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Analysis the Effects of Physical Blocking Weirs
on the Water Quality in Daechung Reservoir
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Abstract

This study was aimed to assess the effects of additional installation of two different types of
weirs, one is a curtain-type weir and another is a submerged-type weir, on the control of algal
growth in Daechung Reservoir. A two-dimensional(2D) coupled hydrodynamic and
eutrophication model that can accommodate vertical movement of the curtain weir following
the water surface variations was verified using field data obtained in two distinctive
hydrological years; dry(2008) and wet(2010). The model adequately simulated the temporal and
spatial variations of water temperature, nutrients and algal(Chl-a) concentrations during the
periods. The effectiveness of curtain weir on the control of algal bloom was evaluated by
applying the model to 2001(dry year) and 2010 assuming 6 different scenarios according to
installation locations. The curtain weirs that already installed at 3, 5, 7 sites(scenario C-2)
showed significant effect on the control of algal growth in the reservoir; the reduction rates of
algal concentration were placed in the range of 7.5~31.5% and 9.1~44.9% for 2001 and 2010,
respectively. However the simulation results revealed that additional installation of curtain
weirs(scenario C-3~C-6) in the bay area (choosori) have marginal effect. The effectiveness of
submerged weir was evaluated against 2010 assuming 7 different scenarios according to
installation locations, but all scenarios(S-1~5-7) showed neglectable or negative effect on the
control of algal growth.

Keywords : Curtain weir, submerged weir, algal control, Daechung Reservoir, water quality
modeling
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@ Sampling stations
Intake Structures

()

Fig. 1. Layout of Daechung Reservoir, locations of monitoring stations and physical blocking weirs (a), and segmentation for
simulations (b).

Table 1. Hydrological conditions of Daechung Reservoir in 2001, 2008 and 2010

Year\ Precipitation (mm) Average inflow (m?/s) Water level (EL. m)

factors Annual Flood season* Annual Flood season* Max Min Difference
2001 794.6 500.6 34.6 521 68.1 62.8 53
2008 782.4 565.5 34.8 67.8 72.6 64.5 8.1
2010 1,219.7 833.0 76.2 156.9 76.4 63.0 13.4

*Flood season: June~September
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Table 2. Simulation scenarios for the evaluation of curtain weir installation

Scenarios\ curtain weir | curtain weir | curtain weir | curtain weir | curtain weir | curtain weir | curtain weir
curtain weir 1 (5 m) 2 (7 m) 3 (7 m) 4 (7 m) 5 (7 m) 6 (10 m) 7 (10 m)
C1 X X X X X X
C-2 X X o) X 0 X @)

C-3 (@] X (@] X O X O
C-4 X ) ¢} X ¢) X )
C5 X X o) @) o) X 0]
C6 X X o) X o) o) o)
gy mdes, PRgon ANERS Y $A9k 2ol F47] peuEol Ask Aea) 54
REol AZALAY gol & wefsly] $I8) felwstel whe A Bk o

7] ol f-euhet o F

| F1 49, 4lo] Z2 A5A] A vl
IghstaL, 453t A4 9 UER f5olAo] §o
SILHAAS 5, 2005; Cole and Buchak, 1995;
Cole and Wells, 2004). &4 W2 2@ u] S
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FA Y] AR E PR Bd R FHsHA Z8y
I 31tHCole and Tillman, 1999, 2001).
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Table 3. Simulation scenarios for the evaluation of submerged weir installation
Scenarios\ submerged submerged submerged submerged submerged submerged
submerged weir weir 1 (5 m) weir 1 (7 m) weir 2(7m) | weir2(10m) | weir3 (7m) | weir 3 (10 m)

S-1 X X X

S-2 0) X X X X X

S-3 X e} X X X X

S-4 X X [¢) X X X

S-5 X X X o) X X

S-6 X X X X o) X

S-7 X X X X X ¢}
29} S-32 22t AR g o2 Y 5 met T m go g 0.5~1.0 m M2 2 697 = (layer) 22
0|2 ATAE 1A (Gl 253 AR TJ8ttkFig. 10). A=Al A@ A= (bathymetry)
1.6 km)oll A2 Aot} S-4, S-5 X 5-6, S- © WY FAFSHEIAM @A AL, 2006)
7T AU L= AL 22 - (Gl 25 A oA T B ST ARRRE FEEGon,
EMﬂ10Mnﬂ3N§@¢aﬂHAiA@%m- HFoll A AR AA] =98 SEFEAS A5
& 0.4 km)oll Z-2H 7 me} 10 m o) 2 AAE S Yt vlugro 2y I AREE gIokiet LY
y@ ©.2 714510 (Fig, 1(a); Table 3) AEHA] o] AF717el MWM%@M‘%M%E
A Aol e Sl AEIE B4, A wast A3, AAARUR) ) 22

alol ols] A 0.996, 0.009= L}E}‘)ﬂ 743 849 FUF T

2 22 A= 78 ol W2 9] 445E 2 Wk A0 Ueh}

W2 BHo £8 dtRe AeA| AP 2 ©
AR, AR A ‘34 shel F -l AA=
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(branch) & & &35}, ko 2 2]2%]
9] PAkIt 7] 9 AW 55 FH o 1Y
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Hae AeA =
£ 23tHFig. 2).

= 7bp A ] S HA 28 (2011)
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Fig. 2. Comparisons of observed and simulated water surface elevations in 2008(left) and 2010(right)
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Table 4. Statistical indices used to evaluated the model accuracy

Statistical index

Equation Desired value

Absolute mean error

1 n
AME = (X1 0;= P 0
=1

Root mean square error

RMSE= |~ Y(0,- P’ 0
=i

O;= observations, P;= simulations, N= total number of observations,O = mean of observations
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Fig. 3. Comparison of simulated and observed profiles of water temperature at R4 in 2008(left) and 2010(right)



0184 - FNIS - IEA -

_cSﬂo

gset/ =2H A

Al0| thES 2ol Olx|

rir

FOII
1z

33

I'-III

5
2‘4-R(1> - AME:0.383, RMSE:0.488| | R2 AME:0.555, RMSE:0.662 gi-m AME:0.256, RMSE:0.289 | | R2 AME:0.421 RMSE:0.502
| ] gy s r L g e o
% T—‘}mms\g_ﬂ_ % =z ZT_"WNQ\ F'—/WW'EO\
= [s] =1
J4[RS  AMED364,RMSEO44| | R4  AMEO373,RMSE0468| J 4| R3  AME0412,RMSEQ479| [ Re  AME:0.327, RMSE0.385
g 3r o E il L
- =3 0o (o] b.Oa 0
J?I 1 W AL T 3 o E 1W = s
Safat AME:0.478, RMSE:0.548| | A2 AME:0.445 RMSE:0524] — 4[ A1 AME:0.343, RMSE:0475 | | A2  AME:0.312, RMSE:0.406
g i B g A o] i
a;ff?OOO C FME?MF&M

OJIFIMIA‘MIJIJIA.SIOINID JIF‘MAMJJASOND DMaleunlJullAug|Sep|0d May‘Jun‘Juleug‘Sep‘Oc‘t
Month Month Month Month
Fig. 4. Comparison of simulated and observed time series of T-N concentrations in 2008(left) and 2010(right)

5 TR AMEO021, RMSE0 22| [ Rz AMEOOT7,RMSEOO18| = | R AMEDO0%, RMSE0.02 | | Rz AME:C 043, RMSE 060
D010 O Observed - S 02} :

E —— Simulated E o
q.u.uswa\‘d\gk\ - A o 01f " o o F 60 o
% i PP i i PPY popPTYiPPpol F

i 8

g RS AME0.013, RMSE:0.018| | R4  AME0.012, RMSE:0.014| 5 | R3  AME:0.025 RMSE:0.032| | R  AME:0.014, RMSE:0.016
B om0} 3 202F G Observed i
o 005 L o 01} — Simusted o E
g P ?Ppo PP po '_g_g et 0:50@;:.3_.*—"’_‘0&

01 ..
3 Ta AME:0.007, RMSE:0.010| | A2 AME:0.011, RMSE0.018| < | A1 AME0.026 RMSE0033| | A2  AME:0.018 RMSE:0.023
0.10 - 02} =
£ £
o boire oo o] g o8 Tg T F b e ® O e |[ 000 O |
- 6 ; ——
JFMAMJJASOND JFMAMJJASOND May Jun Jul Aug Sep Oct May Jun Jul Aug Sep Oet
Month Manth Month Month
Fig. 5. Comparison of simulated and observed time series of T-P concentrations in 2008(left) and 2010(right)

thFig. 4). 292 2008A7 20109 T-N F=2 o= HE A o)A AME Hut 0.014 mg/L

A% M3t FAE HIM* A dgshe ZoR b (0.007~0.021 mg/L #$]), RMSE %+ 0.017 mg/L
elitth £3] R1, R2 9 R35:9oAe T-N %= (0.010~0.022 mg/L ¥$)o|2T, 20109-& AME

= &7 YAl STk 73‘?% & Ho|aL glof o] 4 Hat 0.028 mg/L(0.014~0.043 mg/L H$), RMSE

92 ok Fae] S A e Aoz Wt et 0.036 mg/L(0.016~0.060 mg/L HeDE
ok R49F A2 H AL Ao = 357 55 2 EFtthFig. 5). B9 AeAW 2 SR AA

R2 YYotEE E3ol vlAE ol Ao Ao moRRhe AAel AAY WEAYL ¥ Al
2 2lr} ®h 2010W HojFik= BE Ao onj FAC} AR Z5 FYol wE AH
A T-Ne&=o] A= #92.0 mg/L HehE 4 4 s & 3943}3 U= A & 5 Qdth
go| A@atgont, SUBRE T9FE molgh  Jeiu 201040) A9, RE AMeIA 271gke
= A5 Al WE B Ads] A 3o R1F R2 A|FllAl 6, 7ol 2ojgto]
zolglon] A% B Royslets A Byl AEE TRk 1ol s 17
t}. ol= 20084el| B8l o] FHIUE 2010 o] FAo)7] Kok ZH-Al s T"rd of thgt 7
dol 5hat TdFwol HARE Aol gt & Az AE AR B gle Ao wehEr,
U s ABE| WSS AA 2 wgalA £ .

3) 22 (Chl—q)

Hole g AR EL,

e Y ]Tj ViEaYy ¢ 72 2Rz A0l 3=




34 EIIYFEI M2 M1

—~ 0.04 052
= | R1 AME:0.004, RMSE:0.006| | R2  AME:0.007, RMSE:0.000 | < | R1 AME:0.009, RMSE:0.012 | | R2  AME:0.013, RMSE:0.019
D 003+ "5 opserved o 0.09
E
= 002 ]
g 0.01 o
(5] i Ol ‘O
~ 004
S 003 R?  AMEO0.006, RMSE:0.009| [ R4  AME:0.008, RMSE:0.011 oos L R3  AME0.007, RMSE:0.008 | | Ra  AME:0.006, RMSE:0.007
= 002 - = 006 -
L g b4
Enm_ﬁ:;!;‘)?&- b0 0| B ol ormormaidd X | [
O go0 i OG0, 1y O 000 I n sy
~ 0.04 - 012
003 L A1 AME:0.014, RMSE:0.027 | | Az AMEW0.011,RMSE:0.024 | < | A1 AME:0.007, RMSE:0.008 | | A2  AME:0.005, RMSE:0.006
= oot - = 006 |
[ Qo 0O
= 001 ' Ui = = 003f O
G g B S0 P90 T 0 | bk ot O e R -
JFMAMJJASOND JFMAMJJASOND May Jun Jul Aug Sep Oct May Jun Jul Aug Sep Oct
Month Month Month Month

Fig. 6. Comparison of simulated and observed time series of Chl-a concentrations in 2008(left) and 2010(right)

>

o4l Chl-a =0l thet mojgtat

A&k AA
o vl AIE Fig. 60 YeEPSIch 2Ee o
T YRR FoolA 27 WA AAY W3}
w2z wofsielnt 2008\ R1 AHE A9
Aol FZoJA Chl-ad A& sx=
20.0 ug/Lelst& wj$- wokch 2008 9] 79
Chl-a &9 Hojgha}t AZgho) eaj= HE A
oAl AME 3 0.008 mg/L(0.004~0.014 mg/L
H9)), RMSE %+t 0.014 mg/L(0.006~0.027 mg/L
H9)ollal, 201092 AME H+F 0.008 mg/L
(0.005~0.013 mg/L %)), RMSE %+ 0.010 mg/L
(0.006~0.019 mg/L W)= Uettch(Fig. 6).

) AEY 4 HSA

2010¥ HedS

{|m
oflt

>
o
S

(C-DeF A EF ddial 2 km 4
A(10 m Zo))
Zlo))of] A3t AX(C-2), Chl-a HE2
FEHE S Fig, 7ol YER A,
FAPEA S AR5 o2 F$-(C-

O 2HE 8935 Chl-a 5=
o kol A4A] YR g
APHA A& A3 H9-(C-

—a)9] olgo] A o] A

B 5 oo -{m
.—‘1
o
2
RY
rm
oflt

—~
3

of m du &2
1o flo

AU
Tl
o

m oAz
3=

o

-

S| —lm
o
Wi

\

fo
o b
Yo
m

A

_}l_‘
Y
S
N

o~
fr i
2
k1
oX b

Hz

Jo .
Norm oo
du oft

(Ch

—

52
fr
Py
o
fr
-
o
)
o &

1
oZ
rot
N
4
il
_);(_4‘

Y
_?L
k=l
e
el
=2
ok
2o
1o
P
e
g

B

ox dr x P

" OZL
R
ut)
>
i
}ﬂ
B
J
[
Jo
jinss
£
ok
ol
i
=|

lo ©
DO

Ju
e
(S
=2
x
L
o=
ot
N
o
N
N
r
o :1ﬂ1
R}

of
ol
S
pac|c
o
U
H

e 1o o2

o ox
fz
o

fo 1
tu

oA
(MU

b
X

3

s gy

)

Hz
O:
o

_\1

UQ
R~
LA
oo

>

AY

rlm

ut)

o >

B

o il 32
o,
:{o
Clu
o
[

%0
2
gl&
fm o~
o
-z
o
U
L
>
g
1

yo (I

rlr >

o I

oo Rl
u
1o
BN
u
_1 -
2
o
>
2
pop
B
N

£

20109 HedS
55 14
X} R e ] L I s

HS A% 22T 4R

©(5-9)0) %5 3H4k EAJT
Flg 8oll mlaakict, vla Ay, FRE A%
Ao 2FAle] Aite 7Hisl]
S} SBUET B2 §YT 3
- WA 2EY AART = o
= 3chFig. 8).

=
o
1

o
—Hz
AT
Ry
ue)
>
ilod
ro

N
B
ut)
>
o
12
m&
R
E’
o
N

)
filo
2
N\
_?L
R

X N

74 %

r
5 X
o
o
w
A:‘
P‘L
N,

wm
n
off
H'1'0
‘%v
>,

2
ool
Ho
£
ok

=2

|

f

Am
ﬁt‘

oX

¢

ki
H_I oL

b to Y

a2 oo ot

wY, off”
o

3*’
wn
w2

%
rlr

3. 225 XTI

iy
B
i
fol
I

1) AEE BA RThAA

~— o T o

200197} 2010919] Aol digte] AES




OIE4 - TS - ¢

A .

S8/ 22 ATHAH0| thiES 2ol 0kl &at 2 35

lgg

if

Ll

20 by 2000

| me

H
2

Ie

FE =

o

L]

(&

So-oak Stream

2 4
Fiometen

1

L

= ) = = ~r S— I T A )
‘ - - §-2 B
» 5=1 » §=2 N . $-1 » N |
I 1 ; - I z
H ol - 1 o |
- - ) - 2
J s y - 6/14 . -
‘ O S— [ DL A T T ¥ T L] .‘.-1
v - . B - t— 0y 1 P - —— 18 gt SIS Y ——— A 'E
" " ] . » N |
wll o |
o | " |
1 ]
w o |
- b |
P i o

Fig. 8. Effect of submerged weir on the control of Chl-a(left) and suspended solid(right) concentrations in the So-oak Stream for

S-1(left) and S-2(right) scenarios in 2010

FA ApFAj A o] ARjof whE & A% avtE £
Astaia BE Aluke] @of igk R2, R3, Al ¥ A2
Aol A moH EZ Chl-a ¥E2 AJAY ¥s}
£ Fig. 99 YeR et 200193} 20109 9] =&
Aol Chl-a s%e AEY 4 AAAES
2817 ke H-(C-D7F 7HE B A YT |
A AgA] EF Sdia 2 km AHFY) 1AH 10 m

fm e

o)at A&7 sHF Wk 22 (7 m o)l A
g A A o] AAE o 4$-(C-2),
200187} 20109 A 2= A3 o)A Chl-
a 55 AA7l= A Uehgtoy, A% at
Fag] oo 712 AEY A AdAEE A
A8k AU 2(C-3~C-6)= 20104 R2 A&
Aot BE A HoA Chl-a $EE ALA7=

4 &
B>

i

o]
AT

s



36 EEEYEI M2 M1

0.06

g ——| & R2 9

Roo|—c2 L

= c3 M %

g 002 1k y

o 000 - bl 1 L} 1 1 - A

o 208 e —c

;-g e | Ra |[ R3 =é’ ol Ry | [ 5 R3

po4 . » e = 0.04 | - g_:

2 oo2f . T] - ] gu.oz~/‘_/rm \\-/ﬁ_,fw

O pobtees 1Y | 5 0 4 R Lk T O W O R i e e i il = vy

_ 008 008

é‘ e AL A1 = 00s - Al L Al

b4 L ~ 0.04 L

S | e e i PN 2 oo S| oy

T — o T S v e T D S 0.0 ezt f I e | 1 P

25 0.08 -5 0.08

Tsé w4 A2 || A2 -_é ol B A2 || A2

E o Lok Eoml L

2 oozt T e AN . .

= =T P -] Z o2} et | [ e

o o oms — — o I i Y O o S s e Y N S A Y 2 o 0.00 == R ] '|”|_ﬂ“—: hra—
JFMAMJJASOND JFMAMJJASOND May Jun Jul Aug Sep Oct May Jun Jul Aug Sep Oct

Month Month Month Month
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Table 5. Efficiency of Chl-a concentrations improvement at
R2, R3, A1, and A2 stations for curtain weir
installations in 2001 and 2010 (May~QOctober, unit: %)

Years\ scenarios| C-2 C3 | C4 | C5 C-6
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A2 75| 76 | 76 | 76 | 75
R2 91 | 92 | 91 | 92 | 246
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A2 | 191 | 154 | 152 | 154 | 159
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Table 6. Efficiency of Chl-a concentrations improvement at
R2, R3, A1, and A2 stations for submerged weir
installations in 2010 (May~Qctober, unit: %)

Years\scenarios| S-2 | S3 | S4 | S5 | S6 | S7

R2 0.5 3.4 08 | 12.6 19 | 13.0

2010 R3 1.2 | 65 -19 | 178 | 3.0 | 174

Al -1.1 49 13 83 | -19 8.1

A2 0.4 3.5 -0.5 29 | -0.7 3.0
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