies as a basis for
maintenance of agricultural pump facilities to prevent the progression of deterioration.

Key words: Pump facilities, Function diagnosis, Time based maintenance, Condition based maintenance, Tribology,

Lubricant, Metal wear particle
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The check items of "The small earth dam management manual"
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W2 BN THKEEO - IC L 5 OKREA =8
DUREMEZW S 2IZT AL, 50z BITA
KB O BR % 85 F 2 728 1% 6 L7z SeElil
T = FI &) RIS 2 Mt L, FUKIEE &7 9 Fik
DORFIIFRENTFETH 5,

1.25 HHICS T2 LEAEOTMERE A /-t E
TR EE O

KEZHER DK FETH DL, HIERAOKRELE
KTHHMHHEOEHEL AV F—AKETRINEN L Z &
SEOHMICEY, HERAZELLZVIOERAINT
E720 HARFAMERHEABMAKEKREOFEM %21 TTo
ZZERIZBWTY, TS K O & T O R fr e L
72 1T, KO TIER AR IR BHERZEIC L 5> T
W oA L CHEFICEVE LTS (AR
AT, 2001),

L2 LidE, HREEOZREERENDOERE &
AR LCOKHTHD BERBB T b, KEEAS
THNTVBAHIZBNTH BT % EOBEWE O
B ST WD 4l (2002) (ZEATHEE 23T
BTV BKHEZRRIZ, DAV REPEKEEZLE
REWE OB OGA - itim e ZONEE LD Lo,
WEOHEBA AT 1 1 #ip 9 #is CREWE O
HEFRAREL DB LVHRER L, BHS (2007)
VPRI A IE B O K T B 2 4T, BERE KRR IS
KHDS R FAFRB LTV LB REZ RTE L LD
(2, A - ZEAK (2013) RIPHBIE A IE B O K HBEIC B W
T1HEMoREIDREEEZEIL, X2 - O %
HFUCAKE 2 S O BHERMAAE L Tn2 2 L2501
L7zo F72, ZHA S (2009) (EEE B )i o K H
HEAHEM & L CHKEE R TS SIBES 21T, Ak -
B ICm T 5 S S HERMORERTH L 2 &
BER T,

ek, EOMMPVKEEN L INTELAKHIZBNT
LB DB 2 EHICBIT L T A ERD RS
NDHZENL, KWEFfTHOITWLKIIZEIT 5 1%
HHOFEFIEEML T2 WEEESH L, ChbDZ &
*FZ2 5 L&, KHOFS HER AN OB ICH 72 -
TdH, HIZKHOBEROKEOAR TR, BllT—4
2O RO ERBILEI RO SN b, AT, K
H7 & o i i B, i, A I2s0
HIBERL —ITCIICFHEiZAT) 2 & TENL, 729D

th EiE OB IS5 TE 5,

o T, 72y S o, FICENFES O
L GIIHICBT A TERNEZAL2ICTE L, &b
Wiz HEm P b 2 KHoRE, FFioko s
TP S N AEMRE C L RefpfiP 2 kd b 2 &
i, RERCTHS oA Z TR0l LR d
LHKHOREE R Z MG T 5 FTHRENZRETH L,

2. F-HMOREREBEEHKK ) X7 KR

21 HMOMRETERRE
21.1 BM

72OMOBESE - ST TIE, SRR BRI, UK
Wik, WK &7 d i OFEERE % IR IRET
MHTLILPERTH D, £ DDHMTIE, Tt
RREH R EOMMOMREDIEHELHODL L L DI,
BIPRE A H S REBRAY 70 Ak e He AT 12 Ee D CHERRE B
ExHo T DLEFEDED 5.

FIT, ZRERRPEFEIZL > TITORL TV B HED
HEFRFE PR OFEREIZO VT, AINERMT 07200 %
AT v — FPRAESHMFEIZIEDSWTHSL 22123
bo T2, ZHERLEFEIIBWTRERNIZITOLTY
DMEFFE IR L, FRICEMICH T A Y 2 7K
BTN 7S5 i BT %o

LTIER L2 D TH S,
Fig. 2-1 BRI O E
Location of Suzu-city
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212 FEMBOBEERBESE
21.21 WAEHMIFEOBE

AR T B A I ER N T I3 BE S 2 B O S i 1
B35 (Fig2-1). M —a7 LR E R FEELTB
0, TEESLMEZERL TWb, E#HESTO
1/25,000 HIER R 2SR G E L 1), B T2 ik 2 i B 56
FHHEICL LM &4t N X 5B R o
WX D BEE N2 BEICIIRREARHZ &0KH K
Oy R0 B FE VA SIS & 72 2R 38t 20 & 7 B MR s
ERLTWS ZEDHHETE 2, AEMEHANI PR E
FHIFII XS N5,

TRINTTANCIE, ANEDYEBS 5 12 RO ZHam )l 257F
T 5o LAL, KFER IR mEAEIZEHS TV
ZENS, WITNROMIEBMINERIZE . 20720
H AL -0 EE SN T2 (dLERBE/HE
MBAFREE RS ETT, 1992)0

21.22 HEHFZE

a PEOX%E I

MRS O FERIE [RHIRG ], T HE 2 MRS ], [
O B, s B, T, dokrEoBlR ], KOt [7:
DMWFHICE T 2 RkoEA] O 5582 RICHAEL
720 2D B [Hyzkilh, dkHOBN | BT LD,
CNUMNDOZEIEET v — MBI L D FEREBLHL I
L7

MR EHICET 27 v — Mgtk 3 2 B
RS0 L 72 720 it o Rl iRk (2 BE 3 2 EHBLLIC B b 5
BIMARAEL B E 2 CHEAZRE L, AR RBMKERL
ST A TS T 25 3k M CHEME L 72 [7-oith D%
M7= T 77—+ &953) @
—IE& L T2010 4 1 HIZER L 72,

[7 > — N1 A& 172,500 #X (BRiM T 0 1975 48 2 O
1993 SEERK) v LHTlRoOFEEHK (L) v FEi
B A JIRERINT ] 2007 F581T) THF T & 72 BRoKE
(804 &) ZFEMRE L, 7-0MEBERE~ORAEZD
Fofh & AR BRI T & RN L S B X o % 145
Tiro 7z (EUTEREIC X B0 ARIEEE 60.1%)0 [T
=N ORRLE LHBUKEIZEAT 27207207
Th L, BRICBIE S N7 DB JOokEE, BAE 0k
M, BEMEEELEHEATYD, 72, [T — 1)
WEHNBREEIIC LS kT v 7r— M) L —fo
FABECHFEEM L 72720, FORMIEZICH5
—HOBMOAMEDN e SNT-FHEESHFIEL . 22
T, Fig222 OFEIC LY, 7-oERICEERLED 2720
it 106 AT 2 R R, BN LZREEDL S S HO 7 —
¥R Lz SR RO 72D oM, BN i B
XSEBT % b Dlx 4 T 3.8%) DAT, flidzttiE
RIZE D EHITONT W,

[Erkith, ki3I ] (ZBRMT 2 50 5 8
THBRDONFEBIZ BT, 1/25,000 #HH (F 1 H#H#H

| v — s (RO mS0AR T S)

!

| TR B IR AT b Ol

!

(72— OB BOKE O HRIC B 2@ I L, THTE, HL<
I TRZEMOPADVKIREL TR ERIE OB~ T=b D%
il

(7 —b ) DSk D sk AHE - & HE (Table 2-8IT/RLT=H D)
BT 2R IS L CEIZE Do 7o b D% fH

K DM BIREH I CE B I Th, T2 L7 —
SOFRAR O (12 FF7) L 15m A EOb o (3 13
BRAPLIE

Fig.2-2 53#1 7 — & O FIE
Extraction procedure of analysis data

B 2009 £51T) & 72DMBIRO BT IRRHBE I N T B 7
Wi 25 B EREONRE Lize 2RO D0MIEZH
BRIZE > TEHEEES DN TV 0 LI TE %,
Bk 2 LM ICBIT 2 BB 72D TH 5,
F7-, BHWHALIZ20104£3HA3H~7HE 21046 H
12H~ 15 HIZFPM#RA, 20104E8 A 25 H~26 HIZA
TR R L 72

AT, BRMNTTHNOZDBOMEFTIRET 72012,
72 OMEMRD G 24T > 720 72OMWBEMIZIZTRMTTA 218
EHITO OB ENT VD, HHIE-DMEIERH
D7zHON, 7oMEIRIZT =5 OREI VWb o (12
W), T— % ORI D o TLFIEHDIFEN T E 2\
bo (126FT), [7v 77— M d&4ozoi (Fiko
BRI E L CHFZETE R0 T, W2H L ER
THLDERV16 ), KU, EFETYLALLT
b biEE 1Sm U Eod o Q) 2wz 1756
M RIATo 720 F72, [T — M GHr7-oith e 31
WA/ OMIZONWTH DD 217572,

b HrIEHHE

(1) 7z DOBES

AT B 72 OMEIROEE OW, 720t B Z R
3 EEL TREKE] RO [DAPVZEM] & L7,

(2) FIHKM

SWEBE, 7Y 7 — b OFMOWN, [0t )
ABVIKEE L TORKNZFM] & [720MmoHE
MPADSCKIFELDANCERARN 2R & L, £#RE oM
BB EDH LIze BB, DADVKIEE LTOEANZ
FIHIZ DWW T ORI 2009 0 1 FERICE L THH 725
DTH5bo

(3) HHEHZAeFrE B
GATEEE [7 27— ] OFBON, [7z0M s
OB THIRWzEE] & DBREDOEANY  (FEER K,



TR W A b OIS TR ) A 2 KI5 87

e W 7 87 % 7 R |
0% 20% 40% 60% 80% 100%
SmATH  O5mPA F10mASiE @ 10mPA b 15maAeTi
kR 7 %8 7/ TR 11110063012
0% 20% 40% 60% 80% 100%
B5Tm3AKN  O5Tm3A 10T m3KN 010 Tm3LL 50 Tm3A0 050 Tm3Lh L
DI G T .
- it ks ANTzesd TN Y
0% 20% 40% 60% 80% 100%
B2hasfiifi O2hall E5hasRiifi D5hall E40hasRjii O40hall k
X AR AR 134 TK I THD(Table 2-1 HIRIL),
Fig.2-3 72O oBERIE S CRillth4m)
A ratio according to the scale of irrigation ponds
Table 2-1 772 PEE 213 HERREEER
Summary of the investigation irrigation ponds 2131 FHHMOBE

S - MEFKE s
o ) ) = i Hi(ha)
. SEEE 3.9 10,476 5.8
ZSTNTEXEN 175
rhfE 3.5 2,300 2.0
P r—h FEfiE 3.7 13,124 5.8
~ 106
Za CER 3.5 2,900 2.0
) S fE 3.7 19,308 11.8
B A 25
rhfE 3.2 3,600 2.0

EEE) ] L L, B@RBEoREHz2 oM Lz, =B, 2
O B 22 850 2009 £ 1T ERICBE L TR D 723
DTH5bo

(4) Mo ritr, wis - EH

GBI [7 27— ] OFHEOWN, kL ok,
HOKMERe, HrKkitbo sk & wlifs - BT 2R e L,
TESENE EAESERE, 1EEE 2B 2 @R O RIE B %
TR N AT L 720

(5) Hpakith, BkH-OHH

ST B AR A OFEA - BIARDIRVL, 36 OV -
BOKHFRA D OME O, MNEEORIE L, Bl
AEICBVWCTHHETINS 2B L 720

(6) 7=HFHIZE T 2 [ ROER

SWMEBR T77— ] OFMTHD [AFVIK
BOESH] & ThAPCKEDINZESBIIET 5 1%H ]
L, BEIEOMEEEGHT L7z,

Mt &R0 7zoMIcBE3 2585 L RFke, 2AD
WM OB EIE & Fig2-3 2R, £/, HEN®
SEHfE & YL % Table 2-1 127830 3258 Sm AW b D
1% 78.3%, #EFKE 5,000m’ KD b DL 68.6%, 2ha K
Db DIL40.6% TH Y, EF7-DMWIFES (1979) »°
EEO ORI DMEEDEEFI L DRk 72l
TdH AHIEE 5m RO E G 32% & HBEFKE 5,000m® A
DEIE 26% L, TRMTTN O -0 i3/ N b D%
FHRTHDEVR D, —F, E 10m L ED D D% 2.9%,
HHF K& 50,000m® Ll ED b D1 4.0%, AN VZIEH
40ha L E Db D1 2.3% EFEDO KR X /- oz A IR
F5,

[T o — b Gir7-oith e BT/ 0MmICE T 5
#IEH OFIME &yl % Table 2-1 FIRT, &8, &
HHOEOGAIZIER AR Z IEND O LIRS %
WZENS, EMMEICINZ THIREIZDWT O IRET 5,
M ake (77— 1] iz, Bz o
MWEIET 5 e, FREICOVWTIZZIER &L FEOMHE
THhb, PHHEIHMFAE DL [HREFKE] & [H
ADOZIEH ] 2B WL ) B EWE & 7 B DR
HDHENDSDD, 20% K (MIHRE) 1285 tHRETIE
WENROHBIZOWT M &K T7 75—+ &
Mrzoih, BT DOBOMIEICEEZ IO LN
Lol o T, 7zOMOBBIZE L, 77— ]
SRz & B FR A 72 D M TRM TN D 72 i & L3R
TL7—5ThHbEHKTE D,

2.1.3.2 FIARKR

Table 2-2 IZ2 AHIKIEE L COFIHRR AR T [T
=N GO oN, 82.1% D7zt 72 5 KIE
ELTHHENTWD, 20—, DAPWKEE LT
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Table 22 72> AN\ KIE & L TOFI AR
Situation of utilization as the irrigation source

(HAL: %)
BRSBTS KFEE JHIER SRA [
=B 82 82 14 4
LIRS 10 9 6 0
FIALZ2N
(R AT ) s ’ % %
Table 2-3 10 £ & lL~_7ZFIH O ZAL
Change of the availability in comparison with ten years ago
(BT %)
FIH D% falkey
LIRTED D e o7 26
. elovAN 61
PR EOEED LD 12 o7 7
YISV LE I JEIKAY 6

FIH LR W0 7.5% 128 F 5 KETEOKFEE LT
OMAEF72 5 KIFE & FWHIKIRE 2 & DT 90.6% IZET
HOIRL, MEHOKIEE L TiE 19.6%, Ft oKz
ELTORMMAIE3TI%ICRE %, b, KWEDAOIER
DOARERFIZELDRBEE L THEAT S 720MITHFERLEL
2\,

Table 3-3 |2 10 i & R FHAOLIL 2 RT. 2Dk
BUE P A COKERHE, HmEFEOELE: L, FH
BRI BZHHOEAER D TWb, 61.3% D7Hillc
BUTEHHOZLIIRLN WL OD, 262% D7zoHith
WCBWTIZURET L D S FIHEEMMET LT\,

Table 3-4 |2 HFE D20 ADSKIELAN ORI %R T o
59.8% D 7= TIX HH D9 ADIKIBE DAL O F 1L 7%
ENTVARY (EFEEZED) . 10% U EOzoMlTiTb
NTWBFAFEIZ LA SMEIC [TIE 2RO FEEKE
(18.7%) 1, TBHKHIZK (14.0%) 1, KO [H¥ o & BIHT
(10.3%) 1T 50 B, [ T OO BREKIE LA OFIE,
THbbTIEOHEEO AN VIKIELI O B B9 TH
AN 7% SN T 5720013 27.4%, HEDD A GIKIELL
HNoffzEs, ECHASN TRV 5.7% 12
ME b,

INSDERNPS, 77— ] ooz fHE
SORTEMIESNE 0D, KEOL-DHMIZHENT
WBARRER L LA WKEE LTHHEINLTWS
Wz b,

2133 HEMEHSERE

Table 2-5 |2 HE DM & SO FHE Tz a7z
% (2009 4E) ZR$o [T — ] 57z 0ibon,
63.2% D72 THE 11 | PLE, 76.2% D720 ith TH 6 [4]
DL oE CEME LA - HHO 02720 A~ [

Table 2-4  HH O 2 ADS\IKIELAL ORI F5 i
Usage except the irrigation source

(BRAL: %, BEER[1Z T)

FIHER FE
FHIDHFDEETIKIR 19
55 & 7K 14
O RIGET 10
B L OFRWDZEBE LT 3
e 3
g0 (s Lish) 2
ALFIAL TR (EEE A5 ) 60
Z0fth 1

WTW5h, FHESECBM2E 2oL 57%I128 %
bo B, BB AL V20 ML KA
BikiEE LTEbNTnD 1EiITERE, A VIKE
BB LA CKIEUADOF D 2 SN Tniw

Table 2-6 (ZEX] ) O % R T o 59.6% D7z HihiZB
WTLE TR EOEX ) 25 FhbiTwb, —F, FAIY
FERL TR WITEEEDSE W TERE] (77— ]
OFMIIE [FEhEET ] OFRFE 2 L) 1333.0% TH b,
B, FA)OEBIIMEOERESICOHESINS D
DTH Y, MEOERIHOKZ &EOEERL MRS I
BARWREETHIL, B EZEBL 2N & D URE
RAEND, T8, HAIZEA Y EHEREE L THE
ORI E HIW 5 2 &3S Tl v

Table 2-7 |2 FA ) OEEZ ONRZRT, FEEOE
HRZHBRICLHE (W) FERECLIELAEPRD
%<, WICERERY (RiEx&D) 12X A5, £%
OILFEEEI L AIEEDNE TS
INSDFERMNS, [Ty — M 5hrizoiizsnT
FERFEO- DM TEREIMZORLLILET S LTt
FEEZLNLHEETOMICHITN TS LW 5.
MY IZOWTD, Rk L7z & 9 I2KRED D72 oibid )
AVKIBEE LTHHINTWDEZ EDS, £ Dz
MicBWCKERFEE LTHHT 2 L TEERWEED
MEEZHILINTHWLILDEEZLND,

21.34 mEOSKR, @ - &8

Table 2-8 |2 [ 7 > 7 — b ] H5Hi72 I BT % HlE,
s - EEIEEICHT AMEENE T L 0E /- D MmE A&
1 41|

FEARICBE L CTld, 30% iz 5720 T [RAomaz
) & TRAKERT], [REORERHN] O S
FEHINTWE, F210% 2z 5720 cl[arry —
MG TOy 2 HHl, T4 — FPORERCHEA] & TR
%] ORI OVTLEBEN TS, Hils - HH
TESEIZDWTIE, 10% 2z 57-0MT [RADORER
M@ oMHR L] & [TRAEFOHE] [REDR
BERRNERTOBE] PE/BSNL TS,
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Table 2-5 1] 5 D FAFH T2 M~HE 2213 (2009 4E)

The number of times that went to irrigation ponds on some kind of

business
( HAZ: %)
[m1% HE
(O] ] 6
1~2[H] 8
3~5]A] 8
6~10[=] 13
11~20[=] 15
20[R 2L 49
R 1
Table 2-6 EA| D) A%
The number of times of the mowing
(HAL: %)
1EZEmIE A
LOFELL AT 5T ens 1
BRI EE 5
1] 12
E2[H] 26
3~ 5[ 20
(RGNS 1
A 2
EiJEIPE 33
Table 2-7 ®XJY) OEHEH
Worker of the mowing
(HLNT : %)
(== HE
Z AR OLLR (5rH) 1E3 24
EEE B (REEET) 22
LT OLEREHE 16
Z A, 3
BH 3
e [n] 2% 32

BOKIEZB LT, 10% 282 5 720MTc [a 02 1) —
MR T ey 7 B, TAY— FORERER] L [#
HLIE FIROHERE | o fi, WO s SR LTl
L RARORRE] PEBINTNS,

P ERIRT 2 A S UV RO Y A 7 KIS 2 89

1

BUKREREICBE L CTld, 30% 282 5 7:0Mh T (% %
ERIBHE OO BRI O R, 10% 2z 5720
e [MBEOBBRR] & 2y - Mg 7oy
JHHl, TAY—FORERLHEAL] [HHE WADH
il OEMPEREN TS, Fils - BHMAEEICONT
1, 40% T2 A 72D T [H8E 7 &R DALY |,
10% Wz 570 T [EHE, RAORE] PEMS
nTws,

BRI LT, 40% %22 5 720 T [ErKRRM
DOHERE] DM, 20% %Mz 5720 T [HFHEE, AR
OHEFE | & T OBEoFEAIRG ], TP O -85 O HEF;
DHEMPERBIN TV L, s - BEEEEICOWTIL,
20% F#iZ D70 T [oKkikE ] 10% 282 5720
T [EBE HADKRE] FEHBIN TV,

B, [7rr—11 GH7zdiizB T, Table 2-8 T
AT L72IHB O Sk, #ils - EEEEE S CERL T
w7z 9.4% 1T F 5.

Table 2-9 |2 i f& & 15 - SEIEEOEE R % Mk
BINZRT . % 1R EERL T b zothod &
WIS IR R T 50.0%, Hr7Kil T 44.3%, POKHERE T
43.4%, HIKIHT 34.0% TH 5o

Table 2-10 | 25k% & #if5 - EHAEEOIEES OMNR% Hi
FANIR T WK OIS - HIEIEEIIBWT [%iRE
ROIFE () F¥E] 0HEFBRNZ LKL, &
Mgk & b S, fils - EEOEEZOF AT [EHEA
 KiExEt) ] b I2mBROMLE (518) 1EE] [H
HOILFEERE] CHEARIILELE o T b,

NSRS, KBGO [T vr— N 570
WiZBWTIE, MO 20RO MM, #ils - EEHICET
LUEEDPFT DN TVDL DN brb, ZOHT, Eiid
GO [RAKERT] 2 [IREOBESCME], [RED
BERHEN], a7 ) = Mg 70y 7 B, T4
T — PORFEREAR] kEOSM, s FHIZOW T,
o EMET S ETES ICHBEDOIEALEL %5
MR DRFE T TR, BEHEOMAIZBWTIEIZED 7
w%m&mﬂm%m%mﬁ’omféﬁ%&ufw%ﬂ

RETED @ %o RIERFIMERE D F PR as 3L X 5 i
m®@%@?#ﬁ§ﬁl%%z%mhﬁ@&ﬁ%%Wﬂ

REATV, HHOEFMILEZMNL b0 (EEASICBT
LRI AMIMRERH S, 2008) TH D, ZHmERD
FIZ Lo T ot Z T T 5 MEI 72 HALE T O
BR & mAE RIS U mis - EROTGESTTRETH I
X, 720z BnTh PHREDEAIZ L B EHFMILIX
WRETHLLEZOND, 51k, EFHECIEELITI X
WRRIIHTHHMEIY FHELIT, SREHE - 58
BT 5 LD R B ENE 2 S ST A LEDSH 5,

2.1.3.5 Bpkith, HKMHDOIRMR
Table 2-11 [ZHFR A O FEA -
FA 2 OMDOW, 40.0% D720t TREAKHBA

BIARDRI 277§ Bl
(7% SR S
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Table 2:8 Ui - Hifis - EUZIT B (ERINEHI OHHL D
A ratio of irrigation ponds according to work contents about check and repair.
(BRI HAL: %)
i ket K i % ¥ 81
Py FE - 5 B Vi flifie - & g SRR filifiz - & 2t IR filifg - & 2t

A 36 14 4 2 3 2 1 1
B 37 16 - - - - - -
C 30 12 - — — — — —
D 16 3 18 1 14 0 0 0
E 3 0 7 0 1 0 0 0
F 3 2 2 3 1 4 8 9
G 15 4 1 1 0 0 0 0
H 7 8 5 8 30 42 0 2
[ 1 0 — — 17 2 0 0
J 4 1 16 14 10 12 22 16
K 0 0 0 0 0 0 0 0
L 3 0 0 0 0 0 0 0
M - - - - - - 21 8
N — — — — 7 8 45 24
0 - - - — — — 21 5
P 1 0 1 0 1 0 1 1

FEhigd 32 49 56 68 31 43 28 43

A 2 16 4 9 12 4 6 12
. YEFEDNE ‘ )
FAR HHfE - & P

A JRAKERT TR/KERTOHE

B BRIKOMBELMAE RO BAKEE T OMD R L

C RRIEDREHN BRAEDRZLHNEFTOEE

D arZY—MRT vy s Bl T A — RO A5 A 7Y—MNlRT ey 7 B i, 350 — hOAHE

E a3 V= 7 ay ZREE O AN OZER A7) =Ty ZREE O D AR OIRH L

F IXORERTE BRI

G LEMR WHRCFE DN TRV AN (MHCE 72 &) OffiE

H  ARE 7 8RO OO LR RS 70 & FE % D FEAY

I Bl ORI il O

] BB BIROHERE HHIE, ARDERE

K B o OB ERERS BB 53 ~ DL

L kiR oy DRAE PR DS 5t B DA

M LN OEEDIE AR HLPN DEEXY

N BRI OHERE jiuloYie7

O  HAND LR DOHERE AN OTR i - et

P Zoff Z O,
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Table 2-9  mifR & s - EELOIEEE
The work number of times of check and repair

(BN7: %)
N Pk Bt ki

SRR s - B SRR e - B SRR Hjfes - B SRR Hlifes - R
LOAELA_EAT - TUVens 1 2 1 1 1 2 1 1
I 1 B RE 5 4 4 4 5 4 3 6
1 20 11 16 8 14 11 10 8
A 20A] 14 5 8 4 12 10 10 6
#E3~5(A] 10 7 8 4 5 9 11 9
G EIIY S 6 1 2 2 12 4 12 5
Fehti g 32 48 55 68 31 43 29 41
N 12 22 6 9 20 17 24 24

Table 2-10 =ik & HfilE - EELOIEER
The worker of check and repair
(HA7: %)
HRA ek H: K% W7k

Jati e - B SR Hlifes - pE Pati flifes - R SR s - B
WHEE Y (KREET) 17 14 14 11 23 20 19 20
ZASEF O (4348) (E3 20 11 10 3 25 16 21 12
EVE D[R 19 19 11 11 15 15 21 19
Z DA 4 3 4 3 2 2 4 4
ESy/icacn 32 48 55 68 31 43 29 41
N 8 5 6 4 4 4 6 4

MR SNz, BT TR L 72k i A NSRS L
72iARDB] % Fig2-4 |2 o

Table 2-12 |2 #EKH: - BOKIEGEA T OMEE O %, i
NELEDORRE R, BEDD O E GO ITHAKENT
25.0%, WAL T 54.2% Oz oitic v, dokit%
TMFTHHKOBAEHEL ) 2HEOEE, MnFE
RGNz, BN TR L 7z gk kit A T 12 8
KT HMEEOH % Fig2-5 IR, 4B, IFKtNOmA:
BIAR & kM - BRI A D OMEDOEE, HMnEED
WhH, ZWwLiZESH2—H2R6 72720
720D 80.0% TH 5,

TA - BARRHE - INEFEOREITON TV W
HMIZBNTY, £ DoMIZHMEE ISV TR
EOEA Y 7 & oM@ E OMFRFEEILEYIITbN TS
CHIWFTT X 72, F7-, Table 2-8 |27< L7- & O 12 BUK it ik
T [ EEEEHOEN D | 2179 7-othoE &1

41.5% ZDIZx LT [HBE, WA 2179 720
DOEEIZIFKMT 15.7%, BKHT13.9% IS8 $ 5. fEo
T, TNHHAR - HIREHE - N EEDOREIID %L
WD EME L HEBRICE o TEETNEHIFL
LTE#REIN TRy, S LAEFE#RSN TV TN
M7 EOHBATEBTE TOWARWITREEYND %,

HERIRIZAL A - T U 5 BENIEREOZILIZxT LTI,
7o DO WTH K OFKRFETTOREP B &SN T
Who BFKIBRIOGA - BIARR I - Bk A DO
MEOZGR, MNFEEITHEACHKTEOPEKEED 2 KT
BELETTRL, BREREOEILIE - THEEEINS
Bk OBERE OB, ThabbBMECBENMEEBL S
SEM R oK D PAZE, O TR IC & 290
PEEZFISEITERE 2 2BZN0MHDDH 5, 720l H
FoOEBENLMEEE LTV RWESIZBVRTY, I
DA - BIRSHEOEE, MNFEFEIZWEEOKE)
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Table 2-11  H7 /KN DA « BIAR DRI

The situation of driftwood and the fallen tree in the reservoir

(BAL : %)
N HE
iz L 60
TEA - EIADY 40

The driftwood which was cast ashore in spillway

Table 2-12  #tKIt IR
The management situation of the spillway

(B %)

SNV ekt PN B
7L 75 46
MERL DB S RS () 4 25
7 |- GE/KZPRE) 21 29

Fig.2-5  JRIGA T I2 2% 5 S MR
The weed which grows thick in front of spillway

A7 DEWDIZDIRETHIEDNLET L, 58, 2
NS DRI T 5 FHENDERERLBRIAEE N TS
THmEITOLERH L EEZ NS,

2136 7-HMFIAICETIFEROER

Table 2-13 |2 AWK IEE L TOESEROEN %R,
[ 72— 5Hi7z0MDN, 64.2% D7z THEHEE
FHIRMERFEEA TV D, —F, 7-OMoOBIET LT
HHEIL09%, NOKELR EANOEHRORFET RO ERY
12 5.7% 128 % 5o

Table 2-14 |25 A DSV KIE RIS O B B~ O IR % TR $75
292% D72 THEMER DL E L CO%E, 274% O
72O THAAKRE L TOZREDIRKD SN TVWEDLDOD,
45.3% D 72O TIE D AT IKIFEPAL O EIT RS ST
W72\
INSDREENS, [T — ] shrzoiiicsn
MR M & fE S EI MR SN D £ 5
Nz, LaL, &b AOmA, KHEREOBD % &
FERMTHIZBWTHHEITLTHBY, FREZZHEI
SHEFRE PO W B % oK L 72 72 0 MR 9 B IS s S B
Ll HUREED D %o

2137 7-OHMOMEREEEHKY XU DER

T = Moo Tk, £ Do Tligko B
LA RILIET 5 LT MEO R ) LORERE: &
LCHHHT % TR WEEOMEEIEA 2 ST
HL0EFEZHIND T ERIBERYKE, BUKMRE, &
RN BT BAT 5 200 B & s - BHICHE T A 1EER
ThbhiTnd 2 &, HEICHBEEDOTICA IR LD
FEIZT TR, B OB LRBEEE NS L L7
B E B - BTN TV B RENED S 5 & A
LR olze —, BFRA2OM T, BN O
TR - BIARREEAK I - BRI A T O MR - KBS o
DT iThbn T nwZ ERHLNI R 572,

COZLFoMmERE LR E LI RmERI;IT-
TV D i E I OB EEMRICRECFSTL D
DTHHI L EELI, OMBFEFHEESETEFRL EN
BWHENSH DL ERL TV D, HTH 2 5P Mm%
Fro e WS SR L 2228 RICE ¢ 2 R HiRE
RLTHGERK R EO ot EEIZHE D 5 AR
PR L, BT 12 X 2 RREZ I 97 T 09I In C© &
HEEOT R &, BBUIRORIE % & D RHITED,
7 B NIRIE T A AT S 1L 72 Do # 5D A 7 K
MIFCEETHLE VR D,

22 #HRY X7 ERICET REERS W T A DRRE
221 HH

72OMERE P FER S S HBIC L D SRRIZB W TER
MHER SNGEITIE, BMEAMTEIC L 5 Stz v Lk
REZWT 21T S Ll b, O, JT—7-oithnsgdE L



T B BT B & 0N FRIROBESS ) A 2 I BT 2 93

Table 2-13 72 AWSVKIEE L COEBOEN
Intention as the irrigation source

(B 1 %)
BRI e
BUROEETIN 63
DMUDINNREDOIKIRE L Tl i AL 7z 14
TR DB RUKIRE L TR LI 8
DU IKIRE L TR B 5 ZE AR EER O T AR P70 S B A R TV 6
ABNKIRE L TR LZ2WD T, D 5L 70 (72 ) 1
ZOfh 4
R 4

Table 2-14 7> A5\ KIEDISE DR EI~OHIEE
Expectation to the role except the irrigation source

(HT: %)
BRI HE
WD BIGHTE L T 29
Bk K &L ToE 27
B ETHNDOZERE L COBE] 8
i FRPIARB 1L LT ORE 8
F#RAMEL TORE 4
$I0LATE L CORE 3
Z ot 6
DAV VKIRE L TOREILSME R Dz 45
N 6

A CERGHEEERIZT-OMICBNT, GREA
VOBEWERDED b2 HAE, HicoBHAr &
LCHREZIZIT) ZEPMEETHLEEZOLNS, L
L, PEERC BT L HE SN D BEHR AN S 7
7o TR Ll o 2 BEMWEDS v & HI S 1 p R
WAL CIE, mITH L L EXOFEMKE, &5
7o DMEMICE b 2 B THMN L RREF OB L OB
BHEMENH OHEZHAER T2 2 L2koons L
EZbNb,

FIZT, HEAMTRAONAERTRIEELZ LD
EAE L 5 NIIRAR & ML E ORI TIHAET HIRKE
ENTWB T ers, HGEMNES-OMERE LR LD
WHAEHTHLERTE 2AKICET % BH SR Z B
FABWEZFEL LT, BAORAREKZ 1 miE
WmOBPNEAE RN ZEDO N TRAEFORESTAOL I 2 L —
T a N X BB OHEET B FREIRET S

222 1 mZEMBREXICE S -HMRFEDORKBEE
D%
2221 HfFEREICLE > TORE

9, 72OMRAKDTREKR Im RHIRFAE BT 5 8L

FHOFIFERERICEDE, HMHREICY > CoEE %
55,

T R EEREHR [0 (BAKES B
IRELS AR ETRE 2006) T, 7m0 IR RSOk
AT & LC, AR AR F - idmEl & o
e S, JECHE R HE K M A o) SRR T e R O T B & 250 F C
Who B (2002b) 1F, SERRIC X 2 RZEH 72 oMo RE
FRE LT, EEmAMALO ERFmEZZEALET S
BEBREIRLLZVWIEETHLMIIL TWE, iEo T,
Im EHURFEREIC X 2IRAKRAEICB VW TIE, BAPICE
U734 ¥ o 7RI 2> & OIRKIC & o TH
U7z @B K & ORMRNIBAD IR DZ AR L ZD
BB OmEEAKE (LT, J5 (20022) OB, i
SEADLET [TRARK] £ 32) OMECHEEZ LR
TELZERDOEND,

WE (1955) (T T IR OB R, AN (1983b)
I HL T KTEIR DB R R IOV T, P O BF -
TOKGEIR & FIAER, iR A PRI A 28 A L, D
W ARFRDA O Lo mERIE—FE L B L LT
EH B RO IR Z KD, 1m EHIEA S B
WZHESE T B TR REL T b, Bk ®EI5 (2003) 13,
72 AR - — RO R KRR E e Lz
T, Im EHE QR EME & & DIEET I & B EHEHES—
HT LM T RMIROBIE L RET KDL & L b, #E
HREBIEL TWwb, L2 L, 7ok ERITHs <
D7ay 2EOERAFEEIRELY), FEEHO—H DK
Pk, Kife b ) —HoEmITARREEL, 20
b PMRFHE AT 283 TE R, EoT, 72
DMEENID Im EHROY I 2L —Y 3 v 217 BéE
i, MR & R T2 EDTE LV, 20MhiRg
OREREIZH L 72 8 KGR O A - R OHEE % F%
T HUEND S

Prd (1996) 1%, 7-@iMIRAICHIT 2 Im EHIRIEL I
BT, R SEAEEBIIMT T X 3mdHbLWIiE2 x
3m O EHEOBERZIREL TV bH, LaL, THdgad
HREEHRE [7- DB | (R AT 3k B 5 25 fif 1
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FERE, 2006) TIRIBAEROBEARE 1:1.5 ~ 2.5 (&
EZJE) ELTWwbL00, EBRICIE Im EHIERREC
b 2 BN L W EA R OB % Fo 720 b £,
o T, BEAREE BICE MR R ET B 2 L AR
iz d LR BT ENDS, RERM EICERELL
WO A TIRAKBEOREDS T HEDE D 22 BT 5 4
B Do

F7-N (1983a) 1E, ML OHEDS Im IR ICS 2
LB ER,SBIL 2 BT, Im EHIEOMIE FES
REL TV, 2O KIZBVLTY, #l 2 IXEFKRICIE
REHMOBEALROFENEZ NS Z L6, IFK
T M ORAERIL I N OPBES %22, ALK
HEOHENFAETLIEEZOND, L2L, #AEICY
72 o THARFRIE O WL RIEAE L oW HEAE 7 & % FEMTIC
ETHLEFDHIL, ImiBHRIETFEORTTH 5 M
Hiddebi s, - T, ImEMRERDALO R ETE B I8
Bl THUEND S,

2222 7-HMREDRKE 1 miEHE

WARRIG LCFRE LSBT Im EIRZ 5
L, MsEf R e gt Lz,

Im EHFOMWE I, Fith &G BFHAE) (1
BWTITo 70, HMOERKIZBWTIE, HEAHILED
O T % s, REIZHABEH L T b, BE
KAt D # g 103 A AR — LB S HEFEIC L 5T
TE/ (SC), |ETIZT IV MER (SM) TH 5, Kl
T O ERWTIRAOEKMIIETE LN, FHZHE T
TEAY PfTbNTVw5, FWOFHK GErat) %
Fig.2-6 |27” 7o

BE 74m
B 3.5m
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Fig. 2-6
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JHH (P {EHIE)

%15 CEB2943H)

AR ORI HR 262k E, BAEAHE 122
BEXTHEZZONLZ NS, BAKEIHAIRH
LT XH & ZDHRO X L TR b H O R
AREL, WHE RS ImEBCHEE RS, F, R
P OEFEKROKIEZWET 572012, ik ORAKIEH
X, FERHEEICZERZNNY Fd =7 —THIFLL 72
BILE 1 D9 DT 7. W - WA L BHILOAE %
Fig.2-6 H', Fig.2-7 |Z/R T o

Im EHEOBEIEIZYS 72> TIE, B 6mm OfFiE% 1m
FIOWRS EF TNy —THERAALZRZIIFEKE, 20
NT =7 o — 2R L - A SIRIEPUAZ RS Im O
IR A LR & S8/ Im RIS HE
BIIGEH D 4 0B LB ofEE Lz, 72, AbET
Fig.2-6, Fig.2-7 o#hiril GREHMXH), #S2 (BHKX
) 2BV TEEILA DR BAKR DK% EE L 720 1999
7 H 21 HIZBITF 5/ R % Fig2-8 IR,

Fig.2-8 £ 1), T 40 fHr & Hoiz, P38 ~ 42128
WTHIR R ERIRT SR SN b, A1 ~ 35 OFIEHIR
240C Z IEJRAREBOMEME, & DIMEEND LA
39 O 23.3C ZRIEIBOREME L §2 &, MBFOMIC
X 0.7COMEENEO LN L, IEHGA & LA OH
B~ 35 2B A EHEEE 99% OEHEX M T RRME I 23.9T
THDHDT, MEDORMEZIIABICHIETEZLLEEZH
Nbe HEoT, MEOEKWIZOMIFEIZB T, BAE
K EVFRE LS00 Im EREZIEST L2 L2k
D, HREEOMIBIITETH L Z L b b, Fihig
FETIIHI R HEOLEIITEZE U TH Y, Im iEHIRIC
KREBREHOL NI 1~ 35 XEZE TN LM 1 Tl

E=inilea)

H il
Ground plan of Aoike pond
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Fig. 2-7
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The survey line and observation points
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Fig. 2-8 1m iFMIROWERE (Fith)
Result of measuring ground temperature at a depth of one meter

EL7ZRBAKDOKIEZ21.6CTH L2013 L, HKEERIC
EFENLH 2 THEIE L 2B KO KIEIL 20.6T &K
Z &, RIREBO TSR AR TIEIRAK ORI AR S
N2 ePs, KBHOEKITHRKOELEIZLZbDL
EZbNAh,

2223 7-0HRE1 mEHEOREE

7eOMIRIRIC BT S Im RO AEE L ILRET 5720
12, FCBYTC Im ERIRO B L2 MET L L L I,
WD 720 2K BZELEE L7z,

Fig.2-8 |8\ Tl H iy 72 #hil % #0235 LRI C
HHWE39 2B NT Im EHIERE, Fibd 58 370 mBE
NRSBIER B W TRIRZHE L7z 1999 4 8 H
30 H OIRIEREOHIZEN % Fig.2-9 127",

Fig2-9 7» 56, RO HEEIZ7TTCTH L DITxf L,
Im EHIEO HEZEWAEE L 01T TH S, - T,
AR L2 5 H5E L7z Im RO HigEIR, KIEOH
B L TRO TNEWZ EDbh b,

2224 HMRE1 mERBDOEZ(L
72OMIREICBIT S Im EHIROFEZ(LZILIET 5720
12, FiZB T Im EHUR 2 FEEICEIE L 72,
Fig.2-8 |28\ Tl s A9 72 il & FE Ol 15 28 ~ 31 & 1K
BT H LA 38 ~ 42 O Im iEHIR, KOO DIC
Fig.2-6, Fig.2-7 /x L7z 15 2 12 B A BHHILA~N DR

1999 428 H 30 H

526 o e e e e e e e e Y
2
K \
LT
22 —T T T T T T T T T T T T T T T T T T T T
1 4 7 10 13 16 19 22
T E w2 (RF)
—a I mPEHIR (R A35) —e— ImPEHIE (I A239) —— KR

Fig.2-9 Im EHiRO HZEA (Fit)
Daily fluctuations of the ground temperature at a depth of one meter

KOKIIZDOWT, 199848 A7 H~ 199947 H 21 H
DN BV TEHEEEIE U720 4 28 ~ 31 O 34918 Gl
), M3~ OMICBWCESE GEE) LR
EXEODLUEOMEM HER), MEOE, RUOHIE2
DK% Fig.2-10 127753

Fig.2-10 205, WE O Im EHIEOBIZIZEH (1998 4
8H7H) T14C, ¥ (199941 H29 H) (213 1.3C
DIEEDBDO SN L, ZHIx L, HFW &M iR
NS, o T, Im EMBEONE L, WEOREE
ARECEM F72ILMNAT) LML TH S,

2225 HMRAEDKEERE

7o DR AR FE T 12 iowz.umfh“* G, KOOSR O H
AR T 272010, BAORMIRE 2% L7,

FrIE - IR (1974) VN T K i o0 7K T 3 o0 S i &
LT, ZOKIRGMIIHEHEL 2 & LRKEEEOEK % 15
L TW5, HFOKFIIH 2m EBNZ L2 5, BEKD
FMLE O E 1A T 72 R A 7 A TR 8 25T 1K
ENDEEZONDKELZFFORNEM (LERELET

BEMTIH3E, B Tm, #E 88m) IZBWVWTITo 72, K&
EETAMORMEERIZONTIE, EAY 254 Sk
BORIKGT205FE9HT7TH~8HICHIET 02m 2B W
THEZEIE L7z Kl FORAKFERIZOWTIL, 2005
f£9 H 8 HICHEE 1A FIIREE 545 OKIE 2 5 K% 2.7m
W F CoORMAER EOKER) #HELZ. TNE DR
% Fig.2-11, Fig.2-12 127”7,

Fig.2-11 705, KZ L H#T 2 MOEBHIRIIE HBEED
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30 1.5
S ogs [ o 1999/7} 10
= 2 RN N 05 O
= 1998/1 F0.0
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E 10— —— 99976 -1.0
5 —l9984 1.5
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BLIEA
—o— ImiEHE (FF5) e Im &R GBH)

R 72 = 1m EHIE (R 52) — ImIRHIE GR )
KR (H1R.2) (3R =Y 7 LN O KR (B3 Fig 2-6, 7 2 )
Fig. 2-10 1m FEHIROEZE (Fith)
Annual change of the ground temperature at a depth of one meter

HHLZ NI D, o T, OMBERKEIZBNTY,
W) 7ay 7S, MERE ORI K
EDTINE W Im FEHIROWEICL 5 2 EERTH
%o Fig2-12 705, JKIE T OIRAK R MEE (3K 0.5m
O AEE L CIREARSRLR S 2 L, KEDHKE
#70.5m T TOMICHFARRIRSE O EEL M { =T 2 @
ZOFIEBOBPEE SN TN b hb, -,
HRICBWUREBOKKIIERB L VEETHY, 2o
IR DS E L CTRANICIZET 5 2 LI & > THIIR
B (KRS TR ENE Z & 05bhb,

223 7=-HMRE1 mEEDN I2L—2 3

2231 EBAHERE > IaL—-Yar

MIET QMR LY, 72— AKIT 1m FEHIRO H B2 AR
HTRENZENE, BENICBT28EBHIZ7—1)
OFERNC & 2 W HAZEME (NEEHE L) & LTk
Yo T2, BiEh L72EEAED Im GEEER T Tl HIE OB
—EL L TRoTWDH I L, Bila b % | C 3
LA T OKRSREDFMACIRIIEE R Z L0005,
PR ET 2 & FEORME T OBIREIT—E L R L
EMEREE LTHRH o 16> T, 72OMRAED Im FEHiL
DL 2 BB O R ERE, X 2-1) (FEF,
1995) &% %,

938 20059 H7TH~8H

23.6 A
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23.2 A

IBEECC)
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17 21 1 5 9 13
TE R ()
— R IR CRYG : #13 F0.2m)
Fig2-11 JefhRmEimE (Kb oHZE ONEih)
Daily fluctuations of the dam body surface temperature
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RRE L7z, THAH OB, AR TI2BVWTX (38
ki) 77181 100cm, Y GRKBIEZE) J71H 35em, Z (F &)
A 12.5em & L, WIS R ERE L7

2232 REBROHREHZEOHKRE

YIalb—3a rThOMRED Im R Z KD HH
DIRMESREMOREREEEHT 5,

MEEBE FL, TROKAREE &SRR (RRICHE T A1 ¢
KEM,HEAIZEES 218 © IRM), 3RIAN DERER2TE
Y AREE S, OB END, BETICS-TiE, 20
MERROFEME OBIRREAER) & ImEBROBERE
YIial—3arTRD.

B R OSM 1 Table 2-15 1R T 5 &b & Lz e B,
ek & AR OB, RAEOMEIITIESER & L,
BEH 23R ITTE O F (RE R OTERDK T 06
I Fig2-13 1278 L72e SFA~ClZBWTIE, Bi#EmEiE
WFRAL % 2.0m & L C ek RFEEFFHRE [7-0ihEE
fifi ] (RAMIKER BATIRBEUZ R EEFE, 2006) RO+
W B SE T R AR EE - AT [ 4] B (74 v
¥ afm) (BMOKES BFIRILUE, 2003) [ZRENTW3
A.Casagrande D {12 & 0 KO 72 IR OB & L
720 MDD, EIZBWTIX, BRESMFOHEMALZ MG
LHIzOICREEHmIChLI>oTHELVWEE, TabbKFE
OBRMEME L, BEmomEARIZ, &HFA BiZo
WTIIBIEOREAR L L, £HFC~EIXOoWTIERE
SO HMALZ RETT 5 -0 IREAR A 2\, Thb
LAMICE-> THELWREE L, £:D, ElzonT

2005 429 A 8H 13:24~13:27

0.0
0.5 1
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Distribution of the plumb direction of the dam body surface
temperature
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Table 2-15 FHE4M (1) & ImERHIROF R
List of parameters used for the calculation and calculated value of the ground temperature at a depth of one meter

IR E ES R D&M ZAEA 1B ZfRC %MD &IFE
= OFR gvilis igvili! TR K- K-
JE7K A7 (m) 2.0 2.0 2.0 2.0 2.0
2 A S GRIAH ) (m) 1.5 1.5 1.5 1.5 1.5
121 2% A RS (k& g2 %) () 19.6 17.6 21.6 21.6 21.6
U (2R g) (CC) 21.6 21.6 21.6 21.6 21.6
U (R (CC) 24.2 26.7 21.6 21.6 21.6
BRRZ IR (K& (C) 26.0 26.0 26.0 26.0 26.0
" (k) (C) — — — 20.6 27.3
Im AR (BRI AR (CC) 24.0 24.0 24.1 24.0 24.1
AR T M ORI LU CRI— 453 E
B{kchs

175m \LfﬁﬁZ'Sm = 1 4m - ‘

{ Z &, 5D, EXSREEE K E OB OREIRER

— o JE (BFARHE) DEWICEAEEZEDIZLEACE LRV

105 EWbN 5,

1AM )
BREKT) x

F

@

63m Il

S E OTAK, 720 IRk E & DAL E BIFRIX Table 2-15 D
&MD, EOLGEERLI,

Fig.2-13 ¥ 3 2L —3 3 VIZHWEEI (i)
The dam body section used in the simulation

IR & REE & oM OSRAERE (BRE) biRESR
L, EUEDIFMURMOSEMGE LT Fig2-8 IR L2
OBMILN (HE2) oRMKOKEEY, FHEIXHR
DG & LT Fig.2-6 1271 L 72K ALERHEN 2502 310 B KT T
Im OIRARER (BAKME) oKk (1999 457 A 21 Hll5E)
EREL, BEE L AR ELEGORMLE R TS
OICREARI VW DL Lz, &MD, EXd, &
A EE LRV &0, EEORMAER (BrkM)
HEZILLCERZNR L VEEN, SEMEEZOND
&ETHhy, BAEER BrKE) OB OME
W95 ImERBOEEZ L VMIRFITE S, B,
WAEEE CREM) 13, £MHFA~EE S, &HICbhzo
TEHELWREE Lo INOHEMHO T TR S NS EE
FLo Im FEHIR O FTHAE % Table 2-15 2R L 72,

Table 2-15 O A~ C IS 5 Im iEHIE (GHEMH)
OB S, REEEEOREAROEWIZ L 5 iREE
BFEAEEL RV E bR b, T2, &MHC, D2
SREEOBIROBEBNIZL ZMEEDIFEALEL RN

INSOREREN,S, BEEOFIRILIRAEE ST
L CEHELWREL RO OFE & L CHAMILL TRET %,
FHEEOREICOWTY, REARIIFELRY, T4
bEEHICHES TH—REERET 5. BAEFERE (K
AR b, REM, EEARMEREISHE LT
— iR EET S T2, BEEOREILIRAE LICRE
L 72 BHEFLA~ DR RO KIESD S, RAFRE OEEIZ K
M, WK ENFNOMEEMR S TOERBIIRERLRASE
MoK, dLEINSE2RET LB T — 5 %&£
RET Do HEOHET 5 REBHE L IRERT O KR
IZDOWTITHFHESEE v 5,

2233 RABEBOFRE

Y3Ial—3 3 yTROMRED Im FEHEZ KD 5 15
DIRKFERE DOREEHE T T 5,

MiEtic47- 5 CTlE, Table 2-16 |2779 9 &2 D W,
Fig2-13 DA EH VT I 2L —Y a3 vy #47-72. {HL,
TR D 4D Im TRHIRAC G- 2 5 8 % BRI R 5
7210, BEEIZEREL TV, BARKIZOWTIE
EHEHEE L, B OBE#ER > S REME S H RO
TR IRE AR OMEIL Im BRI RIZS 2w
EZONLOT, RAKEEKIIIREMBERL FoSRICH
T2o THELWES 2 ORBEAR T F- 2 vwE Tk E L7,
TR R % O SR 13 Fig.2-14 12783, Im iEHIRIL
SR Y B COREEFAT A2 0.5m HIFE TR D 72,
SHEHE 513 Fig.2-15 ~ Fig.2-18 |27”" 3,

Fig.2-15 205, JRKREBIE S OEWIZ L 2REEILIZE
AEELZV, TbbiRKkBERESDBEEIITE 20V
CENbPb. THIIHL, Fig2-16 205, JRKEIRIED
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Table 2-16 &[54 (2)
List of parameters used for the calculation

IR [ EBE R OFAF E3tan MG SeftH ESLn ESCal FAFK ML FMM ESUAN
IRAKREIE DI B RBIiE EHE B BH EH B BFH EH
BE7KA7(m) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
YA AR 14 2% T 8 & (m) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.8 2.0

T KA 8 S (m) 0.5 1.0 1.5 1.5 1.5 1.5 1.5 1.8 2.0

TR FE MR (SRAREAT J7 1)) (m) 1.0 1.0 1.0 2.0 3.0 3.0 3.0 3.0 3.0

TR 6 22 T IR EE (°C) 20.6 20.6 20.6 20.6 20.6 19.6 21.6 20.6 20.6

PRI F MR (&M (CC) 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0

I (B7kfan) (°C) 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3

@ -k iy (ﬁ7
14m —> 5 ;\
— 9%.5 b S— Y|
jgm 26.0 -
ARG ) oA _. 255 g
= ' g_) = x o .
= 25.0 a Fa—
TwkiEe e = §
—:I: mx |k R 24.5 & .
|fiz E . 0 .
—~ 24.0 R
£ 23.5 —_—

01 2 3 4 5 6 7 8 9 10 11 12

Fig. 2-14 fH5E L 723246 O IR AR %
Course of the assumed outflow in the dam body

TRizk
<>
26.5
26.0 4= P
& &
—~ -4 3
25.5
O\U/ & &
g
= 25.0 3 5
5K
E o5 2 2
[ i
&
24.0 T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
FHE A (m)

« RfFF0.5m) o 4fFG(1.0m)  « Z&fFH(1.5m)
Fig.2-15 JR/KREHRIE & & 1m HRHE O BIFR
Relations of thickness of the outflow and the ground temperature at a
depth of one meter

BEWIZK o THIERIREZVSAE LS Z LD 95, Fig.2-
17, Fig2-18 5, (KSR DIRFEED T 70 256 & K
M SRR LA, TN MR IREENLE D
BT ED DL Tz, FHE N Om # T 0 Im EEHIE & 0.5T

FHEL R ()
o Z&MF1(2.0m)  « ) (3.0m)
Fig.2-16 {7/ HEHR IR & 1m ZEHIR O B 7
Relations of width of the outflow and the ground temperature at a

x ZMH(1.0m)

depth of one meter

Rk
26.5
26.0 -
Tty gt
25.5 — T
P 250 =5 =
]’];\% x X
2 208
5240
23.5 S
23.0 . . . . . . . . . . .
01 2 3 4 5 6 7 8 9 10 11 12

FTHLR(m)
« ZAFK(19.6°C) = Zf7(20.6°C)  + HMFL(21.67C)
Fig.2-17  JR/KEMK IR & 1m LI O B4R
Relations of temperature of the outflow and the ground temperature at
a depth of one meter

DLEDHIEAE %A U A #PIE, Fig2-17 I2B W TIEEMtK
J TEME S 3m ~ 10m #5, 4fF L CEHHEA 3.5m ~ 9.5m
Fig.2-18 2B W TIZ 3 5L b 315 1 3m ~ 10m b
HOMTH b, HE-TC, ImiEHIERO IR %> A4 U 5 #ipH
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*ZfJ(15m) 0 RfEM(1.8m)  * §efEN(2.0m)
Fig.2-18 JR/KHEHEE & & 1m RHE O BIFR
Relations of height of the outflow and the ground temperature at a
depth of one meter

13, ARSI R RS S I b ST,
WZ bbb,

INODRERNS, RAREEORESEBEMOEEIZIT,
SEARER AT 7 INC B 72 s o0 Tm bR o0 SEE & &
BMEPEEGT 2 LH)RABBOEERELXEZ T I
L—Yary&ftw, e~y Frrsgn2e7T Ml
MEBERT LMABBOIEE BEOHENTHRTH S Z
L3N 5,

13T L

2234 7=HMREPORKEZERDOHEFIE
BONTHEREZET 2, WAKREBOME L IREOHEE

FIEA RIZIRRT 5o B, WAL - TE, AR

BAXE R THEBTE 2 2 L 2R E T 5,

ORARE AW - WErZEL, 1|~ 2m REOME
T Im PR & H5E

@ Im EHIROPERERD S, AR F.OEHEE,

@K RBRKE L ZNDALORME KR ETHNY FF—
H—FIZ XD BINILOFEIFLL, AR &R oKk
I & 5E o

OBAEOBEE AN X Y, RARTEE (K&
B & g,

(® A.Casagrande @ 77 3 R B FLIN O AL 72 CHIFRE T
DR % T,

CRKEHOIRERELREL, EHEE L TR
%o

DL DQO~®DEMFIEINT, BAEYHEEZY— (B
WHRE) LRALZZRIEHEEES 32— a v
CEFBYRENE (N2 L)) 12X ) 1m GEHiEz
Kb

®LFLOOQLEDOMRE L, WMEFIIZFLWVER
DI DT TIEERRY KT,

O LROOL®DRERANTIZE L v & B ag 728 a0l
KB DNR & REZHEEAERE T 50

WO R 2 A S 0N TR ) A 2 I 2 0% 99

224 FHIZETZRABEBOKE EREE
2241 RKZFEROHEE

BB TR L7 RIS HEVy, Fig.2-8 1275 L 7> Im iEH
IO M EAE R % AV CTHMIBEIZ BT 2 ARG OHA
24790

VIal—va VICHWREERSME, Im EHIR
DOMGE & FEEIZAT - 72 MBS % H W 7ze IR KK IR
13 Fig.2-8 |28 ¢ HAS 2 12 B 2 BUAIFLA~N DR HK DK
L, RAGREEAL ORI I A C S 1128 5K
I, RORAFREEE (FRMED) $Hs 1 fFRoffks
M (BRED oKiE ORIET 1m #55) & L7ze #kArid
Fig.2-6 |2 /R /RGN E SIS B B MEM & L, 36 E
JE1E 2 Ofif % AV T A.Casagrande D F{E TR D720 F 7z,
WAFREEE (KM 13, i oKKBINESICBW
T ImiFEHEOWEH & RO 1993 47 H 15 H~ 29
HICEB SN2 #ET 02m OHIEO I % 720 BE
HobOzED, 15 % Table2-17 12777,

B SNz ImE R O F B E & FEHE % Fig.2-19 |2,
TR K AR D FEIC % Table 2-18 27897, F ith 12 1% Fig.2-6,
Fig.2-7 (2R B IC, Skt & L THRE L TV 5 [HHE%
M 5o MM OREERICBWTIE, A EY TR
FORKDBASL 25 X9 EHTZIHEEE (4K0H)
OWMAOMEEZBEWTBE SN 222 825, Fil
WARDORKIZIBRE (5KH) OFA AT A S [BFEE
DEBIZHE > TRANIZEAL TS EEZ NS, &
7o, T oS T O KB E R4 (Fig.2-6 Z18)
TiE, RADPFHRB LTS, EoT, FiRMEIIB
WX, HAEE (k) o ADMIED SI_ENIZE
A U7zIRKAS, WSS 40 #uoS & b LCHfEE L 72k
B RO CHMT 2T Lz, T il oo Bk m
DRFHHEIEL TV D EHEESN D,

2242 HEREROIWKREE

[FHBES 0% R DML R VR, B RN O e AT & T
BIARBE~OHRBOOMEL SHET S &, RERETH
1.7m TH 5o BH I O TR KA OFEE L E R ORI
FEWDDEEZLENDL Z ENS, REOHEREIIZY

Table 2-17  &5i4ef (3)
List of parameters used for the calculation

HA fiE

= IELEE (CC) 21.6
TR7K R IELEE (CC) 20.6
PR R (KRR (C) 26.0
PR HRREE (/KA (°C) 26.7
HARNT (RERAHOVEE) (m) 1.51
R R (R OO (m) 2.0
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B3 5 (ImbH bR)
*GEHREME 0 SERIE (19994F7 A21H)
Fig.2-19 G5 fiE & ERMEOE (1m EH#E @ FHit)
Comparison between observed value and calculated value
Table 2-18 #E5E L 7-/kFET (Fith)
Specifications of the estimated water leakage
HH i
TR F0% 34 3K 1 12 B (R s 70>5) () 1.7
TR e B (SRAARHR AT J717)) (m) 3.0
4 7

0 . )X

—

R R

i (k)

16l (A b)
WA R

\

0.. .........

240

REEE
(T ¥t 2)

Fig. 2-20
The flow vectorsand course of the estimated outflows

BACTERIEAM #15 (CPR29 %3 A)

ThsbLHITE 5,

Ui S (1995) 1%, HMlIBWTHAK ML —HEICL D,
Fig.2-20 |2 R I ARMIIZ M T 2 RK O FE#M T 2 ik
N7 MVERDTz, i & LT3 L < i hsil
ESINHATA, H & BRI 1T % R A 72 TERIS,
TR O RO EHEE S NS 40 2L, ot h
ZIAEE LRI OIEL b - TR & RET 5, ito
T, W LEOTRRKREBEOIEICEH L THEUR b DEER
bbb,

INS OMGREAE RS S, 3R LZFIEIC L ) R TIC
B DRABEOME L IREOHELYIT) Z L DSUEET
HoHEHWTE D,

3. WEMICKBHMDBHK ) X7 OFFl & KRR

31 TRELEW
TmOMOPWHKBERNOKFZIIRHTH D Z D, W
WCEBHRY A7 O, TabbikiEL TSI &
MO CEETH DL, LL, 720MouBHREIIEDS
NCTwsbon, BiTo [Lh BFEERFHRE (720

3.60 X 10%cm/s

%

1.18 X 10"cm/s

4.96 X 105cm/s

]
(FHETE)

2.79X103cm/s

B (BNESE)
€— HETLES M s IRABAE (A7Ki) A H EHLR
(B L RAIRSIEE, REDT A, HEE ATEERR

(L2 HiE -~ L D5 1)

TN Y MV EHEE L 72RO ELKRAE L (i)
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WA | A Y T 2 KM TRAR R K 7 & D FE A 25 72
ENTVWRV, T2bEEMEICHEXTAIBENIDH S
7o OWIILTALAET 5o

ISR T 2, 7-oithodifiz 3 REOP ST
T & TR, BEBIED 3OICKFIE NS (B
TR A IR LR B A SR SR, 2013) 0 BRUTARIE XK
FARTEAZ M Z 5 2 L0 L), Bk CIRARHR A S
NELZLDTH D, 30 BEIEILEK L BN ASRAKICIE
EL, BB ) ERE L3R TH L, $72,
RBRIE TSR IR ATE E L TRA B S, 32
BEHPBIEENLBRTH L, T FERIEED KM O
TRALBEHICHEDYAEIHRTHL I L5, EHKA
Ze\s LR 72001 C b 1T T S HES 2 KA % Bk S B
o FRAAME LCEEL, =2 KNP NZEBR W
LIV T MRV LA FREAFE LD LICLY, #
KVAT BT L ENTE D,

T O MAEBE DS AR L 2o THLY BT RSEASE & LT,
E— 2K & Y7 MR WLES Rv— FxPRIZ & -
TERTSELWMY MAIIRENT WD (BHAKES B
P B Ry A 0 B SR S BRI, 2014)0 V7 PR E L
T, EMHPTEEINLIZH 5 5 LD ERL 2
WM LD 5] & T ClROEMZ AT ) MoK E IR
RET I > THEMATIZH H 2 L O 2 17 - THFEK
LA 2/ 2 HATRR O M ADBH 5. TILHDOXf
JG TR L7228 S I & AT 2 B i & i
BIAHZET, =2 RMEBETEELZ ENMFTE
bo 72, IOWEHO—IRE L TCHEMBINLHE S N —
PR E LT, BKLOIREeHEErDH L, ZOnE
KOG D A E T 5 2 LIk ), ¥— 2 KA
DT TE L, BFARMEIRIEL LK) 220
S EAT A, S I E AR Rk
TLRETIHESRIC L B ¥ — 27 KMH E FIFIC L 8K A2
IR DR F %2 ME T A A1, BRI HEE TV 2 Hv
TREMIZHE D S O AmE Ko, L& okt
S ORI R % & I BT OB KA & Bk 4 Fa
7T 7 % E N KGR TR T DD b

T2, BEWKEADEEOZOMERE M L%k
M L727 v — MREICB VT, (10 SRR & 7
224b] & LCR 7T IO BIEE AW QMR - Th S AE L
ol RS L EEB Lo LERERE L T (k
JHE, 2014) HIERIEBRALICREV, KRS0 4IRS [ i I O 8 4
FFOMINZG EAEHINTBY, ZRICHT L7201
DR S - I HN BV TUTRBEL BN AL ) B D21t
HE L CHGET 21T LERD Lo

2T, B A RO 72O MoK L & B S A2
L7z BTk E FIVIZ & B 720 Ml iF KAl E 7OV
VL, BPKAL 281 & L CRUEZTIC X A BEmR 021k
B E 272200 R 7 OFF, 725 NI/ E
PRI X0 FERETRE 2 SO A X BB R 7 ARG
BAZOWTHRFZIT )0 EHICTDORRIZIEDNT, 720

WA BEE ARSI A UL 2 LI X 285 2 7 o
K, TabbIdEOREERIZOWTERT D,

3.2 HEAR
3.2.1 KXERAI & MK LA DOHRET

RSCERINE 2005 43 H 12 H25 2011463 A 31 H %
B L LT, RBERLSTERITYED Aol
K, 7 B ONIZ B D 720 12 i DR BN A FIAE Hb S o
W E N RAME (22 2 X HM-900 7 W L[ &8 5
B L CER L 720 KAUFTOREIZHTZ-> TIE, Al
2B W TIESRARET, WA T B T iE R
RN CE 2 I A1) CH E BRI K MG o & v 4
WorriET L2010, BRI T KE L2V
IZRRTE L CRliREm Mo /2. AIZIZF =T okE 2
LB R s, MERD ORHEER 34-T)
IRZEZIEDL ARG 2\, BT 57200 E EIC
i L 72 (Fig.3-1, Fig.3-2), KAz & F& O BH L 10 55
WL 15 TIT o 720 AMIZIITR IR 7 & o iyt
NDOMAKE L FE - 2w 720t TH D, L
A5 O AL FIL O FE 2 6 Bk ~NEZRAT 5 D
DLEZOHNL, AMOFHIC (Table 3-1) 1ZBLHLFI A1
£ 213, KA & RIS 122w TR 1/25,000 T
X TRz,

BELISHER A |\
Fly e, !

|
#
A T

V5
YL

LR PA S,

CO R (T E BB D H BRI R (B FE L Web)ZMIL
THERBLIZLDTH B,
Fig. 3-1 JUL BT & Adth, B I8 1S O &
Location of Higashi-Hiroshima city, A pond and Youjyaku bridge
point in Mukunashi river



102 FENFRRHERT JEfs B CEAWRZEEMT 8 1% (CPRi294E3 1)

—

- : [ ) . ",.I: . - e " ". ]
ZOHIKEE - HEER I T 1/25,000 HUTEIK(Oh3E) A6 LZE
DTHD,

Fig. 3-2  Ajth & A4 A MG b at, RS B i 7 8
Location of A pond, Youjyaku bridge point and rainfall amount

observation point

Table3-1 A ithoiE7c

Specifics of A pond
A (Wid RN B (Wil b R)
£ 5 (m) 3.31 3.82
Tk A (m®) 90,000 480,000
R (m) 0.21 0.43
T R 7K R (m) 0.26 0.51
FH i (m) 0.26 0.51
it 15 80

AT O 12 H 72 o T, T TEBIMIZE
WL IAGARE HL s i b RS 1A L 72 2010 457 H
14 HEER 255102, Atz B s s S ki~ o
A, A A ARG 2312 35\ T i =
KTz AMEFRMIC BT B RIGLIIZERE R E L
METHH I Lns, MECEREDSHBENDRERS
IR 5 RKENOEFSEITER L, HMERS-) O
Bk dS/dt (2 bm) (& 3-1) &9 5, o T, it
A Didp ki & dS/de (2fbm) &t 0 2Kk %
2Lk, X GB-1) 2HEAETE S, AfhTiEEKD
FIHZ EDONENGRRIZEL ZENTW RN Enb,
B O 1ok S D OMR L LT (322) AW,
IRTE & PRI O KA %2 BRI & LT, 2
NEBUTF K2 S RO TEE L7z 2B, dkHIEH
WY TKETHY, BEHEHEOKERATO L O LT
BT ENTESLI L5, Table 3-1 127R L 724l % v
720 BB OWITH R 1355 5 B W T AME &L HIA
5 T 8 S W] P B [ 00 72 80 s % k) SR A HE 52 L 72 T i
B 2 Vv, K E B R AL 2 53R D 720 BkuiE i
SO EILE 4 8 TR L 72 Rk € 7L &
0 IKAT — G AR A ERL L, BRARAL 2 53R 72,

ds/dt=1 - 0 (3-1)
[: AR (m's)
O : i (m's)
S @ k& (m’)
t o HAZIER (s)
Q=CBH (3-2)

Q: itk (m/s’)

B : KEEME (m)

H Bi#EKEE (m)
C:iimmRE (=12 m'"s)

BEFR R S WK IR 2 R0 7 v L RS & T
LCHET MMM GEERL) & IIERNRWHEEE
JEN L CHEET A F RGN, AP oO@ERWEE T TIRE L
To PRI 2 200 CTHE T 4 # T AR S # O3 R %
WIS CTRMEN L, HE- T, Bl S N/ziimn1 N
TI7EINSDIWANEREINTZLDOTH S, it
B DA HERI I H D, K4 (2008) 1 Barns O
JiE (Barns, 1940) (ZED W T A W BFIRE Lo E—
7 e A LI O R, A RE R & L7z Aok
Bors 72#EHT 52 8T, BB SOSEE T T
Whe ZOHFETER LR M7 T 713200
T3NS 3IEROEMTEP SN, TNENOEMHES
3ODOFHIESNHIET 5 2 &5, FHEG O )
T& 5,

KfFHAC X AR5 7 o ek, 2010457 A 14 H
FEMIZB 5 ¥ — 7w MBI DO R=EIZOWT,
At A & AN ARG L 2 R R 2AT o 72,

322 BAKRALFBIETIVOMER

B 7K A T3 B 75V i3 Fig3-3 ISR SRR O b o & L7z,
FLIg A S Ikt~ O F A= O L Tl i B R
L, k2 S ol & kit R (AT R
H7- 0B bE) OFEIERIBRO AR AEOFE kL
FU &L IWRMEFMETIVIZEWTH EMEOIK
MHZENRET L2006, MR ERAD S HE~DOR
Fi R MK A B KREANOZEISmITER L, POKKZ
SORMEIEFER L 2, IFEBEBLEORHEICHZ- T
i, RE (1975 oEEETEX X 3-3), X 34 %

WALEE, VT FFEICIDESMMET S EE DI,
SHERRAI AL 1 & L7,
S =kg” (3-3)
as
—=r, - (3-4)
dt 7

S AT oI E (mm)
q Vi (mm)

r, s AR RE (mm)
ko p o RR¥C (ERoC)
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IR B B O R %013 2005 47 7 H 2 HFERI 22 5 TFIZ 2005
E9H T AN T4 2 v, AfliEA=E A
B KALE WV CRATERIC X D E L7z BRIMED
FHAEIZEAETRO AN E & — RN EL v,
Z M5 O % Table 3-2 IZ7R T,

323 BERT — 2 DIER

KMEHZHWEBRRT— 2 09 b, BIEKRFRIZOWTIE
MAATBOE N L ARBIZEFT AT 5 7 = 7RIS L 255
Tursarfv, RILEMEO7 257 ABHME (1976
~2000 ) POHNA TN TT TR L7z, BEMRkGR
ML BRI /Ny — 03 [ e B HERGHRS [0l
fiill o [ZFE8 -1 EFRMWROEEL] (RMKE
B BRI R RTE, 2006) & Mo BEFEERE

(1) f=8ithErKith

(1)-2 FpKE~DRERE

p= 3 X%
~ORARMN (Fk it L SRS X Bk
(-1 DS ORAE
(B ERRSE) (2) =Bkt
PODOFHEHE
(3) 1= ithERsK ith (2)-1 HAKEMSDRFE
DKEEHE (ROAH)

(3)-1 BpKEL
(V-H=)

Fig. 3-3 KR ALFIE T IV OME
Summary of the reservoir levels prediction model

Table 3-2 I B EUEOMRESE (At
Coefficients of storage function

THH fE%%

KA 15
pfiE 0.6
— WP 0.4
ANy F(mm) 100

AR FREE R ONEA - AL BRI [HEK] AREOER (B
MOKER BATIRELE, 2006) % 2% |2 24 e # e & L
FERR 78 5 — S E R g rp R & 5 SR R R A VR L 72,

TREMICOWTIE, REZEIET 2 BUF /S AL
(IPCC) |2 & %% 5 ket & H CHW sz, RS
FHE (WCRP) 29352 L 7248 5 ik & € 7 VA A e BcEt
Wi (CMIP5) DEBHEICESEBEETVTE LN
BXKBEDOTH T — % % W TIER L7z TEICHTz-T
X, 7AFABMTICBIT 2RO HWEDO FHNI R
TE&DLZEMRGRELEZ 5N 5, Table 3-3 |28 L 72/KF
A EE 200km FEEEDL T O A€ 7V 2 @R L 720 72,
CMIP5 O FEBEAR TR E SN T B W OREL S 1)
T bH, HEMRER 2B EIT T4 2 & 2E
LCWw5 RCPAS XL L2 TPl 7 — 4 2 R L72e (M
T LTV — 2 oMM, BERENIZOWTIET A5 A

Table 3-3  fitit L 7-5U%E 7V
Examined climate models

SKARET V4

MIROC5

MRI-CGCM3

CNRM-CM5

CSIRO-Mk3-6-0

HadGEM2-ES

BAME LIS 5 1976 4£~ 2000 4E & L, CRFRFEH IS
ALK D 2081 4~ 2100 4F & L 72,

FMT— Z 1IN 2RE NA T R) BEEND
720, FREWO T — FERIZH 720 TENA 7 AHGIE
#f1o70 T, BREEFTNVOTFT—5 (B
) EEIEETHEEBEOBEANIFTICEY) Skm A v ¥ 2
LL, 1976 LD BRES B S T2 AR D
DT AT AN ETHLT AV ARILEMEEELR S
Ay v aDEERD, TNET AT ARIEBHEOTH
T—=F kL7 WIZ, FXBEETNVICLL2BEO HN=
OFHT— 5 ERHBEOREBHEIIBITET A5 AH
HEO HREORFIZoWT, ARKHMEZHWTr
YAV L ) HEOREERWE 2 ~304F) &k, I
D2ODERWNEDO B TXREE T NS A T L2 mE
REER L 720 N4 7 AMIEIZZoRERZHV, s
THRBEEFVASL CICH ZEICBIE L BRI 7 —
ZITR L CHA L TiTo 720

WRERONA Fur s 7ERICHz-> T, 37
AT ABIBME & NA T ARIEHZO T T —Z 1B L, 4
RO HBEKEZ H T T Y NV X ) BAAERRE O
KR 2~304) 2REETFTNVFEICKRDIZ. TASR
BUAMEICEE L T, 24 FERIW RIS 2 RN R IC DO W
THHEERIIKRD 720 WIZ, BONHEFENEOLELS
T A Y ABIMHEIC X B RN R LW EDTE S K%
ETNWEEIRL 720 BIRL BT TIVORFRERIZE
WL, FRRIC 7 v NOVETRIEE TOVERICHESRNE (2
~304F) KDDL EEDID, BRBEETLOTUFT— 5
POHER L7 ERAKOABKEICT -7 22 CTHwi~
VFT o TVOHRNRE 2~304F) 2RKD7, Z
DET, 7AYABUEEL FFREN (FREETNVST
YHYTNT =) OMENE,LLREAE, F727
S ABHIED 24 FERINE & HIWE I T 2 RN R O R
THHEDOEFRZ KD,

TR BER I B\ T b MR G ] & BN/ X5 — 12D
WTIIBADKER EF—& L, SRZE D FEETHR
PEALT LD ERELT, BERRONAZ N7 57
oINS EREHCTRERERNONA Z N T 7%
FERL L 720
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3.24 AiCH T B

ZEWIC L L7200 5L, ko & o IS8R &
TN W, BEBIEICRBIS N, IR ERAE®
BB D L. 209 HBEHIEIZ KA THO
BRI Z W TR A A U D 2 & TRET H2HKR
THY, RBHEOE S &% L WKL % 8 K384 O BfiE &
R EeENTED, TN LT, Kt oibics
WTUE— R ENTIIA —TH 5 LI REE S 1
HEY, BERBRESEEIRHTHL L, BREWREICED
HHRIIEARNE O BITH 2 595 % RIS ET 54
WLV EPBEESNTFUIHERZ L2 0, TXDHE
L IREEE OSSR & 7 5 Bl O Bk A7 13 B T
2\,

FZC, PKHAKIED RGO F RIS ED
HZKA & LCREE L, RO KREFMET IV E Al
WZHEH LY — 7 RAASSRTEICE T 5 BENAESRLE, 25
K22 DM TH 5 E M 04X Z IR TElE 7
DIFEFFHT TR D726

WAL, E— 7 RMBIETIFICL B2HE Y A 71K
WA EDAFTE A A OBKRTEHR (FkEHE - F
i) &Pk odiiE (BAdds) CBL, MEY S
)+ % FEFE LT (Table 3-4), B ) X 7 12onwTli, fif
IKDSE MK AL B BB O 720, 7 5 UIIxskE Y -
) R RELEEIIOWT, BRRERED S iR
ROz

F72, —MRIC72DMOEFHIIKIER OFTAEIZH V5 200
MR OREMIZE LT, FEIARFRER 24 KR o Hdefe
7 & N2 P RIRER T 5 E— 2 kL E KD 72,

325 EFILEHAICHTBHE

SRS IR0 LR EA IR (3-1) oy, fiA
BLRMEOMBRTHEINS, E—= 2 K5I &ETIT%
HE & § 2T, RO RBEOIRETDH
R0 2RI O R TH it (Gl
MR WK OREEr RE(ZTrb0EEZLN
bho T, WiKEME IFAREIGIEE L, Wt (i
BERE KIERE) ORL L 2HEOE TNV -0 E &
EL, TR OME & KRR L BHER ) A 7 ARERD

Table 3-4 xf5K < 514 (Aith)
Measures scenarios

ORFRAL DR FEH (BFK & 75%)
MR EITKAT % 1.84m—1.45m (-0.39m) FiF T B

OB OIR FEH (77K & 50%)
MR RTZK (A 1.84m—1.03m (-0.81m) FiF T Bl

@K - 5 i
HEVRIEA 0.25m—0.5m (2£%) IZHEIE
PR ON LV Sr P N EC A RN

ROMBEFML. 2B, REOWKIEEIIHTLH
TEDIRALIIIETH & H Wi 7K L T d 2 BRI JES T O 1 15 22
TdH D PAKITRE S DRG0 In T Ak E L, dikitko
B BEI L R Y E 72 o ith 2 FH5E L T 30 SEFEZE 0 24 FFH]
R -t EPA (BUE) I2BWTE =2 KMAS
DOUFKALE % 5 £ ) WAKIEDOFETLE R E LT ET NV
DO EEITTEE 1L Table 3-5, Table 3-6 27”9,

WA HAE, AMIC B BRE L RIS, R OK
TER KOS L, MRS A ERELL
(Table 3-7) o B 2 7 12OWT b R HER AR A
b AR KD 72,

Table3-5 EFN/zoMOFEC1 (Gh#EEs)

Specifics of the model irrigation pond

oL 5%

it /K i F(m?) 6,000
M HT 7K B (m?) 15,120
R KA (m) 2.8
Wk AP
T RARE(m"5/s) 1.35
KA 15
pfiE 0.6
— R 0.4
FAFNRN B(mm) 100

Table 3-6 € 7L 72 hDFETT 2
Specifics of the model irrigation pond

A (Pl B (kb R)
B & (m) 3.31 3.82
Tk E () 90,000 480,000
T (m) 0.21 0.43
I R K P (m) 0.26 0.51
A (m) 0.26 0.51
it 15 80

Table3-7 x>+ U4+ (EFN7zHiH)
Measures scenarios

OFARNLOAR & BE (Br/K & 50%)
MR RITAKNEZ 2.8m—1.48m (-1.32m) TS CEHE

QUK M- 5y el (Biig % 1.5 5 ICHR0E)
A. BEIEZ 0.21m—0.32m (ZHENE
B. BEEIEZ 0.43m—0.64m (ZHENE
SO AKER, R EITE TR L
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Composed recession curves
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WAFATE20MIZBNTY, SEHEOEKBADH
T 39 A s 6 Ot L AEORRKTH 5 &
EZHLNLIZE, fEo Tlhdithitidn & o Pkt 2B
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Afic BT, BRSSO/ JLE L7z 2010 45 7
H 14 HEERIZBWT, ABIZB W TEHliE 7))V o FHME
ZTAEICDOWVCHGE L 7245 £ % Fig.3-6 12, BFAKALIZD
WOIREE L 7245 5 % Fig3-7 1R T, MAER S T2k
fred, BIFRRECHHRTETWA I EFNbh b,
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Estimation result of inflow
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Estimation result of reservoir level
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SGBEETFVOTF—F EFHCTIVT T v F ¥ TVONFk
RET— 5 BB T A2 EDETHALLEEZ BN,
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Example of thehyetgraph of the present rain
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The present rain with the climate model
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The future rain with the climate model
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27 KA1 Fig.3-4 | Z/R L 72,

Fig.3-11 £ 1), BESEFEA 0 HZRMIZET D AR
RO R R L ) BB FEFRICBWTEWI b2 b,
T/, WEOHIMIMIELT, ﬁﬁ%mib%ﬁ%ﬁﬁm
XL CHEEMENEL 2D I ENbh b, WEFFEICH
LT, WinhoxsEd i) A 7 RoxhR % FHE 3
%’k BEL72Y ) A BV T BRI O IEIED R b
BIRERET LD bN D, 72, KBRS 200 E£0
FEFRIC BT 2 ¥ — 7 KA, BT EPRIRER O )25k
FHRRIBER IS L CE— 7 RMDE L 25 b 00, Wi/
F—r Q= RMIERTAIIGEL 2V LD 5,

AR O IR DSIRTHE B35 2 & v d ) 12
TED BN BIETH & ERHERN OS2 TH 5 RO RH
ElE, T BESEREEHES [ oM (RMoKES
%H%@%Wﬁ%aaf 2006) BT, 7zl
h TE SN A HEBED/N S WIS 5.0m Km0 7z oith
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Evaluation result of the damaged risk

@ kK L

Table 3-8 Al BT 2 ¥ — 7 KIr

Peak water level in A pond

(HA7 2 m)
e/ — =KL
o g R 0.45
% IS TR 0.53
SOKNL LK i B TR JE ¥, B2 THIC 957K NAL130.6m,
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Bz 92b0EZLNE, LML, KEDFGOKA
R SSE D BKAL & U - BIAE R IZ 4 2 et T,
g R BIRE RN CLE PR AEEE 40 4F, R P IIRERN Tl
MR 20 ECE— 7 KA HEKRMIET L2 8, &
5O RBERIZB W I HEKRMIZHE D SRS A7
BEATEI L0, ALK AR T 2 54 5T
bid FTIEESE R ERL TE— 7 KMEF&E T,
W) 27 O ZE KD UENSHDLEEZLND,

335 EFIHMICETZIHKY XY EBKEAERDHE

EFNOMIZBNT, ©— 7 KMPHIEREE L O
TFRERICB W THRKMIET B ARERZ RO M
HIZOWT, Table3-9 |23,

KRR R LD, oK BE SUE IZHTERER IS B W T
IO KNI b & TR R E RS L2 2%
Mho ZHIUIK L, WKMOETEIIZELL 15054
B—ZEONEERIET L 00, FiEIL 80 DA LR F
REEL WD bh b, T REENIZBLTIE
PR # 5 85 (LT 15 72 & DNk 80 D729
th& DIFREMRICBWCTORKMEZBIET 20125 L
Bk AL DT & B BAERE TR R DD - 725l bt 15
KBV TO T RMEPHETCE LB ENDTD S, 72
OOBESEDREIZH 2o T, FREELHET
BHREWREHK ) A7 BFOMRORIREMRES T 5 2 &A°
EETH D,

TSR & WA 5 O A= SIS K
&, E—= 7 RMATER &S N5 BRI AT SRR T 50 %
EREDNIDONDL, RV OBETERIZ LS 0t
AKEFFRMBOZEZEFERTOHEZICEIVZITIEDLZ L
&), E—2 k2K TS0 THE, - T,
T OKE 2720 TIE ¥ — 2 KAz o BRI
Kel), E—rKMEKTIRLIENTER VY, &
7, BEWMBERH SRR ERUERNICBVTH, [
BORENEZ SN L, FRMOKTERIL FKEE
BB DB D720 THINTKFEEDEE LEMED
BUKKiFE S OBIEO A THEBETE 2K THY, T
FELXETHIELRCERTEBE V) FESH L Z &
O, EBICERITRELZBITRE LTEETHL, Lo L,
FARML O TE I & » TRERBI ) 2 7 KB E
BoRLWIEAIZIE, Mot Ez T 081D 5,

Table3-9 #5¢) A7 OMEHER (€7 720ith)
Evaluation result of the damaged risk

BAE XS

A B 0.033 0.071
Fii 15 KAART 0.012 0.029
PR HEYRIE 0.012 0.029

B Bl 0.033 0.071
el 80 AKALAET 0.033 0.071
WK IEYEIE 0.011 0.027

LK D IR 13 ALK I R & O B BRI K1) g 2ok
EHLZEIZEY), E=I KNEERTEELHDTH 5,
T AR E KT 5 DWARBDORE 2720 TY,
S L 72 9hE % 47 218, ¥ — 7 KA MBI R oA o
RIS, RE LTI A 7 OB R DT
Eho Tz, BOKMOINIRIXHREFAMZG]E T 24
Eh e, WAREREED L2V, EoT, REFTH
BEIZAT D 2 VIR D KB B AN S 5 BRI O ) T
WX BMILHED DILR LR Y, FUREREOFEEIIA
HThbo WKREREDWD % H 7 oK o it ig
ks e LCid, BEOHKEOIEO M, &Ikt 2
RAERLHINICEMZREST 2L 0FE2 N5, BIAOH
I I 0 11 % PRI B8 72 35565 R0 L UTE 5 0 1 Wi K s 0D 3 K T T
PART 2GR EIIBWTE, IR0 REIZ LD
BORRETIDILRZATH T & T, WY 27 D% K%
ZENEZLND,

4. 7=HMBFOFERICELZTRAIFRIZDHEK ) X
7 OFFH & KRR

41 BREEW

7o O MIEIF ARG A BEIR R & ) S RWIGAICIE, 22
ERBICHEI S OWMAKETFETLZ 12X, Bt
o otE R KT 5. WAKOHETD, Mk
PO AKRICHIE T 25 E s —HRNICER T4 2
EICED, ZoMIIERS S IHICE L2 BE S &
5o T-OMMPFEOLHMBEEETH 5 Z N 6 BB RE
2L, 7-OMBEIE T IO 2 o FEAKD BRIl - K
B JLEEHNH] 22 & F SRR OB K ) R 7 % KR S &
ZRMBEERELTCVEIDEELOND, /2OMEERH
DM OFEITAZ B NTIL, BEHPFEREKICHTZ> T2
DB DOFERN) 2 iGHATRKD HNTWW 5B,

7= 0 B O BRI A X 2 T RIS o8 5
A7 OFM & RS OMEN X, olick oty
WMHE LT, MBANICEHD L -0 T il Lok
HE T2 G 2 5 POREMRN R 2 5H 0T 5. FRHESICBITA
HARRAZD B O ML, FIRORBEBERIZBIT A 0i
HoOZEZMHT 2L ThHbH, Fzaidb L2BAEOH
225, HRZ- i TO KB RO K & S 13H#kSE
AROEIHEREORE S, FKRKBANOBKFTAINY — »
W BB 225 2 &, 2K oK T E B
HAKE — 7 BRI R OB A TH B Z LTS I
o TWh,

F T, RRFEHICB TR0k % BT 5
LIS, oMBE &S BRI AGA A 73R 8
KEHETNVEERT 5. ZDLET, BARMOFERSR
W CIHIE S BT BIIKAL & MR 2 R & L
THRPASL DI EN TR WHEHRO - O ARSI 5
HAKBHAREOKRE S 2 KDL, ZORKENS, 720il
FEA MG L TR & L CoBKEMB R
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IS, TN O%KIE) 2 7 2 K €5 72
DOMREREERT %,

42 TR

RGBT HIZAIICE U ziisi e R e T& 5
HARNGE N O R ((KBREEET) &L, 3
HTII RO MO TH 2 HEHT L Lz HEI
R BIREFE 2w A EEN () OFRTH 5,
xof GeuIg o E L & R T % B 400 ~ 600m FEEE O
Mo ILHHAE TH Y, KHEZFMHETLREME
FEE T FITNNEVC OFMER LS > T b, 720l
WEAKRE DL A AR OFFEF L & 1Ltk & OB H %
D, FNRBED 72O ML EEAE L T\ Do X RTL
DREFEIL Fig.4-1, Table 4-1 |Z7R L7,

ZAR ) IRA AR e (R B, 2003) 12
AL, BAUINIEILE ~ JKICA T bR T b, Hil
TIX 1999 4 6 A 29 HIZHEMATARIC & 2 KW TR N %
BB - WENATE CGIrEEAr) ~w3 - 5
BENATE GUAEE) KEo—mi2ETI#EL, &
BB OB KB ENTEL TV 5,

4.3 HKBJHETIVOMEKR
431 NRFEHEDETILE
T GRFITN BT B HIAKGFH TV ORIz H 72 - T,
T O G AR 2 W E O ke, oo fblirkiic B 5

R OE S70: 7
] =7 L
. 7= ﬁﬂ o

— i (R

/\ AN T3 (AT

S

Lo B
L b, (EEERD
N

" ¢

1,000 2,000m
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s (AR R G TR B>
Fig.4-1 iRt & Bk ik € 7V O 1 B iR
The studied basin and the scope of the flood outflow model

Table 4-1 Xt iR DML
of the study basin

R ek i A 18.04km’ T DS 561
> i fH 3.59km’ EY SN 113Fm?
D% HH - R M T 0.63km’ MaHT K B 251Fm’
S5 A i 0.07km’ I ok i A 3.71km’
SHL MM ZOMEFE  13.75km’ L ok i A= 20.6%

I Lk 5 o, B X ONE - 720 iiiFkibo
BEH» S OBFEMRTHEO 321K L, ZRENICi L
LEMEET VR B L 7ze B IEME ORI X 2 &
T <, HAKEEICE KIS & 2 KM OE IO R
At 2 Z &, WJIKAL & B 1 75OV RGEE & BEK R
R RFMOIEL L2 2 s, AEREFIVEHW
7oo (IE & 72O MiF K O B M2 & O BERT T 23T
BB L7z, Z2oMFKbEE—FERORy
AETIVE LT, HARICESWCIFERFELIT-
THFRAL &L kIt S O HEZ KD 72, B, WEO
DERIME SR E L, EFIMLIZBW T EE
LZdo7z,

ETMEOFEIE RIS, HERIZBWTT
TR 2 Z B L 25T TE S X ) I (KRR
DN DN TIIAFI - TR AT GRS A T)
5 475km THROEIEE - ZRAEFLEE T, 20
kR BT DO WX FEEHT S A 5 750m T i o>
MEICRIS L-fEH & Lz (Figd-1), E7IVALIZE
b 5 M FEEH O WLE X ESRI ArcGIS 9.2 &/~ S (2007)
PHERL L 72K BEH R T — B 70 75 4 & VT
W, EEFIEFIEEES (2007) 12#E L7,

HAREBEET VIO 2D WEICIELzbn L &
B, BETCOOMINEREINIGEDOLDEIER L7,

432 ME

B L 1/25,000 #IEZ RN GRS L7201 - KBS 2
[F I oS & FR SR L 72720t 53l - K £
TOWEE, =oWCIZINEFEMEEZLSNLEEHOM
HICRRELIRZRENESE L, VOGS E L
(Fig 4-1) ,

AETIANT O I H NI EORNLZ —IKITE L,
BEEIRPIC ~ = v 7 ol & v Es o 4-1)
LB HEROR (42) ZH Wz, MBS A EEH
2o O AR, 2ok~ SOWMAE, BIOAEH
FTHEPLOMAREIIR (42) TBWTHRARE L
THho72,

1 ov 119(v2] oh
=t |5 _S1+7+ 4/3
gt gox\ 2 Ix R
xRN OFAEIEE T 5HH (m)
r 1R (s)
g BHIERE (m/s?)
vy (W) (m/s)

2
n MVZO (4-1)
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B KGR GREIE2SKEE TOEE) (m)
R: £ (m)

S, ERAR (HERIC)

n: <=7 OMERE (KT

(4-2)

A, KRS (m®)
Q: iiiE (m's)

g, BALRSH) O AR (m)

REE TN DT HAKTIE T 5 E O £V 55
13 100m HAZ & L7z BITRR R4 AR50, 1/25,000
TN FE S L m ] - AKREEIC DO W TIIEE Ml E - Bl
WZHEDlE CHUERRE 1 0.035 ~0.1) & L, REEIC
DWW —EHE GHERE 0.1) 2&EIch 2
oo B XA R AN - VE R A T A~ A
BN - FEEE A A X 72 &2 DWW TE GPS 12 & 5 &
fE%, MOXEIZOWTIIEMEHE 50m A v 22 (BE
P OE L RS 12l % V72

AR REN I - A (1970 RBEA (1971) AR
Lz ED W CHLESLL, Bk HWTEHE
L7

433 %

BEWIIERTEEORMTH Y, 7-olilykiice 4
B 7z oM ET kM 2 B L LT, MBI A
WA B - ZE A B B 1,000m % HAL GAE R 1,000m
W27z 2w B d R 2 HbE T HA) & LT,
1/25,000 #I X 00 &5 548 % 312 7OV LR BH 438 & 22 i
PHREWOEEIEL VI ) SELTHRE L Y
RAELE 75V 1/25,000 WIEK O 2 HAI A - AlA X 53125t -
TH, M-k, B8R B L Otk 2ofh (GFEEsHHT
JRIEBARSE) ORI, KHRFTHA T FE IS L BT
PERC L 720 WEISR3 2 3 T I3 B Ic 3 5 AR
METIVOEIVOA, HTHROEVE LT,

Iy 2 B Bk o AR ARIAN (1975) ok (4-3),
X (4-4) 2z, BREWOHE I LERE KRS
(1971) 1CH# U, FHE#ESTIER L72RE IR, 256 0N
T BN AR 2 & SR 7 BRI & & — kI ER A v
THT o 720 SFRTTIIT HLB OB 0 72 00 7 8 B B 0 £
e imoms L, EESICB0 5 BKA
REMET VI L BEIERMLEEST S L9 T8
B D% s L Tzo 8 S N7AREEFE O fE % Table 4-2
WL 72,

_ P
5. =k, (4-3)
ds

e (4-4)

Table4-2 PeoE S N7 p¥EE O
Decided values of the coefficients

ki (H) 8 fafniE (AZRS)  115mm

(5] (CJAH A e ot - 5 ] ) 12 [l () 50mm
] (k- Z D) 15 IR R 0.33
plE 0.6 R[] E AL 45min

S, Ry ol e (mm)
g viHE (mm)

r, BRI RE (mm)
k, p ¥ (EXRoC)

434 7%t

72 1/25,000 IEENZFEEH E N TV B 0 (7272 1L
M CHlBEERMRA L L r NIk Z2xtge L,

AR ORI B HF A1 & ) IR L 720 XS RGN
ORI DI & = AR L Table 4-3 1271 L 720 KEG
AEI B Rl ARl ook & B R et (4-5)
I2&D, ba— 2ERRUKILORKD, $%bb4) 74
2N kBRI (4-6) 12X DR Bkt ok
IEREOFE, FLMTHEESE O EICLE 2 FET =
WZX ROz FHIEHITE B 5 KBTI & B g Rl
% b CNSHERB R O oK 12 BE 9 2 i E AR U (2005)
& RMOKEES BATIRFUR M IR EHRR (2006) % 2E (2
FE L (Table 4-3), S IZMIH <2 HE KT 1H D K % 2 £k
HomEREIZI NS O EIEITHE - Tk (1961) 12X
DRDIzo ) 7 4 ADOTEREUL BKES BT IR
REAHIBREFTEE (2006) (RS N-FHBOREREE L
72 (Table 4-3) . BUKIZ X A s 13 M4 L 72,

Qd = Cd-B-Hd*" (4-5)

0d : i (m’s)
Cd : FERE (m"s)
B @ KERIE /BEOARE (m)
Hd KA % & Ok (m)

0=C-4,\2gH (4-6)

Qi (m's)
C: =R
A, fLIFIEIRE (m?)
g .

CESIIEE (m/s?)
H:fLF0F TOKE (m)

7K AR 12 1/25,000 #TE K2 & 510 L 7218, &7
OMARICFEH SN TV L RO B WA IEHHT
OBEAE) &L, WSS S ETHRERD 0
WZOWTRDZH D% H W, Bk D731 B4
IR EATIRPLS BB R E TR (2006) (2HE 72,

E2DMPEE S NGE O T IVIEKRBADEA
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Table 4-3  #kit DL & 7%
The type and coefficients of the spillway

Y Pk TREREK
KREEIAT (227 —) 21 1.35
KBTS CAFL) 10 1.35
AR BT (FR48) 11 1.20
TR (FR e - 22 7)) — ) 3 2.00
BT (f85 5 (IRY) =270 —h) 2 2.00
HTHET () 1 1.35
Hesas (=2 2Y—h) 5 2.00
bo— 2 0.62
K FLo> B e (kK kAR ) 1 0.62

ThbLIFEEEETVICL > CEIE I NS -0
T2 & O = A3 K o i H b S & ] — o A E Hb
B (RERETFIVOEI) ~NEHFERETL DL LTz,

o &

435 EtE

BRI E TV OFHR RIS AL, AR E &5 R
WA OB RO FNZFN—IC B ERXE 2 H 5 2
EMD, RERETNMICBWTEMDPELZVWE ) 0.1 7
EL720 NERETINVOFEREMIE, RERETIVORK
TRV (BN ARG E) &S e oMIZIE 4%
B BIRESH LI LS, K FRHE A Y ¥ 2 DKM E
2.0m (BE%EM) & L7,

44 it
441 A

BN 720 it 0 By KRR & KT T TV OMEED
72802, 20054E3 H 12 HA5 2011 4£ 3 A 31 H % BIHEA
& LTy & s, KA, )15 12 B
L Tiro 70

7o E ARG B & NE M, LIS BV TS
KK ED (VA A v b HM-900-05 ¥ 721k & ~ ¥ X HM-
900-05) |2 & ZEEEIH 21T > 720 MA T, ARTILAD
ET ML ETEXRIC, HAKMEE (v2— 25
RLEOKFILOBR IO OB A IZFLO T i) L IFKRAE DS
e ZBEKME L THIEHAR—VIZ LD 10cm B THIE
3% Table 4-5 F112/R L 728Ul H % 12 U BEREIE L 72,
MR E ~ AW EFT ORHE/ERT 34-T) 12X ) R
HIRAR BT, NIRAIZE D AIKALE (N1 v b HM-
900-05) 12 & b Hedtk 5T CHBEERN & 17 o 7o IR IR
T2 XD 20054E 9 A 7 H OB %2 X RICHEKHE K TIT -
770 TS OB SIX Figd-1 PR L2, &b, @k
R O BRI R B I KALICRE LTI 15 45, WEICBIL Tl
1057w 15408 L7z,

442 HKFHEETIVORKREE
B B TV OMGEEIL I KAT -
720

mEIZE L TiTo

WAL - Fim i3 Bk i GRIFERER S 3.0m) 2B W
THREE L 720 ZRALIZ DV TR ER I v 12 358 15 C 2m DL
LD ¥ — 27 KAHERM E L7z Table 4-4 | 2R L7z 4 DD
W (BERHIWTNRDE—-7WaE0®lH) %, KEll
DWTIRREBMNEZIT57220054E 9 A 7 H OB % 5%
24T o 720 MEEH O FHELBIAEIR 1 72 0 By A A7 (WA )
(&, IKAZETEEIE 72 i C O MR RE K 5 [ W O [ W i By 7K fir
ORBLENC & A EUHME) & BERR S0 L 7228 & ARALER 2 5
KD 72 AR AE A B b T R H O R 22 X KA & MR
SEROBEWATZE KM E B L, oz S K x
B CEIMERMGEES S o 7o o bl AR AL % 3% 5E L7z ORACE
i 72 O WKL 2 ) o RN E IRk E
TOBBEZ 720 4 D OMEER S & BT %
GREE & RENARBERE, Y — 2 KA, iR, FHERGR
ROFERTRE (72 DR ETKEE) (X Table 4-4 | 278 L 72,

TS OFHEREEE L (4-7) Ok L (4-8)
Dy FEEH, RE 0.6 UEOSE OBHME % k5
ELCERE L 720 IR E 122D W CIRBIME & FHE i %
L 72

Eﬁz(linm_}tJb%Jme (4-7)

N i=1
E, AR ERERRGE (%)
Hy, - BUARAL (m)
H, @ FHHKAL (m)
N: 7=

1~
EZZNE(HOI'_HCI')Z/HO[ (4-8)

=

o1y AR (m)
o - BUARAL (m)

i RTEKAL (m)
A

2 X

443 AIREDCEMES

)15 2 O R FI BE A VX B RN A O 72 8 L iF 7K SRS L
RESOY -7 REOBMEL L CHUKIHETIVIC
LhRD7z,

[ S B EET M EE A e OV - MR BRI [k
K] HEdE, FRHEDEM, R OSER O, Pard] (&
Mok ER BRI, 200600 T, MEBHENEZNRE T
DA /NI 7 21281 B RHEEHEREN I 1
HEEM 12 DWW CHESRETE 24T o CTHERIEN 2 E O 7214, #
M BRI S LIS T AL LT\wh, 22T, FHMilC
RV 2 BE T O MR 1E 24 BRRA & L, FERRS/8% — > g
Sl PR L B FEREID 2 0k L7, BRI ML T
BEATARERDP AT L2 72 T7RICLBHE SO TS
L ERBEO T A F AB T [ & o7 — % (1976
~ 2000 4F) HHVTRD 720 FIEICH G 72 BEHRERE X%
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Table 4-4  HE/KGEH € TOVRRGELZ IV 72 BT & B3 STk AL &,
B L OGRS £

Data for the flood outflow model verification and model
THH BN 2005.7.2 2005.9.7 2009.8.1 2010.7.14
E—sfiE (mmh) 36.0 21.0 50.0 34.0
B (mm) 289.0 202.5 106.5 299.5
g o | (h) 126 86 5 106
=2 KL (m) 2.17 2.35 2.24 2.94
ViR (m'/ (s kmd) 2.18 249 1.94 4.15
FRE KR (%) 62 90 96 87
TR HEYEE | (%) 7.1 11.0 73 9.0
x - HLUEE (m) 0.010 0.026 0.026 0.027

TRT 72 OMANEEE SN2 A IC RSO ¥ — 7 KAL
HEER R O R ST B 22 FERESE (FRot i)
&1 AERER (B R) b L, B BRI 1B L 72
e L7214 T N 75 7% Figd-2 | TR L7z,

WA & U CRRE L 72 - o by AR I w B AL (FE
HOKEF OB ARAL) 12T 522 Z KA 0 ~ 100% (10%
Mg ICHIETsb0E L, £TOHMIH L TH—
DEFREE -2 72,

¥ — 7 iR oBMmziId 4-9) LR,

R=((0,-0)/0,)x100 (4-9)
R fERIZE (%)

0, 7=OMIHEEO Y — 7 & (m/s’)
O, @ BREMAEF KT L-E—2iiE (m/s’)

444 FANIKELOEIMES

TR OREFIE AL, FEFRET O 72 & M FE I KA 1R
B L7235 o0 ¥ 7 RSB 3 o O Kb v S E T
B [T OFEEAE 2 HoK i VB VIS X B BAT 12 X ) 3R
D7z,

BERN 788 — I anEi L [ U K R Bl & 2 7 £
D 24 W EAREN & L, FREFNGRE O AiET & MRSk D 72,
BRI IR B R S ISR DIVl & 7 5 ¥ — 7 KALDS
BoNDETLAERMNCHESRE (BWME) 242, #

60 >
50
=
g 40
E 30
g °
20 X
10 e o
0 ERRIXRRKE XX XXX XKXEES 666
13 5 7 9 11 13 15 17 19 21 23
ESHISTHINGY)
© D2AETlE R (H St Fp)) X T VERRER (2 78 R

MR : 196.3mm (224FEfE=R), 170.1mm (1 14F-FER)
Figd-2 HEL/NA T M7 T 7
Hypothesized hyetographs

DR LEHHEZ1To TR 72,

FFA 1d Table 4-5 278 L 720 H & T2 DWW TR
N2 & KM EHNTITo 72, $72, &7-0ibnZe XK
AL A3 W i AR ALK 97 % 22 Z RALH T — 2 0 ~ 100%
(10% FIRE) DOHa, 75 CICE - DilliEREOE&IZD W

THRHM L 72,
45 #HR
451 7=HHOEKIRR

BAEOMER A D AT (2006 FF IR A D %) E BB —
Zr®9 AR (2008 413 8 A TH) ICEEI L2228 &k
RO 72720 MBEDIFAKE (L H Fiild L 0%
A& L itisl) % Table 4-5 1 27R ¥, F72, DO T A Y A
BlHS [HAB] 2B 2KE0MKkE B~5HB&
6~ 8 HE), 75 N2 1981 ~ 2010 4F Bl & 3 45
SRICBERRIX 93 L TR 72 %1 & SF4E, /N O [X 55 % Table
4-5 FIZRT,

Table 4-5 £ 1), MEFIA V) Hi {212 BT 5 72O MHEDO KT
KEFIZ3 ~5 AORBKENLRHIZIX G E D 2006 4 &
2010 A2 BV TIE 95% Fif ik, “FAFEICX S S 15 2008 4
IZBWTIZ90% BETH L, —H, T AFARLEHT
TO®BMELE (197641 H1H) YEICBWT3~5H
DOFERED I D D7\ 2009 4F & 2 F B2 7\ 2005 4F
2BV T H BRI 62 ~ 63% TH 5o A RITIHOMERH
AV EiIRO oM, BRI D S FHFKEICIE
ERDBHDLI bbb, BB, DAEICXKST S5 2007
13 5 A ORBEKEDFEfM (148.0mm) (24T 144mm T
Ho 22O FmVREFKENIBN SN DEEZ LN
%o

BRY =X BT 50K KEIT6~8H
DRERBEALHICK TSNS 2009 FE12BVT87% TH
b0 —F, TATAOBBERAKBLIEIZBNT6~8AD
B EDS 2 T HISA 720 2008 413 60%, AFICKG S
% 2007 1% 80% FEEETH %o MR D 7= DML, »
AR ORIIZ BT, HLEOEKEZEL T
LT ENbRL, BB, AWIZKS S5 2005 F1E 7 ~
8 HOBEKEDFEM (369.8mm) & D\ 468mm TH
D, O 17 FRAE 14 5120 R ORI TH -
7o 7o DITEVARIFAREEDS, W FLEICIX G D 2010 4F
12 8 HDRKEA 20.5mm & 7 A ¥ 2 OEBIBRMG D 2 &
Bz h o722 & bRniEirKRE2 B SN2 O
EEZOLND,

Table 4-5 H1|Z7R L 72 % 72 © D Bk 1B 3 2 W gefiE
EIKME, MEL Y, RIS S B ETHK (B
KE100%) D7zHilns, ZWHOETH2E ([ 0%) D7
DMWPFELET 500, FRAEIZVTNLOBEIHIZBW
THRIKRIZENT E2bh b, B, LHOFEIC2
D12 OMHPHFEET B DL, AN VCIIRIFIZH VT 4
ERBRL, BEREToTVAELOWPHELEST AT
H5bo
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Table 4-5 7zt OB KSR
Observed reserve ratio of the studied ponds

I AR

, ‘ Do TR Mo K OB ) ek k() - KT AT
wwe mn L SRR B ki B G~sAEh PRV g g g s
20054  6AH SNIOEXZ 63% — 65% 100% 0% 216 VINGE 204 154
20064 6H17~20H 96% 96% 100% 100% 0% 561 EANH 244F 1342
20074 SH30H~6H2H 92% 92% 100% 100% 0% 282 VNGE] 254 134
20084 SH26~28H 88% 90% 100% 100% 13% 429 AR 254 134
20094 6H12~13H 62% 62% 64% 100% 0% 188 NG 294F 1548
20104 6 1~2H 94% 94% 100% 100% 44% 587 EANH 2545 1345
R —X

: ; e BRI K O L) Pk B RO TR
maE e e L B M il (6~820 PRI e g s
20054 9H6R* 98% 97% 100% 100% 0% 509 SN 244 134
20074F 9H4~8H 79% 80% 89% 100% 0% 398 /N 274E 144
20084 8H20~23H 60% 60% 61% 100% 0% 244 NGE 2945 144
20094 9H1H 87% 87% 92% 100% 0% 788 EAN 264F 134
20104 9H2~4H 69% 67% 69% 100% 0% 578 AR 204 144

X1 HRRG BT MR LT 40 [ (FEYES EFE 56 ).
32 1 2 HOT D AT IR, TE B2 # BT K =R ) I THTRERE L1 BIE.
33 HIREG BIRC 3 (A, FEYES LT 7 E (BEAE LR &E Te) D7 R KA.

3.5 'T—T-—'—r'—T—T-‘r'—r“—' 0
30 ' 20
E 25 40 =
= 20 60 E
X 15 A 80 £
= o4 AN YN loo'ﬁfé'ﬂ
= 0s A ~ \‘-.__«.J N\h‘ 20
A g A= B
0 24 48 72 9% 120 144
R IRETE] (h)
— 5 BALL AL

Fig.d-3  {BlE & EHEMEO B (TJIKRAL @ 2010.7.14 B
Comparison between observed and calculated river water levels on
14th July 2010

60 'T—H*w-‘-'r—lrwﬂli' 0
~ 50 20
§40 /A 40 EE
ﬂﬂj 30 AR 60 £
=20 80 1E
:7: 10 ; l 100 i3

0 s “_“‘—’J \““' 120

0 24 48 72
R IER (h)
s " B E R R

Figd-4 BUlME & FHEAMEO i (AN @ 2005.9.7 KE)
Comparison between observed and calculated river discharge on 7th
September 2005

452 HAKREETILOHERY

KL OARXH e &y ™ JEHELZ X 2 3745 5 % Table
44 IR, 70, BUEREI LIFEELY, RO
Y7 KM 2 BE L 7-20104E 7 A 14 HOBEWIZBIT S
BAE & S % Ll L 7245 R % Figd-3 1IR3, b
DOFER LY, BOKFEEE T VTSI BT 50K EAL
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<
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R (B —7Fi &, %)

[T (S e ]
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MERIATOT- O MR T K (%)
o 224Ffe R (PR ) x 1 1R (2 7R P A
Figd-5 VY — 7RO HHE (i)
Mitigation ratio of peak flow at the reference point

EEHWHEETHHLTWALHEITX 5, MIIHEEICD
WCEANME & FHEE % 3 L 724 R % Figd-4 |ORT . #]
WS L 2 B S D /NERED D DIZREN D b oo, Bl
BBV TERFABELHIHL T2 b5,

453 MMAIETKELE—7 REORRF

RERE AT O 72 O BRI KR & ¥ — 7 i m OO B
%% Figd4-5 2R,

Figd-5 L 1), Riak O RKAKRS (2006) 54U O
NTRIR 72 o Wi TR R & FRIC, WRmED 720
W BT OMET L2 R i & e i 8 o [
&L BERTTO - o bR KR (FE) oBd, T4
bbeixaia (UT, BEOMRICBIT2ERIIIID
57, WIMAKMUTOKITREREET2) ORI
Mo THRMBRBERTLZED bR 5b, T2, ke,
ThbbEIFEN L VEEOEMRILEN TN 2.8% &
3.6% E/NE K, ToOMDEFRME, ThbbEKEEDT:
DI B\ CTERMIZTHEA L 23R 2SR %2 m DD
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Table 4-6 ¥ — 2 KA ASHE R Rbi 85 S 235 B BSR4
The year of return period that peak water level reaches top of dike

KR ORT K2 0% 8%  16%  25%  34% 4%  54%  65%  76%  88%  100% _—
(B R AT DKNLER) 0%)  (10%) (20%) (30%) (40%) (50%) (60%) (70%) (80%) (90%) (100%) "
Tife =47 (vh e vh ) 37 36 35 34 32 31 29 27 26 24 22

T4 (1 T i) 17 17 17 17 16 15 15 14 13 13 11

B2 RT3 2BICE L 2 —HiFE P EEROE -2
TEDOEMZF T T HMRIENESNZ ERDH 5,

454 [EWRaETETKE L E— 7 KELOREFR

KO 72 € — 7 RALASER 3 7 O K v S ET IR
4 % Table 4-5 1 & Table 4-6 |Z7: 3, Table 4-6 X b,
JEFTERICBVCDME THlEE L LAY —
7 AL ASHE R R 5 O R 5 SN B BT R I 22 4EHE
RTHBLDIZH L, BEFETOEKBIETZE GREKR
0%) OHEITITEMETH L, fE- T, T D202 FERER
& 3T RO B A RFIRD 72 0 W HE AT YL R 24
T R e B T L2 B8 W AR HE s TR KB L IS B HE L 1R 2 %)
RORKIETH D, UK L THFEPRERICBW
TlE, EWMBEOHAEIL 11 FiER, BIFKE 0% OWA X
17 EMERE Y, RRERTIRER & TR
Z b hr b,

46 EE
461 XRBXOD - DithBHFIET 5 HKBEMHR

FEHE SO 17.9km TitlCiE, JOKFAHEEZ FHoWEL s
L (RBEEH) 2SERET 5o BEL S 2 ok 34
B NBEHATO A6 H2H9H30HEEDSNT
Wh, MRFHO-OMEICELTH, ZoMEicswy
THOKARRI B R O FIED W FEF S 5, Table 4-5 IR L
7272 8 {th O B K S KT R o e T A & A s L
THY, HKBEIZB T 5 720l IF KK 3 Table
4-5 FUR LBk L MR A BHEETE B L EZ S
Nt, £z, NRFHOZOMWIIBNTIE, 6 A ETE»
ADPCHIRTEDOHKEED Y — 2 THh L KREIEOH &
~EENEBXCHF LG 2 A DS ik
TV — 7 |12 2 THERTIC X B BFK D118 % F o ke ©
HY, 9  FAIEDARNCIC L BTUKZ 1ZITR 2 72 H T
Hbo WoT, TO2O0DFMIFINIIHKFAIZEL ST
TeOMICHRDRKELEZEREVPERSINE LR TH S
EEZLND,

Table 4-5 F1|Z7R L 7272 DB OB KREIZ1E, Bl &
T AT ARILBIZ BT BERENT A5 A OB
%38 U 7o/ NME (2009 43 ~ 5 H @ TFAEMED 48%) &
23K BIZA R WAE (2005 43 ~5 H ¢ [ 55%, 2008 4 6
~8LE[M39%) DLONEENL, TNLHDEIIBIT
DIBETKFIT 3L D 60 ~ 63% TH Y, B PO
INHOEL 2 B8N R EKERA L TE UL, H
IRFIH %l U CIER SN2 BB o 7- o o 22 X
i (BR) OLBRITEIKED 40% BELEZ 5N b,

—77, SRR FAELADEIZBIT LB KRIERNE O
B 1 7 AAVIE72 5722010 45 9 H 2 BT 87 ~ 96% &
BWZ EnD, LW FEIADEIB W TITEEAIH
%l U C /O MBI KIS VIREEICH B L EZ BN,

I, RO KHILINR IR Lo 70t LAt o
K Z E/2BKEE L, 72T/ &3 75K
PO DOHKRPART HEOMBIKREE LTHHET 256
MW EICRET 5, iR Ty, FIHBIKEE L
THHEENTWE DR - Db E I BV TR
KRz BbDEEZENL,

Table 4-5 F1|Z/R L7z & 912, ousEh AR CTH L
BU S - R R /NS Vv 2008 48 B (FEiE
IR OKEFKE 60%, LLTRHEL) 128V TIiE 29 FREsE,
2009 4 6 H (62%) 2B\ T b 29 FERER o R ¢ Lk
HOY — 7K I3ERS SIET S, o T, Bidog
72O MM BERF O 22 FEHEFR L ORI A S, RO 720
MR L HE T OB - IR R ISR L CHR AR %
L, THBOBKIZEFS L TwbEnz b, LAL
BT E T 24 e EERERN O A 1213 2008 4E 8 A2 B
WC 14 4ERESR, 2009 4E 6 AICBW T ISEEETH D,
7O MIREERF O 11 SRR & g L C M TIC B 572
DB O PASRRIFIL N S v, F A, PRI AR
THoTH3~5AOBKEIFEIZKG SIS 2008 4F
5H (90%) TIX254FMHE, 6 ~8 ANVEHMERXFSh
% 20094E9 H (87%) TIX 26 EMRTH Y, RIFRICHEK
YL RV A

Beo T, WRTHICBOWTIIHAMBEICL > THEL S
kMR - OB 02 X B ITEKELBEVWTRS
{, BB T 2 RELBKBERSRITPFETE 20
EWVz b, F7z, BAERPREWNICN LT, AHOE
2B WT O ST 5K S R RIRh R LT
EhwnEkwnz b,

46.2 WHRFHICH T BHAEMREDORIE

Bl & B 720 BEASA I oo JE e Tk L C R
B HK AR F 3 F e T E RIS O WG 26T A Kz ot
ORI OB O IZER S, ERICsE SN 5t
KRR EOKRE L3720 MBEOZE XF&E L KO
BAROEGIZLIVHESNL IDOEEZ NG,

[T R BEERRHGE [7ooMie g ] (BHKES &
FHRELR AR, 2006) TIE, BERESLAD
Lz Hee b LT, WikimfE / frk Giik) mRgEH
0T TH DI EEEIT TS, Rijb OHIHE - (2002)
IR 7- o0 (T / WK ERE =16) 12BWVWTy I a
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L= aryafiolzdERkn s, MiKIFIZB VT BFEmS
& — 2B H S TR E O Y- 7 15 37 ~ 43% #&F]
ENBLZEEHLNPIZLTWS, L L, XfRitEicE
VT, Table 4-7 178§ & 9 ICHRISHEIAE / K H R O M
30T THH0MEILS51%ICETHZ L, FHEDE
HRAD B 72DIZ BT HiKEBEOBNRIIE AR
Db B E OBAE (100%) &IPS W Lhb,
ACRRED - o b HEIC & 2 2 2 B 2 SRR 5
13 Figd-5 TRENZEHITNEWEEZ BN D,
Fig.4-6 1% Fig4-5 T/R L2557 — % 2 Hv, F#ET
TOY— 7 i@ HBEA O 1 BRI BIT 2 E%E
BO®HL-OMOMBIEE (ZXFEDH L -0MK
T/ - o AR E) L EBE SO - REE
ML OBBRERDIZSDTH S, MEFBIIBWTIL,
Fig.d4-6 H1|Z7R§ & ) (S H e B 22 AR =R & 2 5 e
B EMEROBNE S, ZERROD 5 72D MIRARE
TLEBHEOM T—RKAOBRIHY 72, DT LT,
HEETIZB T L E— 7 REEERT 4 BENEH % I
LREERENE — 7 HEOBANEES ST 2 LR
LTwh, 72, WFDOF—=5D5HD5 b HANND
L9, BRI 11 AEMERER O A Je g h il 22
RN O A L, N0 22 Z BRI E—OBAIC
BWTUY— 7 jim MBIATICATRNIC X o Tk & % 5
720 AT Y IR A5 5 %\, Table 4-7 TR L 72 T FE RS 12 %)
Table 4-7 % RFIRN 7 MO FEIRTIRE / B K TR D M

Statistics of ratio of catchment area to surface area of irrigation ponds
in the subject basin

PR :

o i e
0.0 ~15.0 13 23 %

15.1 ~30.0 16 28 %

30.1 ~45.0 10 18%

45.1 ~60.0 6 11 %

60.1 ~ 11 20 %

L OO LS - oo MKERR EOE N, 20
¥ — 7 i HERTNC BT 5 720 B0 BRI O AE 12
FoTELTWE I EDRbAD,

o T, WRFBIZHBIT B - OMMEED TR Tz LT
YT L UKBRISI R Z 5L 5 5 720121, FIKEED
R A O L, Ik o®REZR &2 LD, gk
HIREYRE L OMORBRBENIRELS AL L)
WCHAKREI R m E 72O 5T 5 2 L PEETH S,
FIRFLC, BOKPIEIZAE 2GR0 S &, 2OBM/ vy —
NI S TREMICHKBRNEE RIE ST 5720
12, BERIRTOERIREIC £ 2 BKAFIBEEOMFE & D
12, E— 27 KM ORI EREMR L 2 VIR IS8T 2
IR DFEAKREBITHRE L, ¥ — 27 RMOTERIE
BRPDLHAKEEE T L0008 EKEEOHFEILE
THhb, TORODOIFEE LTIE, WKL oA M
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S
%
e

i =N
(L,
—
o
€

%

R (—r
(=2 S I N e ]
pé

0 20 40 60 80
ZEERBOHL-OMPTIRIARE (%)
022 AR (P RAE L) X 11 AR (R H TR
[EPEv
y=0.136 x +3.567 (Q2/FHfEsE (P yetEhAl)), R°=0.978
y=0.139 x +3.770 (11FFEE (R HETR)), R=0.994
x 1 ZEERBEO B DT Mk E R
y BRI (B— 7 i)
Figd-6 2EXERODH % 72O L ¥ — 7 jiim O/
R (FRHER)
Flood mitigation rate of the peak flow quantity and the basin area rate
with the space capacity of the reservoir

ABOBSITHID (5 7 1 2) &RES 2 L
HAChHDLEZLHND,

7% B, Figd-6 TR L7Zz—RAXO—KEIZO>WTIE, &
B TR S 2 LD 5o

5. LOMDFKBEDERICK 5K
Bl

%lll

HEED

51 BEmELEM

ToDMIL RERKOIFKE BIICEESNLTBY, —
Ml R R BT v, L L, IFREHIZL S
BESE) A 7 R BRI A R O SIS L ClE, BN
MR A G E TP CREBFRZ ¢ L PEE
Thbo 72OMITHKRARIEE LR/ 5 ke LT,
RO LIFRKio%E b LERFORKER
DERNEZ 5N b, BEOE LIFRERBOBEIZX
LUK ARORIEE, FIAREEZRT S &%
KA BREAWMRT L ENTRETH S, LaL, 720
WOYNED TR E B2 NS, odBIcEbbEH
EO—BELTTHIZEERD, THITHL, FIKER
DEFIZ X B EKRMAROANIE, obofKkES
KRB DOHH &6 PIKFMEEDEENLER DD
O, BRO-DHith % i IcERTRER HETH S,

2007 4EFE O KRS 5 2 KRR R O Bl 413 4
ET66% (21EE 5 2 &%, AT LR L, HHERIEM
DEEANE o TREKHOEREIET L TV 57200 b
Vil v, ITNHIE, 7ZoEHONETHLE A CERN
THoHEHIZ, KHIZBY 2 LEKEZRD S, Flk
HEOWHORME EARTERTLH 5,
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FITC, RBEBEILEETHIZBWT, 7-oiilrAkArom
WA TV, BEE RIS E DSV CTHIAEE O — S IC &
LK AEEAI B O RN 2 a4 5,

5.2 7F=&ithBrKALDOERA & BFKEDOEH
5.2.1 EllHHtOBER

A o¥I EYiv S TA%L = N =S IN=1 N N =R S S IR ESI)
ABIZ BT o 720 ML, BRIIIIKR O
N (ZHE)N) oFsic g L, o E L2 k3 5 5%
FERE LIRS IA 235 I 2 T2 5 2 5, K
HUZIE WO % F12, 2o MllZ i & KHO
B B D IR EICHFAAET o WX o7z, v
FTRLGHELES Lo TES NN O 720 T
HY, INBETORLE I B A MY 720 T
5o ANEMEELIIEBXOMIEE % Fig.5-1 I27R7,
ANEMIETIERK BT S RAHEO -0 TH Y, 72
DUAEMRICEE SN TV 5370 % Table 5-1 [27R 3 KR
eI D Frb T Bk, HHFAEORKE, &K
HD#5 33% (2006 4E) 72> LY 35% (2004, 2005 4F) TdH -
720 7280 S DOZAKHNOEKIZ B % U Tirb
n, BUKIZEBE D — T IS BUK ik & 85+ 5 0 Tl
%, ZWERPLEIIS L CEARET L 2 LI L AT
HILTWiz, 7202 5 ORUKIIIIX, 2004 4~ 2006 4F
L, 4 H20 HmiE2AS 8 12 HETTH -7,

522 BFKALOEBILETKEOEH

Fr KB O BENE, Bkt E SRR R (v 1 D
UIZ-WL500) % i%i L CAT - 720 #l1E 2004 45 4 7 22
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Table 5-1 iith DT

Specifics of Rokudo pond
H A {8
fy7k i (Tm?) 34
A1 (ha) 10
2 OF) 13

ik B A (km?) 0.106

B (m) 6.8
EETH R (m) 88

Kb, 1/25,000 HIEZ X A2 & 3K od 72 3 A EE o Je 7K T T A &
Fig.5-2 705, HAFHEKERE L TRz, BRI P o
W7k 213 Fig.5-4 127”7 o

523 EHEABOREKE

FokEid, RAEYDT AF AN ETH 5 HEEH
BOOR BN B AR, ANEihs & m b I~
19km) D7 AT AT—4 %Mz, d, NHEiRAL
WZRRIE Lo FRERTCEI L - k& E B E O T
ATAT =5 OHBEKREORIZIX, 200543 H 13 H~
2005 4F 12 A 5 HIZB T, MHEIRMR (FHEIFR%0.90) &
EE 11 OBFR (y=0.998x + 0.616) HELY LD, 7 A
5 25— % O H KL Fig5-4 1258 L7,

F7, FEOKEDLHERFET-OI1C, T EFE
2B TR MEREN 2 RE T BRI E (WS NT WS
BHEE (B RE, 1970) W, BIFIROKE O
IR BAEEE & R 72, iEHEER I RB MR O RS,
ThFEWIXIZBIT D LA ERHAME, HEMHIET 2 4~
5H, aiFoM mifEl, BRMIHIET56~8H, K
V7DD K TH ZHIEEED 9 H~ 3 HOMBBIIK
DIBEREITH L TIT o720 BHEIL, HFEKLEOFE Y
TS5 Verl2 (7H5V7 1) ZHWTITo 72, R
DFEKEZ &0, KA1 Table 5-2 1278,
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Reserve ratio and precipitation
Table 52 HIBIOMKE LR (BILE)
Precipitation and probability every period
4~5 6~8H 9 ~3H
R vk B Gk B kB
[ K B et [k & e [ 7K B e
(mm) (mm) (mm)
2003 - - - - 337 1/29
2004 487 (1/33) 580 1/2 769 /7
2005 129 1/57 509 1/3 603 (1/2)
2006 454 (1/20) 794 (1/6) 477 1/4
Tt 286 - 583 - 595 -

M1 Y, FEREY 1976 4 4 H~2008 4E 3 A DT —XX0HEH
X2 FERORRINE ISR, TN IIRE SR
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IZH 7o TlE, BAREIIBWTSIUKIIE P IcRAE R
EUOKREIAROMVATRETH LI LWL 2T S
VEDRH D, TOMFEIT) 12012, BUKMB R o720
ik EZ bz EX b 5,

7oK E OZEAIL, EEREIRE D HUK R BERRI2HE 9
WEK - WTKROFEA, HEHF~DIFKOEER Y, £
BOEEDHEETLIHERTH DL, FUOME FHoRE
FFRIARS 2BV, IFRKERAV—-VOREFEE L
T, FREZFERENORARERCIUKR, MHEEOS
REE L CTHEHEMRITONGE L, FKEOHRTIZE(LE
TR T A ¥ 21 L CRIAKER OBE %179 18
IRER KR IAEAH SN T WD (K IES B R
REEMERRFIEE MR, 2004, TE, 2007), =2 T, KK
BEELDOERLIZH 2o T, BARERF KR #HE P i)
W, 72O IFKE R EERT O R E T S,
IFREZILOERICBVTIE, KRB
GrRDOIz, WKEOWAEAZ, BUKBIHHIZBWT,
10 HH L2 b7z o T—EDOEE TR A LT b
MM xR, —KEFEROBEE & LRz~
il o L #8, B, BAEESTHL—KkEERD
&, RO—KBEYEROMAEE S L L CHBIREE Table
531K T o MAT, —KEVFROME %L/ S % il RE:

Table 5-3 HPREOBPELE (HE) &IBITHREN
The decrease degree of thereserve ratio and the antecedent precipitation

—
No. A ST S O T S
(mm/30day)
1. 2004/6/5 2004/6/23 19 -0.0110 0.997 318
2. 2004/7/6  2004/7/30 25  —0.0066 0.995 166
3. 2005/4/16 2005/6/29 75 -0.0051 0.994 99
4. 2005/7/21 2005/8/9 20 -0.0046 0.951 303
5. 2006/4/24 2006/5/6 13 -0.0050 0.999 219
6. 2006/5/24 2006/6/21 29  -0.0047 0.988 216
7. 2006/7/7 2006/7/16 10 -0.0072 0.976 397
8. 2006/7/27 2006/8/9 14 -0.0080 0.999 307
0.000
y = —1E-05x — 0.0037
-0.002 +— R=-048
-0.004
% A
& -0.006 .\\\\:\\\\\\\\\\\\\\\!
-0.008 .
-0010
A
-0012 ‘ ‘ ‘ ‘

0 100 200 300 400 500
F 147%™ (mm/30day)
/\ EHEOERANSANZED

Fig.5-5 JEATRER & H & OB
Relations of the percentage of storage and the antecedent precipitation

BH D IATHNICOWTH, WHIRTA & Y wr30 Ao
KEZ KD, Table 5-3 HIZRL L7z, 7z, RdLITHE
i & — kR OME & DBIfR % Fig.5-5 (2R L7z,

Fig.5-5 & 0, —W®GENoME & & BTN O M2,
WA DM % AR S 2 DT E B, FHAEDOLEHH
KL BERICER S NDEE12F, HHBEOBEGR (Ot
TN L IT Y, IFKREOBDESIINSI V) 12425
EZZONDE. T2, ZIRBROKFIEHFEK I
NG (BRKEOZVEHITEIICHKEZERL, 4
RWWIEIEETKIICHER$ %) 121E, SAHBEOBRICR S
EEZ BN D, Fighs-5 1iZB W CEMIE @R D H4kh
LA 200547 H 21 H~8 A 9 HiL, LiZHERIFA%E
KETHLZLELEHD, ABEBMIIBNTIE, ZHERD
FKDOENT (EiKE 22 AKF A2 2) A KEO R
AT 2N AEREEZOND,

532 EFKROHET

ANEHIZB T, FIKREEO—HEHIC LD KT
BROAL AT B, WOKREE RO EH AT
FIREEE L CHRT 2 LEDSH LHKE (LT, Zif
IKE) #Rd D,

K FEOHEIN 725854 1% Table 5-4 (278 L 72,
KA E S IR DRICEET A I L L, ZEY
Miaz 6 H1 A& Lice 72, FIKEROBEMHRE
Wiz, BUKMMoMMTHL8HI12HE Lz 2O
Bl oM 2 MET IR & Lz BFRROBAE S,
Fig.5-5 |27 L 72 [BUR EAR 2 & el 3 2 #2004 456 A 5
H~6 123 H&WIM 200547 421 H~8 A9 HZERxw
el REER/MER, FNZNEEREFHKEOMHE L
7oo T, TOMOEHN RTINS & L CIERERE
HloKkikRE (EK) HsZ s, BUKHIE ORI
B BRI 0% & Lizo MEHAB TR ORNIX, &b
LW&fhafHEL, Omm & L7z,

gk EE, METHIR R IC BV TIIERZERVES O
IS T 2 —ZE2OBKIEATbRA2LDE LT,
BRI O BT B IKE (0%) s e L CElF
KFEERZVIal—varli, YIalb—variFERi
Fig.5-6 |Z7R§ o B RO KA A 12 & 5 Elrkss
1 58%, HiKEEZ 34% & 7% %,

5.3.3 BEMICK3EFKEOEE

BUKIAM T O BERIIC & 2 Bk s oz E X Ld % 72
DI, BUKMIMICB W3R I & ORKE & £—i
FEFR IS & 2 Bk ZREEE & SR 72— (L H BAL T
WS 2 R A DR KR 20mm L ED L &G E L
By R ERBE MR IE — N OB HMH 258 THEH F
TOBEKEICHT LI KREORMEBL Lz, ME DM
1% Fig.5-7 IR T

Fig5-7 75, —E [ ORKE & KM 12
(ZAHBEBEAR (AHBEFR %L :0.89) 25HL Y 2> 2 &, —REE
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K (y=0134x-5.14) X0, BEHIHFAKEZHEIES
MPEDORMIE 38mm THAHZ EDbirb,

FERN I & o CTHIFE S N2 Bk R o IR, KHBE¥E
FKOKIEFTHENZ B b 5 FHHZE AR IZHE U, 1/10 HEZR O
EKEOBEFICHIET B2b D& Lz (BMKESBFE
W, 2014), AEEORIEICH--Tld, MEFHEICE
WCIFKE % [IE S & 2 BEoKEBME G8mm) 2HZ 2%
—ERER ORBBEKRBEAFMEICOWT, SIHFEICLD 1/10
TR D EIRIE I AH Y 3 2 MK A FHE % K72 (Table
52 LE—OBEKET— 5 ML TR, ZoRkK
wAFHEICN T 5 KRR oNEREIE, Figs-7 IR L72—
wEERICCoEERA L TRD 2, T2, Figs-6 T
SN-HIFKENS, BN EELS, HificZo
MfEm a2 Lz d 0% WA ZE L6 0% K
RE Lo 25 OfEIE Table 5-5 1277,

Fig.5-6 278 L 72 Hi K O Bk 38 A A 10 B0 Bl
KEE (34%) 12, 1/10 HEERDUEKIFE O RERNIZ & 2 B77K 0]
8% RAATGEOBEIKER (17%) 1, BATOKEE
FHHEFE IS % A2 Ko [ - e B S 3EEHmE

Table 5-4 FIF/KEDOFIEI 72765
List of parameters used for the calculation of the necessary reserve

ratio
H H i

R G
(k45 RE DR E ) 6H1H
TREHYIE O
(UK B OF) 8A12A
AR B %% 73 A [
BT/ =RPB D A (Gl E RE) -0.0080

I (FiAk ) -0.0047
A R T D R K =R (%) 0
TR O E(mm) 0

60

; \\
40
%30 -
\‘\
v \~\
S
20 ~<2
\~\\~\

10 >

TR = (%)
7
/
/
v

\\‘\

0 -ttt
1 11 21 31 41 51 61 71
m A% (A)

T -k

Fig.5-6 kLD I 2L — 3 VFR
Simulation result of percentage of reserve ratio
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y=0.134x - 5.147
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Fig. 5-7  [ERN & froK B o B {7
Relations of the precipitation and growth rate of water storage
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54 £

BAZETORBEOKEEETVE W BREIZLD,
N O TR OFEN B ARG T s BRI o 72 O M 1L —
EOWKBERNR R A FIET LI LDRENT VD, 4
BECTOMRFRERETIE, 720thBEO RN AR 2 —#12
HIEm KL 70% OB OLAITEFKE 59%) & L7z
B A ITE, AT A R 24 BB 00 22 AR o rh e e
BEMICH L, 2 ToOOMINEBE LG L DLIKT
¥— 7% 8.3% BT %o

Fig5-4 L 1), RNEMWB W THREIIBPIZZ ok
(59%) % TFll-7=01d, /N & BUKHIE ASE % - 72 2005
FoH20H~7H2H (BHMHIM %8 C7-MEt A H
o 6%) ST, #icA R R wIE (F34%) 128
W, BFKRERILIKZ &G, 90% Ll EERoTWn5b, fito
T, AEICBWTIE, ZEAKHN O KFEER R 2SR
AL LI, FIKRERICERBPEL VL T L,
BURIZ & KA T DA TIE, HKEMBEREDIEIHIZ Y
o TRBELIKAHAERIIZOHMEzRAETELT
WaWZ e b,

Fig.5-6 & Table 5-5 |Z7x L 72 Bk R ETZ & 0 sk w1 i 4
WMoBEKRIL, —FEEOR LVEETH 5 EREN 22
OWMEMOWIVESICLEY I 2L =2 a VOERTYH
58% TH Y, LRAKAMZEERHALMD 70% & L72HED
Bk (59%) = FTHILZ EDbh b, T2, KEFTHET
EODLFTHAREICHYT 2 EE 2515 /10 FERDE
IR DRER % Z I8 L 725k (HiKEE) 13 17% TH Y,
HAKE DK TR BT % L ARE L8 h, %4t
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KHDOAREIEM 2T D & 9 1249 33% (2006 4F) TH
L2, BUZmAKHESFISKFEEAFTT 256
ORKEIZ 2006 FOK 3fEL %Y, ZOLEOEIFKE
(FiKEE) 1£51% EETE S, 20D EROIAR
(59%) % TFHDZ &N, ZAKHEICB W CRAEMN
EDILR LA ICB VT, FIKERE KRS E
OWIIITEETH L EEZLNL, E-T, NEMICE
Wi, FIKREEO—HiEHIC & 2 KA AR O8I
ZTRETH 5 LW TE B,

HA BTSN N OB G L, E P RE 1999
EZATO 125,000 HILE FI2 BT 109 BT 720 (31
MW CEBEEMEE L2 1 B abkd) PiRilisiiTwn
Bo [E M BEEE 1967 £ 384T 0 1/25,000 #E X & Dbt
T, 7-OMOBEBRIIHER I N o7 T2, BILE
&R BWVCIE, Figs8 12777 X512, 1968 4EA 5
2003 4E O 35 SEMIZ, KT L 16.3%, KFR{EM HifEIX
47.1% BP L TWb, 72OMDERENEES L ThwiRnh
T, KFEENHEREICO W TIRIBIZEA L TWDE Z & h
5, TO—HDOMWIZBVTIIRE 2175 72 8 &
FREIC, FIKBERICAREPEL TV LD b LR %
WHDLHWTTE B,

o T, WK BT LT N OREYFE o 72 o th#E i
BWTIL, BUTOKFRIEM TR Z A2 31U, FIKE

Table 5-5 [RI% £ L 72 B0k
Necessary reserve ratio in consideration of the rain

H H [
KR EEIZH 5T DK E(mm) 163
(HeEHg )
BN IC L DTSRRI 2 %) 17
[ 25 8 L 7= B RT A SR (%) 41
(G BRE)
B&ﬂﬁ%%%bf:gﬁ?7k$ (00) 17
(Ffi7KRE)
1,200
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IR
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SOPFHTHAEH & (RAMOKEER) KO 1R
Fig.5-8 JKHIMIRE & AKFRVEA HIFE D221

Change of paddy field area and wet-rice cultivation area

EO—HIEAIC X o T oM BF ICHUKTE AR Z 8l L
BOKFRAERE Z BE5R T X BRI SV EER 5N b,

6. HHICHETHTERENOTFHMEHEA /-0
IR EE O

6.1 BExELEM

W) 2 ZARRIE BT D EE % 720 o fF KB FE O
HERRIC B 72 o T, BRI HERE L 72 T8 % 2 I L2 B
DERS ZENRETH L. RO EKIBTH 5 L
25 A LK HERE 3 5 T80 1E ki o it - AR
HA@EYICEML, TERD RS S L TRBTE
5o F72, LB EOFER T oMo %
PR RE DN AE % X B GE 2 B ML O3 A121E, 7ot b
WO B0 —~fkodb ok LT, BREBOA
R CETRAEICHES T RBOREEHRICET S
WO MAEIT) TEPEESIND,

MR X912, KHEIETEEAKFETH S L)
R HRBEE 2179 L v ) EH LORFH» S, +
BRATAELZVWDOOERZEINTE, LrL, ¥HE
WHEZ S X BKHOBEKRILZ SI2L D, KHIZBWT
QEHTEX L WGBS E L TR GETFHEINS,
7o DM LI BT HHNREEE DA % X2 B
AIBWTIE, KE2SOTERE I D L FEREIZHED
XML E M, T, MHFEOMO MR & —EIC
AKHT - KA O TIEEEOFMAT SN, 720ith Bt
DOWIE R E M GBI FE OB ICHF 5 T2 b0 &
EZHN5b,

FZ T, ohiitE» S O LW OFEEEZ S I
TL—BE LT, MERVBOHMEICE T I2MHO LW
HcoWC, BREZER T oM H TG L 72 85
BENCES &, BHKHICBY 2 HERHOEREZHS
P Bo T2, oo R HEZFFML, &
EREHIEH - SHE 22 TA—B & LT, MHA®ER
WENN T — & % [Tty RERERTH RS BRI (SR
AT ) GRARK EE A S LG BRI & I ER,  1992)
nZEER (LT, [HEarmiEs] £ 55) & LTR#
ENTWLRERTFIR (LUF, A3rhcid [l
ET ) I8 TiED, BEKHE FHEH) of% HEiZ
PEHRD & NI-HF DL T EM RS C & RERE P I
MboEzatET 2L b1, FHRXOMMAZ HWT
72 BRI H A KHOREFEBIZOWTELET %,

6.2 HIHEICHT B LR

6.21 HRHEBAOBE

T BN 2 T R AR REAERR I E T A (RAMROKES ¢
2000 ~ 2007 4EJE) DO —Br & L CEMAK S P E Y E 2
KR EBRE M ETE T & FMEEET=JJEIME o
2 M CEM L7z (FEARIKRE 2 BT HR SR 4 7 57 4 U
A 2008) . EHMIHLIX D7 iE % Fig.6-1 12, EHIKHE Z
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Fig. 6-1 B X O

Location of the observation area
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Fig. 6-2  {BIlZKH & S 0 M
The topographical map around the observation paddy fields

FL7K 12007 452 A 8 H ik
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Outline of the observation paddy fields
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Table 6-1 MK H O HiRE & BEHIHIH

The area and observation period of the observation paddy fields

[ (m®) Rl
TELHEIIE H 56, Wi A A b KR
B FRK A (FHER) 329 176 2006.6.29~2007.8.9 2006.12.19~2007.3.27
Bk m GFER ) 149 103 2006.6.27~2007.8.9 2006.12.19~2007.5.15

DL %xED, o ETF S L2 FHRET L, H
EZEHL - 2otz o s LTEREDOBEBAKRIEL T
BY, FEKEIEERE R - CHIEIZR S ki Z
WU THEARD R ENT W 7ze KED S OHEKITHEKE;
WIEAR % B L C, YEUKERICIZHE 2 & K IS0
HL Tz, HLEKEIZBNTY, HEKOEZER HE
W SN HKEICHEH TN T X 2 1R AL A
LT\ adorz, WEHITHFERM %8 U CE LA (WL
M EEL &) TELR, HEHOZEBIZAELL TV
Moz FHOFEA D IR Y RIFThbR T, ER
=R EOHKE (LT, B KRHE) 3NED
WHO R TEBRIZMET 2EKRHTH S, —HOKHE
b, NXWE 2 OBEMGEMIIRERTH D, HL, BIK
HeZzo LBKHOFEHE FHIZa 20— 70y 7
Lo T, EEFEEIIHE E B 5 Ew (i,
LB 5% b, BHUKH E RS, KHOELZE
G, FHEOREEF S22 ERE T 5, HZE%
BOEAPELTEY, KEHDS OFEKIT LIS A T
R\ &) HEK OB & 38 L, BITK%Z = AR~
CAEEEICHEIE TV, 200, HEIZIZIZEH
AR 23 U, &WICh7zo THEKL Tz, FEmdHE
W% U CHatid (WL EIRD &) CTEbR,
TEmMOFEHIIE L T Ao 7z, Hil, HEE dEA
DRBRERITONL TV R o7 HEIZIE I VY NRT
TEDPEA L T2, —ETIEEKIE B L LT,

6.23 ITEREEOHEH

TEEREE PR E S L CRHBIITES 2=
AIBEFNOKA LB (FTU) 2 5KD72, KAz 3=
FIEOMGRKEIZEHR L, P E Y ERBUS SRR L 72 =
ABOKRNM - HEREXEZHCREZ SR L, HE
(FTU) 3N~y v REOFHED 20, WERIKHOHE
R 2 SR L 725 2% T B SRR L 7208
(FTU) —REHREE v, BHIIKEHIC BT 2 EKORE
FEICASR L e R R CEEORKE LTEY
L7,

%R, BHMHIIEBHMETH 5 20 M OFIEME & Bk
L, Bl L7oED 20 5 oFElEE L,

6.2.4 EKE
Pk e X E T2 BmEKIKE T — 7 N— & FT—fKIC

O RMIRIEL B U oW E R,

BF SN T B HRE ) ORITKE BT T 2§
At (Y57 H) & PrIs gl (B FoKHD (23510 2 BRI E (60
S EIERE) & 7o S AT I Y K o
PRS0 2.2km, BT BE AT 13 B FOK O AL S J5 T4
4.1km (ZfZET %o

6.25 TERHEBOLS

FMR T HERCEEORME L SN TV ERBENE
13mm LB 2D FEFR BAGA % 6 e DL _E O SRR R 2 42 U
LETCOBME—WMERE L TWD, £2T, —HEEH
T RETI BAA RS & BEREHC T IR, HEGeRef, PR BaG
HaFEK =,
i, THEWEEEEF L 72, 45 E % Table 6-2, Table
6-3 1R T o BHRKHIZ BT 2 VR (& A E Y E 2 BUR
PO EZIF BRI SR L, ERHB &
7% b —JH[ER % Table 6-2 H1127R L7z,

72, RKAPMzEGL00, EHOBTIERBEL
—HEEM IS DR E, FRAHIZOWTIEA» S
EZFORIBEIE O HEREEICOWT LRI L7, FHE
% Table 6-4 |27 6

6.26 HE

Table 6-4 & 1), WEIHIKHE b HEREPAE LTS
Zk, BEREO7EEBIEEEREICAE DTS S
&, FBRAMIBO IR M (RN L&
) AT D TERLOEEGIL32% LSV Ldvh
%o 72 Table 6-2, Table 6-3 X 1), Bl /K TlZ 4T,
B HRAKHIZEB T D No.25 & No.29 DAt o —#E RN 12 3B
W REREBAGET IS BHEIK A S ok 2 BB L THB Y
—HREN S £ 2 28 I AT A S BE W T 25K L
TIREETHELTWAZ Ebh b,

— 38 TR T O BLHIK H O AR EE & I o R & 088
T A7212,20074F 7 B 12 H~ 14 HIZHMRAE 1T - 72,
o B 288X ), MELNIZKE & b B LI
EENLEWEH S OTHARLHELEOSEREL T
Wz &, FHAKIZEE A ORER & HIEICE U 72z@KIic
Hkd 52 E, ZMAEMCHELLEEEDS OB
HBANOBEFREIZED S W &, KUKEO#K
BRI TERROBE ) AL TWD 2 LB L
7oo F£72,20064F 12 H4 H~6H,20074E2 H4 H~8 H,
2HISH~21H,7H240~25H, RU10 A 11 HIZ47 -



122 R HERERT S
RBHAALIIBWTH, Wi b EEREEICEINS
DS OFERR AE I EOTEAE, ZMAEHICET S
WEBE DA oG W % ] b 2 R ERRKH &
BRWIER Loz, b, BHAKHIZB T 2007 4
TH12H~14H, 20074F7H24H~25H& b, A
BTN TV o7z, E-TC, BEKHIZEBIT A
TEoOFIE, BENIC L 2 HEA~OBERFSEIME S L
R OTET OB HE N TORBENIE S TR T O
Gl, BEIZG EKAE D BIRMPEES L, BYKHIZ
BUWTiE, HEICHEET DI VYN YENIERT S

FER 2R e R

%15 CEB2943H)
bNb,

F/2, —HEBEWANS D IMAKPBHH SN TS Z &
5, BUAKHWNTE U-®KITKEMNICEYE, LET 2
CERHMTALDEEZ NS,

6.3 TERCTFRXOFRHEL
6.3.1 TERTCTFREKX

FHEEH I3 4 733 USLE (Universal Soil Loss
Equation, LA T3E1-70) (Wischmeier, H. H. and Smith, D.
D, 1978) ML WHRBIZH LR TWw b, FHlIE

TR T2 & ORI A EE L TWwbbDEE 2 USLE ORERICHER L 7-Th ), INEHERT 555 %
Table 6-2 —EEMFOEMT— 5 (BHIKH)
Observation data at the continuous rainfalls
S e TR L Elso wE - ERRRR
h mm tf~m®/ha-h m’ kg

1 2006/07/02 00:00 2006/07/02 09:00 10 @) 32 1.8 O
2 2006/07/04 18:00 2006/07/05 09:00 16 @) 22 2.9 10.1 0.9 O
3 2006/07/16 11:00 2006/07/16 15:00 5 O 19 2.0 2.6 0.7 O
4 2006/07/17 05:00 2006/07/19 10:00 54 O 315 178.4 492.8 54.4 @]
5 2006/07/20 22:00 2006/07/21 03:00 6 O 17 18 46.3 26 @)
6 2006/07/23 17:00 2006/07/25 01:00 33 O 62 7.2 204.4 10.0 @)
7 2006/08/07 17:00 2006/08/07 17:00 1 O 17 6.7 0.3 0.0 @)
8 2006/08/20 15:00 2006/08/20 16:00 2 O 17 3.5 1.0 1.2 @)
9 2006/09/05 02:00 2006/09/05 04:00 3 O 16 3.5 1.8 0.5 @]
10 2006/09/09 18:00 2006/09/10 12:00 19 O 17 0.7 5.3 0.9 O
11 2006/09/15 22:00 2006/09/16 16:00 19 ®) 23 13 6.4 0.7 O
12 2006/10/01 14:00 2006/10/02 08:00 19 @) 13 0.6 3.1 0.1

13 2006/10/05 04:00 2006/10/05 16:00 13 @) 14 0.9 3.0 0.2

14 2006/10/23 20:00 2006/10/24 21:00 26 @] 14 0.6 4.3 0.2

15 2006/11/06 21:00 2006/11/07 07:00 11 O 25 2.0 16 0.7

16 2006/11/11 01:00 2006/11/11 16:00 16 O 35 7.3 2.2 0.8

17 2006/11/19 07:00 2006/11/19 20:00 14 O 16 0.7 0.5 0.1

18 2006/11/20 08:00 2006/11/20 22:00 15 O 22 2.7 1.1 0.6

19 2006/11/27 12:00 2006/11/28 09:00 22 O 38 3.9 1.6 0.5

20 2006/12/09 17:00 2006/12/10 13:00 21 O 22 0.9 1.1 0.3

21 2007/03/29 20:00 2007/03/30 03:00 8 O 16 2.4 4.2 4.2

22 2007/03/31 18:00 2007/03/31 18:00 1 @) 74 75.2 415 27.1

23 2007/04/16 17:00 2007/04/17 02:00 10 @) 15 0.9 0.1 0.0

24 2007/05/01 02:00 2007/05/01 06:00 5 @) 21 3.1 1.4 0.4 O
25 2007/05/25 04:00 2007/05/25 14:00 11 33 9.2 2.0 0.4 O
26 2007/05/30 05:00 2007/05/30 08:00 4 @] 33 12.6 0.8 0.4 O
27 2007/06/08 23:00 2007/06/09 10:00 12 @) 18 14 0.3 0.0 O
28 2007/06/14 00:00 2007/06/15 04:00 29 ®) 25 1.9 0.8 0.1 O
29 2007/06/22 03:00 2007/06/22 12:00 10 53 14.4 10.1 1.4 O
30 2007/06/24 04:00 2007/06/24 20:00 17 @) 57 12.0 435 2.2 O
31 2007/06/29 10:00 2007/06/29 14:00 5 O 34 8.2 23.1 3.8 (@)
32 2007/07/01 10:00 2007/07/02 05:00 20 O 75 34.2 122.3 13.5 O
33 2007/07/04 08:00 2007/07/04 19:00 12 O 53 11.1 89.4 14.4 )
34 2007/07/10 02:00 2007/07/10 18:00 17 @) 47 17.2 48.0 4.2 O
35 2007/07/12 07:00 2007/07/12 10:00 4 @) 33 9.2 416 3.3 O
36 2007/07/13 04:00 2007/07/14 18:00 39 O 59 9.3 (@)
37 2007/07/15 04:00 2007/07/16 01:00 22 @) 25 15 0)
38 2007/07/16 09:00 2007/07/16 14:00 6 @] 40 8.9 56.8 3.1 O
39 2007/07/20 10:00 2007/07/20 20:00 11 @) 20 2.5 9.8 0.8 O
40 2007/07/29 21:00 2007/07/29 22:00 2 @) 20 8.7 6.9 3.5 O
41 2007/08/03 10:00 2007/08/03 17:00 8 O 42 9.0 15.9 1.6 @)

1 BERRBAAAIEZAN IO (K BB S AU A, MR G T RN S Rk BB S 7 R0 753 9 (Table 6-3 BIFEIL)
2 it B - Y BB R B AL 2 B [ R BR AR 1 6 W IR AL £ TO A FHEE L7z (Table 6-3 HFIL),

%3 No.l (TBERR DX EEH D=0, FRIMNLTZ,
¥4 No.A~T7 ORRREIKEE Elp IFTIFBUFTA KR O7=8, §RLBLHAIFTOMRK BT — 2% iz,
5 No.36~37 (ZBEET D70 AR DO FE H KSR B NICHEA LT 728, BRI,
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Table 6-3 —E[&FREOENF— % (RI5KH)
Observation data at the continuous rainfalls

No. A I — Hlfg ] I YIS Elgy ik g
h mm tf-m?/ha-h m’ kg

1 2006/07/02 01:00 2006/07/02 08:00 8 O 31 3.9

2 2006/07/04 18:00 2006/07/05 02:00 9 O 20 2.0 130.3 25.2
3 2006/07/08 20:00 2006/07/09 02:00 7 O 17 1.1 76.1 7.0
4 2006/07/16 12:00 2006/07/16 16:00 5 O 17 2.5 41.9 2.4
5 2006/07/17 05:00 2006/07/19 10:00 6 O 315 178.4

6 2006/07/20 22:00 2006/07/21 03:00 6 O 17 1.8 60.1 5.7
7 2006/07/23 17:00 2006/07/25 01:00 9 O 62 7.2 156.4 8.2
8 2006/08/07 17:00 2006/08/07 17:00 1 O 17 6.7 1.2 0.1
9 2006/09/05 03:00 2006/09/05 05:00 3 O 19 6.5 2.2 0.1
10 2006/09/09 23:00 2006/09/10 11:00 13 O 26 3.6 12.9 0.8
11 2006/09/12 17:00 2006/09/13 11:00 19 O 13 0.3 22.6 1.0
12 2006/09/15 22:00 2006/09/16 15:00 18 O 15 0.6 34.8 1.9
13 2006/09/17 00:00 2006/09/17 03:00 4 O 15 1.6 30.0 2.6
14 2006/10/05 06:00 2006/10/06 08:00 3 O 38 3.0 54.3 3.5
15 2006/10/23 23:00 2006/10/24 21:00 23 O 20 0.8 10.6 0.4
16 2006/11/06 22:00 2006/11/07 07:00 10 O 23 1.9 6.8 0.8
17 2006/11/11 02:00 2006/11/11 18:00 17 O 33 5.3 25.0 3.1
18 2006/11/19 08:00 2006/11/19 19:00 12 O 15 0.4 19.3 0.9
19 2006/11/20 08:00 2006/11/20 23:00 16 O 18 1.7 45.5 4.1
20 2006/11/27 11:00 2006/11/28 08:00 22 O 31 2.4 62.8 5.0
21 2006/12/09 17:00 2006/12/10 11:00 19 @) 22 1.0 28.7 1.8
22 2007/05/25 04:00 2007/05/25 13:00 10 O 34 6.4 33.4 4.8
23 2007/05/30 07:00 2007/05/30 08:00 2 O 24 10.2 21.8 3.6
24 2007/06/08 23:00 2007/06/09 10:00 12 @) 13 0.5 7.1 0.5
25 2007/06/13 23:00 2007/06/14 18:00 20 O 19 1.5 14.7 0.9
26 2007/06/22 03:00 2007/06/22 12:00 10 O 62 25.2 106.3 43.9
27 2007/06/24 02:00 2007/06/24 20:00 19 O 43 9.3 76.1 18.2
28 2007/06/29 10:00 2007/06/29 14:00 5 O 27 6.4 55.7 19.1
29 2007/07/01 10:00 2007/07/02 05:00 20 O 92 58.8 204.3 126.9
30 2007/07/02 22:00 2007/07/02 23:00 2 ) 14 2.5 25.4 5.0
31 2007/07/04 08:00 2007/07/04 19:00 12 O 58 15.6 161.1 53.3
32 2007/07/09 14:00 2007/07/10 23:00 10 O 48 9.8 87.3 45.1
33 2007/07/12 03:00 2007/07/12 11:00 9 O 35 8.0 61.0 39.3
34 2007/07/13 06:00 2007/07/14 20:00 15 O 54 10.3 149.5 37.7
35 2007/07/15 05:00 2007/07/15 20:00 16 O 32 2.0 123.7 28.3
36 2007/07/16 08:00 2007/07/16 14:00 7 O 48 21.7 106.4 66.8
37 2007/07/20 10:00 2007/07/20 19:00 10 O 21 4.0 21.4 1.9
38 2007/08/03 10:00 2007/08/03 17:00 8 O 31 4.5 49.7 11.7

%1 No. 1 (TG ORXEE % DT80, R LI,
X2 No.5 [ZBEE T 27K DO K MUK IR A LT 728, BRAFLT,
Table 6-4 4[] & AR o T35 H &=
Soil loss of the year and period
¥ FioK H Bk H
i T A it R

2] (200648 A9 H ~20074=8 H 8 H ) Ft(kg) 143.8 712.5

—EEEF(ke) 98.6 533.1

H (EHIMEHCx 254 ) 68.5 74.8

LAME R II@A 20 B ~5H 31 H)(ke) 4.6 —

A (EHIMEHCx 25146 () 3.2 —

EFJRIK IS DUV TR 20DN0.36~ 3TRE RN & & D it I 4 5 THER LT,
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HAOERBIZHEEGT 5 L9, HHEME 2 — bk %
L3RR 20m, RN E 57, R OTEM RO HAL
BREICD TRD 2D DTH D, &% - 72 USLE [k
2, RSO W TR EIN O RERRE Y & S -8l 7 —
FIZEDWTHLNRELETH O TH L, 7
W2 (6-1) 1Ry (HERCFUNIHRCTEYE
# (tf-ha') TROBLDTHAHI NS SITHMARIZE
B3, FEFTWIRSCREB SN TV EMOF L L
720 A (6-2) ~F (6-6), RUBIHETZRELF L),

A=R-K-LS-C-P

A HEATHREYS 70 o tE (F&) (tf-ha')
R : F&ERFR%L (tf-m’+ha'-h")

Ko 3R (hem?)

LS Wi fr% (ko)

C: EmRE (RIT)

P RERE (IKIT)

(6-1)

Tl R R B D B 2 30 43 = & H v 5 USLE
CIERRY, BIERKO 60 W EET V5, BRIKHK
D oL & BT RBINATICB W T —KICAB S
TV 5 BKEOBIEIZEERO 60 S HHETH L &,
TEHBI T — & b EIE R R B2 20 IR TRl S T
Wi Zers, AREHRFOMRE L,

6.3.2 KHEAOFARDEH

FAUTER R I BT 2R 'O TR TFEOMT
THWELTEDFLEDOLENTEBY, KiFPAHIZHEHH
T5HZEIFHEESIN TRV, HAKKREOKE T, M
WTOTHEEKEORKELELRTHA2WHEOHET &
VEF—HUKHETHRINE N B & 9512, HIgER ARk
BIHMME B D,

FHRDOBEDON, FEMARE R T —EENIFEIZ KO 72
BRI AV F—E L 605 HE— 7 BEMME L, O TH
5 AR B RS EL, OAF M REHME (FIME) @ 1/100 & L
THEFRIN TV, BEWERETREEL, [ TWHEE TR
I & B R T OREE - EHE e BILR T 2 WA R IEE S
HMAGEDLELZLDOTHY), RRKICOVWTEEELD
OTHb, Tz, FBRS (1993) 13 —#EN I L 12RkD
7o EIfE & fEFABR TR O 72 mTE R O M & W AHR
PO NIERIZEST, EMEEWHREZ T T4 L
KR L 2 REREMZ S K 2840 % 51E &
AuEEDLLDEERL TnE, 2T, KHIZBWTY,
FERRER 2 MM & JEIE (70 Y —) B9 fg A
& Rt L7,

FiMlz01d USLE & R #kIC R EICHEBRT 2 K BN %
H () ELTH5z2, INHoBICLVEMOREL
BERDLLDTH S, FHEFEIRETIE, ook
B I 3EMEsELC—ELEhTZEnbAD
MR L, mMCEEIXENRER ICHAT LI DEER D

Nbo &2 C—BEWEICHENERE AR EL, & 18
wmAERD, WEOMICHBEBERPE Y Voh &) i
F L7 PHIRICBI 2 BWEEREL, 0F Bz R
(6-2), X (6-3) 12, & (6-2), X (6-3) THML 72—
[T 48 0 W TR A T8 % EI60 % Table 6-2, Table 6-3 1
2, BERRAEREL, & SRR L HBEREE
Fig.6-4 |27~ ¥,

(6-2)
(6-3)

El,=E -1

E= (210+8910g1) -7

E X ORER T AL F— (m’tf-ha')

I XHWE EEREFOKENR) ORWIRE (cm/h)
fHL, I=7.6ecmh &5 %

r XEMWE (ecm)

Fig.6-4 X 0, Wi@BIHIAKH & b R &is % EL, & 11
T EOMICEVHBRER (FFHUKH @ 0.96, BEY7KH :
0.90) 2K IO EHbhb, FiRD X D12, WEH
R & b — BN IC £ 2 28 I R w2 © BE L T
DMK LZZRETELTWAEZ ERS, REBEXD ) HbH
HTOMBREZEL TV RVLDOLHWTE S, Hil
RV EBRIX I E FNAFEHESICB W TIIHHEE A
HBELIZLOO, Fko X ) ICHBRAETERE &
KB IBRAOBEDSHER SN TRV, o T,
MERIAKH I B W T, BWRE AR EL, 7 5 ISR
fR¥ R 1L, HEOEELIIEZ KBS FIFAZ LR

0 (BF LK )
R=0.96
Ea /
mﬂ 40
H
b X
20 ”
X
0 .

0 50 100 150 200
PRI BAHE I Ll (t£-m? /hah)

(EhkH)
150
R=0.90
= 120 el
=
”ﬂﬁ 90
£ X
¥ 60
X%
30 T3k
e |
0 20 40 60

[ 1R A FE 5 £y (tF+m?/ha<h)

Fig.6-4 —E[FMORWE AT EL, & TR EOBR
Relations of rainfall erosion index £/, and soil lossat the continuous rainfalls
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HK 23 LR R 2 a5 2 BRI B 2 RIS 5 2 LS
Lo THETLHHERNZRIERLELZVELEDLH
W& %,

6.3.3 HMERICEAT 3 RBOER

PHEH CTH 2 HAKHE 5T RIZ, BB R 2B K
fifi - AKHIZEIT 5 F RO BB EE KD 72

IR K I FHEFTE RS IR SN TwE £ T
THIHE, K (6-4) ~K (6-6) FHVTRDZ,

100Ku= 2.1 M"™ (10*) (12-a) + 325 (b2) +25 (c3)

(6-4)

Ku : USLE |2 BJ 5 HHE4RE (v — F - K FHAD
M KifZN5 A—%
a HEMEaE
b hEE T F
c o BN

M= (v b+ ) % x (100 —HKit%)
b kA% 2.00 ~ 0.10mm
2OV + s R 0.10 ~ 0.002mm
R < 0.002mm

(6-5)

K = 1.18 - (EL, /EL,) Ku (6-6)

El, /El, : EIL, & EL, D}t

BRI A — & R RIS T — NI D HEIL IS A
1204 [k FEERER T ] ICHEL, 525 WrtT &bk
Wb RDI-. AW ER =L T34 JGS T231
[ToBEEMEHEERRAE] LD, B2 o ABRETEK
7z (FEFWIELICREBRINATCNL /EFT THIEE
JULBRETROIZERYERRL SNTVWDLI LD,
[HEAEIZH#E T 72), 2o HEREEIIKHELE D 5 3R
L7z x VTt o /2o RREEREMIARD B EIK
FEZ I EMN T CIT» 2 HEETO ) v 7 — A~
FIL=bMIEBERA Yy I A TF—2 L= b5 KD

BoENTEE vz, sHEIHWE &R 72 54585 %
Table 6-5, Table 6-6 (27K,

WIZRELLS & FH¥ETH RS ISP T (6-7) &AW
TRD7z, BL, #HEE HIBWEHICBIT 2H0K0FTo
AR, AROZHTHOARE Lz, HEICHW
fili &Ko 72 AR % LS D% Table 6-7 (275§

LS=(120.0) *° (68.19sin’ 6 + 4.75sin 6 + 0.068) (6-7)
[ #HiE (m)
0 :HE ()

TEMIEREL C 12K RHCIRRED ) Offix 1.0 & L
REH EAVENEDR R EN TV LRGP ORTELEDI
ELTERSN TV D, R P LT - LT %
ENTWLHEBOME 1.0 & L, “Fik - ETH & fRaen#t
B (SRS 2SN TV AEE»b0RELE
DL LTEZRERSN TS, KFROTEMRE C L AKHD
BHERBPEDETAZLIIESNBT— 5 DART
EARTREZR 2 &, FAMAHE L %< &b FEMML
OREIZE LW &G, WREITZOETH H1EY -
R CP & L7z TF - ReRBCPIZRT =4 &
FEMEREL R % i (&@LU, e 4 H20H~9
A30 ), KOIEEAEARIC Table 6-2 th o> HIEF & &
MEN R BRI EL, OMEA HHEFTL, X (6-1) 2o L
TRD7zo FHEICHWZMH L KD 72575 % Table 6-8 |2
NERS

6.34 EE

KA - K Z KRS, TEWRE C & ReRE P DR T;
EROIEHEIROEN S, FH S (1998) 1 USLE % B
LM EBICEHET 2 HIERAFMAEIERL T

Table 6-5 HifE/XT A —% M OFMIEH L 7-MH
Values for calculation of particle size parameter M

P fK TR BTl
i DA T b

oo F 70 30 SRR & K 2 KRR AR EL, & 60 *ﬁ@ﬁZ.OOO’\*O.lOmm *ﬁ?ﬁéO.IO:0.00me <0.(())02mm
5 BRE L 2 & Kb 2 MR S 6L B, DI Td % EL, JEL, 1/2 6/ - 2/ ;
13 BRI 2 BB Y SE WA M X2 BT A BLIC & - T
Table 6-6 HIEMRIL K DFH
Calculation of soil coefficient K
X LK TR B AL E
RIPE T A—H HHEWE A= TR S — B ARPERRAT THERE(USLE) TR
M a b c Ku Kh/m®)
4712 4.00 1 6 0.30 0.56

X1 ABEMEA RO 4.00 (XE7 0 ABIETRD AW A & (4.06%) [IZ5IS (A5 B2 55 613 — /412 4.00),

X2 THEIE T — N O LT IHIRL R < 5% 15,

%3 HEBEAKIERALO 6 1XMHRD TRV <0.125em/h XTI,

M4 Ely/ Elg=1.57 (TR S Bk TRRA (88 O) MBI Rl e fEiE & (U HIE A A AR AR EHTIERT) JICid

SITWDH DA )
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Table 6-7 I FR% LS DR
Calculation of topography coefficient LS

X PLK A TR A
HH i
RER, (m) 23.0
gt o C ) 0

HIARILS (HERIT) 0.0729

W2, [[@ TPl USLE & A UERIC & 2 1EW %
B CEBREREPIZO VT TR 12D S %)
fE s TBY, WHHEOEWRE C, ReEfiiro
fELZNEI038, 06 &L L TRENTVE, ZNHDIH
PoEY - RERECP 2RD B L 0228 £ 72 1), Table
6-8 IR L7BHHRAKHOEIZE W Ebh b, fHL, il
H % & KA - KEO—BE 2 1EW - RefRik cP 2145
2IiE, ZHEOBNHSTESNIZTFT— Ik O K
HPUETH 5,

B HOKEIZBE T 216 - IRERE CP DED RO
EMS, TR OV A% I CTEFRKHO LR <
THEAEES o BRI & MR TE 5, BHRAK
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Table 6-8 1EY) - fr4xt% CP DEH
Calculation of topography coefficient CP

B HLK A THELfE

A i TERHS FEVEH]
WA (kg/m?) 0.49 0.38 0.1
WL R A (t/ha) 4.9 3.8 1.1
R RIARELR (tf-m?/ha-h) 469.6 371.6 98.0
THELRHK (h/m?) 0.56 0.56 0.56
M ERE LS (1EYK L) 0.0729 0.0729 0.0729
TEW - (R EFRECP (B OT) 0.257 0.251 0.276
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Table 6-9 K& 7-HILFREL LS X 1EY - Pr&tREk CP ofil
Calculated values of topography coefficient LS X soil coefficient K

e C Lscp (R7E>
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0.257 0.019 e
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Disaster reduction technique for damage on the irrigation pond of valley type
and the lower basin caused by heavy rain

YOSHISAKO Hiroshi*

*Disaster Prevention Unit, Division of Facilities and Geotechnical Engineering

Abstract

In this study, we investigated management measures to reduce the risk of heavy rain disaster to irrigation pond
facilities and downstream areas by clarifying the actual condition of irrigation pond management and discussing
various methods of functional diagnosis and evaluation.

We made a case study on the actual condition of management conducted by farmers and local community
members who benefit from irrigation ponds in Suzu City, Ishikawa Prefecture through questionnaire survey and field
investigation. We then proposed a functional diagnosis method based on visual checks; this method estimates leakage
paths in a dam from the inverse analysis of simulated ground temperature distribution in the dam on the basis of
ground temperature measurements at a depth of 1 m.

We evaluated the risk of heavy rain disaster to irrigation ponds and discussed mitigation measures for the case
of irrigation ponds in Higashi-hiroshima City, Hiroshima Prefecture by developing a reservoir level prediction
model based on a flood runoff model and using the reservoir level as an indicator. We found that among the disaster
mitigation measures, controlled water level reduction in an irrigation pond having a large catchment area has only
a limited effect on disaster risk reduction, whereas minor modifications to spillways can reduce disaster risks on a
stable basis.

We evaluated disaster risk reduction in downstream river areas resulting from flood mitigation using a group of
irrigation ponds and discussed mitigation measures for the case of the upper river basin of the Mukunashi River in
Hiroshima Prefecture by developing a regional flood runoff model incorporating a group of irrigation ponds and
using river water levels at downstream reference locations as an indicator. We found that it is important to secure an
available capacity before experiencing peak rainfall in order to reduce disaster risks by using a group of irrigation
ponds.

To create an extra capacity of flood control by diverting the service water capacity of irrigation ponds, we studied
the case of irrigation ponds in Higashi-hiroshima City, Hiroshima Prefecture and deduced, from the observed water
levels, decrease in the percentage of storage due to withdrawal and increase in the percentage of storage due to
rainfall. We then created and discussed a simple method to predict changes in the percentage of storage during a
given investigation period. We found that in irrigation ponds serving water to paddy fields where diversion and crop
changeover have progressed, it is likely that service water capacity can be diverted even during an overlapping period
of irrigation and flood control.

In studying the management of irrigation pond catchment areas in consideration of soil runoff from terraced paddy
fields, we observed soil runoff from terraced paddy fields in the Izumo district of Shimane Prefecture to clarify
the state of soil runoft from the observed cultivated and idle paddy fields, and then calculated the cropping factor
C and the conservation practice factor P in the soil loss equation for the studied paddy and paddy fields. From the
comparison of factors in the soil loss equation, we found that preserving rice cultivation is effective for suppressing
soil runoff. We then discussed the management of irrigation pond catchment areas including terraced paddy fields in
terms of maintaining reservoir capacity by suppressing the flow of deposit into reservoirs.

Key words: irrigation pond, disaster mitigation, storm runoff, disaster risk, soil runoff’

133






135

[gﬁ;ﬁﬁﬁ% BT 1}
135 ~ 200, 2017

Use of Digested Slurry from Livestock Manure in Paddy Fields and its
Environmental Effect in Southeast Asia

ORITATE Fumiko*

*Renewable Energy and Resources Unit, Regional Resources Engineering Division

Abstract

Use of digested slurry from livestock manure in paddy fields and the associated environmental effects were
examined using a regional diagnosis and field experiments with the aim of establishing a sustainable biomass use
system in Southeast Asia. First, analysis of biomass use in a suburban village in Southern Vietnam identified several
options for improving the regional environment and generating energy, resulting in a preferred proposal to use
currently untreated livestock manure for biogas production and use digested slurry as a fertilizer in paddy fields.
Second, the effects of using digested slurry as fertilizer on rice production and environmental impacts were evaluated
through field experiments. This study clarified that digested slurry can be substituted for chemical fertilizers, and
nitrogen loading and fecal contamination of receiving waters can be avoided if no water is discharged from the
treated plot for a sufficient duration. Third, the economic feasibility of using digested slurry was evaluated in field
experiments, which found that it is economically feasible if the nitrogen concentration of the digested slurry can be
raised to five times that of present conditions. Finally, the effects of extending this regional scenario to all of Southeast
Asia on nitrogen loads discharged to water bodies and on greenhouse gas emissions was estimated and evaluated.

Key words: Southeast Asia, Regional biomass use, Biogas digester, Paddy field, Digested slurry, GHG emission
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1. INTRODUCTION

1.1 Background

Use of fossil fuels has given us comfortable life through economic growth and development of industry. However, such
use has caused environmental problems such as water and air pollution and global warming by greenhouse gas (GHG)
emissions at the same time. Moreover, fossil fuels are exhaustible resources, whose stock have been decreasing year after
year. It is therefore important to consider a lifestyle without depending on fossil fuels. Currently, in rapid developing
countries such as Southeast Asian Countries, rapid economic growth and industrialization cause rapid increase of energy
demand and severe environmental problems (Samantha and Milou, 2010). Main energy sources are fossil fuels with the
share of 37% for oil, 21% for natural gas and 16% for coal (IEA, 2013), and energy-related CO, emissions have increased
to 1.2 gigatonnes (Gt) in 2011 in Southeast Asia (Adiarso et al., 2013). These are problems which developed countries
have once experienced in advance of developing countries.

For these circumstances, a shift in the paradigm to supply sustainable energy sources by utilization of renewable energy
has been proposed (Samantha and Milou, 2010). Bioenergy is an attractive among renewable energies because of its
properties of not only “renewable”, but also “storable and substitutive”, “abundant” and “carbon neutral” (Ogi, 2002).
It can contribute to a reduction in GHG emissions by substituting for fossil fuels. Moreover, it also can contribute to
decrease environmental pollution such as nitrogen load in water bodies when the bioenergy source is wasted biomass. For
this, wasted biomass is focused in this study.

Wasted biomass such as livestock manure and agricultural residues are abundant in rural area. Many biomass are
spatially distributed thinly and widely (Sakoda et al., 2006). Considering the cost and energy for transporting them for use,
decentralized regional biomass use system is desirable. In Southeast Asian Countries, rural areas play an important role
in national development because population of rural area is more than 50% of total in 2014 (FAOSTAT, 2015a), and ratio
of agriculture in GDP is still more than 10% (except for Brunei, Myanmar, Malaysia and Singapore) (The World Bank,
2015) in each of Southeast Asian Countries.

Therefore, construction of regional biomass use system (especially, wasted biomass) in rural area would be greatly
meaningful. For this, it is important to propose appropriate biomass use scenario for construction of regional biomass use
system, which is particularly suitable for Southeast Asian Countries. Here, “appropriate” indicates that the scenario is
adoptable both technologically and economically. The effect of adoption of the scenario should also be fully investigated.

In Southeast Asian Countries, livestock farming and rice production is popular. Therefore, the following two kinds
of biomass use systems may have potential to be developed in Southeast Asia: 1) using untreated livestock manure for
feedstock of household methane fermentation system called “biogas digesters”, and using generated biogas for fuel in
households, and 2) using unused rice straw for feedstock of bio-ethanol, and using the bio-ethanol as substitution of fossil
fuels. Biogas digesters have already been used in rural area in Southeast Asia as discussed in the following chapters.
By contrast, bio-ethanol production from rice straw is still under development and many improvements are required
before the system become economically feasible (Igarashi, 2008; Kunimitsu and Ueda, 2013) through various trials for
improving the processes for conversion of rice straw to bio-ethanol (Fujita et al., 2011; Tran et al., 2013; Vu et al., 2013).
Therefore, this study sets a main focus on the former scenario, namely, using untreated livestock manure for feedstock of

household biogas digesters, and using generated biogas for fuel in households.

1.2 Research Problem

Vietnam is selected as the study area of this study because Vietnam is a major rice producing country and also in
which livestock farming is popular among Southeast Asian Countries. In Vietnam, energy demands are increasing with
rapid economic growth (Pham et al., 2011; Nguyen et al., 2013), and environmental problems have become increasingly
significant. It is forecasted that annual energy demands will increase by approximately 12.1% from 2010 to 2020,
accompanied by yearly decreases in fossil fuel sources (Nguyen et al., 2013). Rapid economic growth has also led to
rapid increases in the livestock industry with greater demands for meat products. Air pollution such as odor and pollution
of aquifers and surface water caused by improper treatment of livestock excreta are becoming very serious (Vu et al.,
2007; Vu et al., 2012; Thu et al., 2012).
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As for rice production, the annual planted area and production are 7.9 million ha and 44 million tons, respectively
(General Statistics Office Vietnam, 2013). Moreover, Vietnam is known as the world’s second largest exporter of rice
(Ministry of Agriculture, Forestry and Fisheries of Japan, 2014). By-products in rice cultivation such as rice husk and
straw are estimated to be generated at approximately 60 million tons per year, but very few of them (5-7%) are used, and
the rest are burned directly in the field. Although the agricultural sector occupied only 18% in GDP, more than 46% of
national population are engaged in agricultural activities (General Statistics Office Vietnam, 2013). It is also characteristic
in Vietnam that approximately 70% of the population is still living in rural areas (Pham et al., 2011; Nguyen et al., 2013;
Sakata, 2013), which indicates that rural areas have significant economical meaning for national development (Sakata,
2013).

Based on these circumstances in Vietnam, the government has set targets to increase the share of renewable energy
in total commercial primary energy from 3% in 2010 to 5% in 2020 and 11% in 2050 (The Prime Minister of Vietnam,
2011a) and to increase the share of electricity generated from renewable resources such as wind and biomass from 3.5%
of total electricity generation in 2010 to 4.5% in 2020 and 6% in 2030 (The Prime Minister of Vietnam, 2011b). Among
renewable energies, the government is especially interested in biomass technology improvement to take advantage of
diverse local biomass resources and produce new energy for replacing fossil fuels (Nguyen et al., 2013). With the above
promotions concerning energy, strategies for environmental protection have also been issued (The Prime Minister of
Vietnam, 2012) aiming to improve the environment in polluted and deteriorated areas, to mitigate deterioration and
exhaustion of natural resources, to improve the capability of actively responding to climate change and to reduce increases
in GHG emissions.

In view of such targets of the Vietnam government, it is meaningful to approach the task about biogas digesters.
Therefore, this study sets a focus on biogas digesters, which are widely adopted throughout the world. In developing
countries, there are currently millions of household biogas digesters (Thu et al., 2012). There are 30 million household
biogas digesters in China, 3.8 million in India, 60,000 in Bangladesh (Thu et al., 2012), several hundred in the Philippines
(Elauria and Elauria, 2013), and an increasing number in Africa, Peru (Thu et al., 2012), Nepal (Rajendran et al., 2012)
and Cambodia (Bunthoeun et al., 2013). In Vietnam, similar to the above countries, household biogas digesters have
spread countrywide in rural areas, especially recently with encouragement for participation in the “biogas program for the
animal husbandry sector in Vietnam” (Vietnam Livestock Production Department MARD and Netherlands Development
Organization SNV, 2013). This program aims to solve environmental problems such as air and water pollution caused
by livestock manure, and to provide a clean and affordable energy source for the local people (Thu et al., 2012; Vietnam
Livestock Production Department MARD and Netherlands Development Organization SNV, 2013).

Biogas acquired from biogas digesters is mainly used as fuel for cooking, lighting and electricity. Therefore, biogas
digesters provide farmers with benefits of clean energy, saved cost by substituting for fossil fuels or reduced workload to
collect firewood that can be substituted by biogas. On the other hand, problems are that most digested slurry from biogas
digesters is discharged to water bodies without any treatment, and only small amounts are used as fertilizer for garden
trees or vegetables in fields adjacent to farmer houses and as feed for fish (Thu et al., 2012; Huong et al., 2014). Discharge
of digested slurry deteriorates water quality in water bodies because it contains high concentrations of nitrogen (Oritate
et al., 2015) and fecal indicator microbes (Huong et al., 2014).

Focusing on the fertilizer components contained in digested slurry such as nitrogen, potassium and phosphorus, use
in agricultural fields can be proposed as an effective solution (Yuyama et al., 2007). Especially, this study sets the main
objective on applying digested slurry to the rice paddy fields. Such a selection of the objective is motivated by the facts
that: 1) paddy fields occupy large areas of agricultural fields in Southeast Asian Countries, 2) most nitrogen components
in digested slurry are ammonia-nitrogen compounds (Matsunaka et al., 2002), which rice prefers as a source of nitrogen
(Ishii et al., 2011), and 3) paddy fields have high nitrogen removal capacity through denitrification and uptake by plants
(Kyaw et al., 2005). However, the utilization of digested slurry in paddy fields in Vietnam is rarely conducted because of
lack of knowledge or fear of cost for transportation and application to farmlands. Therefore, it is necessary to establish
a feasible system of the use of digested slurry by evaluating it from various aspects such as fertilizer effects on rice,
environmental effects, costs and labor for transportation and application to the field, and evaluation of the environmental

effects at the regional level.
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1.3 Objectives of This Study
Based on the above discussions, this study aims to evaluate the effects of applying digested slurry to paddy fields in
rural areas of rapidly developing countries in Southeast Asia by using a suburban village in Southern Vietnam as a case
study area. The detailed objectives are as follows.
1. To propose sustainable regional biomass use scenarios through adopting a “regional diagnosis” approach, which is a
method for constructing a material flow diagram at a regional level.
2. To evaluate the feasibility of using digested slurry in paddy fields in terms of fertilizer effects on rice, and environmental
impacts such as nitrogen load and fecal contamination.
3. To evaluate the feasibility of using digested slurry in paddy fields in terms of costs for transportation and application
of slurry by adopting the pouring method.

1.4 Structure of the Thesis

This thesis consists of seven chapters.

Chapter 1 summarizes the current situation of energy and the environment in Southeast Asia, technologies for energy
production from biomass as background of this study, and states the objectives of this study.

Chapter 2 reviews the previous studies about 1) household biogas systems in rural area of Southeast Asia, 2) methods
for analysis and evaluation for regional conditions of biomass use, 3) fertilizer effects of digested slurry on rice plants and
4) environmental effects in application of digested slurry in paddy fields and 5) transportation and application methods of
digested slurry for use in paddy fields.

Chapter 3 clarifies the present conditions of biomass use in a suburban village in Southern Vietnam, in which rice
cultivation and livestock farming are popular, by regional diagnosis, and indicate the necessity of treatment of untreated
livestock manure and effective use of untreated digested slurry which are currently discharged to water bodies.

Chapter 4 evaluates the feasibility of using digested slurry in paddy fields in Southern Vietnam in terms of fertilizer
effects on rice and environmental impacts such as nitrogen load and fecal contamination in lower water bodies through
field experiments in the study area.

Chapter 5 evaluates the feasibility of using digested slurry in paddy fields in Southern Vietnam in terms of economy
such as costs for transportation and application to farmlands by adopting the pouring method through field experiments
in the study area.

Chapter 6 discusses possibilities of installing the system of using digested slurry from biogas digesters in a particular
setting of a suburban village in Southern Vietnam, based on the results in Chapters 3 to 5. In particular, it estimates the
effect of adopting it on environmental loads such as nitrogen load in water bodies and GHG emissions. It also considers
a case for adding an optional biomass use system, that is, bio-ethanol production from rice straw as the case in which
regional biomass use is further improved. Moreover, it proposes the diffusion of these systems throughout Southeast Asia
by estimating the reduction of environmental load, and suggests the implications of the results of this study.

Chapter 7 summarizes the conclusion of this study.
2. LITERATURE REVIEW

2.1 Household Biogas Systems in Rural Area of Southeast Asia

Methane fermentation is a biochemical process to decompose organic wastes into CH, and CO, under anaerobic
conditions by metabolic processes of microorganisms (Li, 2005). Ratios of CH, and CO, in biogas obtained by methane
fermentation are approximately 60% and 40%, respectively, and calorific values of biogas are generally 5,000-6,000
kecal (21-25 MJ) per 1 Nm?® (Li, 2005). Methane fermentation can be classified into non-heating fermentation (< 25°C),
mesophilic fermentation at approximately 35°C (30-40°C), and thermophilic fermentation at approximately 55°C (50-
60°C). Comparing the aspects of treatment properties of the latter two types of fermentation reveals that, thermophilic
fermentation is advantageous because of a high hydrolysis rate, high death rate of pathogens and high fermentation speed,
despite a disadvantage with the easy accumulation of organic acids. In contrast, mesophilic fermentation is advantageous

because of high stability despite a low degradation speed (Li, 2005). Methane fermentation is carbon neutral, and can use
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various kind of wasted biomass such as sewage sludge, garbage and livestock wastes as feedstock, providing significant
implications for global environmental conservation (Noike, 2009).

“Methane fermentation technology” is a technology to biologically decompose wasted biomass by the principle of
methane fermentation, and collect and use the product CH, as an energy resource. Therefore, “methane fermentation
technology” is also called “Biogas Technology” (Li, 2005). Biogas technology has the following advantages (Thu et al.,
2012; Nguyen, 2005); 1) reduces the GHG emissions from manure, 2) produces renewable energy, 3) reduces the workload
for farmers to collect firewood for cooking in rural areas, 4) reduces deforestation, and 5) improves the surrounding
environment by reducing odors and pathogens.

There are currently millions of household biogas digesters (Thu et al., 2012) as mentioned in Chapter 1. There are
several types of biogas digesters, and currently the most popular type in rural areas around Ho Chi Minh City is the
fixed dome type made from solid bricks and mortar, and buried underground as shown in Fig. 1. There are three main
components continuously connected; (i) inlet tank where pig manure is mixed with water before it is discharged into the
digester; (ii) digester where the mixture of pig manure and water is fermented to produce methane and other gases; (iii)
compensating tank that collects excess slurry effluent from the digester (Nguyen et al., 2012). Average size of a digester is
approximately 8 m?, the capacity to make a profit with biogas generated from the manure of 15-20 head of pigs or 4-6 head
of milk cows (Information acquired by Interviews of Department of Agriculture and Rural Development, Ho Chi Minh
City (DARD-HCMC) in 2010). Incidentally, polyethylene tube biogas digesters as shown in Fig. 2 are popular in the
Mekong Delta Region (Yamada, 2008; Nguyen et al., 2012) because they are low cost, easy to install and applicable to the
regions where the ground water level is high (Nguyen et al., 2012) because their shapes mean they can be installed without
deep excavation of the ground (Fig. 2). A reduction of more than 1,000 t-CO, per year was achieved with introduction of
polyethylene tube type biogas digesters in 961 households of a village in the Mekong Delta by the Clean Development
Mechanism (CDM) Project (Matsubara et al., 2014; [zumi et al., 2013).

Biogas from biogas digesters is mainly used as fuel for cooking, lighting and electricity. On the other hand, most
digested slurry from biogas digesters is discharged to water bodies without any treatment, only small amounts are used as

fertilizer for garden trees or vegetables in fields adjacent to farmer houses and as feed for fish (Thu et al., 2012; Huong et
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Fig. 1 Fixed dome type of household biogas digester
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Source: Nguyen et al. 2012

Fig. 2 Polyethylene tube biogas digester
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al., 2014). The Mekong Delta Region is an exception because specific material flow called VACB systems (Vuon=garden;
Ao=pond; Chuong=pigsty; B=biogas digester) (Yamada, 2008) is formed, and most of the digested slurry is used as feed
for fish. Discharge of digested slurry deteriorates water quality in water bodies because high concentrations of nitrogen
(Oritate et al., 2015) and fecal indicator microbes (Huong et al., 2014) are confirmed in digested slurry. Focusing on
the fertilizer components contained in digested slurry, use in agricultural fields can be proposed as an effective solution
(Yuyama et al., 2007). Especially, the feasibility of utilization of digested slurry in paddy field is significant as mentioned
in Chapter 1. However, the utilization of digested slurry in paddy fields in Vietnam is rarely conducted, and needed the

investigation to evaluate the feasibility.

2.2 Methods for Analysis and Evaluation of Regional Conditions of Biomass Use

Quantitative clarification of the material flow related to biomass use in the objective region is important to propose
appropriate biomass use plan. “Material Flow Analysis” established by Brunner and Rechberger (2004) is well known as a
similar study that assessed the environmental impacts of human activities on nutrient flow (Do et al., 2013). In Japan, the
nitrogen flow analysis established by Matsumoto (2000) focusing on compartments of “farmland”, “animal” and “human”
based on statistical data is well known as a forerunner for this kind of study. Based on the methods of Matsumoto (2000),
Yuyama (2005) developed a method called “regional diagnosis” for estimating circulation of regional biomass. “regional
diagnosis” aims to clarify the sustainability and soundness of a biomass use plan based on accurate understanding of
the present conditions of the material flow of biomass use in the objective area, and compares several ideas in terms
of selection of feedstock biomass, biomass conversion process, scale and disposition of biomass conversion facilities
(Yuyama, 2005).

For the purpose of “regional diagnosis”, the “Diagnosis Model for Biomass Resources Circulative Use” was developed
by Yuyama (2004). Structure of it is similar to the concept of “Material Flow Analysis™ established by Brunner and
Rechberger (2004) (Matsuno et al., 2006). Applied biomass is composed of organic wastes such as livestock wastes,
agricultural residues, food processing residues, wood or fish wastes, garbage and sludge of domestic waste water,
which are available abundantly in rural areas. Evaluated parameters are nitrogen, phosphorus, potassium, carbon and
raw weights of each material. Basic unit areas are municipalities, and “agricultural fields”, “livestock facilities”, “water
bodies”, “human living areas”, “food processing facilities” and “recycling facilities” (Yuyama, 2004). The method has
been used for estimation of major sources of nitrogen loads and examination of the effectiveness of measures to reduce
nitrogen loads to water bodies in river basins of Japan (Matsuno et al., 2006). Following these studies, this study will
use this method extensively to clarify and evaluate the present conditions of biomass use and regional environment in an
objective area. However, to adapt this method to developing countries such as Vietnam in which available data is limited,

the structure may have to be simplified to be suitable for the site. Thus, this issue will be a main focus in Chapter 3.

2.3 Fertilizer Effects of Digested Slurry on Rice Plants

Digested slurry contains specific amounts of nitrogen, potassium and phosphorus as mentioned in Chapter 1, making it
a potential fertilizer for plants. Digested slurry has almost the same effects as chemical fertilizers under various application
conditions. Li et al. (2003) indicated that the effects of cattle digested slurry applied by spreading onto the soil surface at
both basal and top-dressing (both were after transplanting) on plant length, leaf area index (LAI), grain yield, or biomass
of edible rice were not significantly different from those of chemical fertilizers with approximately equal nitrogen
application rates in a field experiment with clay loam. Miho et al. (2004) reported that the plot with digested slurry applied
by spreading onto or into the surface water at both basal and topdressing showed almost the same effects on growth and
production of edible rice as chemical fertilizers with the same nitrogen application rates in a field experiment. Sunaga et
al. (2009) and Win et al. (2009) reported that rice growth and biomass production of high-yielding rice was almost the
same in plots with cattle digested slurry applied by spreading onto the soil surface and immediately plowing at basal, and
spreading onto surface water at topdressing as plots with chemical fertilizers applied at the same nitrogen application rate
in the lysimeter experiments using gray lowland soil. Zenmyo et al. (2009) indicated that rice growth of edible rice with
digested slurry applied was almost the same as chemical fertilizer by the same application method of Sunaga et al. (2009)
and Win et al. (2009) with pot experiments using gray lowland soil. Koga et al. (2010) showed that application of digested
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slurry as top-dressing by pouring with irrigation water onto the field increased yield components such as grain number per
head of rice plants and grain yield of edible rice in the field experiments, and concluded that digested slurry is effective for
growth and yield of rice plants when used as a top-dressing. Watanabe et al. (2011) reported that there was no significant
difference in yield, taste, dry weight and nitrogen content of rice plants at the heading stage in plots with digested
slurry applied by spreading onto soil surface and plowing immediately or injection into soil at basal and spreading onto
soil surface with irrigation water at topdressing as the plot with chemical fertilizer applied at approximately the same
nitrogen application rates. Kamioka and Kamewada (2011) indicated that almost the same rice growth and yield of edible
rice was obtained when using cattle digested slurry as basal by spreading onto surface water, and plowing immediately
similar to the use of chemical fertilizer of the same nitrogen application rate in field experiments. Mihara et al. (2011)
showed almost the same rice growth and yield of edible rice when using digested slurry as basal and topdressing both by
spreading in the surface water after transplanting similar to treatment of chemical fertilizer with twice the rate of nitrogen
application as chemical fertilizer in the field experiment with gray lowland soil. Phayom et al. (2012) reported that the
use of digested slurry as topdressing with periodic application to poor sandy loam soil increased N uptake, agronomic
efficiency, which is the increase in grain yield per unit N input (Li et al., 2003), and fertilizer N recovery efficiency when
compared with the use of chemical fertilizer as mainly basal. Nishikawa et al. (2012) reported that at the standard nitrogen
application rate for edible rice (10 g m?), almost the same grain yield was obtained in plots with cattle slurry applied as
basal or split applications and topdressing as in plots treated with chemical fertilizer for an average of seven years with
yearly applications. They also indicated the split application of digested slurry improved N efficiency in rice plants in field
experiments with grey lowland soil.

The above previous studies show that the application rate of digested slurry was decided based on ammonia-nitrogen
(NH,-N) (Win et al., 2009; Kamioka and Kamewada, 2011; Nishikawa et al., 2012) or based on total nitrogen (T-N)
(Miho et al., 2004; Zenmyo et al., 2009; Koga et al., 2010; Mihara et al., 2011; Phayom et al., 2012) in the digested slurry.
Appropriate application rate for digested slurry should be decided according to various factors such as field conditions,
application method, chemical properties of digested slurry, or inorganic N mineralized from the soil that sometimes
accounts for 60-70% of the total N uptake during the growing period (Nishikawa et al., 2012).

There are also reports that digested slurry decreased rice growth and production when compared to chemical fertilizers.
Ammonia volatilization was increased by high pH, high NH,-N concentrations in surface water, high water temperature
or high wind speed (Hayashi et al., 2008). Therefore, nitrogen loss by ammonia volatilization should be taken into account
in application of digested slurry with high pH and high NH,-N concentrations to paddy fields. Zenmyo et al. (2009)
reported that tiller number, shoot dry weight and the gross recovery rate of nitrogen applied to edible rice decreased with
the use of digested slurry by spreading on the soil surface and plowing immediately at basal, and spreading onto surface
water at topdressing in a pot experiment with gray lowland soil, and concluded that this may be due to nitrogen loss by
ammonia volatilization. Watanabe et al. (2011) also reported that use of digested slurry by pouring with irrigation water
as basal decreased yield, dry weight and nitrogen content of rice plants at the heading stage in field experiments. Miho
et al. (2004), Sunaga et al. (2009), Win et al. (2009; 2010), Sasada et al. (2011) and Chen et al. (2013) reported higher
ammonia volatilization in application of digested slurry when compared to chemical fertilizer applications such as 13%
of applied NH,-N (Win et al., 2009), 8.9% of applied NH-N (Win et al., 2010), 2.5-2.9% of applied NH,-N (Sasada et
al., 2011) and approximately 16.4% of applied N (Chen et al., 2013). Soil in Vietnam has a pH lower than 5 (Pham et al.,
2006). Ammonia volatilization for surface water with a pH of 3.4 to 6.2 was low, approximately 1.7% of the N applied
during the cropping period when applying urea during the wet season in the Mekong Delta Region in Vietnam (Watanabe
et al., 2009). Loss of nitrogen from digested slurry in paddy fields in Vietnam with relatively low pH is not significant,
but not negligible.

2.4 Environmental Effects of Application of Digested Slurry in Paddy Fields

Nitrogen in digested slurry enters the soil N pool mainly as NH,-N. Li et al. (2003) reported that the NH,-N was
directly used by rice or absorbed by soil clay particles, or, alternatively, could be oxidized to NO,-N and may diffuse or
percolate into the soil reduction layer, and then, be lost by denitrification. They also mentioned that organic matter in

digested slurry may enter the soil organic pool and contribute to the preservation of soil fertility, therefore, pollution of
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underground water and streams by nitrogen and organic matter is not a major problem, if water is kept in the paddy field
after application of digested slurry. Watanabe et al. (2011) reported that the nitrogen load in effluents for application of
digested slurry by three different application methods, i.e. pouring with irrigation water, spreading onto the soil surface
and mixing with soil, and injection into soil, were almost the same as application of chemical fertilizer, approximately
10% of nitrogen applied during cultivation. Sasada et al. (2011) indicated that the concentrations of total soluble organic C
and total soluble N in the drainage water were not significantly different among the treatments of cattle digested slurry, pig
digested slurry and chemical fertilizer, and the concentrations of nitrate were lower than 0.5 mg L' in all treatments during
flooding in the lysimeter experiment with gray lowland soil. Kamioka and Kamewada (2011) indicated no significant
difference in infiltration of inorganic nitrogen, which was approximately 2.5% of applied nitrogen, between treatments of
cattle digested slurry and chemical fertilizer in the lysimeter experiment with andosol. Sunaga et al. (2009) showed that
the T-N leaching in the treatments of cattle digested slurry was approximately 3%, almost the same as chemical fertilizer
with the same nitrogen application rate in the lysimeter experiment with gray lowland soil. Chen et al. (2013) indicated
that there was no significant difference in nitrogen load by surface discharge and percolation between treatments with
digested slurry and chemical fertilizers, differences were small at approximately 0.7% and 2.0% for the N applied. From
these previous results, nitrogen loads by surface discharge or percolation may not be crucial. However, the low nitrogen
loads are derived from their proper water management after fertilization. For example, Watanabe et al. (2011) showed
that nitrogen concentrations in surface water increased to more than 10 mg L after application of digested slurry or
chemical fertilizers of 6.0 to 7.0 gN m? and two weeks were needed to decrease to less than 1 mg L' in a field experiment.
Therefore, they proposed that at least two weeks is needed to prevent surface discharge. Kamioka and Kamewada (2011)
indicated that nitrogen levels in surface water at the plots treated with digested slurry and chemical fertilizers of 4.0 gN
m? once increased to more than 15 mg L after fertilization, and decreased to 0.3 mg L' in 10 days after fertilization in
lysimeter experiments. Chen et al. (2013) also indicated that for 7 days after application of digested slurry or chemical
fertilizer, nitrogen levels were relatively high, and concluded that it is necessary to prevent surface water overflow from
the plot for 7 days after fertilization to avoid surface water pollution. These studies suggested that, to avoid pollution due
to surface drainage, surface water must be kept on a paddy field for an enough period until its nitrogen concentration
is reduced. They also suggested that the length of such a period could be variable according to local soil and climate
conditions. This implies the necessity of conducting field experiments in the study area in Vietnam to find a suitable length
of such a period.

Microbial pollution of surrounding environments with application of digested slurry should be considered if: 1) feedstock
of digested slurry contains livestock or human manure, 2) fermentation is not conducted with thermophilic way, or 3)
fermentation is conducted without any sterilization processes. Huong et al. (2014) reported that E. coli concentrations
in feedstock was reduced only 1 to 2 log units during digestion, and 3.70+0.84 log10 CFU (CFU, colony forming unit)
mL" of E. coli (n=146) was contained in digested slurry from household biogas digesters with feedstock of pig slurry and
human excreta in Northern Vietnam. Similar reduction capacity was reported in E. coli for biogas digesters with feedstock
of swine manure in Southern Vietnam (Kobayashi et al., 2007). Huong et al. (2014) estimated that such a limited reduction
in E. coli suggests that bacterial pathogens like Salmonella, which has been found in 5-50% of pigs in Vietnam, and
Campylobacter, which is an important cause of diarrhea in Vietnamese children, are likely to be present in the effluent from
biogas systems with the feedstock of pig manure and human excreta. Contamination of rice plants and hygienic risk for
humans who eat rice from the application of digested slurry should be low because rice is eaten after cooking. Prevention
of microbial pollution of lower water bodies with application of digested slurry should be considered. Pathogens derived
from manure-related material after being applied to paddy fields can be decreased gradually by exposition of UV radiation
or increases in the pH of surface water during photosynthesis of rice plants (Ueda et al., 2003). It was indicated that
fecal coliforms in surface water in paddies treated with unchlorinated secondary effluents from sewage treatment works
decreased at a rate of approximately 0.6 log day" (Ueda et al., 2003). However, survival of microbes in the environment
is influenced by many factors including temperature, soil types, occurrence of other bacteria and soil protozoa (Ohtomo
et al., 2004), sunlight, organic matter content, etc. (Nicholson et al., 2005). Therefore, it is important to examine the
microbial fates at sites, where digested slurry is applied, to prevent hygienic water pollution of lower water bodies by

discharging of surface water in which sufficient decrease in pathogens is not confirmed.
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2.5 Transportation and Application Methods of Digested Slurry to Paddy Fields

The utilization of digested slurry in paddy fields requires transportation of digested slurry from the biogas digesters
(Thu et al., 2012) and application to the fields. As a transportation method of digested slurry, vacuum trucks are popular
and usually used in Japan (Yamaoka et al., 2012). A model for planning the effective transportation and application of
digested slurry to farmlands using vacuum trucks was developed in Japan (Yamaoka et al., 2009; 2011; 2012). In the
model, optimal plan for transportation and application of digested slurry can be calculated considering such factors as
production rate or chemical components of digested slurry, locations of the biogas plant and agricultural fields, possible
application season, application rate per area, application area of fields, numbers of vacuum trucks (Yamaoka et al., 2009).
The model has been developed by introducing the use of slurry spreaders (Yamaoka et al., 2011), operation with plural
vacuum trucks for digested slurry and installation of intermediate tanks (Yamaoka et al., 2012).

There are three methods for application of digested slurry to paddy fields, i.e. pouring with irrigation water from an
inlet using a vacuum truck, spreading on the soil surface with a digested slurry spreader, and injecting into the soil with
an injector (Watanabe et al., 2011). The pouring method is applicable after irrigation and during rice growth as additional
fertilization (Phayom et al., 2012). The methods for application with a spreader and injector are applicable for basal
fertilization before planting (Iida et al., 2009). The spatial distribution of digested slurry focusing on nitrogen applied to
a field by the pouring method has been examined by numerical analysis (Yuge et al., 2014; Inomura et al., 2010). The
possibility to obtain the same or better yield with the use of digested slurry by the pouring method as by conventional
cultivation with chemical fertilizers has been shown through actual field studies (Koga et al., 2010; Mihara et al., 2011).
The detailed procedures for the pouring method were compiled by Iwashita et al. (2008) as follows; 1) decreasing the
surface water of the field to shallow ponding conditions such as a water level of 0 cm (Koga et al., 2010) or 0.3 cm
(Mihara et al., 2011) before application of digested slurry, 2) pouring digested slurry with a specific volume of irrigation
water, so that the water depth increased by 4 to 5 cm (Mihara et al., 2011) on the field, 3) digging a trench when there is
a shortage of irrigation water and 4) improving the land level by careful paddling. From the above, it was concluded that
the pouring method is applicable in Vietnam because of fewer machines so this method was to be decided to test in this

study as the first trial.

2.6 Summary
In summary, this chapter has identified the following gaps between the achievements of previous studies and the

objectives of this study set in Chapter 1, and the approaches that will be taken in the subsequent chapters in order to close

such gaps:

1) “Regional diagnosis” developed in Japan is an effective method to understand the present conditions of biomass
use and simulate future biomass use plans at the regional level. However, since simply applying this method as it is
needs a lot of detailed data, simplifying the framework of this method would be practical and helpful for applying it to
developing countries such as Vietnam in which available data is certainly limited.

2) Effectiveness of digested slurry as fertilizer for rice plant has been studied extensively on Japanese paddy fields under
various conditions such as: applications as basal or top-dressing; applications onto soil or surface water with or without
plowing immediately or injecting to soil; trials of various nitrogen application rates, like adjusting the rate to be the
same as the case of chemical fertilizer by the NH,-N content or the T-N content of digested slurry. However, situations
for paddy fields in Southeast Asia are quite different from the ones in Japan in terms of climate, soil properties, and
rice cultivation styles, etc. Warm climate may cause rapid mineralization of applied nitrogen in digested slurry and
soil nitrogen. High or low pH of soil may influence the available ratio of applied nitrogen for rice plants through
ammonia volatilization. Rice cultivation styles in Vietnam in which nitrogen fertilizer is applied twice or three times
as top-dressing may bring different results from Japanese cases in terms of fertilizer effects of digested slurry for
rice. However, there are currently few reports investigating this issue. Therefore, it is necessary to investigate the
effectiveness of digested slurry as fertilizer considering appropriate application rate and timing for the site in Vietnam.

3) It has been shown that environmental pollution in lower water bodies such as nitrogen loads and fecal contamination
through surface discharge after application of digested slurry may be prevented by keeping surface water of paddy

fields for a certain period after application of slurry. However, the period of such water retention may be different
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according to the situation in the paddy field. Some experiments suggested the period be seven days after fertilization,
while other experiments ten days. Therefore, it is necessary to investigate the fate of nitrogen and fecal indicator
microbes in surface water after application of digested slurry in paddy fields.

4) Several kinds of transportation and application methods of digested slurry to paddy fields have been developed in Japan.
Vacuum trucks are popularly used for transportation, and pouring method is supposed to be the most suitable method
when focusing on availability of digested slurry not only for basal but also for top-dressing and minimum necessity of
equipment for adopting it. For these reasons, pouring method using vacuum trucks seems to be the most recommendable
method in developing countries such as Vietnam in which specific transportation and application method of slurry has
not yet existed, and nitrogen fertilizer is conventionally applied twice or three times as top-dressing. However, the
conditions of paddy fields in Southeast Asian Countries are substantially different from Japan. For example, pouring
method needs strict and flexible water management to achieve even spatial distribution of digested slurry as mentioned
in Section of 2.5, but it may be sometimes difficult in paddy fields in Southeast Asia including Vietnam, where water
management practices are not so strict nor flexible, which may sometimes cause extremely dry conditions in surface
soil or deep flooding of surface water. Moreover, the cost needed for application of slurry by pouring method may
be significantly different between the cases in Japan and Vietnam. If the cost becomes extremely higher than that of
conventional cultivation methods with chemical fertilizers, the adoption of slurry may be difficult. For these reasons,
it is necessary to investigate whether the pouring method is adoptable to paddy fields in Vietnam through field surveys

and observations, and the evaluation from the economic aspect.

3. ANALYSIS OF PRESENT CONDITIONS OF BIOMASS USE IN A SUBURBAN VILLAGE IN SOUTHERN
VIETNAM

3.1 Introduction

This chapter describes the present conditions of regional biomass use in preparation for proposing improved biomass
scenario later in Chapter 6 in a suburban village in Southern Vietnam. The village is one of common villages in Southeast
Asia due to existence of livestock farming and rice cultivation. Data related to livestock farming, rice cultivation and so

on is collected by interviews, field surveys and literature reviews, and applied to the regional diagnosis.

3.2 Methods
3.2.1 Objective Village

Objective village for this study was Thai My Village in Cu Chi District, Ho Chi Minh City, located about 43 km
north-west from the center of Ho Chi Minh City as shown in Fig. 3. In this village, rice cultivation and livestock
industries are popular. Annual rainfall is approximately 1,880 mm, and there are two seasons, a dry season and a rainy
season. Household-scale methane fermentation systems using livestock excreta, called “biogas digesters” are popular

!

Thai My
Village

China Sea

. Ho Chi Minh
City

Fig.3 Location of Ho Chi Minh City and Thai My Village
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in this village through promotion by government-led programs (Vietnam Livestock Production Department MARD and

Netherlands Development Organization SNV, 2013). There are 111 households that have biogas digesters with capacities

of 7.8+1.2 m? in the fermentation tank volume. Information and data collected by the surveys are shown in Table 1.

Table 1 Data collected for regional diagnosis (Page 1 of 3)

Item

‘ Data ((Data source))

a. Basic information

(a) Land use and the area

Total area of the village

2,415ha ((1))

Agricultural land

1,861 ha [(1))

Road

113 ha [(1))

River and Canal area

123 ha ((1))

Residential area

159 ha ((1))

Others 159 ha [(1))
(b) Population
Population 10,849 people [(1)]

Number of households

2,873 households [(1)]

Number of farmer households

967 households [(1)]

Agricultural workers

2,224 people [(1)]

(¢) Variety and usage of energy at home

Fuel variety

Electricity, Wood, Biogas, Rice straw and husk [((1)]

Usage of fuel

Electrical equipment, Lighting, TV, Radio, Stove burner, Cooking [(1)]

(d) Conditions of sources for drinking water

Water well in house (Depth; 4-50 m), Tank for drinking water [(1)]

(e) Environmental problems

Discharge of large quantity of untreated pig excreta [(1)]

b. Agricultural information

(a) Main crop situation, annual planted area

Rice

544 ha, 2 or 3 crops in a year according to the economic situation or
field conditions ((2)]

Corn and peanuts

200 ha [((2))

Vegetables

75ha [(2)]

Fruits

146 ha [((2))

(b) Agricultural machinery

Machinery types and numbers in the
village

Combine; 2 equipment
Tractor; 7-8 equipment
Rice mill; 4 equipment
Tilling machinery
Water pump [(2)]

Fuel types for machinery

Diesel oil (for large machinery)
Gasoline (for small machinery) ((2)]

c. Information about rice cultivation

(a) Variety and application rate of
fertilizer

Mixed fertilizer of NPK, Urea, Phosphorus, Potassium, etc.
500-900 kg ha'' (crop season)™ (total weight of fertilizers) ((3)]

(b) Method for water management

By portable pump owned by farmer through canals nearby the
field ((4))

(¢) Water quality of canal and river

Shown in Table 2 ((5)]
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Item

Data [(Data source))

(d) Amount of irrigation water

10,286.28 tha' y' [(App. 1-1 No. 7))

(e) Annual precipitation

18,818 tha'y' [(App. 1-1 No. 4)]

(f) Ammonia volatilization

0.0017 t ha! (crop season)”’ [(App. 1-1 No. 21)]

(g) Denitrification

0.03 t ha'' (crop season)’ [(App. 1-1 No. 19)]

(h) Nitrogen fixation

0.0178 t ha! (crop season)”’ [(App. 1-1 No. 13)]

(i) Carbon dioxide emissions

142 tha'y' (2,952ty") ((App. 1-1 No. 24-27)]

(j) Percolation

202 mm (crop season)”’ [(App. 1-1 No. 22)]

(k) Methane gas emissions

160 kg ha' y' [(App. 1-1 No. 24)]

() Yield and by-products

Winter-spring crop;
5.0-6.0 t ha! (crop season)’ [((1), (6))

Spring-summer crop;

Yield 3.0-4.0 t ha! (crop season)’ [(1), (6)]
Sumer-autumn crop;
3.0 t ha! (crop season)’ [(1)]

Average yield 4.0 t ha'! (crop season)! (2,176 ty™) [(1), (6)]

*Yield indicates 15% moisture for unhulled rice.

*Rice is harvested 10-20 cm above the ground, so rice straw is divided into upper part and lower part.

Rice husk

0.798 t ha! (crop season)’ (434 t y™"); Used for making compost [(1),

(6))

Rice bran

0.351 t ha! (crop season)” (191 t y'); Used for livestock feed [(1), (6)

]

Rice straw (Upper part)

2.97 t ha'! (crop season)! (1,618 t y'); Not used, burned in the field

0.74 t ha! (crop season)! (405 t y'); Shipment to outside

0.74 t ha! (crop season)! (405 t y'); Used for livestock feed

(In total; 2,428 ty) [(1), (6)]

Rice straw (Lower part)

1.07 t ha'! (crop season)™! (582 t y!); Remained, burned in the

field ((1), (6))

d. Information about cultivation except for ric

(a) Variety and application rate of fertilizer

Chemical fertilizer

Corn; 3,500 kg ha! y!, Vegetables; 2,560 kg ha! y!
Fruits; 4,000 kg ha' y' [App. 1-2 No. 3,9, 12]

Compost

25tha'y! [App. 1-2 No. 5]

(b) Nitrogen fixation

0.11 tha'y' [App. 1-2 No. 29]

(¢) Carbon dioxide emissions

9.2tha'y' (3,859 ty") [(App. 1-2 No. 32, 33]

(d) Nitrogen loss by emission

0.018 tha'y' [App. 1-2 No. 31]

(e) Percolation

5,648 tha' y' (2,377,969 ty') [App. 1-1 No.4, App. 1-2 No. 1, 34,

35)

() Yield

Corn; 7.5 tha'! y'!, Vegetables; 62.95 t ha'! y!
Fruits; 0.824 tha' y' [App. 1-2 No. 14, 17, 20)

e. Information about livestock

(a) Kinds and numbers

Beef cow 1,659 heads [((7)]
Milk cow 61 heads [(7)]
Buffalo 400 heads [(7)]
Pig 11,000 heads [(7))

Poultry

8,000 heads ((7)]
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Table 1 Data collected for regional diagnosis (Page 3 of 3)

Item

‘ Data [(Data source))

(b) Method of livestock raising, variety of feed

Beef cow and buffalo

Raised outside during daytime and in cattle shed at night [(8))

Milk cow and pig

Raised in cattle shed [(8)]

Feed

Bran, grass, etc. [(8))

(¢) Generation rate of livestock excreta and its contents

Feces; 0.73 t head!' y' (C; 18.68%, N; 0.83%)

Pig Urine; 0.49 t head" y' (C; 0%, N; 32.5%) [App. 1-3 No. 2-6)
Beef Feces; 8.22 t head! y' (C; 15.75%, N; 0.7%)

Urine; 4.56 t head™' y' (C; 0%, N; 27.1%) [App. 1-3 No. 8-12]
Milk cow Feces; 8.22 t head! y' (C; 8.55%, N; 0.38%)

Urine; 4.56 t head! y' (C; 0%, N; 27.1%) [App. 1-3 No. 14-18)
Buffalo Feces; 8.22 t head! y' (C; 6.98%, N; 0.31%)

Urine; 4.56 t head! y' (C; 0%, N; 27.1%) [App. 1-3 No. 24-28)

(d) Flow of livestock excreta

Pig excreta

Approximately 10%; Used as feedstock for biogas digester
10 t week! of feces; Shipped outside the village as feedstock for compost
Rest discharged to lower water bodies [((8)]

Milk cow excreta

Approximately 10%; Used as feedstock for biogas digester
Rest discharged to lower water bodies [(8)]

Beef excreta

Half of feces; Sold outside the village

Another half of feces; Used as feedstock for composting at composting
facility

Rest discharged to the lower water bodies [(8))

Buffalo excreta

Similar to beef cow excreta [(8)]

(e) Information about biogas digester

Number in the village

111 digesters [(8))

Capacity

7.8+12m* [(8)]

Feedstock

Pig excreta and milk cow excreta ((8))

Biogas generation rate

746.7 (Nm® (t-Carbon of feedstock biomass)™") [(8), (9)]

Usage of biogas

Mainly cooking in farmer households ((8)]

Use or disposal of digested slurry

Partially used for trees in the backyard, adjacent crop field of farmer’s
house or fish pond, and mostly discharged to canals and rivers with or
without passing through the soil [(8)]

(Abbreviations)

HCMUT: Ho Chi Minh City University of Technology
DOST-HCM: Department of Science and Technology
DARD-HCM: Department of Agriculture and Rural Development

VPC: Thai My Village People Committee
Cu Chi PC: People Committee of Cu Chi
App.; Appendix

(1) Interviews of VPC, DOST, Cu Chi PC and Villagers
(2) Interviews of VPC, DOST, Cu Chi PC, Villagers and DARD

(3) Interviews of VPC, Villagers
(4) Interviews of VPC, Villagers and DOST

(5) Sampling surveys conducted in Thai My Village
(6) Field surveys at test field in Thai My Village

(7) Interviews of VPC and DARD
(8) Interviews of Villagers

(9) Calculations based on data from Interviews of Villagers
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3.2.2 Method of the Regional Diagnosis

The regional diagnosis method, developed by Yuyama (2005), is designed to draw a region-wide map of material flows
on the basis of survey data, and conducted by the following procedures.

First, data needed for analysis of the present conditions of biomass use for the objective area were collected as described
in the following section. Some data had to be substituted with Japanese ones though on-site or Vietnamese original data
should be used for the regional diagnosis. Most data related to non-paddy fields were substituted with Japanese ones.
However, the regional diagnosis in this study focused on material flow around paddy field compartments. Therefore, most
conclusions in this study reflect the Vietnamese on-site situation.

Second, the present conditions of biomass use were represented as the “present” material flow diagram. It is composed
of a “compartment (box)” that represents space to generate, convert or use biomass, and “arrow” that represents material
flow. The compartments involve livestock farming, agricultural fields, biogas digesters, and composting facilities, etc.
Components for analysis were raw weight, water content, carbon content and nitrogen content of feedstock biomass and
products. Each value used in the material flow diagram was calculated by multiplying the specific unit of each parameter
by its abundance. Specific unit was based on the surveys or literature and the data sources and detailed calculations are
shown in the Appendix 1 of this thesis.

Third, the regional diagnosis method evaluates the effects of newly installing biomass conversion facilities, such as
biogas digesters, by recalculating the material flows after adjusting some input data according to future scenarios. This

step will be a focus in Chapter 6.

3.2.3 Data Collection for Regional Diagnosis

Data for regional diagnosis was collected by interviews, field surveys and literature reviews.

Interviews were conducted from 11 to 29 January 2010 and 27 October 2010. Interviewees were farmers (30 households)
and public administrations such as Vietnam Department of Science and Technology, Peoples Committee of Ho Chi Minh
City (DOST-HCM), Department of Agriculture and Rural Development of Ho Chi Minh City (DARD-HCM), People
committee of Cu Chi District, People committee of Thai My Village, the objective village in this study.

Field surveys of water quality in the canal, river and household wells (depth of borehole; 30-60 m) were conducted
seven times in the objective village from 2010 to 2012 (21 April 2010, 30 June 2010, 26 October 2010, 14 January 2011, 19
April 2011, 12 July 2011 and 7 April 2012). Ten sampling points (SW1 — SW10) and three sampling points (GW1 - GW3)
were selected for surface water and groundwater, respectively, as shown in Fig. 4. Field surveys at the rice cultivation test
field in the objective village were conducted from 6 December 2011 to 24 March 2012, and from 11 May to 17 August
2012 to obtain data on conventional cultivation with chemical fertilizers. In these tests, rice cultivation was conducted
with farmers contracted by the study team in 1 hectare of a paddy field. Data and information such as application rate of
fertilizers and agrochemicals, the volume of irrigation and drainage water, yield and the amount of by-products such as
rice straw, rice husk and rice bran were obtained from records of the working diary and direct measurements at the site.
The volume of irrigation and drainage water was calculated by multiplying the capacity of the portable water pump used
for irrigation and drainage beforehand, and recorded operating time of it. The yield was measured by weighing unhulled
rice bags at harvest on 24 March 2012 and 17 August 2012 at the site, and calculated to a 15% moisture weight using
moisture values obtained from weight before and after drying at 105°C for 24 hours. The ratio of rice straw to unhulled
rice was calculated by weighing each part sampled at sampling points before harvesting by combine. The ratio of rice husk
and rice bran to unhulled rice was calculated by measuring each weight and moisture after rice hulling.

In the same test field, rice cultivation tests using slurry from biogas digesters as a substitute for chemical fertilizers was
conducted to compare to the cultivation with chemical fertilizers by setting 8 m? experimental plots (Oritate et al., 2013a;
Oritate et al., 2013b) from 11 December 2012 to 13 March 2013, and 200 m? experimental plots from 14 December 2013
to 26 March 2014 (Oritate et al., 2014; Oritate et al., 2015). In these experiments, data on application rate of fertilizer
and agrochemicals, and yield and yield components were collected by measurements at the site. Details are shown in
Appendix 1.
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3.3 Results and Discussion

3.3.1 Estimation of Present Conditions of Biomass Use
Fig. 5 shows the results of diagnosing the present conditions on biomass use in Thai My Village. The ratio of slurry

from biogas digesters to ponds as feed for fishes and to trees in the backyard of farmers’ houses was very low in the

village, so these descriptions were omitted from the material flow diagram. The obtained results are summarized in the
following points:

1) Out of the total livestock excreta of 40,861 t y!, 13,683 t y! was taken outside the village as feedstock for compost,
8,458 t y! used in the village as feedstock for compost, 2,102 t y!' used as feedstock for biogas digesters and 16,618 t
y!, that is, approximately 41% of the total discharged to the lower waterbodies without any treatment.

2) Nitrogen effluent load to water bodies came from untreated livestock excreta, untreated slurry from biogas digesters
and discharges from agricultural fields, reaching a total of 131.6 t y'. The load from untreated livestock excreta
accounted for approximately 43% of the nitrogen that cause water pollution. To decrease water pollution and promote
resource circulation, use of this untreated livestock excreta as feedstock for compost or feedstock biogas digesters can
be proposed.

3) Numbers of biogas digesters introduced were 111 units, accounting for 5% coverage, for approximately 2,102 t y' in
generated livestock excreta. In many cases, more than 5 times the volume of washing water of livestock excreta from
cattle sheds is poured into biogas digesters, usage of digested slurry as liquid fertilizer is limited due to the lack of
knowledge or fear of costs for transportation and application of highly-diluted digested slurry to fields.

4) Water quality parameters such as COD, BOD,, NO,-N, NH -N in the surface water and ground water at some sampling
points, especially, near the livestock farms in the village exceeded the standard value in Vietnam (QCVN 08: 2008/
BTNMT; QCVN 09: 2008/BTNMT) as shown in Table 2 and Table 3.

5) Amounts of rice straw, rice husk and rice bran produced in the field was approximately 3,010 t y!, 434 t y! and 191 t
y!, respectively. Rice straw of 3,010 t y' consists of 2,428 t y!' from the upper part and 582 t y' from the lower part.
The upper part was harvested above 10-20 cm from the ground, and lower part remained in the field. In Fig. 5, rice
husk, rice bran and rice straw are shown as flow from “Paddy fields” to “By product”. Within “By-product”, 405 t y'
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Fig. 4 Sampling points of surface water and ground water in Thai My Village



ORITATE Fumiko : Use of Digested Slurry from Livestock Manure in Paddy Fields and its Environmental Effect in Southeast Asia 151

was transported outside the village, 595 t y!' used as feed for livestock and 434 t y' used as feedstock for compost
inside the village. Whereas, 1,618 t y! of the upper part of rice straw, which is larger than the “By product” was not
used effectively and burned in the fields along with 582 t y! of the lower part of rice straw within a few weeks after

harvesting. Promotion of effective use of this unused rice straw is desired in terms of resource circulation in the region.

3.3.2 Options for Decrease of Environmental Loads by Biomass Use focusing on Energy Production

In the previous section, the necessity to promote effective use of untreated livestock excreta that is discharged into water
bodies at present was proposed in terms of decrease of environmental loads and regional resource circulation. Moreover,
the desirability of effective use of rice straw that is unused at present is also proposed in terms of promoting resource
circulation. Among some options for use of these biomass, the use as the feedstock for regional energy production such
as biogas or bio-ethanol would be sensible options. Technology for bio-ethanol production from rice straw is now under
development as mentioned in Chapter 1, but biogas technology has already been adopted in rural areas in Vietnam as
mentioned in Chapter 2 and this chapter. Therefore, use of livestock manure as feedstock for biogas digesters is discussed
hereafter. Especially, biogas digesters followed by the use of digested slurry as a fertilizer in paddy fields which occupy
large area of agricultural land in the region is proposed as an effective option in terms of 1) decreasing environmental
loads, 2) increasing regional energy production, and 3) saving the input of chemical fertilizers to agricultural fields.
Organic components in livestock excreta are decomposed through methane fermentation processes in biogas digesters
(Li, 2005), therefore, digested slurry is easier for plants to use when compared to untreated livestock excreta. However,
since actual use of digested slurry in paddy fields is now rarely conducted at the site as mentioned above, it is necessary
to investigate effects of it on rice as a fertilizer, environmental effects such as nitrogen pollution or fecal contamination of

lower water bodies through surface discharge, and transportation and application method which is economically feasible.

Table 2 Surface water quality of rivers and canals in Thai My Village

CoD BOD, NH,-N NO,-N N

mg L! mg L! mg L! mg L! mg L!
SW1# 89 19.7 1.5 20.1 9.0
SW2 72 18.6 1.1 1.5 6.5
SW3 138 19.1 1.6 0.9 3.0
SW4 98 28.9 3.4 1.2 7.8
SW5 84 21.1 1.2 0.4 32
SW6 75 20.0 3.8 1.5 9.0
SW7 125 17.1 1.5 3.3 5.6
SW8 84 27.9 3.1 4.3 8.6
SW9 254 74.0 7.4 2.3 18.5
SW10 14 54 0.2 0.2 0.7

QCVNO8® <30 <15.0 <0.5 <10.0 -

@ SW1-SW10 are the sampling points as shown in Fig. 4. Each value is the average of all data obtained
by sampling surveys except for the following missing values: all parameters of SW10 on 26 October
2010, SW6 on 14 January 2011 and SW10 on 7 April 2012 for without water at sampling points, and
TN of all sampling points on 21 April 2010 for missing of analysis.

b “QCVNO8” is standard for surface water in Vietnam, “QCVNO08: 2008/BTNMT”

Table 3  Ground water quality in Thai My Village

pH TOC NH,-N NO,-N TN
mg L' mg L' mg L' mg L!
GW1? 6.4 22 3.1 2.7 7.1
GW2 5.8 4.9 0.2 0.3 0.5
GW3 54 0.9 0.1 0.5 0.8
QCVNO09® 5.5-8.5 - <0.1 - -

2 GW1-GW3 are the sampling points as shown in Fig. 4. Each value is the average of all data obtained
by sampling surveys except for the following missing values: NO,-N and TN in all sampling points
on 21 April 2010 for missing of analysis

b “QCVNO09” is standard for ground water in Vietnam, “QCVN09: 2008/ BTNMT”
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3.4 Conclusion

This chapter investigated the present conditions of biomass use focusing on livestock excreta treatment, rice cultivation
and conditions of water quality in waterbodies. Necessary data and information were collected from literature reviews,
interviews of farmers and public administrative staff, and field surveys. The material flow diagram that represents the
present biomass use showed that untreated livestock excreta may cause water pollution, and some by-products from rice
cultivation are not effectively used despite they are sources of energy. The effective use of these through appropriate
conversion process can contribute to an increase in production of regional energy such as biogas or bio-ethanol. Especially,
the use of currently untreated livestock excreta as a feedstock for biogas digesters followed by the use of digested slurry in
paddy fields as a fertilizer is an effective option in terms of environmental conservation and saving the input of chemical
fertilizers to agricultural fields.

In promotion of the use of digested slurry, it is necessary to investigate effects of it on rice as a fertilizer, environmental

effects, and transportation and application method which is economically feasible.
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4. FEASIBILITY OF USE OF DIGESTED SLURRY IN PADDY FIELDS FROM FERTILIZER EFFECT AND

ENVIRONMENTAL IMPACT

4.1 Introduction

Digested slurry has a potential to be effective fertilizer and also baneful pollutants, because it contains a lot of organic

substances, nitrogen and pathogenic microbes. However, effects as a fertilizer and environment impacts of digested slurry

have not been quantitatively evaluated in paddy fields in Vietnam. In this chapter, fertilizer effects, fate of nitrogen and

fecal indicator microbes with application of slurry are investigated by the field experiment. For evaluation of fertilizer

effects, two types of nitrogen application rate focusing on T-N and NH,-N in digested slurry was prepared to propose the

appropriate application rate of digested slurry at the site. For
evaluation of environmental effects, prevention of pollution
of lower water bodies derived from surface discharge was
focused on. Fate of nitrogen components and fecal indicator
microbes in surface water of a paddy field after fertilization
was investigated to propose the appropriate period for keeping
surface water in the paddy fields.

4.2 Materials and Methods
4.21 Experimental Fields and Fertilizers

An experiment was conducted during the dry season from
December 2012 to March 2013 in a paddy field of Binh Ha
Dong, Thai My Village, Cu Chi District (10°59°1978” N
106°22°0857” E). Areas around the experimental field in the
western part of Thai My Village are low-lying land, and rice
cultivation is conducted twice a year in most paddy fields. The
soil is Typic Sulfaquepts (USDA 2010). Main properties of the
soil in the experimental fields were: pH of 3.82, EC of 0.017 S
m™', T-N of 3.4 g kg"!, total carbon (T-C) of 43.1 g kg'', NH,-N
of 4.45 mg 100g", nitrate-nitrogen (NO,-N) of 0.02 mg 100g",
calcium oxide (Ca0O), magnesium oxide (MgO) and potassium
oxide (K,0) 0f 52.9,41.1 and 17.1 mg 100g"', respectively.

Experimental plots for three treatments with two replicates
of each 8 m® were set in the experimental fields as shown in
Fig. 6.; 1) chemical fertilized plots (hereafter, CF), 2) digested
slurry plots with the same nitrogen application rate as CF
for NH,-N in digested slurry (hereafter, MF(NH,-N)), and 3)
digested slurry plots with the same nitrogen application rate
as CF for total kjeldahl nitrogen (TKN) in digested slurry
(hereafter, MF(T-N)). Granulated mixed fertilizer of NPK
(N: P,O.: K,O= 20: 20: 15), powdered urea and phosphorus
fertilizer were applied to plot of CF. Digested slurry was
collected from household scale biogas digesters of pig farmers
shown in Fig. 7 in Thai My Village. The feedstock was pig
manure and wash water from pig pens that was fermented at
air-temperature. Collected digested slurry was transported from
pig farms to a storage tank shown in Fig. 8 installed nearby the
experimental paddy field. The digested slurry was sampled at
the first additional fertilization on 20 December 2012. Main

Fig. 8 Storage tank of digested slurry
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properties of the digested slurry were: pH of 7.05, EC of 0.32 S m", TKN of 885 mg L', NH-N of 322 mg L', NO,-N
of less than 0.01 mg L, PO,-P of 32.7 mg L, K* of 213 mg L, E. coli of 3.6E+07 CFU 100 mL" and Coliforms
of 5.40E+07 CFU 100 mL-'. Nitrogen, phosphorus and potassium concentrations of this digested slurry was analyzed
again at the second additional fertilization on 8 January 2013, and the values were TKN of 566 mg L', and NH,-N of
449 mg L', PO,-P of 9.92 mg L' and of K* of 236 mg L"'. At the third additional fertilization, the analysis of nitrogen
concentrations was failed to be conducted.

4.2.2 Rice Cultivation Schedule and Fertilization Design

Rice cultivation was conducted based on the customary cultivation schedule in Thai My Village. Rice cultivar was
“OM7347” and sowed directly in the ponded field on 11 December 2012. Additional fertilization was applied 3 times
on 20 December 2012, 8 January 2013 and 22 January 2013. Chemical fertilizers were applied onto the surface water,
and digested slurry was applied through rice plants using a bucket onto the surface water. Harvesting was conducted
on 13 March 2013. Fertilization design is shown in Table 4, and planned and actual application rate of fertilizers is
shown in Table 5. Application rate of digested slurry was decided based on the nitrogen concentrations in the digested
slurry sampled and measured twice before the experiment with approximately 300 and 400 mg L' for NH,-N and TKN,
respectively. Because N concentrations in digested slurry were variable, the actual nitrogen application rate was different
from originally planned one.

4.2.3 Sampling and Analysis

Sampling of surface water was conducted mainly after fertilization during the flooded term, that is, on 11, 19, 20, 21, 22,
27 December 2012 and 9, 15, 23 January 2013. NH,-N and NO,-N were measured by the ion chromatograph (ICS-1500,
Dionex), T-N was measured by the kjeldahl method and E. coli and Coliforms analyzed by the surface plating method
using XMG agar (Nissuipharma).

Samples of surface soil were collected at a depth of 0-10 cm before seeding, after harvesting and mainly after

Table 4 Fertilization design

20 December 2012 8 January 2013 22 January 2013
. (The first additional fertilization)  (The second additional fertilization) (The third additional fertilization)
Experimental Plot —— —— ——
Material Fert1llzat_1on rate Material Fert1hzat_1on rate Material Fertlhzat_lon rate
ha'! ha'! ha!
Mixed fertilizer
of NPK® 150 ke
CF Urea 100kg Urea 50 kg
Phosphorus 400 k
fertilizer g
MF(NH,-N) Slurry 1.0x10°L Slurry 1.5x10°L Slurry 0.6x10° L®
ME(T-N) Slurry 0.8x10°L Slurry 1.2x10°L Slurry 0.5x10°L

* Components of mixed fertilizer of NPK are N: P,O,: K,0=20: 20: 15,
b Planned application rate: 0.8<10° L

Table 5 Planned and actual application rate of fertilizers

Planned fertilization rate® (kg ha™') Actual fertilization rate® (kg ha™)
N P,0, K,0 N P,0, K,0
T-N (NH,-N) T-N (NH,-N)
CF 100 94 47 100 94 47
MF (NH,-N) 132 (99) . - 209 (128) 12 86
ME(T-N) 100 (75) . - 166 (102) 10 69

* Application rate of each fertilizer was planned focusing on nitrogen application rate

®  Actual fertilization rate was calculated by analyzed values of N, P and K in the slurry and applied volume of slurry at each
fertilization. Analyzed values of the slurry at the second fertilization were also used as the concentrations of N, P and K for the
actual fertilization rate at the third additional fertilization
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fertilization, that is, on 11, 19, 20, 21, 27 December 2012 and 8, 9, 15, 22, 29 January 2013 and 13 March 2013. NH,-N
in soil was extracted with 10% KCL solution (volume of KCL solution: dry weight of soil was 10:1), and measured by
the indophenol blue colorimetric method (Hidaka, 1997) with a spectrophotometer (U-1900, Hitachi). NO,-N in the
soil was extracted with diluted water (volume of distilled water: dry weight of soil was10:1), and measured by the ion
chromatographic method (Kihou, 1997) with ion chromatograph (ICS-1500, Dionex). E. coli and Coliforms in the surface
soil were analyzed by the overlaying method using XMG agar (Nissuipharma).

Yield and yield components, namely height of plants, numbers of ears per 1 m?, numbers of grains per ear and total
nitrogen content of unhulled rice, were measured at harvest. Yield was calculated as the weight of unhulled rice with
moisture of 15%w.b. Protein content of rice was calculated based on the values for total nitrogen (Nakamura and Yuyama,
2005) analyzed by CHNS-Analyzer (Euro EA 3000, Euro Vector).

4.3 Results and Discussion
4.3.1 Influence on Rice Production of Digested Slurry

Table 6 shows the yield and yield components. Although it would be difficult to make statistically rigid arguments due
to the few number of data, the results in Table 6 might suggest the following points.

There was no statistically-significant difference (t-test”, a=0.05) among the experimental plots in yield, years per 1 m?
and gains per ear. Protein content of rice derived from T-N content in rice was highest in the following order; MF(NH,-N),
MEF(T-N) and CF. A higher content of protein in rice decreases the flavor (Ueno et al., 2011), so the flavor of the rice would
not be inferior with the use of digested slurry as a fertilizer, but it may become inferior in case nitrogen application rate
is increased.

According to Table 5, application rate of T-N became approximately twice in MF(NH,-N) and 1.7 times in MF(T-N)
larger than in CF, and approximately 1.3 times in MF(NH,-N) larger than in MF(T-N) and CF as a result of the fluctuations
in nitrogen concentrations of digested slurry of the biogas digester in pig farm.

From the above, it can be concluded that nitrogen in digested slurry can substitute for chemical fertilizers. The lower
application rate of digested slurry for rice production same to conventional cultivation would be desirable to reduce the
risk of nitrogen loads from paddy fields to lower water bodies.

4.3.2 Fate of Nitrogen in the Field after Fertilization

Fig. 9 (a) and (b) show the fate of T-N and NH,-N in the surface water, respectively. NO,-N was very low in the
surface water (below 0.5 mg L) during cultivation, so the values are omitted from the graph. Extreme high values of T-N
observed on 23 January may be derived from a disturbance of surface soil at sampling or contamination with suspended
matter in the surface water. T-N and NH,-N in the surface water increased after the additional fertilization. T-N levels
were high in all plots, more than 20 mg L' even 1 week after the first additional fertilization. Whereas, T-N in the surface
water of CF decreased to less than 10 mg L' in 1 week after the second additional fertilization though both MF plots were
over 10 mg L. NH-N in the surface water for MF(NH,-N) and MF(T-N) were over 10 mg L' even 1 week after the first
additional fertilization, and remained over 5 mg L' during cultivation though NH,-N in the surface water of CF gradually
decreased to below 3.0 mg L', and did not show any remarkable increase after that. The concentrations were higher for
MF(NH,-N) than MF(T-N). This may partly be because of the decomposition of organic nitrogen in the digested slurry
after application to the field. More examination is required to estimate the appropriate duration for prevention of surface

discharge from the plots with digested slurry applied to prevent nitrogen pollution of lower water bodies.

Table 6 Yield and yield components

Experimental Yield Plant height ) T-N Protein
Ears m? Grains ear’'
Plot kg ha'! cm % %
CF 10,176+294 86+5 T61+72 89+17 1.51 8.97
MF(NH4-N) 11,751+1,228 88+4 622+22 13343 1.53 9.12
MF(T-N) 9,489+544 95+4 806150 151+£36 1.51 9.01

Remark: n=1 in T-N and protein, n=2 in yield, ears m? and grains ear', n=10 in plant height

* with Bonferroni correction
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Fig. 9 (a) T-N in surface water, (b) NH,-N in surface water, (c) NH,-N in surface soil (n=2)

Fig. 9 (c) shows the fate of NH,-N in surface soil. NO,-N in surface soil was also very low (below 2.0 mg (100 g dry
soil)") during cultivation, similar to the surface water, so it is omitted from the graph. NH,-N in the surface soil increased
after fertilization and then gradually decreased. The value was higher in MF(NH,-N) than CF throughout the cultivation.

4.3.3 Fate of E. coli and Coliforms in the Field after Fertilization

Fig. 10 (a) and (b) show the fate of E. coli and Coliforms in surface water, respectively. E. coli and Coliforms in surface
water at MF(NH,-N) and MF(TN) increased to a maximum of 1.0E+07 CFU 100 mL™" after application of digested
slurry, but decreased below non-detectable levels (less than 1.0E+02 CFU 100 mL") within a week and did not show
subsequent increases. This result is similar to the findings by Ueda et al. (2003), who conducted experiments by applying
unchlorinated secondary effluent from sewage treatment works to the paddy field model, and showed that fecal coliforms
in the surface water of the paddy field model decreased 0.6 log day!' and below 1.0E+03 CFU 100 mL™! which was the
WHO guideline on wastewater reuse for unrestricted irrigation (Mara and Cairncross, 1989) within a week, and concluded
that the reason may being the exposition of UV radiation or increases in pH of surface water during photosynthesis of rice
plants (Ueda et al., 2003). From this, at least 1 week of prevention of surface discharge from the plots with digested slurry
applied is needed to prevent fecal contamination of lower water bodies.

Fig. 10 (c¢) shows the fate of E. coli in the surface soil. E. coli in MF(NH -N) and MF(T-N) showed a slight increase
(1.0E+02 CFU g') with the first application of digested slurry. However, it decreased to a non-detective level (less than
1.0E+01 CFU g) within a week and no subsequent increase was observed during cultivation. The reason for decreasing
of E. coli and Coliforms were not investigated certainly in this experiment, but lower pH value of less than 4, other
bacteria or protozoa in the soil would reduce E. coli and Coliforms.

Coliforms in the surface soil showed a similar trend as E. coli until 22 January 2013, but increased again after 22
January 2013 (omitted from the graph). Considering the trends of E. coli, increases in Coliforms are not likely from
digested slurry, so will be investigated in a future study.
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Fig. 10 (a) E. coli in surface water, (b) Coliforms in surface water, (c) £. coli in surface soil.

4.4 Conclusions

Fertilizer effects of digested slurry on rice, the fates of nitrogen components and fecal indicator microbes in surface
water after application of digested slurry as an additional fertilizer was investigated with the field experiment at the site
with comparisons of chemical fertilizer treatments to evaluate the feasibility of use of digested slurry as a fertilizer in
paddy fields in Southern Vietnam.

There were no statistically-significant differences between the plots with digested slurry applied and the plots with
chemical fertilizers applied in yield and yield components, so digested slurry can be substituted for chemical fertilizer
with no bad effects on the rice, and the lower application rate of digested slurry for rice production same to conventional
cultivation would be desirable to reduce the risk of nitrogen loads from paddy fields to lower water bodies.

T-N in surface water of the plots with digested slurry applied were greater than 20 mg L' in 1 week after the first
additional fertilization and more than 10 mg L in 1 week after the second fertilization. NH,-N in surface water was
greater than 10 mg L' in 1 week after the first additional fertilization, and remained over 5 mg L™ during cultivation. From
this results, more examination is required to estimate the appropriate duration for prevention of surface discharge from the
plots with digested slurry applied to prevent nitrogen pollution of lower water bodies.

E. coli and Coliforms in surface water of the plots with digested slurry applied increased just after application of
digested slurry, but decreased to non-detectable levels within a week. E. coli and Coliforms in the surface soil showed
similar trends. Based on these results, at least 1 week of prevention of surface discharge from the plots with digested
slurry applied is needed to prevent fecal contamination of lower water bodies.
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5. FEASIBILITY OF USE OF DIFESTED SLURRY IN PADDY FIELDS FROM ECONOMICAL ASPECT

5.1 Introduction

Application of digested slurry to paddy fields requires higher costs and larger burdens on labor than chemical fertilizers
because larger volume of digested slurry has to be conveyed to satisfy equivalent nutrient demands supplied by chemical
fertilizers. To make feasible the use of digested slurry in paddy fields, economical transportation and application methods
of digested slurry should be proposed. In this chapter, demonstration of transportation and application of digested slurry is
conducted, and time, labor, fuel consumption, etc. for each procedure are monitored. The costs of application of digested

slurry are compared to chemical fertilizers, and feasibility of use of digested slurry is evaluated from economical aspects.

5.2 Materials and Methods
5.2.1 Digested Slurry used for This Study

A study site was Thai My Village, Cu Chi District in Ho Chi Minh City. There were approximately 111 small scale
biogas digesters with fermentation tank capacities of 7.8+1.2 m? in the study area as mentioned in Chapter 3. Digested
slurry for the experiments was taken from household scale biogas digesters of adjacent two pig farms for each slurry
application in Thai My Village. The distance between the experimental field and pig farms was 5.3 km. Each location
is shown in Fig. 11. The digesters ferment pig manure and pig pen washing water at air temperature. Properties of the
digested slurry are shown in Table 7. Because large volumes of washing water enter the biogas digesters, nitrogen
concentrations in the digested slurry are lower when compared to ordinary digested slurry in Japan with a range of 1,000
—3,000 mg L' of T-N (Nakamura et al. 2012).

5.2.2 Prototype Slurry Tanker

Vehicles for transportation of digested slurry are rarely available in rural areas of Vietnam. Therefore, an original
prototype slurry tanker was manufactured with assemblage of a 3 m® plastic tank, tractor trolley, motor pump and
generator. Details including dimensions, specifications and price of the equipment are shown in Table 8. Total cost of
the prototype slurry tanker was 3,554 USD. This cost does not include the cost for assemblage because farmers can do it
themselves. Materials are commonly available on-site. The prototype slurry tanker was towed by a 55 HP (horsepower)
tractor. Tractors are usually rented for farm work in the village. The rental fee of a tractor with an operator is 23.85 USD
half-day! (half-day indicates 4 hours). Appearance of the prototype slurry tanker and tractor is shown in Fig. 12.

5.2.3 Experimental Field

Experiments were conducted in 300 m? plots as shown in Fig. 13, set with plastic sheets in a paddy field of Binh Ha
Dong, Thai My Village, Cu Chi District, Ho Chi Minh City (10°59°1978” N 106°22°0857” E) (Fig. 11). In this village, pig
farming and rice cultivation are common. A control plot was also set outside the experimental plot shown in Fig. 13 and
was conventionally cultivated using chemical fertilizers.

Areas containing the experimental fields were located in low-lying lands and rice cultivation conducted twice a year in
most paddy fields. The soil was Typic Sulfaquepts (USDA 2010). Main properties of the soil in the experimental fields
were: pH of 3.93, EC 0of 0.016 Sm™, T-N of 3.9 g kg, T-C 0f 49.4 g kg, NH -N of 1.81 mg 100g" and less than 0.1 mg
100 g of NO,-N.

5.2.4 Cultivation Schedule and Fertilization Method

Experiments were conducted during the rainy season from April to July 2013. Rice cultivar was “OM6976” and sowed
directly in the flooded field on 12 April 2013. Fertilization was conducted as shown in Table 9. Schedules and rates of each
chemical fertilizer application were based on on-site conventional cultivation. First and second additional fertilizations
were conducted when rice was in the tillering stage and the third additional fertilization was done just before the booting
stage. Fertilization dates and nitrogen application rates for the experimental plot were planned the same as the control,
but the first additional fertilization on 25 April 2013 was postponed because the rice plants were too small. Therefore,

application for the first additional fertilization was distributed with the second and the third additional fertilizations.
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Fig. 11  Location of the experimental field, the biogas digesters and pig farms in Thai My Village

Table 7  Properties of digested slurry and irrigation water

pH EC TN*  NH-N NO-N  PO,-P K
Sm! mg L' mg L mg L mg L' mg L!
The second additional ~ Slurry - - 472 305 - - -
fertilization (10 May) Canal water - - 11 2 - - -
Slurry applied by Ist -, 5 0.39 312 255 <0.01 287 192
shuttle
The third additional Slurry applied by
fertilization (31 May) nd shuttle 7.0 0.33 264 243 <0.01 30.5 171
Canal water 5.7 0.01 12 N.D. <0.01 N.D. -

* Values for T-N in this table are actually for total kjeldahl nitrogen (TKN), but the values of NO,-N are negligible as shown above.
> N.D. Not-Detected. (less than 0.2 mg L)

An estimated T-N of 400 mg L' in the digested slurry was used to calculate the application rate of nitrogen for the
experimental plot. The actual nitrogen application rates were as shown in Table 9 based on the nitrogen concentrations
in digested slurry shown in Table 7.

For both the second and the third additional fertilizations for the experimental plot, digested slurry was applied with
irrigation water from the road side of the field as shown in Fig. 13.

The second additional fertilization was conducted with a vacuum truck. A vacuum truck is ordinarily used for the
collection and transportation of sludge from septic tanks of households. The truck had a capacity of 5.5 m® of digested
slurry as shown in Fig. 14 and Table 8 (b). Fig. 15 showed the application of digested slurry with the truck.

The third additional fertilization was conducted with the prototype slurry tanker used for transportation and application
of digested slurry. Fig. 16 showed the application of digested slurry with the prototype slurry tanker. The reason why a
vacuum truck and a proto-type slurry tanker were used in the second and third additional fertilization was to obtain the
data of both types of vehicle for estimation of the cost and labor.

Harvest was conducted on 21 July for the control plot and 26 July for the experimental plot.
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Table 8 Equipment used for pouring digested slurry

(a) Equipment for prototype slurry tanker

Machine/ Machine ! Fuel S Dimension . Initial
Equipment model Hp? variet Application Capacity/Specifications investment
quip y pacity/Sp cost (USD)®
Overall dimension:
i i H) 1,270 x (W) 1,360 x (L) 2,280
Plastic tank ) ) ) Stocking digested (H) X.( ) x (D) (mm) 143
slurry Total capacity: 3 m?
(Available capacity: 2.7 m?)
Overall dimensions:
Tractor trolley - - - Loading tank (W) 1,500 x (L) 2,800 (mm) 1,670
Tire size: (®) 825 x (W) 160 (mm)
Characteristic curve
. . Q 0 6 12 18
PENTAX Collection and pouring
Motor Pump DX1002G 1.75 - of digested slurry H 9.8 8.3 6.3 3.5 372
Q: Quantity (m* h'"), H: Head (m)
HONDA HG . Collection and pouring 220V, 6.0kW, Equipped with the engine of
Generator 750 g 13 Gasoline 4 o osted slurry HONDA GX390 1,369
Initial investment cost for prototype slurry tanker (Total of above equipment costs) 3,554
*HP: Horsepower of machine
® Data for the costs of equipment were obtained by on-site interviews of farmers and villagers.
(b) Other equipment
Machine/ Machine Fuel .
Equipment model HP variety Use application Remarks Cost (USD)
Tractor FORD 4000 55 qusel Traction of prototype slurry Rental fee of a tractor for half-day* 23.85
oil  tanker
b
‘ Collection, transportation Rental fee of vacuum truck for 1 day'
Vacuum truck - - Diesel and pouring of digested 71.55
oil slu Available capacity of tank of vacuum '
Yy truck: 5.5 m*
. . Pouring irrigation water . . . Owned by
Engine Pump B8ONT 5.5 Gasoline into the fields Equipped with a HONDA GX160 engine farmers

* Rental fee of a tractor including operation and maintenance costs, fuel cost and labor cost for 1 operator. “Half day” indicates 4 hours.
® Rental fee of a vacuum truck including operation and maintenance costs, fuel cost and labor cost for 2 operators. “1 day” indicates 8 hours.

¢ Engine pump prepared not only for the irrigation with slurry fertilization, but used for ordinary general agricultural works.

Table 9  Fertilization design for field experiment

Experimental plot Control plot
Application rates for N, P,O, and Application rates for N, P,O, and
Application rate K,O as digested slurry K, 0O as chemical fertilizers®
for digested slurry
N P,O, K,0 N P,0, K,0
Fertilization m’ m? g m? g m? gm? g m? g m? g m?
The first (25 April) - 0.0 0.0 0.0 4.6 8.0 0.0
The second (10 May) 1.67 x 10 7.9 1.9 6.0 4.0 4.0 3.0
The third (31 May) 1.09 x 102 3.1 0.7 2.4 2.0 2.0 3.9
Total 2.76 x 102 11.0 2.6 8.4 10.6 14.0 6.9

* Variety and rate of chemical fertilizers applied on each fertilization day were as follows;

1) Urea of 10 g m? and phosphorus fertilizer of 50 g m applied on 25 April 2013.

2) Mixed fertilizer of N: P,O_: K,0=20: 20: 15 for 20 g m™ applied on 10 May 2013.

3) Mixed fertilizer of N: P K 20 20: 15 of 10 g m™ and potash fertilizer of 4 g m applied on 31 May 2013.

® Data of phosphate concentrations in digested slurry used for second additional fertilization could not be obtained. Therefore, rate
was calculated based on the ratio of phosphate concentrations to total nitrogen concentrations for the third additional fertilization.
¢ Data of potassium concentrations in digested slurry used for second additional fertilization could not be obtained. Therefore, rate
was calculated based on the ratio of potassium concentrations to total nitrogen concentrations for the third additional fertilization.
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Fig. 12 (a) Whole pictures of the prototype slurry tanker and tractor for towing, (b) Generator, (c) Motor pump

5.2.5 Survey and Analysis

At the second additional fertilization day on 10 May 2013,
working procedures needed for pouring digested slurry and
time for each procedures during fertilization was recorded. At
the third additional fertilization day on 31 May 2013, working
procedures needed for pouring digested slurry, time, fuel and
costs consumed for each procedure during fertilization were
recorded. Data of hourly wages for agricultural activities,
price and components of each chemical fertilizer used for
conventional cultivation and fuel prices were obtained by
interviews of farmers and villagers.

At harvest, yield and yield components such as height of
plants, numbers of ears per 1 m? numbers of grains per 1 ear
were measured. At harvest, the experimental plot was divided
into 12 meshes and harvested unhulled rice in each mesh was
weighed and converted to yield at moisture of 15%w.b. For
grains per ear and plant height, 10 rice plants from each mesh
were sampled and measured. Ten rice plants were sampled
from three points in the control plot and measured for grains

per ear and plant height. Then, all remaining rice in the control

Road

Pouring point for

slurry and water

Irrigation and
drainage canal

Control plot

Experimental | 6000 m?
plot

Fig. 13  Diagram of experimental field

plot was harvested all together using a combine and the yield in the control plot was obtained. T-N content of rice grains
was analyzed with a NC-Analyzer (SUMIGRAPH NC-220, SCAS). T-N content of rice plants was analyzed with a NC-

Analyzer (Euro EA 3000, Euro Vector).

During cultivation, precipitation was recorded with a rain gage (OW-34-BP, Ota Keiki) equipped with a data logger

(U1Z3639, UIZIN).
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5.3 Results and Discussion
5.3.1 Rice Production with the Use of Digested
Slurry by Pouring Method

Yield and yield components for the experimental and
control plots are shown in Table 10. Yield in the experimental
plot was 485 g m?, within the range of 300 —500 g m™ for
on-site conventional cultivation (Oritate et al., 2015) and
yield for Ho Chi Minh City was 392 g m? (General Statistics
Office Vietnam, 2011). However, a yield of 299 g m™ for the
control plot was lower than the values for on-site conventional Fig. 14 Photograph of vacuum truck

cultivation. As shown in Table 9, nitrogen was applied
earlier in the control plot compared to the experimental plot.
Therefore, there would be abundant nitrogen in the control
plot, so, the vegetative growth stage may have lasted longer
in control plot than in the experimental plot. This may result
in the smaller yield in the control plot. Rice production in
the experimental plot showed that digested slurry can be

substituted as the chemical fertilizer for rice production.

5.3.2 Work Procedures, Fuel Consumption and La-
bor for Application of Digested Slurry

Slurry needed for the second and third additional
fertilizations of the experimental plot was 5.0 m* and 3.26
m?, respectively. Slurry was transported by 2 shuttles of the
prototype slurry tanker (available capacity of 2.7 m?) for
the third additional fertilization and 1 vacuum truck for the
second additional fertilization (available capacity of 5.5 m3).
Slurry was collected from biogas digesters of pig farms in
Thai My Village. Slurry and irrigation water were applied
based on previous studies (Koga et al., 2010; Mihara et al.,
2011; Kamioka and Kamewada, 2011; Iwashita et al., 2008).
Atboth additional fertilizations, digested slurry and irrigation
water were poured together until the increase of 4—5 cm of
water level. Water level could not be decreased to shallow

ponding conditions proposed by Iwashita et al. (2008) such .
as a water level of 0 cm (Koga et al., 2011) or 0.3 cm (Mihara Fig. 16  Application of digested slurry with the prototype

et al., 2011) just before the second additional fertilization. slurry tanker

Table 10  Yield and yield components in experimental plot and control plot

. Grains per 1 . Nitrogen Nitrogen
Yield Ears per 1m? car Plant height Cf)ntent .Of cpntent of
rice grain rice plants
gm? Ears m? Grains ear’ cm % %
Average 485 232 63 83.3 1.8 4.9
Experimental plot (n=12) (n=12) (n=120) (n=119) (n=12) (n=12)
SD. 187 107.6 24.9 10.7 0.3 0.6
Average 299 483 32 91.8 1.9 3.0
Control plot (n=3) (n=30) (n=30) (n=1) (n=3)

SD. - 101.9 22.7 12.5 - 0.5
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By contrasts, just before the third additional fertilization, field conditions before application of digested slurry were dryer
than the same conditions. for the third additional fertilization, because of poor irrigation and drainage conditions in the
paddy field, and low precipitation before the third additional fertilization as shown in Fig. 17. Pouring rate of digested
slurry was 2.98 L s! for the second additional fertilization and 4.62 L s for the third additional fertilization as shown
in Table 11. Pouring rate of digested slurry that we used was faster than the 2.3 L s'! of Mihara et al. (2011) and 0.48
L s of Kamioka and Kamewada (2011). Irrigation water was poured at a rate of 6.07 L s even though Kamioka and
Kamewada (2011) used a rate of 3.3 L s”. Both pouring rates in this study were based on the capacity of each pump. For
spatial distribution of digested slurry in paddy fields, the flow rates shown in the past studies such as by Koga or Mihara
are advantageous. On the other hand, large flow rate such as in this study is advantageous for work efficiency.

One worker and one operator for the tractor and two operators for the vacuum truck were engaged for collection,
transportation and pouring of the digested slurry, and one worker took charge of the pouring of irrigation water. The
data obtained for slurry fertilization was compiled as shown in Table 11. Labor costs for agricultural work was 1.19
USD h! person’, and gasoline price was 1.06 USD L', these data were estimated as common to slurry fertilization for
proto-type slurry tanker and vacuum truck. Time for preparation and withdrawal for collection of digested slurry and
time for preparation and withdrawal for pouring digested slurry were estimated at 900 seconds for 1 shuttle, respectively.
Similarly, time for preparation and withdrawal for irrigation water was estimated at 900 seconds for 1 shuttle. Time
required for monitoring water level of paddy field was estimated as 20% of the running time of engine pump because the
intermitted monitoring will be needed for the application of digested slurry to large area of paddy fields. Rental fee of a
tractor for a half day was 23.85 USD. In the study site, 1 day indicates 8 hours. This cost includes fuel for the tractor and
labor for 1 operator of a tractor. Rental fee of a vacuum truck for 1 day with 2 operators was 71.55 USD. This also includes

fuel for vacuum truck and labor for 2 operators.

5.3.3 Work Procedures, Fuel Consumption and Labor for Application of Chemical Fertilizer

Chemical fertilizers were manually applied by workers. The time required for fertilization per unit weight of chemical
fertilizers was 6.08 x 102 h kg person™'. Application rate for each fertilizer on each fertilization day was as shown in
the notes under Table 9. The prices of fertilizers used for the control plot were surveyed. A motor-cycle was used for
transportation of chemical fertilizers from the farmer’s house to the field. Maximum weight of the chemical fertilizer
transported by the motor-cycle was 50 kg. Ten minutes and 0.17 L of gasoline were consumed for transportation of 1
shuttle from the farmer’s house to the experimental field. The plot was irrigated before application of chemical fertilizer
for the third additional fertilization, because the surface of the field was dry. Data obtained are shown in Table 12.

5.3.4 Comparison of Cost for Fertilization

Cost for slurry fertilization was estimated based on data obtained from the experiments as shown in Table 8 and 9 to
evaluate the feasibility of slurry fertilization from the viewpoint of economics. The estimation conditions were set as
follows, and detail procedures of estimation is described in Appendix 2.

The third additional fertilization ~ Harvesting experimental plot
80 \i' Harvesting
— The first The second control plot
S g0 additional ~ additional
E Seeding fertilization fertilization
sof ||
s
S 20 | ‘ | ‘
2
o
0 | xl | 1 || |A|I|l u |IAII|I A||II|IAII| i I||A |.n||
4/1 4/11  4/21 51 511 5/21 5/31 6/10 6/20 6/30 7/10 7/20

Month/date (2013)

Fig. 17 Precipitation during cultivation
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Table 11  Data obtained for slurry fertilization

(a) Data common to slurry fertilization for prototype slurry tanker and vacuum truck

No. Category Factor Data
1 Pri Labor costs for agricultural work 1.19 (USD h'! person™')
rice
2 Gasoline price (Average price in May 2013) 1.06 (USD L)
3 Collection of digested slurry :;Trl:y for preparation and withdrawal for collection of digested 900 (s shuttle'y:
4 Pouring of digested slurry ;Tlr:y for preparation and withdrawal for pouring of digested 900 (s shuttle!)
Flow rate for pouring of irrigation water with engine pump 6.07 (Ls™)
Fuel consumption rate for engine pump during irrigation 891 x 10*(Ls™)
7 Pouring of irrigation water  Time for preparation and withdrawal of irrigation water 900 (s shuttle™)
o N
8 Time for monitoring water level of paddy field® 20% of the running time

of an engine pump

@ “Shuttle” indicates the shuttle between the field and the biogas digester for slurry fertilization
® Timing of the monitoring may be intermittent

(b) Data for slurry fertilization with prototype slurry tanker

No. Category Factor Data
1 Price Rental fee of a tractor for half-day (with 1 operator) 23.85 (USD 4hours™)
. Driving speed of a tractor o
2 Transportation (20 minutes required for transportation of 5.3 km.) 0.265 (km min.")
Flow rate for collection of digested slurry with a motor pump on r
3 3.08 (Ls™)
the prototype slurry tanker
Collection of digested slurry  Fuel consumption rate for generator on the prototype slurry tanker
4 to drive the motor pump for collection and pouring of digested 9.94 x 10 (L s™)
slurry (Value is same for pouring of digested slurry)
5 Pouring of digested slurry Flow rate for pouring digested slurry with motor pump on the 462 (s
prototype slurry tanker
(c) Data for slurry fertilization with a vacuum truck
No. Category Factor Data
1 Price Rental fee of a vacuum truck for 1day (with 2 operators) 71.55 (USD 8hours™)
. Driving speed of a vacuum truck I
2 Transportation (Tractor speed was used) 0.265 (km min.™")
3 Collection of digested slurry Flow rate for collection of digested slurry with vacuum truck 4.17(Ls™"
4 Pouring of digested slurry ~ Flow rate for pouring digested slurry with vacuum truck 298 (Ls)

1) Application schedule and rates of fertilization are shown in Table 9.

2) Transportation distance was 2.5 km.

Although the actual distance was 5.3 km to the experimental plot, this distance was reduced to 2.5 km because both

paddy fields and pig farms are distributed in the village as shown in Fig. 11, and digested slurry would be transported from

pig farms to the closest paddy fields.
3) T-N in the digested slurry was 400 or 2,000 mg L-!
T-N of approximately 400 mg L' was the average value obtained in our previous study (Thang et al. 2011). T-N of 2,000

mg L' is a proposed value. Reduction of washing water for livestock sheds into the biogas digesters is expected to reach
the plan value of 2,000 mg L.
4) Surface water levels in the field before and after application of digested slurry and irrigation water were 0 cm and 4

cm, respectively.
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Table 12 Data obtained for fertilization in conventional cultivation with chemical fertilizer
No. Category Factor Data
1 Labor costs for agricultural work 1.19 (USD h'person’')?
2 Gasoline price (Average price in May 2013) 1.06 (USD L")
3 Price Mixed fertilizer of NPK 0.72 (USD kg)
4 Urea 0.48 (USD kg)
5 Phosphorus fertilizer 0.14 (USD kg)
6 Potash fertilizer 0.50 (USD kg)
7 Time for transportation between the field and farmer’s house with 10 (minutes)
a motor-cycle
8 Transportation Fuel consumption rate of a motor-cycle 1.7 x 10* (L min.™")
9 rl\:j:;f;;;eweight of chemical fertilizer transported with a 50 (kg shuttle-)
10 Application Time for fertilization per weight of chemical fertilizer and per one 6.08 x 102 7
workers (h kg! person™)
11 Flow rate for pouring irrigation water with the engine pump 6.07 (L s
12 Pouring of Fuel consumption rate for engine pump during irrigation 8.91x 10*(Ls")
13 irrigation water Time for preparation and withdrawal for pouring of irrigation water 900 (s shuttle™')*
14 i the field Time for monitoring of water level of paddy field® 20% of the running time

of the engine pump

* Data is same as for slurry fertilization.
® Timing of the monitoring may be intermittent
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Fig. 18 Cost comparisons for fertilization

These results show that an increase in nitrogen concentrations of digested slurry by a reduction in the entry of washing

water from livestock sheds into the biogas digesters make slurry fertilization feasible.

Surface water levels before and after slurry fertilization were set at 0 cm and 4 cm for the third additional fertilization
even though the experiments were conducted during the rainy season. Surface of the field at the third additional fertilization

was dry. Therefore, surface water in the field can be assumed to be almost as dry as the third additional fertilization.

The estimation is summarized in Fig. 18. Costs for fertilization by conventional cultivation with chemical fertilizer was
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estimated as 0.06 USD m™. However, slurry fertilization with the prototype slurry tanker cost 0.13 USD m? and slurry
fertilization with a vacuum truck cost 0.10 USD m™ under the current situation of T-N of 400 mg L' in the digested slurry.
The increase in T-N in the digested slurry from 400 to 2,000 mg L' drastically reduced the costs for slurry fertilization.
Costs for slurry fertilization with both the vacuum truck and the prototype slurry tanker were lower than the costs for
chemical fertilizers. Costs for slurry fertilization with a vacuum truck were lower than the costs with the prototype
slurry tanker, because the vacuum truck can transport larger volumes of digested slurry at one time. However, the use of
prototype slurry tankers to transport digested slurry can be economical because vacuum trucks are rarely available in rural

areas of Vietnam.

5.4 Conclusions

In this study, digested slurry was applied by the pouring method as additional fertilizer to evaluate the feasibility of the
use of digested slurry in paddy fields of Southern Vietnam. Data-related costs and labor for application of digested slurry
and rice production by this method were obtained and compared with applications of chemical fertilizers.

Rice production with the use of digested slurry was 485 g m?, which is within the range of on-site conventional
cultivation with chemical fertilizers. Therefore, it was shown that digested slurry can be substituted for chemical fertilizers
for rice production.

T-N concentrations from 400 to 2,000 mg L in the digested slurry showed that the cost for slurry fertilization can be
reduced to less than the cost for chemical fertilizers.

A reduction in washing water can produce nitrogen concentrations of 2,000 mg L' in the digested slurry. For this, large
volume of washing water after flashing out the pig manure should be separated from influent to a biogas digester. The
separated washing water could be treated by natural purification such as by soil and plants.

Experiments and estimations in this study clarify the feasibility of slurry fertilization in Southern Vietnam.

6. DISCUSSIONS

6.1 Installation and Evaluation of the System to use Digested Slurry from Biogas Digesters

Based on the feasibility of use of digested slurry in paddy fields in Southern Vietnam by evaluation from the view
point of impact on rice plants and surrounding environment, and the economy as clarified in Chapters 3-5, a scenario
to increase biogas digesters in the village for treatment of currently untreated livestock excreta and to use slurry from
the biogas digester at agricultural fields as a fertilizer was proposed and designed as the “Scenario 1”. The details of the
scenario are as follows:

1) All unused pig and milk cow excreta were considered as feedstock for biogas digesters. By increasing the number of
biogas digesters, excreta from 10,288 pigs and 61 milk cows became the target.
2) Water content of digested slurry was set to one fifth of the water content of digested slurry in “present conditions” based

on consideration of transportation cost of slurry in Chapter 5.

3) Digested slurry produced from biogas digesters was used on non-paddy fields at the same application rate as “present
conditions”, and all the rest used at paddy fields as fertilizer.

4) Total nitrogen in the digested slurry was considered as replacement for chemical nitrogen fertilizer based on the results
of rice cultivation tests using digested slurry at the site.

Based on the above assumed scenario, material flow in a village was calculated as shown in Fig. 19. Highlighted results
are arranged in Tables 13, 14 and 15.

Effluent nitrogen load decreased to 79.7 t y' from 131.6 t y!, equivalent to a 39% reduction. The application rate of
nitrogen chemical fertilizer for rice cultivation decreased to 2.5 t y! from 54.4 t y'! as a result of the application of digested
slurry. Percolation and leaching were not changed because the former researches in Japan (Kamioka and Kamewada,
2011; Sunaga et al., 2009; Chen et al., 2013) indicated that the application of digested slurry did not significantly influence
on it as mentioned in Chapter 2. Biogas generation rate increased from 52,125 Nm® y! to 326,822 Nm? y!. Nitrogen
loss from the paddy field slightly increased through ammonia volatilization caused by application of digested slurry to

the surface of the paddy field as mentioned in Appendix 1-1, No.47. Therefore, it is necessary to consider a method of
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Fig. 19 “Scenario 1" based on the scenario for increasing biogas digesters and using the slurry from them in paddy fields

Changes in nitrogen load to lower water bodies from each

source

Present

Source of nitrogen load

Scenario 1

Nitrogen load (t year™)

Livestock excreta

Leaching from non-paddy
Leaching from paddy fields
Surface drainage from paddy
Digested slurry

Total

57.0
50.8
12.1
4.1
7.6

131.6

12.7
50.8
12.1
4.1
0.0
79.7
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Table 14 Changes in chemical fertilizer use rate in paddy fields
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application for digested slurry that can minimize the ammonia volatilization rate in the future.

Several reports indicate the annual reductions of GHG emission by adoption of household biogas digesters and indicate
the annual reduction rate per one unit of biogas digester (UNFCCC, 2015). Among them, the reduction rate by adoption
of concrete dome-type biogas digesters in rural areas of Vietnam is 2.7054 t-CO,_y"' ™ per one unit of biogas digester
(assuming that operation rate of biogas digesters of 100%) (UNFCCC, 2012). This rate is derived from the difference in
GHG emissions between using coal, LPG and kerosene as cooking fuel and substitution with biogas. Increase of biogas
digesters of approximately 586 units from 111 at present to 697 in “Scenario 1” can be estimated. Here, number of the
units of biogas digesters are estimated based on popular patterns in Thai My Village, that is, to operate one unit of biogas
digester, 15 pigs or 5 milk cows are needed. Therefore, approximately 1,600 t-CO, y™' can be reduced in the whole Thai

My village from “present conditions” to “Scenario 1.

6.2 Advanced Regional Biomass Use System with Bio-ethanol Production from Rice Straw

Assuming more improvement of regional biomass use in the future, an advanced scenario can be proposed and designed
as “Scenario 2”. In this scenario, a new biomass use system, namely, bio-ethanol production from rice-straw is added to
“Scenario 1”. In “Scenario 2”, unused rice straw of 1,618 t y! which is harvested and left in the field after rice cultivation
is focused on as the feedstock for bio-ethanol. According to the results of experimental production of bio-ethanol from
rice straw at a pilot plant on the site, 420 kL year! of bio-ethanol can be produced from 6,000 t y! of rice straw with a
moisture of 60%w.b. (Mochidzuki, 2013). Therefore, the conversion unit for bio-ethanol from rice straw can be calculated
as 175 L (t-dry rice straw)'. Under this scenario, the material flow in a village was calculated as shown in Fig. 20. This
revealed that approximately 240 kL year' (=190 t y') of bio-ethanol can be produced as regional energy from unused
rice straw. Bio-ethanol could reduce GHG emissions from fossil fuels substituted with bio-ethanol. The calorific value
of bio-ethanol from rice straw in “Scenario 2” is estimated at approximately 5.21 TJ y™!' according to calorific value of
bio-ethanol of 27.40 TJ Gg' (IPCC, 2006a) and its specific gravity of 0.7893 kg L' (Oki et al., 1994), and by substituting
this bio-ethanol for fossil fuel of which GHG emission factor is 69,300 kg-CO, TJ' (IPCC, 2006b), 0.36 Gg-CO, y' can
be reduced within this village.

6.3 Prospect for Diffusion of Regional Biomass Use System to Southeast Asia

This section further evaluated the prospects of the diffusion of the regional biomass use system mentioned above to
Southeast Asia. The first scenario considers the use and diffusion of biogas digesters, assuming that manure of all pigs
and milk cows is used as feedstock for biogas digesters, and digested slurry is used as fertilizer in agricultural fields.
The total numbers of pigs and milk cow throughout Southeast Asia are approximately 72.2 million in 2013 (FAOSTAT,
2015b) and 1.66 million (refer to Appendix 3). The total number of biogas digester units throughout Southeast Asia can
be estimated at approximately 5.1 million units calculated as for Thai My village. Therefore, the reduction rate of GHG
emission throughout Southeast Asia can be estimated at approximately 14 Mt-CO, y' . This is equal to approximately
3% of the amount of GHG emissions from agricultural sectors in Southeast Asia.

In the above situation, approximately 0.39 Mt y™! of nitrogen is contained in manure for feedstock for biogas digesters.
Therefore, this amount of nitrogen load of digested slurry can be removed from water bodies by using this digested slurry
from biogas digesters in agricultural fields as fertilizer. Total renewable water resources in Southeast Asia is 6,396x10°
mPy! in 2014 (AQUASTAT, 2015), so the reduction of nitrogen load corresponds to a decrease of approximately 0.06
mgN L in all water discharged in Southeast Asia.

The second scenario considers the production and use of bio-ethanol from unused rice straw assuming that two-thirds of
harvested rice straw generated in paddy fields is used for feedstock of bio-ethanol as in “Scenario 2" throughout Southeast
Asia. Yield in paddy of Southeast Asia was 4.19 t ha! in 2013 (FAOSTAT, 2015c), and the volume of rice straw that can
be used for bio-ethanol production is estimated at 0.16 Gt y'! based on the same calculation as for Thai My Village. In this
scenario, approximately 23.7 G L y' of bio-ethanol can be produced and 350 Mt-CO, y™' can be reduced by substituting

1=2.7054 t-CO, y' in this case
=14 Mt-CO,_ y" in this case
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Table 15 Change in biogas generation rate from biogas digesters
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this bio-ethanol for fossil fuel. This is equal to approximately 8% of the amount of GHG emissions from agricultural

sectors in Southeast Asia.

Based on the above discussions, the regional biomass use system proposed above would certainly contribute not only

to the local environment, but also to the global environment.
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7. CONCLUSION

In this study, feasibility of use of digested slurry from biogas digesters in paddy fields in Southern Vietnam was clarified
in terms of fertilizer effects on rice, environmental impacts and economical aspect. Following is the summarization of the
results obtained. In addition, effects of regional biomass use system to Southeast Asia were forecasted.

In Chapter 3, regional diagnosis of a representative suburban village in Southern Vietnam where rice cultivation and
livestock farming are popular was conducted to clarify the present conditions of use of regional biomass. Literature
reviews, interviews at the site and field surveys were conducted to collect data for the present regional diagnosis. The
analysis of the material flow diagram clarified that untreated livestock excreta and untreated digested slurry occupied
49% in total nitrogen load to regional water bodies, and may cause water pollution, and that of some by-products from
rice cultivation, especially, approximately 67% of harvested rice straw is not effectively used even though they may be
sources of energy. As the most effective option for this situation, the use of currently untreated livestock excreta as the
feedstock for biogas digesters followed by the use of digested slurry in paddy fields in terms of environmental conservation
and saving the input of chemical fertilizers to agricultural fields was proposed. Then, the necessity of investigating the
feasibility from the view point of 1) effects on rice as a fertilizer and environmental impacts such as nitrogen pollution
or fecal contamination of lower water bodies through surface discharge during its use, and 2) economical methods of
transporting and applying it, was proposed to promote of the use of digested slurry.

In Chapter 4, to evaluate the feasibility of use of digested slurry in paddy fields of Southern Vietnam from the view
point of fertilizer effects on rice, environmental impacts such as nitrogen load and fecal contamination with application of
digested slurry, a field experiment on small plots in a paddy field at the site was conducted to compare it with conventional
cultivation with chemical fertilizers. Nitrogen concentrations and fecal indicator microbes such as E. coli and Coliforms
in surface water following fertilization, and yield and yield components were surveyed. As the results, there was no
significant difference in yield and yield components between both treatments, nitrogen concentrations in surface water in
plots treated with digested slurry decreased gradually but were higher than 10 mg L' even 1 week after fertilization, and
E. coli in surface water of the plot treated with digested slurry decreased to a non-detectable level within 1 week after
fertilization. This clarified that digested slurry is applicable as a fertilizer for rice, and that the prevention of nitrogen load
and fecal contamination in lower water bodies is possible along with the prevention of discharge from the plot treated
with slurry for a determined duration.

In Chapter 5, to evaluate the feasibility of use of digested slurry in paddy fields of Southern Vietnam from the view
point of economy and labor, a field experiment to test the use of digested slurry by the pouring method was conducted
at the site. A vacuum truck was used to transport and pour the digested slurry, and a prototype slurry tanker was also
manufactured to transport and apply digested slurry, because vacuum trucks are rarely available in rural areas of Vietnam.
To evaluate feasibility, costs and labor for application of digested slurry were examined and compared with conventional
cultivation methods using chemical fertilizers. Among the results, costs for slurry fertilization with a prototype slurry
tanker and a vacuum truck were estimated at 0.13 USD m?, and 0.10 USD m™, respectively. These costs were higher than
the 0.06 USD m for conventional cultivation with T-N of approximately 400 mg L' in the digested slurry. However, it
was clarified that the cost for slurry fertilization can be lower than that in conventional cultivation when the concentration
of nitrogen in the digested slurry is increased from 400 to 2,000 mg L-!. These results clarified that an increase in nitrogen
concentrations in digested slurry makes slurry fertilization feasible by decreasing the amount of washing water for
livestock sheds that enters into the biogas digesters.

In Chapter 6, according to the results obtained in Chapters 3-5, reduction of 39% of nitrogen load in water bodies and
reduction of 1,600 t-CO, y"' of GHG emissions were expected by diffusion of biogas digesters and use of digested slurry
in a suburban village in Southern Vietnam. Reduction of 0.36 Gg-CO, y"' of GHG emission was expected by advanced
regional biomass use system with bio-ethanol production from rice straw in the village. The diffusion of biogas digesters
and use of digested slurry in paddy fields in Southeast Asia would reduce approximately 0.06 mgN L of nitrogen load in
the water bodies and approximately 14 Mt-CO, y' of GHG emission. Diffusion of bio-ethanol production from rice straw
would reduce 350 Mt-CO, y' of GHG emissions. The total reduction of 364 Mt-CO, y' of GHG emission corresponds to

approximately 11% of the amount of GHG emissions from agricultural sectors.
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Vietnam was selected as a representative Southeast Asian country in this study, and regional biomass use systems
were developed based on the situation in Vietnam. However, these details differ among countries in the region. Thus, in
practice, it will necessary to fine-tune the systems proposed in this study in order to apply them in each Southeast Asian
country. In addition, though the systems are based on household biogas digesters, the economies of Southeast Asian
Countries are growing rapidly and their livestock sectors will likely grow as well. Therefore, additional consideration of

large-scale livestock farming will be necessary in the future.
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Appendix 2 Calculation procedures of cost for fertilization
Appendix 2-1 Operation costs

1. Conventional cultivation with chemical fertilizer

(1) Area: 2,500 m?

An area of 2,500 m? was set to optimize the transportation of chemical fertilizer as shown (3) below.

(2) Weight and price of chemical fertilizer
a. The first additional fertilization
Weight of phosphorus fertilizer: 50 g m? x 2,500 m? = 125,000 g
Price of phosphorus fertilizer: 125,000 g x 0.14 USD kg! = 17.50 USD
Weight of Urea: 10 g m? x 2,500 m? = 25,000 g
Price of Urea: 25,000 g x 0.48 USD kg'! = 12.00 USD
Subtotal weight: 125,000 g + 25,000 g = 150,000 g
Subtotal price: 17.50 USD + 12.0 USD = 29.50 USD

b. The second additional fertilization
Weight of mixed fertilizer: 20 g m? x 2,500 m? = 50,000g
Price of mixed fertilizer: 50,000 g x 0.72 USD kg = 36.00 USD

c. The third additional fertilization
Weight of mixed fertilizer: 10 g m x 2,500 m?= 25,000 g
Price of mixed fertilizer: 25,000 g x 0.72 USD kg' = 18.00 USD
Weight of potash fertilizer: 4 g m? x 2,500 m? = 10,000 g
Price of potash fertilizer: 10,000 g x 0.50 USD kg = 5.00 USD
Subtotal weight: 25,000 g + 10,000 g =35,000 g
Subtotal price: 18.00 USD + 5.00 USD = 23.00 USD

Total weight: 235,000 g
Total price: 88.50 USD

(3) Transportation
a. The first additional fertilization
150,000 g + 50 kg shuttle = 3 shuttles

b. The second additional fertilization
50,000 g + 50 kg shuttle! = 1 shuttle

c¢. The third additional fertilization
35,000 g + 50 kg shuttle! = 0.7=1 shuttle

Total: 5 shuttles

Total time: 5 shuttles X 10 min shuttle! = 50 min

Fuel consumption for a motor-cycle: 1.7 x 102 (L min!) x 50 min=0.85 L
Gasoline cost: 0.85 L x 1.06 USD L' =0.90 USD

Labor cost: 50 min % 1.19 USD h'! person = 0.99 USD

Subtotal cost: 0.90 USD + 0.99 USD = 1.89 USD
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(4) Application
Time: 235,000 g x 6.08 x 102 h kg! person'=14.29 h person’
Labor cost: 14.29 h x 1.19 USD h™! person™ = 17.01 USD

(5) Irrigation water
% Water level in paddy field was increased from 0 cm to 4 cm through irrigation to dissolve chemical fertilizer and

increase absorption by rice plants

Water volume: 0.04 m x 2,500 m?> = 100 m*

Pouring time: 100 m® + 6.07 (L s!) =16,474.46 s

Fuel consumption of pump for irrigation: 16,474.46 s x 8.91 x 10* (L s') =14.68 L
Gasoline cost: 14.68 L x 1.06 USD L' =15.56 USD

Labor working time: 16,474.46 s x 0.2 + 900 s =4,194.89 s

Labor cost for irrigation: 4,194.89 s x 1.19 USD h'! person’! = 1.39 USD

Subtotal cost: 15.56 USD + 1.39 USD = 16.95 USD
Total cost: 16.95 USD x 3 times = 50.85 USD

Total cost 158.25 USD for 2,500 m?
=6.33 x 102 USD m?
=0.06 USD m?

2. Slurry fertilization with vacuum truck

(1) Cost for one shuttle

a. Collection of digested slurry
Running time of pump: 5.5 m? shuttle! +4.17 L s = 1,318.94 s shuttle™!
Total time: 1,318.94 s shuttle! + 900 s shuttle'= 2,218.94 s shuttle!

b. Transportation of digested slurry
Time: 2.5 km x 2 (one way) + 0.265 km min™' = 1,132.08 s shuttle™

c. Pouring of digested slurry
Running time of pump: 5.5 m? shuttle! +2.98 L s' = 1,845.64 s shuttle™!
Total time: 1,845.64 s shuttle! + 900 s shuttle! = 2,745.64 s shuttle™!

d. Cost for one shuttle
Time for one shuttle: 2,218.94 s + 1,132.08 s +2,745.64 s = 6,096.66 s=1.69 h
Vacuum truck rental fee: 8.94 USD h! x 1.69 h=15.11 USD shuttle™!

#Rental fee includes 2 operators and fuel cost for transportation and pump.
Labor cost for one worker: 1.69 h x 1.19 USD h! person = 2.01 USD shuttle!
Cost for one shuttle of a vacuum truck: 15.11 +2.01 = 17.12 USD shuttle!

(2) Area for one shuttle

a. Area for digested slurry with 400 mg L' of T-N
The second fertilization: 400 mg L' x 5.5 m? shuttle”! ~ 7.9 g m?=278.48 m? shuttle’’
The third fertilization: 400 mg L! x 5.5 m? shuttle! + 3.1 g m2=709.67 m? shuttle’!

b. Area for digested slurry with 2,000 mg L! of T-N
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The second fertilization: 2,000 mg L' x 5.5 m? shuttle! + 7.9 g m?=1,392.40 m? shuttle™!
The third fertilization: 2,000 mg L' x 5.5 m?® shuttle! + 3.1 g m?=3,548.38 m? shuttle™!

(3) Cost for irrigation
$ Water level in paddy field increased from 0 cm to 4 cm by irrigation and digested slurry of 5.5 m* with one shuttle.

a. Pouring of irrigation water in case of digested slurry with 400 mg L! of T-N
Water volume for the second fertilization: 0.04 m x 278.48 m? -5.5 m*® =5.64 m*
Water volume for the third fertilization: 0.04 m x 709.67 m? -5.5 m* = 22.89 m®
Pump running time for the second fertilization: 5.64 m* + 6.07 L s'=929.15 s
Pump running time for the third fertilization: 22.89 m* + 6.07 L s'=3,771.00 s

Fuel cost of pump for the second fertilization: 929.15 s x 8.91 x 10# L s x 1.06 USD L
=0.88 USD

Fuel cost of pump for the third fertilization: 3,771.00 s x 8.91 x 10* L s! x 1.06 USD L'
=3.56 USD

Labor cost for the second fertilization: (929.15 s x 0.2 + 900 s) x 1.19 USD h*! person’!
=0.36 USD

Labor cost for the third fertilization: (3,771.00 s x 0.2 + 900 s) x 1.19 USD h' person’!
=0.55USD

b. Pouring of irrigation water in case of digested slurry with 2,000 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 1,392.40 m? - 5.5 m> =50.20 m*
Water volume for the third fertilization: 0.04m x 3,548.38 m? - 5.5 m® = 136.44 m®
Pump running time for the second fertilization: 50.20 m* + 6.07 L s =8,270.18 s
Pump running time for the third fertilization: 136.44 m* + 6.07 L s =22,477.76 s

Fuel cost of pump for the second fertilization: 8,270.18 s x 8.91 x 104 L s x 1.06 USD L
=7.81 USD

Fuel cost of pump for the third fertilization: 22,477.76 s x 8.91 x 10* L s x 1.06 USD L™
=21.23 USD

Labor cost for the second fertilization: (8,270.18 s X 0.2 + 900 s) x 1.19 USD h™! person’!
=0.84 USD

Labor cost for the third fertilization: (22,477.76 s x 0.2 + 900 s) x 1.19 USD h™! person™!
=1.78 USD

(4) Sum of slurry fertilization cost for vacuum truck
a. T-N of 400 mg L"! in digested slurry
Cost for the second fertilization: 17.12 + 0.88 + 0.36 =18.36 USD
Cost for the second fertilization per 1m?: 18.36 USD + 278.48 m*=6.59 x 102 USD m?
Cost for the third fertilization: 17.12 + 3.56 + 0.55 = 21.23 USD
Cost for the third fertilization per 1m?: 21.23 USD =+ 709.67 m?>=2.99 x 102 USD m™
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Cost for T-N in digested slurry of 400 mg L' per 1m?: 6.59 x 102+ 2.99 x 102 =9.58 x 102 USD m
=0.10 USD m?

b. T-N of 2,000 mg L' in digested slurry
Cost for the second fertilization: 17.12 + 7.81 + 0.84 = 25.77 USD
Cost for the second fertilization per 1m?: 25.77 USD + 1,392.40 m*=1.85 x 102 USD m?
Cost for the third fertilization: 17.12 +21.23 + 1.78 =40.13 USD
Cost for the third fertilization per Im* 40.13 USD + 3,548.38 m*>=1.13 x 102 USD m™
Cost for T-N in digested slurry of 2,000 mg L' per Im? 1.85 x 102+ 1.13 x 102
=2.98 x 102 USD m?2=0.03 USD m?

3. Slurry fertilization with a prototype slurry tanker

(1) Cost for one shuttle

a. Collection of digested slurry
Running time for generator to drive pump: 2.7 m® shuttle + 3.08 L s! = 876.62 s shuttle™!
Total time: 876.62 s shuttle! + 900 s shuttle = 1,776.62 s shuttle™!

b. Transportation of digested slurry
Time: 2.5 km shuttle! x 2 (one way) + 0.265 km min”' = 1,132.08 s

c. Pouring of digested slurry
Running time for generator to drive pump: 2.7 m® shuttle! + 4.62 L s! = 584.42 s shuttle’!
Total time: 584.42 s shuttle! + 900 s shuttle! = 1,484.42 s shuttle™!

d. Cost for one shuttle
Fuel cost for collection of digested slurry: 876.62 s shuttle! x 9.94 x 10* L s x 1.06 USD L"!
=0.92 USD shuttle™
Fuel cost for pouring of digested slurry: 584.42 s shuttle! x 9.94 x 10 L s x 1.06 USD L-!
=0.62 USD shuttle™!
Fuel cost for one shuttle 0.92 USD shuttle!' +0.62 USD shuttle”! = 1.54 USD shuttle™!

Time for one shuttle: 1,776.62 s + 1,132.08 s + 1,484.42 s=4,393.12s=1.22h
Rental fee for tractor: 5.96 USD h! x 1.22 h shuttle! = 7.27 USD shuttle’!

#Rental fee includes labor cost for 1 operator and fuel cost for transportation.
Labor cost for one worker: 1.22 h x 1.19 USD h! person! = 1.45 USD shuttle™!
Cost for one shuttle with prototype slurry tanker: 1.54+7.27+1.45=10.26 USD shuttle™!

(2) Area for one shuttle

a. Area for digested slurry with 400 mg L' of T-N
The second fertilization: 400 mg L' x 2.7 m? shuttle’ + 7.9 g m?=136.71 m? shuttle’!
The third fertilization: 400 mg L' x 2.7 m? shuttle! + 3.1 g m?=348.39 m? shuttle!

b. Area for digested slurry with 2,000 mg L' of T-N
The second fertilization: 2,000 mg L! x 2.7 m? shuttle! + 7.9 g m2=683.54 m? shuttle™!
The third fertilization: 2,000 mg L' x 2.7 m?® shuttle” + 3.1 g m?=1,741.94 m? shuttle’!
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(3) Cost for irrigation
# Water level in paddy field was increased from 0 cm to 4 cm by irrigation and digested slurry of 2.7 m?® by one shuttle.

a. Pouring of irrigation water in case of digested slurry with 400 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 136.71 m?- 2.7 m*=2.77 m’
Water volume for the third fertilization: 0.04 m x 348.39 m?- 2.7 m*=11.24 m’

Pump running time for the second fertilization: 2.77 m* + 6.07 L s'=456.34 s
Pump running time for the third fertilization: 11.24 m* + 6.07 L s'=1,851.73 s

Fuel cost of pump for the second fertilization: 456.34 s x 8.91 x 10* L s x 1.06 USD L
=0.43 USD
Fuel cost of pump for the third fertilization: 1,851.73 s x 8.91 x 10* L s x 1.06 USD L
=1.75USD

Labor cost for the second fertilization: (456.34 s x 0.2 + 900 s) x 1.19 USD h™! person’!
=0.33 USD
Labor cost for the third fertilization: (1,851.73 s x 0.2 +900 s) x 1.19 USD h™! person™'
=0.42 USD

b. Pouring of irrigation water in case of digested slurry with 2,000 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 683.54 m? - 2.7 m’ = 24.64 m®
Water volume for the third fertilization: 0.04 m x 1,741.94 m? - 2.7 m3 = 66.98 m?

Pump running time for the second fertilization: 24.64 m* + 6.07 L s' =4,059.31 s
Pump running time for the third fertilization: 66.98 m* + 6.07 L s = 11,034.60 s

Fuel cost of pump for the second fertilization: 4,059.31 s x 8.91 x 10# L s x 1.06 USD L
=3.83 USD

Fuel cost of pump for the third fertilization: 11,034.60 s x 8.91 x 10 L s x 1.06 USD L
=10.42 USD

Labor cost for the second fertilization: (4,059.31 s x 0.2 + 900 s) x 1.19 USD h'person’!
=0.57 USD

Labor cost for the third fertilization: (11,034.60 s x 0.2 + 900 s) x 1.19 USD h-'person™!
=1.03 USD

(4) Sum of slurry fertilization cost by the prototype slurry tanker
a. T-N of 400 mg L"! in digested slurry
Cost for the second fertilization: 10.26 + 0.43 + 0.33 = 11.02 USD shuttle™!
Cost for the second fertilization per 1m?: 11.02 USD shuttle! + 136.71 m? shuttle’!
=8.06 x 102 USD m*
Cost for the third fertilization: 10.26 + 1.75 + 0.42 = 12.43 USD shuttle™
Cost for the third fertilization per 1m?: 12.43 USD + 348.39 m? shuttle!=3.57 x 102 USD m™

Cost for T-N of 400 mg L! per 1m? in digested slurry: 8.06 x 102+ 3.57 x 102 USD m™
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=0.12 USD m?
(Therefore, total cost for slurry fertilization with T-N of 400 mg L' in digested slurry is approximately 0.13 USD m™
by adding the depreciation cost for prototype slurry tanker of 8.92x10* USD m™ and maintenance and repair cost for
prototype slurry tanker of 4.55x10 USD m? as mentioned in Appendix 2-2 to above operation cost of 0.12 USD m™2.)

b. T-N of 2,000 mg L' in digested slurry
Cost for the second fertilization: 10.26 + 3.83 + 0.57 = 14.66 USD shuttle™!
Cost for the second fertilization per 1m?: 14.66 USD + 683.54 m? shuttle'=2.14 x 102 USD m™
Cost for the third fertilization 10.26 + 10.42 + 1.03 =21.71 USD shuttle™!
Cost for the third fertilization per 1m?: 21.71 USD shuttle! + 1,741.94 m? shuttle™!
=1.25x 10 USD m?

Cost for T-N 0f 2,000 mg L' per 1 m? in digested slurry: 2.14 x 102+ 1.25 x 10~

=3.39 x 102 USD m™
(Therefore, total cost for slurry fertilization with T-N of 2,000 mg L' in digested slurry is approximately 0.04 USD m™
by adding the depreciation cost for prototype slurry tanker of 2.14x10* USD m and maintenance and repair cost for
prototype slurry tanker of 1.09%10- USD m as mentioned in Appendix 2-2 to above operation cost of 3.39 x 102 USD

m?)

Appendix 2-2 Depreciation, maintenance and repair costs of prototype slurry tanker
Depreciation costs

Initial investment cost for prototype slurry tanker (on the assumption that maximum depreciation period of 15 years)

Plastic tank: 429 USD (143 USD x 3 times)
Tractor trolley: 1,670 USD

Motor pump: 372 USD

Generator: 1,369 USD

Total: 429 + 1,670 + 372 + 1,369=3,840 USD

Maximum depreciation period of machine tools, pumps and generators are 15 years based on the Vietnamese guidelines
for depreciation of fixed assets”45/2013/TT-BTC”. The maximum depreciation period of plastic tank is assumed as 5

years.

Rice is harvested twice a year in half of paddy fields, and 3 times a year in another half of paddy fields in Thai My Village.

Therefore, the depreciation cost per crop with prototype slurry tanker can be estimated as follows;
3,840 USD + 15 years + 2.5 crops year! = 102.4 USD crop’!

(According to Appendix 2-1. 3 (1), total time for a shuttle of the prototype slurry tanker can be calculated as follows;
1,776.62 + 1,132.08 + 1,484.42 = 4,393.12 s shuttle™)

(1) Area for one shuttle of prototype slurry tanker
Areas for one shuttle are shown as Appendix 2-1. 3 (2).
a. Area for the T-N in digested slurry of 400 mg L*!

The second fertilization: 136.71 m? shuttle!

b. Area for digested slurry with 2,000 mg L' of T-N
The second fertilization: 683.54 m? shuttle’!
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* Area for the second fertilization was taken because the second fertilization is more critical than the third fertilization.

(2) Time for all procedures
According to Appendix 2-1. 3 (1) and (3), times for every procedure are shown as follows;
a. Collection and transportation of digested slurry

1,776.62 s +1,132.08 s =2,908.70 s

b. Pouring of digested slurry
1,484.42 s

c. Irrigation for the second fertilization*
T-N in digested slurry of 400 mg L
456.34 s+ 900 s =1,356.34 s
T-N in digested slurry of 2,000 mg L-!
4,059.31 s +900 s =4959.31 s

(3)-1 Sequence in 8 hours for digested slurry with 400 mg L' of T-N
Sequence of slurry fertilization in 8 hours is shown as Fig. Ap2-1.

Time for one shuttle: 2,908.70 s + 1,484.42 s =4,393.12 s
Number of shuttles in 8 hours: 8 h +4,393.12 s shuttle! =6.56
Therefore, the maximum frequency of shuttle per day is 6 shuttles.
Therefore, maximum area for application of digested slurry per crop is estimated as follows;
6 shuttle day! x 136.71 m? shuttle! x 14 days** = 11,483.64 m? crop’!
** The second fertilization is acceptable for 14 days based on the interval of each additional fertilization.
Therefore, the depreciation cost of prototype slurry tanker per area can be estimated as follows:
102.4 USD crop™ + 11,483.64 m? crop=8.92 x 10 USD m

(3)-2 Sequence in 8 hours for digested slurry with 2,000 mg L of T-N

Sequence of slurry fertilization in 8 hours is shown as Fig. Ap2-2 because time for pouring of irrigation water is longer
than time for collection and transportation of digested slurry and pouring of digested slurry.

&
<€

v

Collection and . Collection and ) Collection and .
transportation of ~ Pouring of transportation of ~ Fouring of transportation of ~ Pouring of
digested slurry digested slurry digested slurry digested slurry digested slurry digested slurry

nanad > aanad S

Pouring of Pouring of Pouring of
irrigation water irrigation water irrigation water

Fig. Ap 2-1 Sequence in 8 hours for slurry fertilization with 400 mg L' of T-N

Within 8 hours

&
€

\ 4

Collection and  Pouring Collection and Pouring Collection and Pouring
transportation  of transportation of transportation of
of digested digested  of digested digested  of digested digested

slurry a slurry slurry a slurry slurry i slurry

Pouring of Pouring of Pouring of
irrigation water irrigation water irrigation water

Fig. Ap 2-2  Sequence in 8 hours for slurry fertilization with 2,000 mg L™ of T-N
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Number of shuttles in 8 hours, “n” is indicated by the following equation.
2,908.70 s shuttle +4959.31 s shuttle’ xn<8h
n<5.22
Maximum shuttles for one day is 5 shuttles.
Maximum area for application of digested slurry per crop is as follows;
5 shuttle day™!' x 683.54 m? shuttle! x 14 days = 47,847.80 m? crop™

Therefore, the depreciation costs of prototype slurry tanker per area can be estimated as follows:
102.4 USD crop™! +47,847.80 m? crop™ = 2.14 x 10 USD m?

Maintenance and repair cost
Maintenance and repair cost of generator to drive motor pump corresponds to the maintenance and repair cost of the
prototype slurry tanker.

Here, regarding “maintenance and repair cost” as Cmr

(1) Cmr for a day in use*
=Cin x Rmr
Here,
Cin; Initial investment cost for power unit of prototype slurry tanker

Rmr; Maintenance and repair cost rate for equivalent value with use for one day

* Ministry of Agriculture, Forestry and Fisheries (2014) Estimation standards for land improvement (for machine cost),
p-3

(1)-1 Cin here is assumed as initial investment cost for total of motor pump and generator
=372 USD + 1,369 USD = 1,741 USD

(1)-2 Rmr = (Cd + Rmr + Ram X Yst) + (Dst x Yst)
Here,
Cd; Depreciation cost (Cd was neglected because calculated as shown in former part in Appendix 2-2.)
Rmr; Maintenance and repair cost rate** = 120 % of Cin
Ram; Annual management cost rate**= 7 % of Cin
Yst; Standard years in use = 15 years***
Dst; Annual standard days in use = 14 days**** (Faf in a crop)! x (2 times of Af) crop™ x 2.5 crop year! =70 days
Here,
Faf; Frequency of additional fertilization
Af; Additional fertilization

**  Ministry of Agriculture, Forestry and Fisheries (2014) Estimation standards for land improvement (for machine
cost), p. 182
*#% Maximum depreciation period of pumps and generators is 15 years based on the Vietnamese guidelines about
depreciation of fixed assets”45/2013/TT-BTC”.
**%* Maximum days for application of digested slurry is assumed as 14 days for each fertilization based on the interval
of each additional fertilization.
In this case,

Cd can be neglected because it was calculated in another category in this study.

Therefore,
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Cmr for a day in use=3.73 USD day

(2) Area for one shuttle

Areas for one shuttle are shown as Appendix 2-1. 3 (2)
a. Area for the T-N in digested slurry of 400 mg L™

The second fertilization: 136.71 m? shuttle!

b. Area for digested slurry with of 2,000 mg L' of T-N
The second fertilization: 683.54 m? shuttle’!

(3) Cmr for prototype slurry tanker per area
T-N of 400 mg L in digested slurry:
Cmr per area
=3.73 USD day! + (136.71 m? shuttle™! x 6 shuttle day™)
=4.55 x 10 USD m?

T-N of 2,000 mg L' in digested slurry:

Cmr per area

=3.73 USD day! + (683.54 m? shuttle™! x 5 shuttle day™)
=1.09 x 10 USD m

Appendix 3 Calculation procedures of the number of milk cow in Southeast Asia

1)Data of the number of dairy cattle (=mentioned as “milk cow” in this study) of the following Southeast Asian Countries
is not shown in statistical data: Brunei Darussalam, Cambodia, Lao PDR, Malaysia, Philippines, Singapore, Thailand
and Timor-Leste.

2)Therefore, these data were estimated by the average ratio of dairy cattle to cattle of Indonesia, Myanmar and Vietnam.

3)The numbers and ratio of dairy cattle to cattle in Indonesia, Myanmar and Vietnam are as following table.

The number The number  Ratio of Data for
of dairy of cattle dairy cattle year
cattle to cattle
heads heads % year
,,,,, ndonesia 411213 12740690 323 2013
_Myanmar 394135 11313425 348 2002
Vietnam 174,000 5,156,727 3.37 2013
Average - - 3.36 -

4)As shown in above table, average ratio of dairy cattle to cattle in existed data is calculated at 3.36%.
5)49,271,938 heads of cattle™ in Southeast Asian Countries multiplied by 3.36% of ratio estimated 1,655,537 heads of

dairy cattle in Southeast Asian Countries.

* The number of cattle and dairy cattle in Indonesia for 2013, FAO-GLIPHA, http://kids.fao.org/glipha/. Accessed 19
November 2015

** The number of cattle and dairy cattle in Myanmar for 2002, FAO-GLIPHA, http://kids.fao.org/glipha/. Accessed 19
November 2015

*** The number of cattle and dairy cattle for 2013, Viet Nam News http://vietnamnews.vn/economy/248720/dairy-sector-
looks-to-triple-cattle-population.html Accessed 19 November 2015

**%k% FAO (2013a) Live Animals in 2013. In: FAOSTAT. http://faostat3.fao.org/download/Q/QA/E. Accessed 26
November 2015
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