70l

od

E
70
pal
Tl

on the Downstream
Byungwoong Choi, Sung-Uk Choi
A

1

3

Impact of Water Temperature Fluctuation due to Hydropeaking

zrel e e

}

o

o

1

dz & F Atk

A o

=
=

Ea
alil

1l
o

bel Am A4

d4ds xs

]
)

bl

S

& A8

]

Aol et

=

=

_LH
2.01 km7}HA|

=

}od CMS-Flow =
i=2]

1

°

[e)

L

[e]

174 km, A&

[e)

KN
=

9] 2.3 kmT7HS W
1.92 km, 7}

d

Kl

o

R

=3
=

}

pul

Foll 914
1.73 km, ]

Far glot.
=

47
[e)

L

g7k A
=, =

o
oo
of
BH
o)

£l

el

L ey
==

CER:

ol A A

o2 7]tH

il

=
T

3

]

3l

o

4,l|2:|H

=

HE, CMS-Flow =2

fhaw
H

Ho

Fodle] HAHe Y

3]
“

AAA ez B2 o] AHHAY. L3 o]

il

A 7] &<t

w

|

A

bw628 @yonsei.ac.kr

schoi @yonsei.ac.kr

- E-mail:
118




HH
pLN

H, ol FAH

=

—_
o

i3

H

]2l

eRE
e
S 1D

g

)

k]
pil

=

=

(2010)

p=2

o

o} Yi

AA
3fo] Ao el 9o (Cyprinus carpio)S W

o3

]_

3|

g olueh £Ee] Aol
H]| 1

7HA]
e
=
=

HH

=

=3

Aol

bo wawR 2ol Aol Sojol o

o]

3t} (Valentin et al, 1996; Scruton et al., 2008).

At} (Lessard and Hayes, 2003; Zolezzi et al., 2011;

gl
of A e Al

=
"% (hydropeaking)

d

Kl

=
=

j|

&
Tl

do| A 5789 o 77k Hastry AAEA A 4
]_

¥ ofueh 529

IS AT deA

Dickson et al., 2012).

°©

=
==

%
%_E_
PHABSIM S ©] &
ur

b ol
9

o

i

(2010)=

1

3

CREERE!

]

114
(1996)

o

=

}o] analytical solution® numerical 23}

(¢}

]

RS
(¢}

p=2

o

o

=

°o]-&

=
s

s

3t} Toffolon

(thermopeaking) =

S

]

o] ¢t}. Valentin

5lo
=
=

F

il
—_

&

]

o

el
[0

M

=

o
e

O

X

ol

} ot Hur$t Habibi (2007)= F%9] (Carassius auratus)

S

A A

o
=

I
—_
o
T
it

=3
%)

00

Bo

=

o
A

Ee
s
7l

o
<+

2 A A A

o o F BA
ol el

=
L

oMol A7k Hal e, 7]

=}

Al
ol

oF

510
o

e

9

o 5

ot 1 ne
718l ATd \krh glvk

L
o

)

35 ol

om BYAAA

]

s+l CMS-Flow X

[

1=]
24

119

Aol EeA Al wA

._‘]‘ =

, Gene Expression Programming %
[e)

Joll v A

&

T

-7
=
q

Al
2]

3

fox]

S

AFo] 7}

o &84

=

d

Kl

ot

o

=
T

B

5

7t = SR
3. 2YAYAH &4



Al
&

M

3.1 549

HodAolA e 2 FWs 2485 #3867l fsted CMS-Flow Ed& o] §3k3lth
CMS-Flow 2&-& US. Army Engineer Research and Development Center (ERDC)¢} Coastal
and Hydraulics Laboratory (CHL)eIAl 70st 2319 FAHT FA &4 RPoz2A, 35, 344
e 2 F2Wst mort vheetth v 559 ol dAEAS vyl fldl mE/A s 7S

A8 35t
3.2 AAA &4

EYAAA B Hste FHAA duElEe Fsld e GEP (Gene Expression
Programming) =382 A3}t GEP 2d 2 Ferreira (2001)°] 93] /fEdo 54 %
A, JArAA FA L, o8 Ao oEka A, =g alo] x3Eoo] vk GEP E¥ 2 A3
Ao EE A FEa o= YA AA 45 o] 839 expression-trees
stal o] & Fa £ xdEQ IAANS =EST GEP BRY Y A4S dubdd fHA 4 s

S

AL
= = se dolrk A ola FAd A

ot
o2
1=

o
re
22
Y
il
r o
4
ox,

-

4. 2E

Ak e shAQl @Al 23 km 7bel dis) 2 wWstel me FeAA BAE P
Aot FE B F2EALS CMS-Flow 3% ol &3stglon, A4
ek e

Programming (GEP)& o] &3}ttt A2 x &4 +4,

21& Gene Expression

i
, 715, 2"l 2 F 47HA 9
o

g ndde BASAY. 19 1 R Fev vanae 2 Fed ol
Ae Bol WFANES W o A4 GBS WAL Ao vd e agew B (395
), 98 62-89), 712 OL-119), AL 12829 TRae] etk B, %, 1<, A
& BE OBANFL AAHUA RN £ Aolsh WART gom, Be 38 °C, L

2akol 7k WAyt

Apol7b AA AU o= AAFI A&

flo F
o~
S
S
)
o
rlo
~
oo
S
1o,
BN
=
o

rlo
2
i
1)
)
o
=
I
%
ox
=
a
o
o
¢

B3 AAgo] vla wAwFe 57 Be B ol WHHE £ Rt Feitels
27 gAshs Ao dudnh 2y B oF, /1S, AE B £ Aol AAE Wi
e G 5 Ak 29 zolE 7= wRE QA

ot
N
)
i)
0%
ol
ol
N
=)
M
=2
L
rr
oft
o
S|
ol
ol
P
=
ol
1>
ol
ol
lls
2
Hu
=2
o2
ofk
tlo

nA AoR

120



ALY Z
20149 = AE (e Az )e AYPor A FAEe] AYS wol FaEH A
9] (NRF-2014R1A2A1A11054236). 4] | heoll A=At}

o] =

M
rlo

F1EI
1. Dickson, N.E., Carrivick, J.L., and Brown, L. E. (2012). “Flow regulation alters alpine river
thermal regimes.” Journal of Hydrology, 464, 505-516.

2. Ferreira, C. (2001). “Gene expression programming in problem solving.” In Proceedings of the 6th
Online World Conference on Sofi Computing in Industrial Applications (Invited Tutorial),
Santiago, Chile, 10 - 24.

3. Hur J.W. and Habibi H.R.(2007). “Physiological response and hematological characteristics of
goldfish (Carassius auratus) to water temperature shock.” Korean Journal of Ichthyology, 19(2),
93 - 100.

4. Lessard, JL. and Hayes, D.B. (2003). “Effects of elevated water temperature on fish and
macroinvertebrate communities below small dams.” Fiver Research and Applications, 19(7),
721-732.

5. Toffolon, M., Siviglia, A., and Zolezzi, G. (2010). “Thermal wave dynamics in rivers affected by
hydropeaking.” Water Resources Research, 46(8).

6. Scruton, D.A., Pennell, C., Ollerhead, L.M.N., Alfredsen, K., Stickler, M., Harby, A., Robertson, N.,
Clarke, K.D., and LeDrew, L.J. (2008). “A synopsis of ‘hydropeaking studies on the response of
juvenile Atlantic salmon to experimental flow alteration.” Hydrobiologia, 609(1), 263-275.

7. Valentin, S., Lauters, F., Sabaton, C., Breil, P., and Souchon, Y. (1996). “Modelling temporal
variations of physical habitat for brown trout (Salmo trutta) in hydropeaking conditions.”
Regulated Rivers, 12(2-3), 317-330.

8. Yi Y, Wang Z., and Yang Z. (2010). “Impact of the Gezhouba and Three Gorges Dams on habitat
suitability of carps in the Yangtze River.” Journal of Hydrology, 387(3), 283-291.

9. Zolezzi, G., Siviglia, A., Toffolon, M., and Maiolini, B. (2011). “Thermopeaking in Alpine streams:
event characterization and time scales.” Ecohydrology, 4(4), 564-576.

121



-

I
| L N

waler lemperature (*C)

it 1,7 km froe the upmingam —
wmwwm g |KEkm fvem the upsiream
— = i 19 km fve the upmiTeam
= = =g 2 km G ik upalicam
g ¥ o fovem fhe upaineam
e g 23 ko o the upetream

i
. -
- -
7 SN [P S0 WAL L T [NSTOR S W e R S LGP R
0 b 4 L] ] 1 12 4 1.3 1] 0 -
time {hour)
[e]
(a) A&
el T T T T T T T T T T T
I s it 1.7 b oy the et 1
L o 1.5 km foom ihe upsircam. =]
= = 1.9 furn (e the upsiresm
= = = 20 e o the pnirean |
= =s 1] km [oam the upnlream. |
—— 22 i from the upnircem

waler lemperatene ()
T

water iemperature (°C)
= bH
1

1A
L]

ut 1,7 o froen the apsineem 4
=== = ai K b from thy spstreem
= == 5t 1,9 ken from the apstresni=
-t 20 o from the upstrrem
gt 2 o o thep apeTEST o
S a0 1T o from the xaream

T " 1 M | 1 i 1 M L i 1 M | A 1 1 " 1 " 1 M
i F 4 b % 1o i2 i4 L] 1% 20 2 M
tirme (our)
(c) A&
15

waler lempernture {("C)

@t 1T ko Froen the wparoam
===== gi L% bm from the spurcam
= == gl |9 km lrom the spaocam
= gl 30 b from the spatneam
— =l 10 b froam the epetream
= EL2 b o e Epaseam

PR S PR LS INPTIe) TAINE St S (O Ml S
2 4 f & I L F 14 I I8 m 22
tamie (hour)

°
(d 7+

O 1 AEY ddYFo oE s2HE

122

4





