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Abstract

The purpose of this study was to present the necessity and effect of culvert fishway, based on the absence of design criteria for it which
fishes can pass. As an attempt for this purpose, circular culvert fishway were designed hydraulically to meet the passage condition for
selected target fish species, and post-monitoring was performed to confirm its effectiveness. In the case of general circular culvert
without weir baffles, the target fish species cannot pass because of the constant depth and velocity in the entire reach of the circular
culvert, so it was confirmed that resting pools must be installed to help fish passage. In the case of circular culvert with weir baftles, the
depth and the mean velocity in resting pool increased by about 240% and decreased by about 70% respectively, which not only satisfied
the passage conditions of Zacco platypus that can swim at more than 10 times the speed of body length for 1 to 5 seconds, but also
confirmed that various river fish could pass. Post-monitoring results of the restoration reach and fish capture monitoring surveys of
circular culvert fishway demonstrated that the target fish species, Zacco platypus, can pass through it.
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Fig. 1. Location map of site
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Fig. 2. Photograph of Haecheon restoration
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Fig. 3. Circular culvert system and dimensions of weir-baffle

Table 1. Locations and dates of monitoring
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Table 2. Calculation condition of fishway
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Table 3. Calculation results of culvert fishway
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Culvert Station Cumulative Length (m) | Q (m*/sec) Depth (m) Mean velocity (m/sec) | Froude number o
A B A B A B A B A B
8.156 8.1560 51.31 51.31 0.16 0.20 0.20 1.12 1.12 0.96 0.96
8.155 8.1550 50.83 50.83 0.16 0.30 0.44 0.27 0.26 0.16 0.15
7.458 7.4580 48.33 48.33 0.16 0.24 0.35 0.87 0.82 0.68 0.63
7.127 7.1270 45.03 45.03 0.16 0.29 0.43 0.28 0.24 0.16 0.13
6.4 6.4000 41.75 42.73 0.16 0.23 0.41 0.90 0.48 0.71 0.30
6 6.0000 38.15 38.15 0.16 0.20 0.37 1.12 0.48 0.96 0.30
5.2020 35.15 0.48 0.33 0.18
5.2010 35.15 0.12 1.07 1.04
Baffle
5.0010 34.95 0.12 1.06 1.00
5 5.0000 35.95 35.95 0.16 0.20 0.21 1.12 1.15 0.96 0.99
43102 32.25 0.32 0.58 0.39
4.2020 29.35 0.47 0.33 0.18
4.2010 29.35 0.12 1.07 1.04
4.0010 29.15 0.12 1.06 oo | B
4 4.0000 29.15 29.15 0.16 0.20 0.20 1.12 1.15 0.96 1.00
3.3102 26.45 0.32 0.59 0.40
3.2020 23.55 0.47 0.33 0.18
3.2010 23.55 0.12 1.07 1.04
Baffle
3.0010 23.35 0.12 1.06 0.99
3 3.0000 23.35 23.35 0.16 0.20 0.20 1.12 1.15 0.96 1.00
2.3102 20.65 0.32 0.58 0.39
2.2020 17.75 0.48 0.33 0.18
2.2010 17.75 0.12 1.08 1.04
Baftle
2.0010 17.55 0.12 1.06 1.00
2 2.0000 17.55 17.55 0.16 0.20 0.20 1.12 1.14 0.96 0.98
1.3102 14.85 0.32 0.58 0.39
1.2020 11.95 0.48 0.33 0.18
1.2010 11.95 0.12 1.08 1.04
Baffle
1.0010 11.75 0.12 1.06 1.00
1 1.0000 11.75 11.75 0.16 0.20 0.21 1.12 1.15 0.96 0.99
0.3102 9.05 0.32 0.59 0.40
0.2020 6.15 0.48 0.33 0.18
0.2010 6.15 0.12 1.08 1.04
Baffle
0.0010 5.95 0.12 1.06 1.00
0 0.0000 5.95 5.95 0.16 0.20 0.21 1.12 1.15 0.96 0.99
-0.1 -0.1 5.90 5.90 0.16 0.23 0.23 0.47 0.47 0.32 0.32
FER], w7] Z]of, o] o], FAN 2]o] TS R A o= 3.1.3 YOI OfFae 2UE™ 2 Bt
SRIE o, AR ZAA] v tA], v)7] 2 S = &9 A SPHELAZT 5 2L 5P o] o] €Al o] 9l
SH2] 3ttt 20161872017 FH w2hr]| et ZAY 9 7iA| £ o& el TRt 2719 njetm|et AA Y7 E
Z7}F Z7151a, 20183 2020 F 0l = Do, 202001 AL, SFFO] A & EQ) ] 1 Eofl= B2 Ao
SUK Microphusogobio yaluensis)t TLE|(Opsarochthys ol ot RS Stom Rl - qlom, Ara o=
uncirostris amurensis)7t E2] 5|0 UF7r o 2 H g ThoFeh Z=alo] 7171 427} Q1= SLof|= o] o] Q) Bo] a2 3t

o]Fo] AFUA o=E 247ES & & Uth(Miryang City,
2020).

A

4= QJtk(Figs. 8(a) and (b)). o157 RUE ™ ZAFA TS @A
719} £@FL FstH BE o]Fo] WYFo 2RE ¢4
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Table 4. Current status of fish species inhabiting Haecheon

21

2015 2016 2017 2018 2019 2020
Scientific Name Isthalf | 2nd half Ist half 1st half 1st half Isthalf | 2nd half | 1sthalf | 2nd half
L2310 (231|231 (2|3[1]2|3|1|23|1|2(3|1|2[3|1|2]3
Family Cyprinidae
Carassius auratus -l -1 43171657842 -4|-|-12|312/2]-]6]1007|-]6])5
Microphusogobio yaluensis | - | - | - | - | - | -| -] -] -]-|-|-|-|-1-1-[-|-|-1-|-|-|-1-15}]-/|-
Pungtungia herzi Herzenstein| - | - | - | - | - | -| - -] -|-|-|-|-|-1-1-[-|-|-13]-|-|-1|-1]-1]-/-
Opsarochthys uncirostris 0 I U U I N U N Y I
amurensis
Zacco platypus Sl- - - -] - |11 819 6[19|25(84]|42|55(59|30(22| 8| 8|11|12|25]31|10(16]18
Zacco temminckii Sl -l - - - - - I 20 O (IS LT 6| 1|14l S - - - -] - -] -]|-]-
Cyprinus carpio O e I I - T R T T /0 8 U A A I N A N I A U A N B
Family Cobitidae
Misgu'rnus anguillicaudatus lalalalstalalalalotalal oot ool al oot ool
squalidus
Family Gobiidae
Rhinogobius brunneus I T e e e e A e I I A R T B AR R IR I A R A I - -] - -
Number of species 1121222333 |4|5[4|3|4|4|2]4|5|2|4]1]2 212133
Appearance numbers 113[3]|6 10| 18| 14| 28| 27| 57|37|100| 64| 63| 70| 47(32(20| 14| 11| 18|40|38| 15| 24|26
Dominant species Carassius Zacco Zacco Zacco Zacco Carassius Zacco Zacco
auratus platypus | platypus | platypus | platypus auratus | platypus | platypus

(b) Zacco platyous

(a) Carps and Zacco platypus

Fig. 8. Photographs of swimming fishes

(a) Inlet (b) Outlet (exit of fishway)

Fig. 9. Photographs of water supply system

Table 5. Numbers of captured fishes by body length (fish capture monitoring)

St Bodylengti|| s Gem | 6~7em | T~8em | 8~9¢m |9~10cm |10~11cm(11~12em|12~13¢m| Total

Zacco platypus 1 5 6 4 5 4 2 - 27

Zacco temminckii - - 2 1 2 - 1 7
of whet ger] 7| wiZof| thE 41 9] o = of 213 A <l vl oF 53 G AEE geloty, ol E A= Ut
7} ol F ATk Bunt et al., 2012), i FUA o= W o] FAQN HeFe = REgot=r e BUEH o= A|ots}
25l A4 A= o] glo] Wetel AAlehs BE o 77t 1 QUok E3h U E F) B O = A<= Table 61| A A2t HI<}
QAo =2 o] & 4= Q& Ao &2 wekErh ol 47] &= 1171 A1 7ol tiste] &84 71, mi7ids 2
Zhe] ;L Lo} o] Y 4=F=l(California Department of Fish and I RYE Y ZAPTHS AlASEAL ot @4 RYE Y X
Game)(Harris, 2005)<= Y7ol -8/ B7F HUEP Y &5 AP 1(Field Method 1)olA= YA =8 Ztsl=/F- 5t
A} H Q)= A o =X thste] E-UA] Al o] A A FO| Sl TA R = ZAIRA F3olE 2 Aol DA
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Table 6. Monitoring questions, parameters, effectiveness, criteria and field methods (Harris, 2005)

Monitoring Question

Effectiveness Criteria

Parameters

Field Methods

—

. Is the project still functioning as designed? -

Fish passage restoration project is
within DFG passage guidelines.

Residual pool depth at
a. Is there still a sufficient jump pool depth | downstream outlet (if
for targeted species and life stages?

or has entry leap).

culvert outlet is perched

If there is a jump, pool depth is
appropriate for leap height.
(Not required for no entry leap.)

Field Method 1 : Thalweg profile
through culvert plus water depths.

b. Are leap heights still within jumping

L . . o
ability for targeted species and life stages? passage outlet).

Leap height (residual pool
water surface elevation to

Leap height is below critical
heights for targeted species and
life stage. (Not applicable for no
entry leap.)

Field Method 1 : Thalweg profile
through culvert.

o

. Is stream velocity in critical flow areas
still within the swimming ability of the

. . area.
target species and life stages?

Stream velocity in critical

Stream velocity is equal to or less
than swimming ability of target
species and life stage.

Field Method 3 : Stream velocity/
discharge measurements.

d. Is upstream inlet of the passage
area/structure still at grade or below the

channel bed? inlet elevation.

Bed elevation at inlet and

Culvert inlet matches grade of
the natural channel bed.

Field Method 1 : Thalweg profile.
Through culvert.

[¢]

. Is the passage area/structure still at grade? | Slope.

Passage structure is at specific
designed slope or the slope
relative to the natural channel.

Field Method 1 : Thalweg profile.
Through culvert.

f. Can sediment bed load still pass through

the restored area? active channel width,

hydraulic capacity.

Slope (top riffle to opening),

Passage inlet shows no signs of
clogging or deposition.

Field Method 1 : Thalweg profile.
Through culverts. Field Method 2
: Cross section surveys.

g. Can the structure pass the design flood

. . H; li i
discharge and meet headwater policies? ydraulic capacity

Passage passes 100-yr flows and
watershed products.

Field Method 2 : Cross section
surveys

h. Does the passage project show signs of

imminent failure? Structural integrity.

Structure shows no signs of
collapsing.

Field Method 1 : Thalweg profile.
Through culverts. Field Method 2
: Cross section surveys.

2. Have channel or bank adjustments
impaired the function of the passageway?

Slope, head-cutting,
sediment deposition.

Channel adjustments have not
impaired passage or habitat values.

Field Method 1 : Thalweg profile.
Through culverts.

Bank erosion, channel
incision/head-cutting,
debris accumulation or
sediment deposition.

5]

. Did the project have adverse effects on
upstream or downstream habitat?

Passage project has not adversely
affected up and downstream
habitat.

Field Method 1 : Thalweg profile.
Through culverts. Field Method 2
: Cross section surveys.

4. Is upstream habitat still suitable for the

targeted fish species and life stages? in upstream reaches.

Habitat types and quality

Area is still suitable for targeted
species and life stages.

Habitat monitoring. See Monitoring
the Effectiveness of Instream
Habitat Restoration

% DFG : California Department of Fish and Game

AT =79 AEEE F76H] I3 ZALEA A =
oF o] X E90] A4, AL AT A Bl A, x5 4 Y
- ob st Aol mhE A Weliu A A1 2] 4 5= E9t
Skl Qict @7 RUE E AP 2(Field Method 2)0f| A=
LA o] SH ZALZA] 100 F1e 0] B4=5F0] Fo5
T-FAoA P = = 558 Foloh F HUEE =
AP 3(Field Method 3)0l A= A o & -7+0] F-530} 1+
&S FTAIRA fEo] F3olF H Aol TAE FE Holl
tfste] Z9tg o B2 Frlok= ZAolth 18] 1l o1 A4l A

A%3g FRSEE AR ATsgoD

18] g& A eJohH BE 2 8 2708 T=EA 7|, o 1=

7} Q2 A B7Re oI,
SR ECERUED
SEREERES

U5 DU QAN olfiy BUE Pt ol S
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3.2 %

SPdAAI71E2] s o of| oot o AR = &
£OI HQE 0.5~ 1.0 m/secE AAIStL QI =HI(MLIT, 2018),
S PFAA o]0 749220 cm 2] flo] v S A} - SR
AREY HAERE o] A= Qlste] of Fh
T A Al WAt 210 HIE Ato] o] FA| EollA
=71 A5HS] Boh oA R A E B A2 7] o] o] 7
ot o gt oo S 7 ZiAlE0] o & o8-Sk
o] o] H3S Ao T

Park ez al. (2008)-2 W 2fn] o] 79 = 0] HF-7-50] 0.
~0.8 m/sec APo]ol|A] 2743550 FA7 sfeta Holal
O, P75 1.0 m/sec O)dollA = AL A7d5HA] Fol=
210 2 AAGFL QUTk Izumi ef al. (2009)-S 5H 2] o] & &0
AAHAE 10em, 201 4m, 73AH 1 14~1:23)0.2 2]
Y B]'d(stamina tunnel)S 22| 5}17 U -5-450] 2.11 m/sec
~2.79 m/sec®] IG5 2704 oY 9] o] 6F-F (2]
- 157704, BA 7.1 em ; o - 137704, Al 5.8
cm ; EX] - 57704, HtAPd 5.8 em ; m2ha] - 130714, B
AP 10.1 em ; A - 1170A], B4 6.6 cm ; 350 -
370A], BHAE 6.2 cm)et Ao 2815370 - 3704, B
Al7d8.2 cm ; ol - 870A], H A 4.2 cm) 2] & 857 50671
A& ol-&ot] A FEA F9AAS st F9EA
SXE o] tjoto] AR BE A/ 2 of| A 20,
o], m2fn], WE2] 9] 477 i FE A4 6kel A, 2
7F 7P 2 52 H9olA ASE A S5 E= 1
~ 522 21&5he F R 9E5 2= A Ql(Blaxter, 1967)°]]
w2} [zumi 5(2007)°] 2435 A s o] AgolF oz o
e = T H R EE =201 2.29 m/sec(A1E : 7.8 cm)
ZHE no]2hv] 3.83 m/sec(A1 : 10.3 cm) 2] ¥ ]2 LEFE
ok A 7 ~ 8 eme W 2] O] A P94 T 2.55~2.85
m/sec®] M IollA] 2 ~ 7% T F-F5HH, TL AT 2ol=
AL TG EE 2.70 ~3.10 m/sec ] oA 2~ 5% =
o} -8-935}= Z(Onitsuka et al., 2008 ; Kouki e7 al., 2008) ©.&
Ueh iz A ol o] AR At Aoz ikl
=3It} LHEE 0 = QFA O koA o] 77t Qo] Ml ES Bk
Fel= A, 75 2 4 Soll met =T A A o 2
FHof mpet 2, ¢ H S 2d5HH, F o] A2 ol /R =
&0l 7 50 52 Aook= A2 AAEH I Qlrk

3

32

T
=0
o

1 g

3= 910 B 2 FAE rest pool)2 FAI5H7] SIgH vl Ze
2|7} E g 5iet. s 5-U AFYF o RUE oA Zel
= Hoj= FFAE 4.2 cm @] 87)Alof| tigh 352
F9A2 14 cm, BA-FIAIZ 042, BAF945E 3.06
m/secE FALE| Q] o, Bk o 2 S8 O THA] 9]of v S-S
2/Fste AR A2 1 QItk(Izumi ef al., 2009). WA
Sl o] PPAA o= flof HiZof| oJgt FAIEC] A==
2 HYE A ER1E B E ojFo] A Vs AR &
4= Ut

0|1}k ZLietol| A Ao F Fo] 5] A4S Tefste] ¢
FoA o AL E= o] = @ TA vl Z(offset baffle), EFF
2]of vl E<(slotted weir baffle) & $] o] B}Z(weir baffle)S 3
20 2 313 o| AEE WA AZ AP vl E(spoiler baffle),
oreEt 1] 41 9]0 (Albert fishweir) 7} ZHER 1] 418 Z(Albert
fishbaffle) 5©] Att. YA =7} 28 5= AAR= dutz] o
20~5%9] HelolH, 419 B2 A Eoto] v E9
o= oFAZAH(D)2] 0.07 ~ 0.20 D, HIZ A X 7HE-20.3 ~
2.4D Y2 AA =21 QITHEad et al., 2002). YFEA o=
oo AR sl ook SEAO EAo| 2R 2 A
H|w g 4= §itt
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