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1. [ZL®»IZ

AR, FUERGHEDIIE D —DTh 2 2t I/
DHETRAMANE SN TE TV 5 (R 5, 2006, 2007, 2008,
2009a, 2009b, & « KHIA, 2007). — 5T, MOKEE
NUCTEN T B HEHDOIERE & LT, 60 4y MFe: L Tk T&
D e RV & L CKMEE (Cruising speed)
(Brettetal., 1958) 733 5. = D@ EE L, MA@ EE (Endurancs
speed) (Blaxter, 1967) & b ELIN TV 5. WRKMAOWAKA
DML B4 B AFFEIC DU TIE, Brett et al. (1958),
Bainbridge (1960), Brett (1964), A - #2JK (1973), H4f
5 (1991), 5K (1999), A - B4 (2000) 12 LV T
TWh. ZIONHRAOKIEE Y, —RIERD 2~4 %
F2JE (Blaxter, 1967) TH A Z &ERMLNTE Y, KEIZH
WERINDELTWD., LR, ThETHELNE
DS 5, WINCAR T 5 HFKRE T1 5355 O HE A 0 3K
FECRET 5 7 — Z HUIRD T,

FIC, AFFETCIEARELE LT, RS (2009b) (2 k2
L O ARG STV D ¥~ A HM (Oncorhynchus
masou masou) ZHIE DRI Uiz, ¥~ A HEAITIRGR I
RSN BEDO—>ThH 5. HBEICBIT DY~ A
HEf ORI B 2 Fn L, — 3R o5 oA (Fily,
2001) T, fCiFEAER. Lo T, ZOHEAH
LNCT BT LI, e ANERT B TORGERE
A RBBRE O - (REORICHE Wittt 72 5.

—J7, WEF TOH L~ OFEOW FFHAEIIE R 5, 1998,
2001, 2006 ; lzumi etal., 2000) 75, fEZFIHT 5 A5
RIS L o> THREMNZEL L, F£72, WIKIESRHN S
DUV HEFANCZE LT DRETEET D 2 ERmbT
W5, ZOZ LB AERFORICoE R W FERER
ZARE LT25E, BIH K O KIEA B RICE(L T D ke
THEKSEDLEROFT VLV EBENTHDL EEZEZLND.

7, KHOHEDORIEICHOWTIE, Hrgsifil o M4 60
SEIZL TS HDD, BHEEIC K - TEXERIFIEN L
STW5A. D5, Brett (1964) 11 REVKHEE (Critical
Swimming Speed, LLF CSS £#59) ZHELTWD. i
i, F%FTEOFLE T 60 k3, & OFiE# Tk L
O, Vil 2 8 O BiE 72 1 BEREAYIZ N S 4 60 2y vk s &
TWSHIETHSD. TS (1991) & ZOHETREEL T
BY, ABFZETH Brett (1964) o[ Rk Ik BE AN KAk BE
e R eV R R N

Z T, AL, v~ AHER OB EKEEICBET 5

HMRERLZEEE -OHNE LT, BHOW KN T
INELE TR K B2 & BTN K & B O 727~ A FEf
DK ERE FEhi L, EOMFEREEIZ DN TER LT
HLOTHD.

2. RERIGPT L REREE

Wk KB OGN, EARNBUKEE (FREILATTH) ok
RN T, ZOWANCITAENRE I TS, B
AHEIIIR 11> 549 55km L DA A REEER 102km) o H
FEEBICALE LTV D, REBRTITR S (2006) DEFHO L
HIZHIHFTE & T 95 BRI IIKE 0 £ E W
KA S TFIT 5 7 ¢ — v RIBRIF 28 L
7o EBUTYSFI ORI X 5 ¥~ A HEfL OB
Rl A, 2009 4E & 2010 40 6 H LAb Ao 3
H~4 ARoBHMICEFEEmKEOHEEZE{ ST
it 14 BT o 7= (Table 1 20 . FHUREZNIRIT 9 Re~
BTRROMTHD.

TR E O L T O % Figl & Fig2 IR, EBR
FEEILFig2 O XS ICHEICHRE L TREIN TS, EiR
BT Figl IR T LD ICRAKEEERIKOSH D~ ) A—
X —fF& ORFAKME (I 35cm - & & 55cm -+ 5 & 30cm) L IE
15cm + & & -« 15cm + £ & 100cm OFH T U Lo/ NE
FKBE TR SN TEY, %/ ( 7 CHENLER
WCBHEE & HICRBENTVS (Fig2 28). KEKiEIZH>
WX, RIEO 3 fFLLETRO RO OIRIVIE D83 72
WZ & (FEAR - RR, 1973) #BFELT 16em & Lz, K
FAKEED LFmICITEFEAOE S 0.2cm - £ & 3.0cm O
BT 7 U AR KEEREET T I 2.5em R T 5 A%, K
K ETRE ] OBRf 7 — R AR Y b Tnd. F
7o, EFHAKBENO EFAANC B AV 5mm X 4mm Of1-E0iE %
T, FOTH 55em KN TR TEX 5L 512> TE
D, E5IT, EROAEIHES 50em Tt IC b EYIE
DRBETEHLIICLTHD. kT oftitfaolkete
ERRT D70, BEFBKEOER & FFBEC B R &
DOHAAIRBERY 2T TH 5.

B, KEREORME SR E LTS O Rz
k- TFTERT, EARAKKARNEILTEDLIICTRS
NTW5S. KERARL, WEEFEEELSE D720 121~
1/107 OHEFATH 5.

RS (1991) 1%, BABWHROAZ I bRl &
%7V (Seriola quinqueradiata) -~ 7 < (Trachurus japonicus)



0 4L O (H A - Smmx4mm)

Lt ¢ :0.7mma> k%
0 (H A&V : 5mmx4mm) Lemp s < 144
Ko 728 \ ys
THa K EON WP
E\ : _ I
o o T HRITM —
W SR .
ZTHK |-— HEvkIXE 550 _.‘
Tl sk !
ik 1
KN _U i — !
o T
\ / R 7 — b
1l UL i
T
s S K A o BT (34%) / \ Y
F R ocm 25¢m -+ <
4 . . {0 i
@) #15.0cmx 5 £15.0cm x & £100ecmo %] 7 7 v L ROk
Fig.l SEBRILE O
DWFHKAES) D FEFR T TR 2T 72356, RO EEic

B S THROEIR R ERnSH D E LTHRAZ AT » MIRIC
EEICHBLTND., 2O D, KERTIE, #&ES
— DN B 0.7mm DK 4 A AT 5 1A 1om TR
T 14 REEICRY DIF 7. EERICHWDHIKIX, Fig.l O &
NN B EHEE 2 BOKFR Y T THARMIZHRAK SN,
SR T—ERAMAREE LR D, BIKAR TR HKE
WE RN, BABKERENSRE~NTETTS [T HL
ROV AT A 1Zho>TW0D. ZD7, FEBRKKIZIT
FATHREZR N KM ST b,

3. EERAELEERIER

FERREL, IrAKMOKME—E L L, RET HiHIE
20cm-st~50cm-st A ABE L, KA, KR T ofkis
& AT ARAL, 3 K OMEE S — h TR L. flllc KB
SAEEWIKIR EBEZRE L. Fe, KECZDONT
FUIIARE O 2 FULEOKETEKTED LS TVD (A
fRE S, 2000). WA S (2008, 2009) 1%, &K 4cm~13cm
@» 7 = (Plecoglossus altivelis altivelis) « 41 # 7 (Zacco
platypus) « 7 7 2> (Zacco temmincki) « &> 7"} (Carassius
sp) DZEMEEE & PN CIHE 12.5cm « £ & 120cm OEHFH
K Z MY, 87cm OARETHHML TS, ZhbDZ
LMD, REBTITVY~ AHRDOBKS Z B EIZ AR, Wk
X [ D) KR % 6.5cm~7.5cm DOFPH & L7-.

WK 2R IE, 2928k & HIZ Ui Rl oy 2 1+
TRBE TR KB Ot 2 2cm s LRI LTk L, £
EODMEAES THRY Lol s 1~3 RBilEkXKEICA
, 3 DFRERIE L. Z2otk, 0B OW 55
T2 D X DI TIROERE S — b & IR o ge ki & F i
L, EWHZICTRMOMEMEEHMNIEE LS, ks
7o, HEERAD WM T O P T 60 rMEvk L7c e, B
BEROIZ, WIRSEHER 2 s, ThaifoiRLiz. £
LC, B8 HEk X 2 B AL kT LERE L Cilfk C &
T, VR D F T ORFEIK B MY DO WEVKRETH] & W i R
ZEAIL 72, W ORIWTE, fansFivicst LR L CiliEbk
LC, BERfansizvk XL &ALkt LEkeE L CilEik C&

ES TV EAOk 5=

Fig.2

IemERTEONI1AARDAY » b b PRIt S AL/
mE L.

F72, KBEEOMIT 1.8m & EJF 1.2m OF SITF%E L
LT VHNET AN AT TY~ AHEROBEKEIES 2 Kot
RIS « SkiE L, 4% yiid BERE T Ok KNI 1T 5 il
VKALIE O & R~ 7o, A BePE OWTiR SR uE I, & BRE
DIEVKRIRIZEE 2 [BIK ARG CRBIEIC L - TR % F2H)
L7z (LB & 5 EHIE LZ O FEHEE V). kX
M OFRIVNIREFIC /2D DT, WK O LR « FR - F
Wit 3 MR SR KIGED bW R RIE 2 R 7=, PR Lz
BRI KRR TR L, i oeR - RE - k5 -
g - WESEZHE L. FEBRICH U2 EEE 1 ERY o
Wepk & Uiz, 7pd, B~ AN E2BE LT, M)
T A AT X0 BITICHEN CHER T D8R 2 BlE Ly,
T —H o 5mm o 2 #EREERE (ACM—250—A, 7
Uy 7 EA, BIEREE:+£2%) CEEKPIZE T 2 A0l
ROFEHE S —HE L.

—J7, WEK X L ONEKBTE N O R 43 A7 & SN T
RDT0, WK FERR & BINC FEEREE T ATk BRI D KR SR
HEHBE ST, kil U7z 2 iSRS T — % L a—
% (GRAPHTEC—GL200) # M\, %7V o Z#g 10Hz
T30 BORTIIGE L, W T 518 0 FEXiE & sk 7=, Fod
FRUE, WEKIXTHE] 55em C/KBEMIBERRR & N A B L
T, BRWTHIR 7 A X AKIGEITA 5 AUX R T 1A 5 KrE (10em
vy F) OAF 245 HTH D (Table 2 /). 72721,
Table 1 {2779 81cm-s~92cm st DFTH LTI, FHIK
E35cm THOZDTENSDEH SN 12cmD 1ETHD.

4. HEA (BEVYIAHA)

FRIC AW, SRR STV 2 B 5H
Y~ AHEfR (HAREEAM) I NEEHFEMEE, DFZEICY
Y AMEREFRT) T, WITHNHETMFED 10 H TRICERIFL7-
HOTHD. Vv AMMAIIERYH ORI H Y32
ANEHL, FHAGZEN S 372 DN R E S - £ T8
#LZ.

EBRCH L= v~ A fEfIT, Table 1 1oR3 X 91z 18



Table1l 2Bk A & EBREMFIR JOGH L2 v~ A fEfl

I ) DK< W T H T (V) (cm-sD) | ki | SS
st | UE ER R (i b L kB Y% SD.
(cm) (em (m) (cm) [ 1 2 | 3] 4 ] s (0) (mg/1)
20094E
Runi-1| 56 50 11 06
6A12A | Run12| 64 55 13 06 }22 35 38 44 174 04 1
Runi-3| 61 53 13 06
Run2-1|61 54 12 06
67131 |Run22| 59 52 12 06 } 22 37 48 146 06 1
Run3-1| 63 55 12 06 } ” 28 7
Run3-2| 54 48 11 05
Rund | 5.7 a8 11 05 | 22 37
6A14H | Run5 | 62 53 12 06| 22 38 45 152 05 2
Run6 | 63 52 13 06 | 37 45
ba 5] 60 52 12 0.6
7t 10 (F)
20105
Run7 | 74 63 15 07| 18 39 4
6HSH | pms | 74 60 14 08 | 19 36 4 159 12 2
Run.g""68 58" TATTT0 T LT 39 46 48 6
6H6H | pnto| 72 62 15 o8| 22 35 47 48 o 4
Run A1 770760 1A 0T 02 38 48 49
6A7H | pni2| 78 67 15 07| 23 35 44 49 g5 |83 14 4
Run13 78277 1TTTLTTTo8 82 37 48 49 9
6/18F | pn1a| 77 67 16 07| 21 35 43 49 179 12 5
ba %) 74 64 15 0.7
it 8 (Z)
& & 18 (&)
BN 66 57 13 0.7

) LB, 605 vk = 07 Kl FEeE 2 Te T S.D.1%, FEmE.

Table 2 it I E M AL
HOE A
i\ | x/B [0.0510.13 {0.27 | 0.50 | 0.73 | 0.87 | 0.95
wFHm | y/L [0.25]0430.61]0.79 |0.97
ENHOEE (em) |12 [ 20 [30 |40 |55

1) B 1 KERIE, L ik X o Bhp
X AFEDDOMHRE, y o EHALEIEA S Ot

ETH 5. FEBHFE ST Run TR L. KKV 1 X%, Run.l
~Run.6 (2009 4E) A& 4.8cm~5.5cm CE¥I{AE 5.2cm),
Run.7~Run.14 (2010 %) TILAE 5.9cm~7.1cm (CF¥k
£ 6.4cm) THD. 2010 FDOF RV~ A ROV A X
NRZ .

72k, Table 112789 & 9 IR 0.5cm~0.8cm, {A5 1.1cm
~1.7cm T Rk L7z & 9 12K B & KGR DlEbk S 12
WAL TWD (AR - RIE, 1973, ARE S, 2000).

5. ERRMIKIRE (CSS) DEEAE

B vk (CSS) 12oWTiE, FilkL7=k 51z, #
ZFTEDVRIE T 60 4Rk, FOFE TRk L5, It
WALE O V; PN S 60 4Rk E TV HIETH
% (Brett, 1964). & LT, #7260 fsEik CE bl
WIEIEE (Vimaxeo) & FALE U W _EALO RIS Ui L T
WK CE T, WS (Vi) TOBEKRER (T) (s)
& DORfE A 60 53] CSS (Veoess) & LT, (DA TRESNT
WD,

AEBRTIT, kA 20cm-st A, 30cm-st A, 40cm-s
A& 10cm st iiig &2 B2 s LTS ®TITV (Table 1 &

1

B, ()R B EESREKEE (CSS) 2HE L.

60 73 fH CSS=Vmaxsot (Vimax—Vmaxeo) X T,3600 1)

6. RERIERLER

6.1 KZR - KERNKESH M & WEKEFEORRTEOEEA
%

FEERIFO KT, Table 1 (R&EN D L) ICENEITE
0 CRIFRRBETH > 7. BT /KROFINKRE & EBEE,
FIEF 2009 78 14.6°C~17.4C L 1~2 (mg/l), 2010 4F
T 159C~183C& 2~5 (mg/l) THolz. WINnbE
BAOWWETH S, 2010 O EBRAKIRIL 2009 £~
KLCIE LB, BBERI O W EEITEE (Vi) 13, 17cm-st
~37cm-s?, 35cm-s~45cm-s?, 38cm-si~48cm-s?, 44
cm-s*~49cm-s?, 8lem-s*~92cm-stTH S, Wk L7k
RAOKREHIFERIY, M4LKHTHD.

U HIT, FHHIL 72k ok X I o kB e % 81
22475 &, WE AN 20cm-s LR Tk X B S &
Nl W N CEA 2 BRI 7203 & higa) T % | H
SHEK LTz, 7272, I 3 2% 20em st & i <
eh b, e AT OISKEBMEE) S 1.5em~2cm F
T, KON D 2em FRE £ TOBEMATIK L T\,
ORE, RFIIIEEMAT, HOREEM LN, HHWN
WEIGFT &2 2 7208 BiliEk L7z,

728, Run9, Run.10, Run.12, Run.13 T, 4 BREET
% 60 syfsEtk L7 DT, 5 Bl B oW s 2 Lk L
7~ & 912 8lem s ~92cm- st & < Lz, EHIKE



1% 3.5cm T, K& L4cm~1.7cm & KT 5 RO KIE D B

| B#n 5335 wpremest | A . e
p | TTPREEM o Blews | BROEHTHE. 0L X DY~ A HADERITBIL,
6 KRN T & O S —HEETEI 2 0 R L7225
[ \> / DT 6 F~11 BT L7z,
‘] 0 % ZTIT, Y AR bICHERT 5 Bk O %
2 1 7=, Fig.3 & Fig.d 1%, Run.2 oW F-iiEE 37cm-s™
o | 2428% 3 3728 DA 5 LiREA D 33.5cm (y/L=0.61) ik
T T N .
0 5 10 15 DR &K XN DR B 1.2cm OF S FEIZ B
I — %;;W RO 1 Bla R L2 b D TH D, WX O FHIK
un.2 : B SR cm=s " ®» . - o [N
TR = VL 75em Tdh B, bikik L7z X 5 Ic A 0B b Rilkk
Fig.3 7K BT i o0 5 i A W Cd DK MIBENTGF & KBS TS/ opitisi, B
. BIC L > TP RIMEI VBN EBbND. £2,
LT = Hiz:omes ; - ; . - — =
B — s o L IREE PO, Fig5 (Run3-2) (2R X9
== ~ e | ICEMAEAEE S A OB TIET T 58, T AR
104 28 % S OWEVKNLIE O FEimlE, HEIMEI X 2 KGR T O Tl c,
4y 2 3 STt A itk LA RIE 2 <, v A HERUKEE D — &
"§ — KRB O X TilEpk LTz,
0 ! T T T T . L7=MoC, BaREikGRE (CSS) oREICHWVHIRE
JEE 7 B 1.20m0) i AR PRalIE, WEKSEBR I I T B O WEK A 0O P b — ]
Rn2 ;WAL STems 0l ELTVSbO0, FMRTENTHEDT —4 15 b
Fig.d /KBTI 0O % HAR K TRIEVKIR T & 2 /KIS MIBE T 5 L OVKIES T8 B 43 O it &
HWCEHMiT5Z & & LTz,
7 Wi F e - =97 g -
Beak g L O i B 8 & ok ) Tebb, @(\ﬂf&ﬁéﬁfti‘%/ﬂhﬁ (V) 1%, ERXEN O
- DI b R TH 2 JE)> 5 1.2cm 0 5 /KT DK
7 .
B EEWIRIEE7> 5 0.75cm & 2em > 4 MU, G 20 HiAL O
: ; st .
= o . TRET DI LI LE.
47cm.5’1~.r l— ) —_— (,ﬁjf[/jjr'ﬁ] 6 2 Eﬁﬁ“ﬁiﬂ(ﬁg
e . Table 3 1%, Table 1 DERFE TS L72EF 18 BITER
L8 Ocm 20cm e e .
RUN3-2 FDWERFEROFEREZBEIH LSO TH D, KT ALITK
BOFELZITHZENRMLNTND DT, FITITFEEK
Fig.s i o> LG0T DWEKALE & K LPEDOKIR A LT, KB &KIRIL, ENEi 2 B
Table 3 60 4y [ i Sl vik s i
- 7]5‘&;:1(% W vk B B 6047 [HICSS S 75&;?? WE vk B B 6047 fHICSS
B [ VRES S 1| 2] 3] 4 [Vie Vawsd T | CsS no (RS 1l 2] 3] 4] 5 [Vax Vewe T | CsS
EPKEF ] T - WEPKAR ] T —
([=1) (cm-s? ) Jem-s?H (I=1) (cm-s® () |em:sH
Runt ZKiECC) [17.0 [176 [17.8 [17.8 KIR(C) [14.4 [14.9 [155
“lviem-sH [16 [ 25 [ 27 | 31 Run.7 [v(cm-sH | 15 | 33 | 35
Runi-1 7 (s 3600 505 25 | 16 | 505 17 7 (s) _]3600][3600] 3600 [ [ [ 35
Run.1-2] 7 (s) [3600] 3600] 3600 | 3600 31 KiR(C) [ 16.3]16.8] 17.6
Run.1-3 7 () | 3600] 3600 3600] 3600 31 Run8 [vem-sH| 16 | 30 | 34
Runz |ARCC) 11371147 | 14.9 7 (s) | 3600] 3600 | 3600 [ [ [ 34
ol viemssH [ 16 [ 26 [ 34 KiR(C) [ 16.1]16.1]16.3] 16.5] 16.6
Run.2-1] 7 (s) ] 3600] 1302 26 | 16 [1302] 20 Run9 [v(ecm-sH| 14 |33 | 39 | 41 | 76
Run.2-2[ 7 (s) 3600 | 3600 | 3600 34 7 (s) |3600]3600[3600[3600] 6 | 76 | 41| 6 | 41
Rung | XiECC) [149]1491149 KiR(C) [ 18.1]187]19.2] 19.6 [ 196
“viem-sH [ 16 [ 27 [ 33 Run.10 [v(em-sH | 19 |30 [ 40 [ 41 {68
Run3-1| 7 () |3600] 68 27 | 16 | 68 | 16 7 (s) [3600]3600][3600] 3600] 16 | 68 | 41 [ 16 [ 41
Run3-2] 7 (s) | 3600] 3600 | 1807 33 | 27 J1807] 30 KiR(C) [17.1[17.0 [17.1 [17.6
Ki(C) [15.0 [15.4 Run1l [vem-sH| 19 [ 32 [ 39 [ 41
Run.4 v 16 | 26 7 (s) | 3600 3600] 3600] 1152 41 | 39 J1152] 40
7 (s) 3600 | 2700 26 | 16 J2700] 24 AR(C) [ 17.5]185] 195 20.1 [ 20.6
KiR(C) [155]15.6] 155 Run12 [viem-sH | 19 |30 [ 37 [41 [ 72
Run5 [ vem-sh | 16 [ 27 | 32 7 (s) | 3600]3600[3600[ 3600] 6 | 72 [ 41| 6 | 41
7 (s) 3600 3600 180 32 [ 27 J1so] 27 KIRCC) | 173175 17.7[17.3] 176
KIR(C) [ 154 15.4 Run13 [v(em-sH| 19 |31 [ 41 [41 [ 78
Run6 | v(em-sH | 26 [ 32 7 (s) |3600[3600]3600] 3600] 11 | 78 J 41 [ 11 [ 41
7 (s) 3600 [ 109 32 | 26 | 109] 26 AKIE(C) [18.0 | 18.2] 19.5] 19.9
Run.14 (v (cm-sH | 18 | 30 | 36 | 46
7 (s) |3600]3600[3600] 8 46 [ 36 ] 8 | 36




~5 &R, 13.7°C~20.6CTHD.

Y~ A HEF OB & U 72 Be BRI R F 1L 16cm -
st~78cm-st ThH D, 2T, (O)XDSEEEKD 60 43R
CSS #HH Liz. ZDOfER, Table3lREnd L) IR
4.8cm~7.1cm DY~ A HEF 0> 60 43 CSS 1%, 16cm-st~
4lcm-st L 7p o7 Z D 6043 CSS & AR & D BIf% % Fig.6
TR L7z,

B2 5 60 43 CSS & KR & DBMRE T~ D & EKZEIC
EviEoo&niAondbon, (KR EOMICERILH
RO LND. 22T, EEL 60 43 CSS & DRR%E
Veoess=aBL+Db (BL : 1hE) L BT a -b 2/ AFE
TR, FOFER, a=9.7, b=-24 (R?=0.662, p < 0.01
THE) OEEET-.

F7o, KHUHE I AKIRORELZIT D Z EBMbuTH
DT, 6047 CSS A AR OEHKTRL, EERESTO
KRS AR Fig 7 IR L. SEEKIRIX 1CH TRy
LR L7=. 6043 CSS £ 3.5BL (cm's?) ~6.9BL (cm-
s OEPATH S, FHEE 5.7cm O~ A LD 60 43
CSS D P & R D4k T/Rd & 5.5BL (cm-s™) (FE#E
f@72S.D.: 1.1 BL (cm-sh)) T, AGEEICLVIEESH
18 )2+ 14 R OfE{A23 5.0 BL (cm+s') ~6.9 BL (cm-s™)
THol.

Brett et al. (1958) i, /A& 5.4cm = > ¥ 4 (Oncorhynchus
kisutch) & &% 6.9cm <=/ (Oncorhynchus nerka nerka)
DERUELE DV TEREIT, KR 200COEM4TENRE
#130cm-s?t (5.5BL cm-s?), 35cm-s?t (5.1BLcm-s?t) Th
o7& LTWA. Ei2, 85K (1999) 1%, ¥ 77 (Carassius
buergeri subsp.1l) - ¥ 7 ) ({KE 7em~28cm), V7 A
(Tribolodon hakonensis) (f&& 9cm~17cm), A4 HU (K
£ 6cm~12cm), H U LY ((KE 8em~1dcm) DR L it
INBEGREE (Ve : 60 43 [B1FE T & D3R L M & LT
W5) OFFREFN, Ve=4BL (cm-s?) ~10BL (cm-s™)
DEFMTH-72L LTS, LL, KK 5em f2E OE A
IZOWTIIAHATHS.

50
o 40 o
E 30
A
20 °
% °«°®
&
© 10 - V 60css=9.7BL —24 (R=0.662) n=18
O 1 1 1 1
4 5 6 7 8

®TE  (cm

Fig.6 60 43 CSS & k& & »RIf%

80
e 70 F
5 . . %o x
By L X
~ 00 o s e  ©
L 50 F oo
g o KR
=z 40 } 0o ° 14:(:@
30 F o15CH
N 20 | A16CH
g < 017CH
>8 10 + X 18C+H
19CH
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River Suspended Sediment Load Transport Analysis
with Data Stratification

Edward Lapong®, Masayuki Fujihara?, Tomoki 1zumi?, Kunihiko Hamagami?,
Toshiko Kakihara?and Noriyuki Kobayashi?

1. Introduction

Suspended sediment is one of the major pollutants in rivers. It is an important physical characteristic
concerning effluents from agricultural areas and can be an indicator of organic and inorganic pollution
as it carries nutrients and constituent loads that can heavily affect aquatic ecosystems (Ffoliott, 1990;
Meybeck et al., 1996; Walling and Webb, 1992). During spring and summer seasons which are periods
of high agricultural activities, particularly during rice transplanting, water containing high amount of
sediment is thrown into streams and rivers. In this study, suspended load transport of two relatively
small perennial rivers in an agricultural area was analyzed as to its temporal variation, magnitude, and
effective discharge.
2. Study Site and Methodology

The suspended sediment in M and N rivers was observed from April 2008 to July 2010. The rivers
are relatively small perennial rivers and are sub-tributaries of Shimanto River (considered as the “last
clear stream of Japan™) within Ehime Prefecture, flowing in rural watersheds with significant
agricultural activities and considerable paddy rice area (Fig. 1 and Table 1).

”~

N River

Figure 1. Study site’s relative location, watershed boundaries and main stream

Water samples for sediment analysis were taken every 12 hours during April-August (rice planting
season) and once every 24 hours during September-March using an automatic water sampler. Parallel
monitoring was done for turbidity, hourly river flow depth and meteorological data, i.e. precipitation.
Assessment of temporal variation of the parameters and regression analyses were done. The sediment
load was estimated by power regression, with model equation, SD =aQ®, where SD is the sediment
discharge, Q the streamflow or discharge, and a & b the constants. The data was stratified into discharge
classes, thereby improving the river discharge-sediment load (Q-SD) correlation.

The predictive capability of the developed prediction models was tested by determining the
Nash-Sutcliffe model efficiency coefficient, given by the equation;

! The United Graduate School of Agricultural Sciences, Ehime University, Matsuyama City, Ehime Prefecture
2Faculty of Agriculture, Ehime University, Matsuyama City, Ehime Prefecture
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where E is the Nash-Sutcliffe coefficient, SD,' and SD,,' the observed and modeled SD, respectively, at
timet,and SDo, the mean observed sediment discharge.

On the other hand, grouping of months into Table 1: River watershed characteristics

rice transplanting season (RTS) and non-rice

River
i M N
trans-plantlng season (NRTS) was don.e .through Characteristics
a trial-and-error method by determining the Area (km?) 26 25
monthly group that gives the optimum -
Main stream (km) 17 8

relationship of the parameters Q-T-SC-SD

. . . . Average discharge (m3/s) 2.56 1.38
(discharge- turbidity- sediment concentration-
. . .. Paddy Rice Area (ha 556 88
sediment discharge). However, RTS was limited  |-------- yoEnE, ey f %6 | %
. S % of Total A 7. .
to the months of April to August which is the o of Total Area 3 35
RTS April-June | April-May

rice planting season in the study area.

3. Results and Discussion
3.1 Suspended Sediment Load Estimation and Effect of Data Stratification

The data assessment revealed that the rivers have generally higher suspended sediment
concentration (SC) during rice transplanting season (RTS) which falls during April-June for M river and
April-May for N river. Thus, all rivers showed poor Q-SC correlation during this period. On the other
hand, Q and SD have relatively good correlation and, hence, are used for the sediment load estimation.

Table 2: Suspended sediment load prediction equations and Nash-Sutcliffe model efficiency coefficients

. Data . .
Period/Data Stratification M River N River
Without SD = 87.18Q"""® (0.185) SD = 48.04Q™"* (0.419)
All

With SD = 114.53Q*'% (0.544) SD =53.87Q*""" (0.633)
Without SD = 100.55Q%°*° (0.200) SD = 46.75Q*%" (0.446)

RTS
With SD = 140.92Q%% (0.461) SD =55.73Q™" (0.472)
Without SD = 74.71Q%*° (0.278) SD = 48.94Q%"¢ (0.378)

NRTS
With SD = 102.20Q**" (0.618) SD =53.65Q™% (0.677)

The regression analysis revealed that stratification of the data into discharge classes improved the
predictive capability of the developed model equations, with Nash-Sutcliffe model efficiency
coefficients up to 3 times higher than when the data is not stratified (Table 2). The increase is on the
average of 149% for M river and 45% for N river — or an overall average of 97%. The corresponding
t-Test shows that there is significant difference in the values at 1-5% level.

The analysis of the observed and modeled suspended sediment load (SL) data attests the preceding
inference about the effect of data stratification. The stratification of data during regression analysis
improved the “nearness” of modeled sediment load to the observed data (Table 3). Although all
modeled SL values are underestimates, modeled values produced by regression analyses with data
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stratification are much nearer to the observed values. Especially for M river, it improves the prediction

by 165% (Fig. 2); while around 83% for Nara river.

Table 3: Annual suspended sediment load, SL (tons)

River
N
Type of SL
Observed 3,330 780
.Modeled/EstirT]_atefi 1,490 480
(without data stratification)

Modeled/Est_lmat_ed 2830 660

(with data stratification)
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Figure 2: Scatter plots of M river modeled SD deviation from the observed values and the
corresponding values correlation (all units in kg/hr)

3.2 Water Duration Analysis

The suspended sediment transport capability of the
rivers was analyzed through the water duration analysis.
This method includes the analysis of the discharge and
sediment load data composition and determines the
most effective discharge, that is, the discharge that
transports the optimum amount of sediment. This
would give a general idea on how the river transports
suspended sediment and the external factors that may
have contributed to this sediment transport.

The monthly average Q, SC and SD shown in Fig.
3 reveals that, generally, M river has higher values in
all three parameters. This is due to the fact that it has a
bigger watershed and rice paddy area (refer to Table 1).
The Q, SC and SD averages of the rivers are 2.56 m*/s,
30.56 mg/L, and 379.81 kg/hr for M river and 1.38
m°/s, 15.48 mg/L, and 88.99 kg/hr for N river.
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The percentage data composition of the Table 4: Discharge data composition

rivers presented in Table 4 shows that, in M
river, around 91% of the hourly discharge is Q Range M River N River
less than 5 m*/s and only 4% above 10 m%s. <5m¥s 91.0% 95.2%
L 0 o
For N river, it is about 95% and less than 2% <75 ms 94.2% 97 5%
below 5 m*s and above 10 mPs,
<10m¥s 95.9% 98.4%

respectively. From these data, the discharge
limit for the water duration analysis was set
at 10 m%s. This limit is also based on the monthly discharge average of the rivers which is way below
10 m*/s and, in fact, does not even exceed 5 m*/s (Fig. 3).

As surmised, the discharge limit of 10 m*s would ideally represent the suspended sediment
transport of M and N rivers from low to high discharges. It excludes those few extremely high flow
events which rarely occur and are implausible factors to consider when analyzing the effect of rice
transplanting and other agricultural activities, which is one of the objectives of the study. As observed,

sediment flow from paddy fields generally occurs during low to normal flow.

400 60 400 30
Em SL DayS e SD
300 145 =@ 300 | E SL Days emmm SD .
2 8 g =
8 z3 & S
« 200 13058 « 200 5
=) E g s E
< 100 {150 5 % 100 @
0 0 0
B XD DD DD DD DD
SV ¥ gV oV VGV VAV oV oV Qq?
Discharge (m’/s) Discharge (m*/s)
(@) M river (b) N river

Figure 4: Water duration curve of M and N rivers using all Q data less than 10 m%s

The water duration curves of the rivers shown in Fig. 4 reveals that the bulk of sediment load was
transported at discharge less than 5 m®/s. In fact, almost three quarters of the sediment load is
transported at Q < 5 m®/s. Also, it could be observed that the highest volume of sediment was
transported at discharge ranges of about 0.5-3.5 m*/s in both rivers — the range that contains the
average discharge. However, considering the whole range of discharge and defining the ‘most effective
discharge’ as the discharge that transports 90% of the sediment load, the most effective discharge of
both rivers is Q < 8 m%s. As it meant, 90% of the sediment load of the rivers are transported at
discharges less than 8 m*/s (Table 5).

These results would support the earlier conjecture that most of the sediment load in these rivers are
transported at low to normal flow and is contributed by sources other than natural soil erosion, i.e.

sediment-laden effluents from paddy rice fields and other agricultural areas.
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Table 5: Sediment load data compaosition and most
effective discharge

Q Range M River N River
<5mds 72% 72%

<75ms 87% 89%
SL = 90% Q<8m¥s Q<8mds

4. Conclusion

In suspended sediment load estimation on small perennial rivers, stratification of discharge into
classes during regression analyses significantly improved the predictive capability of the derived model
equations. For M and N rivers, the efficiency of prediction models increased by 97%, on average; the
prediction of suspended sediment load by 124%, on the average. The water duration analysis revealed
that the most effective discharge of the rivers for suspended sediment transport is less than 8 m?/s.
Further, it could be surmised that the bulk of the suspended sediment load is transported at a low to
normal discharge, implying that other than natural soil erosion, other factors such intensive agricultural
activities especially rice planting, contributes much to the suspended sediment load of the rivers.
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1997). L)L n, BEEOWISEDIT E A EDPEMIROREBHEWINGEZ x5 L LTEY,
BT 2 BRITEE A ST TRV, FRT, K ERREEOTEE & KBNS & O
BIfR72 &, MERM2IE IR 2 MEHIE R TH 5. Fed e R XKk OBk 72 £
RELIKGFET D0, HORBELZRTLZLETET, 372bb&KIEOIIREL
BRABE LT, KRG 2AT O PAEMEAI O WE) - KETHET NV EHET L2 ENE
FND. Z0LE, ETNVICEIT K EREEORELZ WDITHAAND PR EE LD,
ARAFFETIE, KEFRFICE > TH7e b SN2 L KEOTERNSGM L L TET AHICH
FRIATe T2, BB LUOUKBEIZRIFTHEEL T AT 522 ENE TS, KEIZ
B+ 2EEREAELAUL, BT T 07 P OREREEICKE S BEBE RITTEHR, VU
/Egm%f%hé.%_fﬁﬁnﬁiﬁmﬁ%%)/&bf,)/Eﬁaﬁ%ﬁ%’

5V CUIREED R A R T-. F 7 RaucB LTk, BAgMEKIRIC T 2 B O BRE) /) &
LT@%JU@@W%ﬁ%é FROAFAEE, BUZE L Cldkmic féﬂ&@% Z [H
FL, BUCBEL UIKEICBIT AT 7 v 7 22ME+ 252 B THISNS. 22T, A
%%Timhﬁﬁﬁ_iéﬁﬁL@%%%%L%LT,h%@ﬁﬁﬁﬁ5ﬁ%%%@%m
R L7z,
2. EBBE

FRRITEIRE R =— T ZAND a7 ) — SRR KRS ICTTT > 72 (Photo.1).
/KM 200cmx93cm, E S 110cm DOKiE 6 S%

AV, HIREF & LTHEAEO Y VREZRE
LTARERIEZITo 72, MM E LTI, K e
EEEEoO@EEERE ST AT (B
&5, 1999) ZEH L7-. ¥#IRIZIE 90cmx90cm,
JE X 5cm DFEYE A F 17— /U & FKFEIC 2 At
ML, ZHICHREE IHRIM? T 5%
L, ARUCUTEELE. BRERKHZARSY g, SR
WORDFEERIZ LD & LT, FEMEIERZ 1 Bk Pgmliﬁﬁﬁ(%ﬁﬁ)
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H7= 0 N5y 0.26g ThH 2, BIEIX T T\ vy, 7eds, 6 DHOKME UK F) CTiaxii
FBRE UK EREE 2T O TIOKBEBIN 21T o 7. EBREMEZ Table 1ITRT. U U iRES
0.01~1.0mg/l THREL, EHF - WV IT+HRBET—EL L. 2B, UV OFHEIZIEHE
VER 25 FAARIER 2 VTR Y, EHFB LD U OR R IFKEMEIEE 2N 2 TRl e
ELTz. KEORENDHE D KREL RV, FKMOREZREO-DIC 2 BEIC—FE
IKIEN DK E AN Z CRREREICR T Z{T o7, BE=— T 20 FEIZRK L,
HREEZRELS LTEEREEZ T L. T HITEZHOEKRZEA L, [E5IZ#4E
A THETETC, LEROEENHi-7-6 A 25 HIZ—F B AT 7=, HIETHMIZED
FEENBEE L 7o o7~ 10 H1HETE L=,

HMEHEB, [RSHEEELTHH, XUR Table 1 FEERSA4
% HE - KIEEHC XY 5 SRR THIEL, KiiNo. A B C D E F
KEHEHA & LT, pH, DO, HEER, I, KERKE: H A #H 0 H B

TDS, ORP, &~/ FtrH¥7Fu—7|z)k %#E(@mg) 50 50 50 50 50 50
D2 B CAMENOSE M 3 AFHIL, Ur (mgh) 001 005 01 05 1.0 0.1
TOVEEZ RO £, RER, M 5y mgy o5 05 05 05 05 05
REZESHE, &2V v, Uiy B LT,
KIEDKDANHLZ LY 7Y 7 - Gl %
1TV, ZOHIMCOWDBEZRDIZ. ~NTF T T
DOEEE L LTIE, o7 Andbia2< Xy ic
X D EEOWPEN KRNI 1D, FEDFE
BRI ZFHL, BERR AN &E L CREET
HZET, BEROREREL KDL, 61T, 0 s o i o
Kl E B L O FIZBWTEE I 10em [FFE T (@) FHEK
BB 2R E L, T OKIRNE A DOEALE 5 5y
fHlE Crodk L7z,
3. HRLER
1. NFHUFOBRERE

Fig.1 I35 KIS DT 7 v F O FIBER, 60 1 . . .
PHHETRE, TR AT LT\ D, Bl e &) o
CITEERR L OSE MR FIFEE Tdh - 7228, KAl
DIREFZIZ L > TEOWIMRIERN AT TN
5. BIEZIZRB W TITERIIERITEN TV
WA, U RO BV B WD CEERIRE S K &
72> THY, 8 APRLIEITEELIC b IR A=
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DTHY, FHREEEAT 9 A A E THIIN Lk

TV, (KR O SIERFEN 8 ALY
B> LT D00, BEOREFEA R AR
THRIIEE SO THDL. KLY, ~TFhoT
DEEEDPKED Y REICK > TRELZEL
LTCWBZ ERDLMND. £, T T3
ZEWY VIBEICBWTHOATRELRE T2
LK HRIZAERT L TR, L ICRBERED
BWVKIEZR EIZE LTS 2 ERbnd.

3-2. Vv, BRBIGEE

Fig.2 [ZBIHHIR h OREMRRICE D U v, 3R
%WLF@%M%%LTmé 2 rBIOY »
FAHE U OWINGHR X, AR DOREIZ L > TKRE
{HE7poTHY, %%:%wijﬁﬁlew
TILIREE O AL > TZ OWIGEEE 2SN 4
L2 ENbnD. KEHEEEEIT> TRV KRS F

BT D U U WINGHFE AR EE D KAE C ks L OV
NEVHERBEOKELY b REIRoTND
DIE, RREAMEIZS N TIX 2 BREIOMIZIZE A
EOV U EWILCLEST-Z L, E2AKMEF O
HIARKHFNZ BT 572D E 2 BN EAEL, Z
NRERICHE L2 e EnBrohsd. 2%
FBLOHBEZERIZONTH, 2EEZEL TH
BEKFEICB T IWEHENKREL RoTND
ZERbND. UL, U RIGEERED R
72 <, RIREAMIZENTHZEDERDPBRIN S
TN 5.

Fig.3 1%, KERICBWTHIBAR & LY
WL 2 CRIGERE & o BRIZ OV TR
M OF =2 ZRLTWA. MEV, U RIGE
FEIT Y YRR L RVFERI A R o TRV, B2 L
DEBAT =B NTH—EH2RBERIAEY
SEDZ ENRDMND. TR, IRIERRE D KX B
N7 ey NIBHEEBEZOT —2 Th Y, N
KEBICEETHETICLIEL M AZE LT
WHTOE LR IS, U EORERIY, U
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10 39 9

BRENHIBRIR L7225 X 9 KBV CiE, U > OWRIGHEE TKIEDO U U REE /T X
Z L LHEMARTRETE S Z En3bhole

OFZERICEHL UL, AEBRICBW I HSEFET D EEL T—EHEE L7,
FEREOAKIKIC BN TIZERNHIRRA T L2256 b D120, BRICETLERLITON
ERDH L. SEIOERICENTIE, VVRBECL > THEWOREEN R o727 OICEHR
W BE IS BN AE U2 B2 b5, Figd ICR%EHB L OGRS 3 OWR I EE 2 7R,
MEv, VBENNSOE & 1RGS2 O2EFEOWIHE LR X% 0.015~0.02mg/l/day
FRELRDZ ENDND.
3-3. zothoKEIEE

Fig.5 |% 8/7~8/15 |27 % pH, E&E=R, L, TDS, ORP, DO OfERFZ Lz R LT 5.
IRBKREDAKITEHRNC AN Z D72, RHIRREBINITAT A Vs, EHFEICRE N T
B 72 bR ATz, < OEBIZBW K F OARERRDEEZRL TSI L
Wb, ZIUIKEE F OBKEEELGFIEL2WZDIZHRO B, KEOBEHGBHIC
EDKBOEBNRKENZ LITER LTS EHEISLS. E<ICDOICBELTIE, KiEF
TIIARZHEZ N SEML TS, ZOMBOKIED 0CHIZ ThoTmZ & a2B x5 L
1 DO EERKELHBAIMEER>TND I L

BB, ZIUE, KIS RSB ANT S o0 T

TN T 7 7 NI LFEAELIEAKE 2 0024 | mNosN
fToT0BZLBELLND. —h, AL Esoo

BT 5 TN B KA 35\ T H 2SI & Z;% -
TWAT28, KAZHEH D DO TR~ 2By 27

U, LEBRICHIEE A P E o i s § 0%

TG KRS AT DO Apb 5 © o St M L
ZEEBEEOMEND bHEN I TS Tank

Fig.4 2B WIOHEE
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=
~

7 (RS, 1996), A lEl0>F2ER TldoKH
ESERICFER TR wic B a il
FTCHADLIZEEZLND.
4. KERT T v I ADERE 89  8/10 811 812  8/13  8/14  8/15  8/16
OEN, FEOFERTAUCKIETE 00 ) Solorrecieten
BZOWTHRE 21T 5 7201, R IRIC & :ﬁi;
% KN 31T 2 B 25 O MR A SR

% . Fig.6 1X 8/9~8/16 (Zk51F 5 HE, %
KA DEE:, BvT T > 7 A DAL E
ARLTWD. ZrPBEGEE LTI, K Eh

2300

DELTE RO AR FEHSEEQ & LT 8/9  8/10 811 812 8/13 8/14 8/15  8/16
H " ’ 0012 (b) Amount of heat

Q :johpc_l_zdz (1) — KHtiF

Solar radiation (W/m?)
o
~

o

2800 A

Amount of heat (cal/cm?)

s)

m2

0.006

Loskwr-. g, pldkoBE, ¢
TARDEEN, T, 130K 2 1281 2KIET
bbb, Fl, BT T v 7 A FIZONT
1%, BAOFZIIKE DA TITOND R 00

Heat flux (cal/c

8/9  8/10 8/11 812  8/13 8/14 8115 816

ELTCEEDOENEL LT, (c) Heat flux

F =AQ/At (2) Fig.6 HE, ZAE, A7 T v 7 ZADORKREEE(L
L0k, =21z, AQ RO AL A, 0.000 R
AFHERRTHS. REY, ZoHmic ° Rz 05177
BOTIHISRAHES, AR RS WD, § %
KENOBENRKEL o TN Z 0D fo

5. Ao RE, KEOBHGHESL S
WZBWTHAKIEF T2 bR EO RN GE
DBEOELENRKEZ N, BT T v 7 X%
oL, BIEOHFET HKIEE TOBTZ
v I APNEL o TND ZLRDND. 0003
FEEY A ILTOWRICEL TV O X 1L 001  -0.005 0 0.005 0.01 0.015
. . IKKEFCOENT F » 7 A (callm?-s)
BV, TIROLEKDH HKIE E TOIE Fig.7 275 v 7 2DikikE
TR R BN AE T TV D Z b

L. HEMBEX VRO 2 DOWEO X VIFHIZB L Z 2 K Tho7=. ZOAXVIRFH %
RUIEECRAT T v 7 ADREIEZWELIZLOMNFiQ7 THDH. 2L VIEE 5em DFEE
AFa— VEERRE W56 OBUERERIZR L2 02718 BRE L 2 5 Z L b D . Nl
YTIEHRICAEST LGS, mA2miEichd b b, ZOMREEIZL>TEAT Z
v 7 ADERCHE L EAALT 22 LN TFHESND. Fig8 IIBMEENIL 1 »AZLEORT T v

KMETDHET 5 » 7 A (callm?-s)
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0.005

7 ADWERHFAERLTND. £%2 By
DTF—=F%7Try FLTEY, TNLIEK 0.004
RAVHIBePE, RERSAEB BB, HhIERA LA B
ThHd. EICTHIT ATEELL/NEL,
ZOMDLGE LITRERENPRE S R D.
Ly, CORREBICBWTHEET T Y
7 A DWERGHFNCK E REITROHNT,
ZFORE ST 022~028 FRETH 72, =
nNrvu, B 77 v 7 ZA0OMEMNEIZE L T -0.002
TR DREM T HFEAT v — /LD

¢7H1TH
m8H17TH
0.003 9H17H

0.002

0.001

o

KMETHOET T > 7 A (callm?-s)
2
S

-0.003
NREL, FOFEEOELLTBIE— 001 -0.005 0 0.005 0.01 0.015
. N - o KIEFTOET Z » 7 A (callm?-s)

4. £Lo

K gt 24T O PASHME KIS O Wi E) - KB THET VAR T 5B E LT, BAEBIRE
BLOKEICKIETHELZERSEMEL LTROD DI EREZIT- T2, TORG %L
TR
1) NFH O HIKIBORBHIBEI LY ZOREEN R D, £z, \RERRE KK
CBWTHABRREZE T L RHERICEETS.

2) U UBEENHIRA T & 22 B KIBICR N TIE, NFT AT Y RE S Y CRIGHE
EiXZoREEICEDLLTIC—ENICRETE 5.

3) K EFIEEAT 5 KEIZB W IR OME AW 724, DO 237 5.

4) KEFIHC K DKETOET T v 7 ZADBERENRNLE OIRDFEMIALAFT D & Z AN
KEL, HEYOREEIZL D KRE B i/,

UEDORERIY, ETVICETDKE - MEBIOSERGME, —EMlE LTI ZERR
MTHDHZEWbholz. 5%I%, ZOMREREHAWTET LVOREEZITY.

BEXH

B OFi—, EiG B, EEEC, BYEL, BF W, ARER, PR — (1996) K EHRET 2w ¥ U (Cyperus
alternifolius L.) ORE#APEN QN AK'EHHE, A{ESL 65 (B2 %), 81-82

F% M, MEEG, BB, T %, SIUFBKES, B OFi— (1999) REHICIS T DK HARERIRAEIZBE T DA
T, KRERMETRHA L2 U —2 BIEOME, AfEL6e8 (Bl1%5), 218-219

I B, s, W fn—, ROREE (1997) KL LA R L v an vy Y OKEE LR OLE, AR

65 (B1l27%), 81-82
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1 RITTHKERICE T2 BATRERIE DERBIRET L EBRT AR~ DI
FARREER AR AHIER O 7570« 58 Bh— - il FJ =

1. [FL®IZ
— T, PRI R SN D IR AKRICE T 28k B50Y, SREAFHZ R 2Ry e
KRICE - THEEND EEZBND. &I, KIEWNIZAE U2 ELIELS: 2 BUEARNTIC L > THY
5 % E12IE, Navier-Stokes FFEARITHE 4 RELME T NV 2 S ETEFLET LV E MWD Z &7
2. L LENLOET ML, B L, RERMIIKEEDRFRIBELZFLETHHDOTHY, il
TRBLR OEERAIFEIR & BUEfRNT HIE OB R DR AHRE CTH 5. £D—F T, GBS ARERIITHER
WRETHDH I EZAHEE LI 2 RSN TEY, GLEH Okl g 2 ey 7R 2 B
T THRLTD I EDHEDENRHEL N2> TE TS, filx1E, Heemink (1990) <° Charles et al.
(2009) (T2 ITEAKIRIFIZI1T DB OB 53 BELS: & e 200y R O EHRY 7 B X v fig
HrLCWa., £72, H S (2010) 13 E# 5y 5 FERUS AT BET % Kolmogorovaiii 5 FE X (KFE) 2 vy,
REfH] &AL 2 T B IE 2 HIMSI A $ & 3 288 M R 7 R D R AR Ok 7 Rl &
25 2 LEENTWD ., —JF, KIEWNIZE T 2 E ORI Pl R 2 7l 2 2 &35 |k
HETH LN, ZOFEIZIZKolmogoroviziB 52 (KBE)2S5&E /)72y — /v L 705, KBS, Delhez and
Deleersnijder (2006) |Z17cii#EIZ, Brannan et al. (1999) (X2 ciiEIZZ N EINKBEZ A L TV
%. F72, Unamietal. (2010) i%, HFADEZEMYKEEMED HKE A~ T %%, KBEZH W T
FEL TS,

TITIEET, MR TS ENITAIET HDKFEE KBE, & O (CHERIEHR O - K &7 ] &
i e RICE 4 5 — R FEIE AR T 5. RO, IRTBAKBNZx5% & L, KFEIZESW T,
5 (2010) DIRET D RPTIIFES O MESRBIET 7 V3 X OMRIFIEAE K7D Lagrange 1) 25 Bl
ZRLi I D MERIBART T L X 0 IRE Ok FRERX A E N T 5. 2, (ERBOBKTET MBI
% Manningfe¥k & it R U S £ D AR EE G BhLERM T 5. & 51, H)II S (2006) DFT
ST EEHPEKIRIZHB T D b L— " —FEROFER D 5 3 BURE & ManningfR 4 #EE L, KBEIZEE
DUWTERE O R 3 K O SR O AT 217 5 .

2. MMy iR L A ES D miy R
— D n R TTICE T HHESRIBIRY =[Y,] A OHEER ORIy R

dY =f(t, Y)dt +g(t, Y)dB (1)
KA ST D ERET % (Karatzas and Shreve, 1998). = 22, tixkefd, f=[fliZn&kt KV
7 b7 b, g=[g;11EnxmRIEAR T T 4 U T 11751, B=[B]iTm KICIEHEBrownEE) TH 5.
Risken (1989) I X uiE, My HREN(D)IZFEET 2 KFER L UKBEIXZILE

@+Zn:i(f‘p)_liiia—z(gikg'kp)zo @)
at i=1 ayi 2 i1 j=L k=1 aylayj J
BILO
ap . ap 1L azp
el A 40P
oS +; |62i +2§;§glkg]k aziazj 0 (3)

LD, 22U, p=py.tz,s) IEEFIREEY BERZ s I W TR Bz =[] ITALET D5 T T,
At >sIZB W TIRRB Y =[y, I/ L TW D R 2 iERBERARTH L. plE, EEOMAES
KeR"#5 &, BBREEEMP=PtK,sz) L

P(t,K,s,2) = jK p(t,X,s,2)dz (4)
WXV BEEMIT D, 2)BLURICEIT DIEBEADRBATIIN EEME THDH Z &2 IRET D &,
KBEIZ LV Y OEMAFIEL 9 HHEA QeR ICHB W TR L 0<s<T (23T 5 ¥4 &1 REfH
r=7(5,2)BLUQDEER 0Q DESEAT ~OBiHfER . =q.(5,2) WEFRTX 5. 2218, TIFK
WIEZIChH L. Tl x, B)EHWD &l L Wq, 2RI S &
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or 61’ o*r

1a & &
g ) az +§Zzzg|kgjk +1=0

i=1 j=1 k=1

7(T,2)=0 (zeQ) (5)
7(5,2)=0 (z€0Q,0<s<T)
BLO
LT P S el ol 3°qr
f = g, ——=0
+|Zl‘, Iy 2;;;9«9“ 2202,
q-(T.2)=1 (zeQ) (6)

0-(s,2)=1 (zel,0<s<T)
9-(s,2)=0 (zedQ/T,0<s<T)
DIETH D Z EMHHILTWD. 7233(5)3F L ON6) IXHFEHh D& D T ~KET 20BN H 5.

3. %Fﬁﬂﬁ(}luL%@%%@ﬁs%?/V
IRIEIERARGESZF T, ManningDEEFTHINCAE 9 BEER IR 2 RAT B ImE 1 X

dv (t, 2
ét 0 __ R(tg”)m V(L XV (¢ x)| )
THZBND. 2 212, V W N s (mss), R IZEIE(m), g 138 /i EE(m?s), niZManning

BEEMP)TH 5. Lﬁﬁ?ﬂii@{miv %, RSV EEBRGYW =W (t) [R5 . WO

PEERGDT-DIZV OFED Y TOEHAUL L, S HICWAHEERELLEZ b2 2 L EF 2, WOSE
& LTty I

W = —yWdt + odB (8)
ERETSH. 22U, w= Ff(?(—')“,z,sw ()| IR E RO 72 AR IR (SY), B o 1ZR T T 1 U T 1 (m*s),
B aiﬂkﬂ%@erownﬁﬁ%(sm)f b7, ZoLkx, B)IIEET HKFEIX

P2 w2 (o' =0 ©

THZBNS. (HEE LTHIITRNCE (R)H0EHiE

"”2 exp(—lzwz) (10)

p, (W)=

AL, WIDFH0, RS2 01k tCaussiBfIc Kilans 2 L L7 b.

o

PRI Dk R
U—Tﬁlj\]1i’j{)m$@ﬁ@]5jz TIHENWI B SN, Ry & o NERIC—HETH D L 5 1R ITBHKEE
BEZD. RFEEERLF OAE X 1X, 85 R

dX = (V +W)dt (11)
\Z & > Tlagrangeficitid =5 . (11)i%

D- Iim(i [[[Ew W (tz)]dgdtzj (12)
WX > TEE A EDOERD % & T LR STy TR

dX =Vt ++/2DdU (13)

&, NrE X BT B BN EREF R REZ B W T T 5 LWV ) BERICBWTEAEZHT 5.
Z 0T, E[]IEMIAHMERE T, U X B &M A 1k e EBrownE BN (sY) T h 5. (8)F L Y (12)A»
Y
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2 2p8/3
D- 0'2: O'R_2 (14)
2y 892n4|V|
NEH XD, 72385, Thomson (1987) DIERT 5 FiEEZHW 2L EIC O RO REBIGEOND Z &
FHER L TWA.
()IZFHRE L, St & MR FEBIER p = p(x.t,Y,8) & Xl 3 HKFER L UKBEIL, Zh 2

0 0 o’
= (D)~ (Dp) =0 (15)
BIO
2
@+\7@+DG—E=O (16)
Y

ThHzZbn, WIhb R ORMY HFERATH D, 22T, KFEAS)DOMIEEE AV, RIFER
Bomx R4 8. 7, xEFETH-TCHMEROZVOREMEEEOE &%
m(t, = A(t, )C(t,EH<. =721, A=At X) IEHHEBM)THS. BEORHLs<ticBIT HIA
B m(s,r) N2 HTVIUE, FEZt TO x ZERINICB T 2B OMES G ITE £ 5 R
WEDEEEZM=M(,G) £ LT

M(t,G) = IR m(s,r)P(t,G,s,r)dr = _[Rm(s, r)jG p(t,x,s, r)dxdr

17
= IG _[R m(s, r) p(t, x, s, r)drdx
DEMERMNEL Y Lo, L3> T, G OIEEMEZEZD &
rML@:LUm&Op@XAJNr (18)
L%, (18)LKFE(15) & AV D &, (RIFIEEE Ok i e
ggAC)+£%NMC)—§;(DAC)=o (19)

155, (19)EWEOBHSEHTRAL 2L, DIImHREE LTEKRSITOND. (14)I2B
WT DIty Ko ZHWTERENTWA DT, Manningfain & 0 HURE D XM 72 BfR 2 H 4
LTl h.

5. Bl BB OffHT
RFZE MR —ER & 270 L 9 2 KEIR2.10 mD =ZEMPEKKIZBNT, v —& IV WTZ Wz kL
— P —FEBRNPITON TS, ZTORELVEXETREROV BELOD #H#E L, WEO LR
ffd KL OWL R 2 BT 5.

G LT HHAKBORM QeR % Q=[0,L] L EFT 5. 7272L, L=100 m& L, x=0% ks,
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Study on depth of water cushion at 90° V-type water cushion energy dissipator
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Fig.3 D=15cm ¢ Q=22.8L/s FED /K
Water surface profile in D=15cm at 0=22.8L/s

Fig.4 D=30cm ® 0=22.8L/s B DK
Water surface profile in D=30cm at 0=22.8L/s
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Relations between the water surface level measured

by wave gauge and the channel bed level in D=15cm
at 0=22.8L/s
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Relations between the water surface level measured

by wave gauge and the channel bed level in D=30cm
at 0=22.8L/s
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Plot and approximation line of the maximum water
level at 0=22.8L/s
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Relations between discharge QO and depth ratio (H,/H,)
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Relation of water cushion depth (D) and water

jumping up height from bottom of water cushion
(D+MAL) at 0Q=22.8L/s
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