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Abstract

This study was intended to suggest the applicability of stepped boulder fishway using the concept of traditional boulder weir, focusing
on the problems of existing concrete pool-and-weir fishways installed in mountain streams. To achieve this purpose, a stepped boulder
fishway was designed and constructed as a pilot project in consideration of ascending capacity of the selected target fishes. Under
the given discharge conditions, the hydraulic characteristics of the fishway were investigated in the field, and the characteristics and
ascending capacity of the fishes were compared and analyzed. The fishway had a short length and steep slope, but the mean drops
between each baffle were the range of 0.15 to 0.29 m, and this range satisfied the limit condition of about 0.40 m, which was in the limit
of the drop that target fishes can ascend. The mean velocities of each baffle and pool were 0.82 to 0.87 m/sec and 0.13 to 0.24 m/sec.
This result satisfied the conditions of burst speed (10 to 30 times of body length) and mean velocity of the resting pool (7 to 25% of burst
speed) for target fishes. Since the bottom surface of the pool formed of boulders had a gentle reverse slope and rotational flow did not
occur, the efficiency of fishway can be increased, and it will also be possible to solve the maintenance problem by flushing bed materials.
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Fig. 1. Location map of site

Table 1. Current status and problems of existing weir

Fig. 2. Aerial photograph of site

Weir name | Plan type | Height (m) | Length (m)

Current status and problems.

Namjeong | Orthogonal

. 1.86 35
welr type.

- As concrete weir, concrete cracks and dropout due to
concrete aging have appeared, and the drop impact
of bed materials larger than cobbles during flooding
destroyed the apron.

- Fishway have not been installed.
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Fig. 5. Dimension of fishway exit
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Fig. 6. Plan view and observation zone
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Fig. 7. Side view
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Table 2. Observed discharges

No. Date. time Q (m’/s)
Case-1 8/18.09:47 0.205
Case-2 7/20.15:20 0.307
Case-3 8/16.09:17 0.331
Case-4 7/17.17:07 0.359
Case-5 8/20. 09:50 0.418
Case-6 7/16.16:30 0.429
Case-7 7/1510:15 0.532

Table 3. Flow duration of site
Basin area Discharge (m’/s)
(kmz) Qu (os Qs s (355
33.04 560 0.67 0.25 0.15 0.08

Fig. 8. Flow structure in baffles and pools
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Table 4. Mean, standard deviations and coefficients of variation of depth in baffles and pools (unit : m)
Baffles Pools
Yo | vin [ [ v [ Somet oo v | v | v | St ] o
1 0.13 0.16 0.18 0.02 0.11 0.26 0.29 0.32 0.02 0.07
2 0.09 0.11 0.13 0.01 0.13 0.23 0.26 0.29 0.02 0.08
3 0.12 0.14 0.16 0.02 0.11 0.22 0.26 0.28 0.02 0.09
4 0.15 0.17 0.19 0.02 0.09 0.26 0.29 0.32 0.02 0.07
5 0.16 0.19 0.22 0.02 0.12 0.38 0.42 0.45 0.03 0.06
6 0.11 0.13 0.16 0.02 0.13 0.43 0.46 0.49 0.02 0.05
7 0.10 0.12 0.15 0.02 0.14 0.29 0.32 0.35 0.02 0.07
o7\ M, HyS H Bt 3t} Table 5. Mean depths of each zone in baffles and pools ~ (unit: m)
Table 20| HEPH SA-F5H @, )2 Eq. (1)oll AR5 Baffles
(Q& vl Ak Fig, 9ol Lreh Hle} Zro] o} kot N " Zoned | Zom2 | Zomes | | °O°
A 1ol 1 90w, S G ALY G ol ARG e L[ o 0.07 014 | 02
O] 254N Hy) TP () &) AT B, B et A 2 0.08 0.10 0.08 0.24
T Fig. 109] I oo} o] o} st zlo 2 Lefydet. 3| oo 0.12 006 | 023
4 0.07 0.07 0.15 0.27
3.1.2 Ol HEE Dil Zo| A %Ao.l 5 0.11 0.05 0.17 0.39
ol ol 4 vjZ-& Lo oJgh o} 402 Qlsto] o] F ° 0.06 o1 0.19 o4
Aol ool =1, B ATRH O L7l fo]BE o] (L = = —
o] foaFolut EORAARS 913 FA B EOF SRS AR e
et Ulo] EPALL x| HE-S URsHE 80| Fut o °
S F2) Y T, G SRR WakA T !
A F(Plunging flow) 2} e 2| H-5 LF{oH= S50 FHE E A L ’
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o>,

Fig. 11. Mean depths of each zone in baffles and pools
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4 0.17 0.18 0.19 0.01 0.06
s Tom o | 030 001 0.03 s 27| wZof o] Fo] F 5ol wet el - o 7ot
: : : : : A=t
6 0.21 0.22 0.28 0.01 0.04 Tabl 20ﬂ L]-H-W . 17_];]_01]/\1 = 9] 7 Hﬂﬁ o
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0.40
1.00
eBaffle oPool
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Fig. 12. Mean drop heights in pools Fig. 13. Mean velocities in baffles and pools
Table 7. Mean, standard deviations and coefficients of variation of velocities in baffles and pools (unit : m/s)
Baffles Pools
No. i i
Min. Mean Max. Staerz?rd Coefﬁ.cw.:nt of Min. Mean Max. Staerz?rd Coefﬁ.cw'nt of
Deviation Variation Deviation Variation
1 0.71 0.84 0.95 0.09 0.11 0.14 0.21 0.28 0.05 0.24
2 0.71 0.84 0.96 0.09 0.11 0.16 0.24 0.31 0.05 0.23
3 0.68 0.83 0.96 0.10 0.12 0.16 0.24 0.32 0.06 0.24
4 0.73 0.84 0.96 0.09 0.10 0.14 0.21 0.28 0.05 0.24
5 0.78 0.87 0.94 0.05 0.06 0.09 0.15 0.20 0.04 0.27
6 0.68 0.83 0.96 0.10 0.12 0.08 0.13 0.18 0.04 0.27
7 0.71 0.82 0.89 0.07 0.08 0.13 0.20 0.26 0.05 0.24
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= ZX(pool type) T} 4=2A](stream type)
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@ (separation) §10] gl 520t} A&HA G =

=20
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B /gE o ol A0 1 A@sto] 42]5
ol A AlBH= 229 o] F W 2] Tk = rhofot 2 A A Eo]
O]_Q_ﬁ]- P O]E_E_ —,o‘l.lqo.]q_
P A 71 #(MOLIT, 2019)& -8
0]1.86 mO| 22 k40 me] Zo]7t =
oL OF T mBA o] 0] 752 E
T2 ZSHol|A o] 9L
ﬂq”ﬂ“ﬂi%a%ﬁﬂ
29| gl AR,

gahe ol
s AR A
wsho e A %

oﬁ _L>|: Eir

—

F27)E A of ot
Q5] £ 4] o] Zoli= Aulo] u27}
ol RA 40 2 B8 Qloj(e]) 52 7HA 1 Qlofw 4
9] isto] th-o] of el SIEl e, A4 A4 of T A4S
ofipL ujE T2E Ho] 7] el A4 HE o] X
FAslo] 22 GO E EOPeA] 9 A RS B
ol o2 wo] rt.

Aol AAIsHE oL AEAY, AT, 22
=, 0| 7e], nj e, EX), A, Sob, FRol, HF1
71, B2, BALE, B3], Wol, ZhAl o], 112,
=, et /1857, 2] Soln, $HFS

U, DB, A AN, B, A, e, 2e), E117]
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(ME, 2021).

lo

fu—

2

i

Mmmmr
4

AU

= 2 pi= ol = 1 U=z U]O/\ St =2
1}017}‘+L7ﬂ35r gl E}E‘r A 23 4] o] = e S 1ol
ChE ) wjsof] WS Ao & motEch E&i AP =2 J,]-E%E] a EANS ]i’_o z Eo]— 9ot 1
2L, AlThA] A o= o) A4 B 84E ASSH] Sl iR
Table 8. Depth, velocity and froude number in baffles and pools
Baffles Pools
No. depth (m) velocity (m/s) Froude Number depth (m) velocity (m/s) Froude Number
Min. | Mean | Max. | Min. | Mean | Max. | Min. | Mean | Max. | Min. | Mean | Max. | Min. | Mean | Max. | Min. | Mean | Max.
1 | 013016 |0.18 | 0.71 | 0.84 | 095 | 0.63 | 0.67 | 0.72 | 0.26 | 0.29 | 0.32 | 0.14 | 0.21 | 0.28 | 0.09 | 0.12 | 0.16
2 009|011 013|071 | 084 | 09 | 0.76 | 0.81 | 0.85 | 0.23 | 0.26 | 0.29 | 0.16 | 0.24 | 0.31 | 0.11 | 0.15 | 0.18
3 1012014 | 0.16 | 0.68 | 0.83 | 0.96 | 0.63 | 0.71 | 0.77 | 0.22 | 0.26 | 0.28 | 0.16 | 0.24 | 0.32 | 0.11 | 0.15 | 0.19
4 0151 0.17 [ 0.19 | 0.73 | 0.84 | 0.96 | 0.60 | 0.65 | 0.70 | 0.26 | 0.29 | 0.32 | 0.14 | 0.21 | 0.28 | 0.09 | 0.12 | 0.16
5 1016|019 | 022 | 0.78 | 0.87 | 0.94 | 0.62 | 0.64 | 0.64 | 0.38 | 0.42 | 0.45 | 0.09 | 0.15 | 0.20 | 0.05 | 0.07 | 0.10
6 | 0.11 | 0.13 | 0.16 | 0.68 | 0.83 | 0.96 | 0.65 | 0.74 | 0.77 | 0.43 | 0.46 | 0.49 | 0.08 | 0.13 | 0.18 | 0.04 | 0.06 | 0.08
7 | 0.10 | 0.12 | 0.15 | 0.71 | 0.82 | 0.89 | 0.72 | 0.76 | 0.73 | 0.29 | 0.32 | 0.35 | 0.13 | 0.20 | 0.26 | 0.08 | 0.11 | 0.14
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Zagt o, Aol F=Hate] A7) et fEad E
£ a4t FollA §-9 5 H ol mEr A4 AlS Aeeitt

Onitsuka ez al. (2008)2 & At0] 2] Y2} 0.05~0.20 m 2]
elde men] @ AU 25 F9a02 JA,
0.275~0.425 m9] I lelM=ZAU o] ok tS glom,
0.425 m ool A= FAU7L Eof 2248 A sk q B
Ach= ATHE AJAISHATE 12U, Onitsuka ef al. (2008)
2 EFA ojzollA men| 9 oA/t 2| EA O BAE
5] QI A S S5kl E Aol Q] ¥} 0.37 molA =
mjata) s EofAARE Al gttt Aate A A5t

2 AT A A ool A S ol et 2 s
Abol9] HAYAR=0.14~0.29 m, BH2=0.15~0.29 m, ]
He2H=0.16~0.30 mo] = A s 2 63 fZ-2] Yot
o dolE] mepr|et ZAYZ R PA/de 2 5 gl jiTle]
U 2 E af Sl A mjetr|e ZA YT} ofado] 75 H9
Ao BAEICE T2uf, BE tiidolFo] f9ade
a4 AR 517 YafAE s E 6 B Z o] YA M S
Hebslr| flste] 24 Ato]o] 12| /s Fia o & A6l
oF oli= A o & YERiTh

3.2.2 YOIEe| 7501 Chist A= HE

)79 F95HS Btohs FEEEE AEHISE
(sustained swim speed)(Beamish, 1978; Webb, 1994), 57+
945 (prolonged swim speed)(Beamish, 1978; Webb, 1994)
9 =X)L 5 (burst swim speed)(Bell, 1973; Blaxter,
1969; Bainbridge, 1960)7} thE A o|t}, o] AL A= o]
AA A S8 FIE = SIS EURIEE
olt, T A& T = ol F7F20% 0014 2008 FF FAlokL
HzoA Blold o Sl Hh 2 A AERHIEE SR
£ Ato] O] FAQI2 A 2 7] = Al 2~41fo] 1, EXR-F%
T ol®/7 A4, 34 2 EHE fI5te] ofF TAIRH(1~5
sec, 5~10 sec ¥ 1 minute T[THo] F-Hsh= S 2 A 0}F
of| wha} cr2 2|9t A13h2] 10~30 v =E A ASEL Sl o]
23t o]F G028 uleko 2 o] AN G0 titt AR
7} o] o] A of jitt.

m2ta] D ZAY o] AL oF AAto] v AAHe] S}
of wheh Aokl 50] S7tol ek F7 e, dhtAo s

ERA&L 7729 10 gkl 529K (Nakamura, 1995), A
AskollA] Aefu| B]'d-S o]-§7t 155 AR oflA] F|oh A
Z+o] 30 vl o|Atolek= AHE Qlth(Izumi ef al., 2007, 2009;
Kouki ef al., 2008). E-&'27] #al= 4o] 7o) utat Z7}
sht f459] F7tol| whet 7HAskar, AlPge] 28 F o] o]
7} Q1.0 SE35tchl 51 th(Onitsuka et al., 2008). T3
mj2fu|et AAY = EXUEE 9] oF 7~25% 45 H 9ol A &
Aot mlgtn] o] FA] Fa e A o 2 BATE = R,
ZAYE St Bol Dy =)o 9t o] A2 =4 F2 ]
201 71 Qo e Z AU E #3 Al
6 2 FA =t Y Tt Onitsuka
et al., 2008).

B AFo] 7+ g 2010l A Z7dE Z v Sl A 9] ]
A5420.68~0.78 m/sec, HH-545L20.94~0.96 m/sec, B
452 0.82~0.87 m/sec 2] H Q]o]H, ZF Eol A 9] X Af
2:2.0.08~0.16 m/sec, Z-54-20.18~0.32 m/sec, B
220.13~0.24 m/sec®] H = B =t

gtz o 2 AJofQl 73-9-of) ] o] A2 8~20 cm, Z:
YO A2 10~17 cm HAZA] AIo] 8 em$l oj=pr| o] =
Z1&5 4= 0.80~2.40 m/sec, AP0l 10 em@l ZAY o] EX1&

= 1.00~3.00 m/sec ZA] Hi=Z9] F|j-a-&o He|H T I =
2 2A}o] 753t 7l o 2 WL Tk nlahu| o] FARp 40
& 242 7ol 8 em <l T 2H] 9] -2 0.06~0.60 m/sec,
Aol 10 em QI ZAH 2] 79 0.07~0.75 m/sec ZA4] &2 %]

©92-0.18~0.32 m/sec BTt 202 tEo]E<] mjatu] U
ZAY S A Ao S WA= A o2 A
o}, tigolgo] 49 9 Zof Adfoll ash =] A=
AAo] oF 2 B2 A Z20] Z10]7}0.80~1.10 mO| L& Zo] &
4, A 9 ol A 9 F Ao agh S-S THEA|

7= AR HEHU.

323 572 1 EAEH
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et e 5 7152 294 o =7 F AL = o2 ZAIE S
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