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Parameter Sensitivity Analysis for Spatial and Temporal Temperature
Simulation in the Hapcheon Dam Reservoir
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Kim, Boram / Kang, Boosik

Abstract

This study have implemented finding the optimal water temperature parameter set for Hapcheon dam
reservoir using CE-QUAL-W?2 model. In particular the sensitivity analysis was carried out for four water
temperature parameters of wind sheltering coefficient (WSC), radiation heat coefficient (BETA), light
extinction coefficient (EXH20), heat exchange coefficient at the channel bed (CBHE). Firstly, WSC, BETA,
EXH20 shows relatively high sensitivity in common during April to September, and CBHE does during
August to November. Secondly, as a result of identifying depth range of parameter influence, BETA and
EXH20 show 0~9m and 8~14 m which is thermocline layer close to water surface, CBHE is deep layer
12 m away from bottom. Finally, applying annual or monthly optimal parameter sets indicates that the bias
between two sets does not show much differences for WSC and CBHE parameters, but BETA and EXH20
parameters show 0.20C and 0.51C of monthly average biases for two parameter sets. In particular the bias
reveals to be 0.4C and 1.09C during May and August that confirms the necessity of use of monthly
parameters during that season. It is claimed that the current operational custom use of annual parameters
in calibration of reservoir water quality model requires the improvement of using monthly parameters.

Keywords : Water temperature parameters, Sensitivity analysis, CE-QUAL-W?2, Multipurpose reservoirs

L
o = =2
Aol k. ol2jat B AA 9] B SLREe] W] olsto] WAIEH, o] 2 Hote] welaha =]
S oo Agshs B uase] A85AS Waksl seld ast v,
oo & Aol = T AeAE vides IUF At 244 AFA e F2 AP CE-QUAL-W2
[e)

=

e} =

Agsto] A Bk T4, Bl e B FES dSs] s ddsolor & 2roE Fal g
==

5

A AR R, W7} =2 7|7HS #8918 A3 WSC, BETA, EXH20E 553 02 4~99, CBHE:= 8~11¥9 % e}
o} T AR R, wiETE eS| A= FAYE E918 23 BETAT 0~9m, EXH20+= 8~14m 77te.2, &
3} IWhE 23 2082 CBHES Blol| A 3E 12m 77F0 & A&7t A] ko] Yelyit) mpx|uto s o

it
[e]
a5

A gt T8 BRI F S ALY (e-mail: boramkim87@dankook.ac.kr)
Master Course, Dept. of Civil and Environmental Engineering, Dankook University, 152, Jukjeon-ro, Suji-gu, Yongin-si, Gyeonggi-do 448-701, Korea
= WAAR, Gagtn FAU e EES7EF 8T R4 (e-mail: bskang@dankook.ackr, Tel: 031-8005-3471)
Corresponding Author, Associate Professor, Dept. of Civil and Environmental Engineering, Dankook University, 152, Jukjeon-ro, Suji-gu,
Yongin-si, Gyeonggi-do 448-701, Korea

HA6% H125% 20134F 12H 1181



e 7oA e) aaumw 283 A3

ale
ro
=
=
>
rg
o
H
i

S ARl M= of Foll A3 dAbEe = <l F
o] L7} AA Akl A L= AR Oi’ﬁ
FHH R T& o] FA H= AJTA(Stratification) 7
shel ARl A AErt & 255 AlSol, 2ert
FToz o]FshuA FAo £l &
=@ (Turnover) o] A%t o] 23k

o 38 JYYTF EFOR o)

t

flo o]}l

jubad

S
o
2 ol

4
Ir

i
m O

o
il
flo
ol
ox o rfr T
tlo
o
N
_O|L
n:)
e
N
|o
fu
lo
o
Y&
ﬁN_'/
a0}
i)
ofo it
i

N
N
Nl
L :10
—i‘ 0
u\l
2
Y fru
5 2
o o
o oL
of
o 1"%
tlo o
=i e
el m;i
[o ) ol
o X
™ 3
oA Q)

,oox B b B
filo i?
= '
e
k]

4
R
o
tlo
-0,
o
2~
o
=
Oﬁ. i:ob
X
)

Hg NE o fob e ot zd DL oox
J‘\.:
S 0
2 &
e N
L L
g 2
b >
ob rlr
o,
)
I
N
O
¥
riet

Y
),
N
lo
-
]
ox
(g
X& v}
2
[
rlo
o
_|>i
o,
s
A
2
(U=
ro
)
>

3

trollol] whet ol 2

5 W A% B A7) DA b gen], w2 - 9

A77} 73] o3 ek Kim et
S gho2 CE-QUAL-W2E o] &3}

S5
B} 4] AR ol e

B2 %01'

A
o}
3

(e

HSPF<} Xi—rxl‘j‘“ CE*QUAL*

2 @A 48000] 935 A B ATAS] S
1%
o)

S At gaae] ete R 28 5 des A
Stk =2l9] 49 Yang et al. (2002)% vl= 227
9] Deschutes Rivers ooz #4334 7 +4
Bl g e v glom, 19954 199613 9] A=5tlolH
2 31-1435te] CE-QUAL-W27F 4 9 2 1o

1182

A, CE-QUAL-W2, cf

SC¢ CBHE ®Wi/¥ss Roexe] Haprt kA 3x] fgrort
oo Ak HANAF A8 Al a7 242 et 020C 2 051 TR thas
Kol »]OE] ] Feo] YR 5= 589 Foll=
Jo| TEelo] selu|Qn) o] FA) AFAFARE ] AR A dH T
I QlE AT wizEFe] ARgell glox] deheiRe] o] gk

042} 1001 2) AAE 1o Aeks] v PsALE:
o whe} F& paH o ALgH
RRoz Azt

L=p = _/':)q

=i

o] Agtalctar AAsksdct. &< Chang and Lawler (2011)
<1991 ~2009Lﬂ-4 7|5 s} w2 AgA] G2 wste] 1
= 9¢S CE-QUAL-W2E o]&3lo] 2ot A7}
= ?&ﬂ 4%“’“ FHsh=t 783 Blolet AT
thEAql] Ao Ao 2458 W HEdAdS A
A i e] ¥slol| oste] WAYsH, o]
gghs] Kejetal o|5s7] Pl = ol AHEshe
A wiAEFe 2EEAS WEe] gekdt et it
T 22 AR e 4
232l CE-QUAL-W2E A-&35}o] A2y LAy s}
= AT, g9 A 2 FES A58 S8 A

=
o Aol A 52

CE-QUAL-W2R 28 A&t} CE-
QUAL*WZL— | S-FHHUS Army Corps of Engineers)
ol ©J3) 7iike 2xH 3 S (Laterally-averaged) <+

o % BYoR FAS 55 W A Pgew 7}

=
o
o
1>
o
=il
i\

2
O+
ol
1
i
-
oX,
i,
2
%0,
[o
)
)
=
1o
=

e :lo
ey
1
oX
ox

N Hr

1ol
i
&
=}
i
=
K3
o
=
o))
=
okt
o
o>
T o3

BEKERBEMNE



o

s

=2}
(m*/sec),
=Hkg
FO= 1m

) n

2

<

1}

Al H
=t

ZHE oF 29km

FFAA7A] 91709] 8 (Segment), 5

Ao R 4N F

Y7 (g/sec

3 fE 2 g/m/sec), S

0z

h
qBdz

"
)
H

J

oz

h
UBdz—

n

oWB

ox

(m/sec), ¢,=F

Equation

oUB
8
ox

ox

o~
I

A7Msec), p=A%(kg/ m), g

m
ra
0z

(m), t

3£

ox
=2

A<

o~
=T

Prps ‘z)ss)

w

T

(m/sec), B

FAlm), f(

(g/m’/sec)

Jm), P= =N, 7,,

z

Free-Water Surface Equation
W 9

x-Momentum Equation
z-Momentum Equation
Continuity Equation

State Equation
Advection-Diffusion Equation

3k

Table 1. Hydrodynamics and Transport Equation
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Table 3. Comparison of Water Temperature Prediction Model
Site Model Regression Equation R? Parameter
Sim 1 T, =4.825+1.0997, — 0.387,— 0.0115Q 0.802 T, T, Q
Hwang River Sim 2 T, =5516+0.744 T —0.01057Q 0.875 T, Q
Sim 3 T, =6.794+0.8517, —0.287, 0.693 T, T,

T,,- Water temperature,
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T': Temperature, 7;: Dew point temperature, ¢: Flow
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Table 4. Error Evaluation of Geomorphological Model Grid

R’ Relative Error (%) RI
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Table 5. Hydrodynamic and Water Temperature Parameters for CE-QAUL-W2 Model

Parameters Variable Unit Default | Calibrated Application
Longitudinal eddy viscosity AX m’s’! 1.0 1.0 -
Longitudinal eddy diffusivity DX m’s! 1.0 1.0 -
Chezy bottom friction factor CHEZY m"%s! 70 70 Segment
Wind sheltering coefficient WSC - 0.85 0.85 Segment daily
Solar radiation absorbed in the surface layer | BETA - 0.45 0.75 -
Extinction coefficient for pure water EXH20 m! 0.45 0.90 Daily
Coefficient of bottom heat exchange CBHE Wm s 0.3 0.45 -

Temperature (*C) Temperature (*C) Temperature ('C) Tem

perature ('C)
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Fig. 4. Water Temperature Simulation Results at Hapchoen Dam intake Point
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T S Ny il )
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EXH20 (Extinction coefficient for pure water)= 4@ =2
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ol F45= vl&S YERl= BETA (Solar radia-
tion absorbed in the surface layer)+= % &4 Al4=2] sF

2 A5 thy Ao veRd S o Williams et

al., 1980).
log( EXH20) =—0.96log(Zg) +0.30 (13a)
EXH20=10"%7;% (13b)
BETA=0.265In(EXERO0) +0.614 (14)
43 2z 24
ol TAEo] A= wiziiE T vk 2 EALE
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Table 6. Parameter Quantiles for Sensitivity Analysis
Sim 1 Sim 2 Sim 3 Sim 4 Sim 5
Parameter Quantiles 0 0.25 0.50 0.75 1.00
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Table 7. Monthly Variation of Average Water Temperature Simulation Values

Month Monthly Average Simulated Water Temperature variation (C)
o WSC BETA EXH20 CBHE
Jan 0.08 0.01 0.04 0.00
Feb 0.32 0.04 0.02 0.04
Mar 0.46 0.37 0.64 0.20
Apr 1.12 1.36 217 0.38
May 1.33 4.80 3.13 0.73
Jun 1.01 3.56 2.40 0.78
Jul 1.40 6.66 2.93 0.97
Aug 1.30 4.54 2.35 1.31
Sep 1.46 2.54 1.35 1.24
Oct 2.63 1.42 0.12 1.33
Nov 2.48 2.38 0.48 1.55
Dec 2.01 0.96 0.76 0.93
Water temperature difference Water temperature difference
of Simulation(C) of Simulation(C)
0.0 1.0 15 2.0 0.0 1.0 1 2.0
0 , T =70 ‘
R g
10| o 0o E60 |
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g 5
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Fig. 6. Simulated Water Temperature Variation Over Depth
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CBHE: ZHzF 1 3+ 0.11°C, 0.03C ZHAate] dAeks] wy
Aot Aeks] wiHFE ARSSE 9 2kl
NS Felslait). w=§ BETAE A2 o7 02T Azt
7P *@6}1113} G20l 7

B>
)

E

M 5~8-°éoﬂ~ 0.71~164C, 3 1.09C
Lo zA Foj¥l BETAS EXH2094]
J} 2 AL FAsATHTable 9).

Month WSC BETA EXH20 CBHE
Annual Monthly Annual Monthly Annual Monthly Annual Monthly
Jan 0.14 0.61 0.12 0.75
Feb 1.00 1.00 1.00 0.12
Mar 0.87 0.75 0.38 0.18
Apr 0.75 0.30 0.32 0.05
May 0.77 0.17 0.27 0.07
Jun 0.85 0.23 0.46 0.06
0.85 0.75 0.90 0.45

Jul 0.71 0.62 0.65 1.00
Aug 0.46 0.56 0.75 1.00
Sep 0.42 0.75 0.26 0.85
Oct 0.51 0.93 0.28 0.94
Nov 0.15 0.15 0.53 0.96
Dec 0.86 0.55 0.24 0.93
Average 0.85 0.62 0.75 0.55 0.90 0.43 0.45 0.58

Application Monthly Annual Monthly Annual

Table 9. Temperature Differences between Annual and Monthly Parameters

(A: increase, V- decrease)

Temperature Differences (C)
Month
WSC BETA EXH20 CBHE

Jan 0.01 v 0.01 A - - - -
Feb 0.25 v 0.01 A - - 0.01 A
Mar - - 0.05 A 0.12 A 0.04 A
Apr - - 0.10 v 0.32 v 0.05 v
May - - 0.36 v 1.03 v 0.06 v
Jun - - 0.40 v 0.98 v 0.05 v
Jul - - 0.61 v 1.64 v 0.04 v
Aug 0.16 v 0.24 A 0.71 v 0.05 v
Sep 0.08 v 0.20 A 0.25 A 0.03 v
Oct - - 0.15 A 0.44 A 0.07 v
Nov 0.48 v 0.11 v 0.26 v 0.02 A
Dec - - 0.06 A 0.22 A 0.06 v

Average 0.11 v 0.20 v 0.51 v 0.03 v
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ARl S HR S tid o= CE-QUAL-W2¢] T A3 s 91F niekab 2 SAE v
e PSS B date] £ ABe welE 9l o MR BAS AYFORA 7 viasTt T vl
Eil el I s B P LR HAS AAs A= 713 2 AHE selstar, Bolare ) e o]
Ak A 20107 2011 9] 92 FRARE HE F8 AAn/asE AAsd) s 24
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Table 10. Evaluation of Water Temperature Simulated using Annual and Monthly Parameters
Year Application AME RMSE
2010 Annual Parameters 0.683°£0.246" (1.178"/0.298™*) 0.8827+£0.307"" (1.508"/0.415™")
Monthly Parameters 0.659"+0.219™ (1.0157°/0.344™") 0.835"+0.288" (1.015/0.398™")
2011 Annual Parameters 0.547°+0.156™ (0.787"/0.267""") 0.6797£0.119™ (0.847"/0.433™"")
Monthly Parameters 0.6617+0.156™ (0.845"/0.273""") 0.747°+0.147" (0.975"/0.291""")
*1 Average, **! Standard Deviation, *#*! Max, ##+:x: Min
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