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GEOMETRIC STRUCTURES OF STEP-POOL BED FORMS
IN MOUNTAIN STREAMS

By Kazuo AsHIDA, Shinji EGASHIRA, Toyoaki SAWADA
and Naoshi NISHIMOTO

Synopsis

Step-pool bed forms are common in steep slope streams. In the authors’ former paper,
a criterion has been presented to predict the occurrence of step-pool bed forms as well as
these geometric features in experimental flumes. The present study will discuss the applica-
bility of theoretical, experimental results obtained from basic studies.

Field surveys for stream geometry, bed materials, histories of flood flow discharges and
so on were carried out at two reaches in mountain region of Jintsu river. The results of
data-analysies are presented for wave lengths and heights of step-pool systems, bed materials
and flood flows. Then, it is discussed whether the methods having been obtained from basic
studies could or could not predict the field data of the occurrence, mean wave lengths and
heights.
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Fig. 2 Plan and elevation views of the study reach in Gamata river
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Fig. 3 Plan and elevation views of the study reach in Ashiarai river
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Pto 3 An example of armour coat formed Piloto 4 An'exarple of ;ediment composing
on stream bed of Gamata river the reach of Ashiarai river
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Fig. 5 Several discharge hydrographs during flood flows observed
at the gauging station of Gamata river
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Fig. 6 Series graph of daily maximum flow discharges in 1983
at the gauging station of Ashiarai river

Table 1 Characteristic values of study reaches

Particle size of . .
s 13 Particle size of
s Length of the yielding area
Drainage Mean bed armour coat (m)
Note area (km?) reach(illl)rveyed slope (m)

Mean |Maximum | Mean |Maximum

R. Gamata 71.5 280 0,030 0.1 1~2 0. 56 1~2

R. Ashiarai 6.5 200 0.073 0.1 1~2 0.50 1~2
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Table 2 Critical flow discharges corresponding to the initiation of motion for each
particle size, which are calculated with Egiazaroff formula for the critical
motion of sediment mixture

Sediment diameter(cm) 10 20 40 60 80 100
R. Gamata (m¥/s) 7.0 17 58 130 242 334
R. Ashiarai (m3/s) 0.2 0.5 1.5 2.7 4.5 6.6
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B 2=3~4m L A H B Fho, FHER 2=5.4m THD, TDLIHK, FKAEL SHKBIIE
—PEEE->TVEDI TR, ThIT, WRELTHBAEISE 4 OREOHKERELTNE1HT
H3o THbL, HIBEOLORMEHLIYD, $hbbbORMRLLDT B0, EROBBIRAKE
12, HABOSEHEESTT OOEEDNS, LBLERS, COXSITHINIEEEERET 3DIC
12, MKEOEERICET 2 - ISERPUELL S,

10 —
R. Ashiarai
— ks=2.6Xx10cm Q /17
sl (Sec. No3-3) -
E sl -
< Qp _
[ R. Gamata
4} ke=2.6x10cm
B (B=5Q'2)
2 Lo L ]
| 10
Q (m3/s)

Fig. 9 The relation between wave lengths of antidunes and flow
discharges in the two reaches

__7._~



332 AR KB ERER $H285B-2 (/8 60. 4)

FEERR, BETRNES I, RO ZzICZZ—KT 2 ESERMICELMCINT NS, £
2T, MEicsd 3R s KPHEORES Kennedy®? it L 3KRK, T7bb

P 2+ kytanh ky ( _ 27rh)
" R%+3kgtanh &y

k> THELHERE Fig. 9 IKRLTV B, $5i, FARICIE, SHADE—7 ORISR TOS, T
CTEHRICH > TR, ST £=2.6d, & LT3,

FEBERFARTE OB R, BAESELLTOBEHT
KBNT, MARBOBESR GERTHACHRESL
BTEMBEZONS, LI->T, -7 REBICHET
BZRBHOWRIL, BEEARFERHOREDBEENM &%
BIRBRDHZC L BFREING, TOKIKERT,
®—=R.Gamata Q, WIS T ZBiR% Fig. 8 ORUCREITRL T %0
PN Tk, Q, ICHIST B EBHORER, RER

\'_ﬂume data  PURBICHT SEMMORRORIUIS 3 THHHD

! AELHB Ebird. k12, READOF -2 &R
"_';v;—R.Ashiarai ThiT, BHEM 1=4~5m 3 X OFEHEME =5 4m 1T
U, BREROHK Q=4.8m/s KB 2 XBHEWR
DFEMEIT 1=5m TH->T, WERLHBLTN 3,
U7eds= T, BEBIRFIRM O 2RI RO
HIKIZ 72 0 OIRERET 5 L MBI h B,

EROCE 23 5IcELLRFAT 310, HbE/MD

5 KREVWHKZERICL, ZOHAKD Y~ flicHind 3

[o Yo NI EFEFErEr BTSN WA | 7 — P& RTINS OBEBREAIDH Fig.10 T
0 ' o2mn/y 2 B HIE RO BIUEZREORELRSATL
%o MOHRIRT XS, BWBRRAKEOTENISE
Fig. 10 Non-dimensional wave numbers B3, ROUCE-THRD EEEXR, LhdEk
Neep-pool bed forms v FIoude st ptiokic & » CRIBRES DB T & A B 1o7E
U, ChRBEXNENBHLISNELS BHKDEBATSH

> T, ZREOBHTIXILHKTE, BRAEOELIRRARRICL - THREINZ LD EEDNS,

20r

\.,__

3.3 % -

BRERT v 7THEOR S L2 OE THOBEAKM EOE2AVTERL, chickss, —“20HE
HEICBOTAES N EROERSHERT & Fig.ll 0Xk5TH23. M 4,=0.60m LU de=
0.74m 13, ENZhRERBIUHAINICET 2REOTHMETH 5, Fig. 11 ogRicrhiz, HEIR
PROECERICIAH LT 30, BROGA LK, Z0FEMEPREEIIAShO&MICKET ST &
PERINE, CCBLTIER, 7T, BORFELBNT, T—7+ 3— FOEHERERNTHELNS
RTE R, BRACKSTRI—BMITRE T EAEB LTV, 22T, UTF, O &2 TH
NRTHLDo

Fig.12 i3, 7—= + 23—} OFIGNHFLE LT Table 1 D& ORRA L, 4/du~rwn TE FICERIEE T
LIcbDTH 5. Hicid, FHEEECHTRT & & HIC BB 261E SROBREHORBHRINTI 5o
7, B v OHFIRZ, WL OPOHKE ~2 ICHET 2BATRENOEIBHETHZ, 25T,
AR, EREREDCS L THLNAERT —2 OB ORINTV 2, O, ERTESOVSRICE
BULT, CholERBEEERETZE, EANOF—2 3EBRF — % O131Z LBEMATEICE 52 Edtbh

_8._



R o I00 - B « B (LUBITHIC S Y 3 BIRTIREO M 333

IS5 Aa0.60m Ag=0.74m
4 X o 1.5k L-z R. Gamata
> | ————R.Ashiaraqi A [ mean-li
Siol | 2 F I L™ R. Ashiarai
s'VT ' R.Gamata dm [ et A— \
Y- R _— 1.0 s i
o] B r } r - E 'i', ':
s | ! - AU
a5 H 05} Yo
E - - /
2 . L flume data
[~ =™ 0 AT R R S R N S R |
o] 0.05 [oX]
Txm
0 0.4 0.8 1.2 L .
. Fig. 12 Non-dimensional wave heights of
WOVQ Helgh'rs A(m) step-pool bed forms vs. non-
Fig. 11 Frequency distributions of wave dimensional shear stresses defined
heights of step-pool bed forms in by mean particle diameter of
the two reaches armour coat

b0 DT LR, RICHBRBEIBEHEEL - TV 5B, THbL, T—7« 3— rOLBPRENED LI
BECX>THREINBZDOLRABOBETHAICLTH, BERAKEOESESE, 7—<2—1D
N RBRICRBT &N, PRO—BHUKELZITHB.

3.4 HkSHEDHET

VL O#RIE, EBEOFEICS N 3BBRTREIEBFEORBICE > TRIZHATE 3 LERT
bDTH%. ZhidFl, MERIN T ARBRAKKICET 2 BREEREELTAE, chickIvTts
DOFRFE OIS DOHKERE D 2EEHETE 3 LEERT L bDTH S, LLTRESDOTIE L v
BBV THTONFAERERRICESOT, BEOWBOMKE & 13 - kO K RBIcBET 2 28%
fT>TAES,

VBRI BNTI], MAAELSEHECES ST, TRRHERICET BRI ONTHE, &
DERBITBOTHABUEICHEBAESTON TV S, Chickiud, BEIRFAKBICET 25E, BEOM
EAAR Fig. 13 X5 TH0, i, AARMORENSHBHENILE Fig. WITRT LS BEDTH 5,
TO &S BRI BREE LS LTk, BEBLLTEST, BREROIUKERE U7 iERb44E
8A2BDOE—7 iR Q=1.Tm¥/s OHKICBOTRFMICEILLIBETH S, 22T, TOREHY
BRI NI BEKDREINET 2700, HERMOEEEKAES L,=0.214 &L, fAEWKEE LT Fig. 14
ORER, FUFEENE d,0=10cm, HUSHE k=2.6d., LU Fig.13 OBRIDFEEEES 1=6.1m
EU, TNHOHEBERGICGER LT, ERREFOKEEZIET NI,

Q=2,2md/s
DS BHRER D, i3, WKEMTH, BARESBEHLTORED S ETE, ke —7 BRICHE
U, HAKBESISIAEL, Z0BKICL > TRAROBET 2L 5 i ie Ligaice, ke
— 7 BOBARRDEIERAFRICHIET 2 b0 EBbh 5. BERAKEOMEKORENE b & D&M
o TOIcOhEMBIHII, HERPT —7 « 20— P OREAHSICET 28 0B LUESBSES
BEM, WIRICLTD, BRAICET 3 e VARBOMKRE &2 - MK OBAKEL, 2.2m%/s XD b
REZHDTHoIlcC EHERIN S,



334 FABHSFRATER H285B-2 (K 60. 4)

14r | 8=0.48m
12r
10 10
I A=6.1m u:> B
8t ] O 8r
=
(2]
b Y-
o -
61 [ o6
= - & -
5 §
AT 24T 1IN0
[0)]
_g -
-} n .
0O 1 T 0] .
0 5 10 15 0 0.5 1.0
Wave Lengths X\ (m) Wave Heights A (m)
Fig. 13 Frequency distributions of wave lengths and heights surveyed
at Hiru-stream, a small tributary of Ashidarai river
0] ™
< /
m W
Fig. 14 A typical cross-sectional shape of Hiru-stream
4 % L}

ARRCBNTR, & LT, BERNERICET 2E8HROBEE, BEICELET 3AAEOR
LR R COBRETRITE 208HE L, 351, ThoOREEEA LT, FMKKOKMED SR
IRTEBRE DAL, MCHET 5 2B 47, TORR, UTIORT LI, BERSSE OmEM

B/onte

%7, BIRRUAREFSRAN ECBNT, SHKOEC—~sHEPORDONDE b/d BLE twmo



FTH « IIEE - FH AR B S 2 BRI R o # 335

BRI AER, FEMEICBOTRBEFERICAZHKEESEBRL TN EBEH L, 20T, C
NS DIEIC SR BIRFIRESER IN T BT EEFRAIL, ChERKDOERRAF —2ick > TR
ALl 20T, BROSHREERL, BARHEEH LLOREOHKIZBNTIE, 20 FEEEDEMEME
1%, WKkOE -7 HRICL > THREZN, LAbRBHOZNCHEN TR EER L. BEICDNTD,
ZOAEHEMETRT & & bic, PHEER, BRTRENCLST, T—<+ 3~ OVEHNREFIITS
T EERUI ZOXS i, BERMEORREMAT AL Lick>T, EBEOLMAREICAH Sh ZREBIRA
RIEDRE &SRR F B PRITE A &R NI THI3, BEOHKERS 20T
BREMEZHOT, IFEIC ST 2RBRAKEO AN S HEO TN TE L LAB®RT 50T
BT, IIHFEICBY 2HRPEEEZER LT LT, BEERMRER 2, Chi, 7, BEIRAKE
OERBEBE LB LV T ~= « 2~ OHEAFIRED, AHNBHRBEOHKRELS 2EETFAITEZC &
EERTEEDTHB, T T, MBEHERBICE SO THEBREELSTER X Wik S0k gD FH)
EfT-THicL T, DRDABHEEDNAWKEEOTRAKEEEB TS,

DEDXSiC, ARFBICL > TEES ZMREZETOED, TSRO KIEREEERITHRIN
TVBCERHRULBTNER S0, f£EXIE, LiEL S OBA LI ORED, BEIRER AR L
TOBHMESRODOMEIEEINTEXLOMIC DO TRAGERINTNIED. 4%, DX S EHED
BRI L OB OSSR T 2 MEIc DO TEBEED 2 & & bi, BEIRFTEE ooz
BRI OV THEZEDED2HDTH B,

g & x #

1) JSERSB « THERE « ZRME  BERIRAIKE OB L RE c B 2515, F28EKEEE
LR, 1984, pp. T43-749.

2) FEETSE « LHEERE « BRNE  BEARFINE O RARE & RS, TORBSSH4H, B275 B-
2, 1984, pp. 341-353.

3) TLEHEEN « FTEFISE « RES « BARES I B0 2R BARFT R O TAREE, H20E0KE
AR, 1985, pp. 537-542.

4) Egiazaroff, I V.: Calculation of Nonuniform Sediment Concentration, Proc. ASCE, Vol. 91, No.
Hy 4, 1965.

5) Whittaker, J.F. and M. N. R, Jaeggi: Origin of Step-pool Systems in Mountain Streams, Proc
ASCE, Vol. 108, No. Hy 6, 1982, pp. 758-773.

6) Kennedy, J.F: The Mechanics of Dunes and Untidunes in Erodible-bed Channels, J. Fluid
Mech, vol. 16, Part 4, 1963, pp. 521-544.

7)) REZWFENE-BEE R T E0oRE BB ORI B 25E, 826 kEERS,
1982, pp. 105-110.

8) FTHEMSE & R RERE « BEER « RESW | I3hiEic 817 3 Mk & TRH, BABK
HESR, 2155 B, 1972, pp. 349-361.



