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Functional Modifications of Daechung Reservoir Eutrophication by Upper Dam Construction.
Lee, Soon-Cheol, Jung-Ho Han and Kwang-Guk An* (School of Bioscience and Biotechno-
logy, Chungnam National University, Daejeon 305-764, Korea)

The objectives of the study were to elucidate functional modifications in relation to
hydrological, physico-chemical and ecological aspects in Daechung Reservoir by the
upper dam constructions of Youngdam Reservoir and analyze temporal and spatial
dynamic patterns using trophic parameters of TN, TP, chlorophyll (CHL), and Secchi
depth (SD). Hydrological data such as inflow, precipitation, and water levels before
(BDC, 1995~ 2000) and after (ADC, 2001~ 2006) the dam construction showed that
precipitation had greater correlations with inflow volume in the BDC (r=0.964, p=
0.002) than in the ADC (r=0.857, p=0.029). This outcome indicates that the upper dam
construction influenced the inflow and water level of Daechung Reservoir. One of
the greatest changes after the dam construction was decreases of nutrient contents
(TN, TP) and increases of algal biomass (as CHL) as the water residence time incre-
ases. Values of CHL had greater relations with TP in the ADC (r=0.412, p<0.001) than
the BDC (r=0.249, p<0.001), indicating that CHL had greater response at a given
phosphorus in the ADC. Thus, algal yield at a given TP (CHL : TP ratios) increased in
the ADC, resulting in a greater CHL-TP relations. Long-term interannual TP, TN,
SD, and CHL showed greater variations in the riverine zone (RZ) than any other
transition (TZ) and lacustrine zones (LZ). This phenomenon was mainly attributed to
rapid hydrological response in the riverine zone (RZ) to flow reductions (short water
residence time) from the upper dam, resulting in ambient contents of nutrients and
light regime along with functional relations of CHL-TP.

Key words : Daechung Reservoir, monsoon rain, empirical model, nutrients

Mo B
2 Akdst 8 Q7o) =4 AFEE Qlshe] e
o] §As] F7kskar glert sHd7] E< (Monsoon)
717k AFAA, A, A9 7 AAdes S
d REe] A - FE Ed¥e] veht Ak Fug
FeAel Fej=a glvt. s2ete] A, Adsrt A

_g]
slsked shRlel A
al

se] 2798

she ARl DAY $A

B
1w
oh

( g‘& >‘
_n
2
ol-J
n& rJ

* Corresponding author: Tel: 042) 821-6408, Fax: 042) 822-9690, E-mail: kgan@cnu.ac.kr



dRd ddol o iy

g - 23" @9l W3l (Macan, 1961, 1974; Stucken-
berg, 1969) 3 3 ofdF(2l, Aa)e} 22 35l 44
W3lel 419 EHx 7FA &3 (Macan, 1974; Krenkel
et al., 1979; Rada and Wright, 1979), &3 4] A]4]3}=
% AEFYIE, FHF SR 1R 5o 4RI A
AL F2 Y 7)5¢ ¢33F(Moss, 1980; Vannote and
Sweeney, 1980; Edwards and Crisp, 1982; Merritt et al.,
1982; Ward, 1982; Sweeney et al., 1986)2 F+= 7o =2
d# A Qloh 53, F 2 o]# dF 252 7AAdgA] 10~
20K 0] A kAT F7MR k] A W
EA3E gl Hofokstel 2 AQl IS Fo] AYENAl
o] 71% w3} 9 oheksk A EA)| (Allan, 1995; ¢} 7],
2003; ¢, 2004; ¥}, 2005)2 of7|Al7|3 9l7] wWj&ol] o]
& 4] 9% D77 A 273 Qe

A AAA ez gse) Bojopstel Ua d4w) 9
7714 E A7 10608H) o) F e A3
o] ¢k} (Vollenwider, 1968; Forsbeg and Ryding, 1980;
Havens, 1994; Nurnberg, 1996). -2 gl A= 540
A3 A7+ 23, 93, Al s Y FFE
A& e} ghom, F2 AdFsere] Hof
AF7t Es] zlefH gt 53], &
A WA s= 2bF o] F 3] 5(1984)el] 9]
el Fx= By oy A9 wid Bl
g A|7]ell Feofokst fAte] BaE$low (o] &, 2003),
A2 AERE ol AA(N) B <l (P)e] F=7F A%H
o2 Z7khe FAe dda s (R F, 1995).
s} 22 JdF32 FYEE 45 7] 298529
7 F s W dFAE Y Bnk ofE, B &
& Aoz AFALE SINA 34 W HIF
371 Az A EE Aoz velgoh (R 3, 1996;
ole} 71, 1996; gt 5, 1998; °| %, 3§
Az A g odokst B AAA B ol
ola 74 Fodokst = (Empirical model)] W43
Aol & WS F+ Ao vehyltt(An, 2000; An et
al., 2001). 55 3}8719] 494 F7H= 4 W JFYF

y
n
o
S

&
b

o2
AV
X
)
ol
=2
32
i'd
X
i)
i
i
My
ko
ro
L
2
I
>
ket
v

2001).

%
>
>,
u
=
do
ﬁ
o
oo
afl
o
Lo
o
odk
=

i of M &

3 FILstof fEt 7|5 Hal 349

sigkont, 9 ARl A% Aole] 44 nFxo= <l o)
Aoz RE 192km AH5-2] 2ol 200010l &S
713}l et. Ward and Stanford (1983)2] Serial Discon-
tinuity Conceptel] 13 A4 <lFwel] A3t 7Hdel w}
=m, A5 §Es} o] A% o]o1 A
A& A% B A o el
7) ol s 2ol A% AFA
QAT F4, 13 AN 37}
Az A 7)se] W
sleh wheba W 7AAe) A
shal7] f)siNE s4e) 42 -
9ol Az Qg sk e

T
<3

~
flo o o 2
N
- o
.

N
>

2
RO

l

z loll
o, ot
-
R
AV
)

T
—l> l'ﬂi

do L %O

)
=
=
r.-{
Ava Lo o o

o

r
(G
"
oy
L
e
-
T

o
o
2L
>
o,
=

_‘> i
Md
_ﬂ’, o,

(o)

Al Hsted olsist= 7
|

T
®
LM

=
o
lo = 1o

12 ol 4
to
W
|

e

FToA = B3t

= a7}

At
o,
o
o,
o
o
k0
v

To

A1 o,
ARl whe Gz 2
o Wale ¥AST, $o o
ARA 7hgl mhe
Sl Aoleh 3 QA7
B

o
sk Al 79

Loy
LI
flo Ja
ofo =
< =L
) o

o

e
o ok

o
&
) e

v
Au
2

(o3

y—t T
o
o
oQ
o

<{

4
.

N
X,
R
i

v, e

o
u

pCIr
oA

of g
A

o

)

o

ot
2
e
)

Y
[
)

2o o2 2 X

it
off by N
fo b

P o
U
—E‘Ew

o
e
)
2
4o 2

o

ot

)
¥° o _11(-:', _al

o o i o
g

oo

el

N

o By
i
l-«J
o%
F—&
o
N
r
31_‘4
rlr

qQ

=
i

el
0z
I3

L2 A B SRR AR 2

2

= AR Ao 8F @4l nlAE o
oln 7] 9sted F7 AL FRel YAF UH
Aoz AAsieleh AW 19804 124
o] 72m, Zo] 495m, A=A 1239 44 m?
FHA A3 AlEdeos A B389
F=o0 2 HE 137km AR A 9x]3) <)
% A4gefe] 149 9Hwt Eoz A}

4
=
x
Ir
~
S

e 2

o o
-+

M
4
ic)

¢

o & o8 o‘?\‘_',
N
i
L)
o M 2

o
oo 2 oy M|

wd

o o

=

9709 2 2k 5 A
442, 3459 MEA folel
Foael w9 ok
WAe Fobel A4 0% Kwe) 5
= s

(lo m)i‘: 2 J—g 03;7‘ _,VL
[';‘1: oY, ol = :1
R

El ol o rlo
%2 R
SN AT
woo
O ofw

il
r
H4
N
N
ol
N
2
F'N
=2
e
1
o
ofl
ofl
ol
ok
=
3.3‘
£

A glo) AFAL EFT st 2] pgAal
1) )

“
ABES 54 B FAEPe Sas AT 54



350 oj&d
24 7% 1 gl 257 s o4& WAse §
SAe) T8 AHEE sl AU F7% F - 4

Foll d4H oz AE YAt oH(F 5, 2006).
A3 FAA 1995 R E] 2006 371X AW - Y
Wy 7}k 2AS 93] A X7 AMA (http://daejeon.
kma.go.kr)e] x5 AL B8 Az 7 A}
sl el a%se] tRFs dAse) $9%,
9= E) A BAFA 2 (http:/

LR U Bl

Sh=F AL AL
www.wins.go.kr)e] = 23

22 ¥l

2~
T

$AB}E L 54

)

J(http://www.me.go.kr)-J -éﬂgl
|45kl Aol ALgE %

3le} WA S BA S Wl Fx4(Total nitrogen, TN),
%¢] (Total phosphorus, TP),
SS), 9=-4x-a(Chlorophyll-a, CHL), &9 = (Secchi depth,
sD)E +AMSE Al Basgon, o)g o4
TN:TP ratio 3 CHL:TP ratioS AFA3s}e] ojoks} Ak
0 9 550 J)suste BAss 298 SAREE
AT D A e A5 s JEE 24
317 Y8 &9 A o)A 77k (Before dam construc-
tion, BDC; 1995~2000%3)3} o©]& 7]z} (After dam con-
struction, ADC; 2001~20061) 2.2 u}io] I 42
% SAE gl o Yol ihedl AL 7 5
GRERE A DEAE e LA AR
Z2 34 (Longitudinal gradlent) EANLS BAE7) 95
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o] I7AQ) A EAS glotsieln) w3 7Foo] 1A

EAS uldsluzl $AREE AwpA 7] (Premonsoon,
5~64), #Au}7] (Monsoon, 7~8%), Au}37] (Postmon-
soon, 9~10Y) 2 FE3le] A"A
R, S A F olo gk o3
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Fig. 1. Study sites (LZ=Janggye bridge, Annae-myeon,
Okcheon-gun, TZ=Hoenam bridge, Hoenam-myeon,
Boeun-gun, RZ=Daechung dam, Munui-myeon,
Cheongwon-gun) in Daechung Reservoir.
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z 2500 — Procionati 2400 Table 1. Comparisons of annual outflow (m® sec™) in the
recipi on —~ . .
£ o Inflontate 2200 Yongdam Reservoir vs. Daechung Reservoir.
S 2000 1 u /\ - 2000 % First discharge from the Yongdam Reservoir
g m A = 1800 3 occurred in 2002.
£ 15004 B a 11600 &
E /\ L1400 E Year
& A L1200
2 i s 2002 2003 2004 2005 2006
E 1000 / M \/ N L1000 2
= lgoo & Annual outflow of
& 500 A lgo0 & Yongdam Reservoir 324 601.8 271.8 358.2 237.2
g a0~ (m?sec™)
[ -
0 959697 98 '99 00 01 02 03 04 05 06 20 Annual inflow of
Daechung Reservoir 1078 2125.3 994.2 1262.7 1026.7
(m®sec™h
500
I BDC
=1 ADC
— 400+
E Table 2. Pearson’s correlation coefficients (r) and its pro-
T 300- bability (p, n=6) between total annual precipita-
% tion and inflow (BDC=Before dam construction,
S 2001 ADC=After dam construction).
g Precipitation Precipitation
& 1001 of BDC of ADC
0- Inflow of BDC r 0.964
FMAMUJJASOND p 0.002
r 0.857
4 Inflow of ADC b 0.029
72
E 70 _
m s Aoz FFN & A7 F FY=E
T 7452 Z7lel whet kel F74E mol: oz 1}
[}
5 % ehdAnn 9 A4 o el 20004 HH S H
S 644 2 4143 m®sec 2 7P Wk, 2003WeE 2,125 m?
624 sectZ 71 =7 Jeh) f5o) SRz oEA]
60- = g e oz yeRg(Fig. 2). diA 5o 744
FMAMJJASOND
2F (Precipitation)®} -§-3)2k (Inflow rate)?] EA &3 1
Fig. 2. Annual precipitation, total inflow and monthly A wad, £ A o]A7A| T Fx = A
precipitation (BDC=before dam construction, ADC oA nolo
K S| = r=0.964, p=0.002), £+ HAA o
=after dam construction) and water level (EL, m) A o1 p= ) d el
during 1995~ 2006. o AMgkx= X]4=(Correlation coefficient):= o] u]3)

Yolx] oz BAETH(r=0.857, p=0.029; Table 2).

AL e e ARl 14" 49l

He Aoz vepgon, ARl £99 A4 oxn RAR Q) Sz Ql3l ofdfe] uled® Aztz AlzE o]xl
o] 3ol A7) FregF zol7t gl Aew yehgw oh whd, A Zppafe] 7P W 19984 (A S Az
(BDC; 47%, ADC; 48%). &, 24315 3H47] 5 48 4312k 1,704 m3 sec HEc} 2003 A5 A7+ Sk

;,

FESH oz JM Wk Aldt Al7|= e o] W gloz: ARl $1Agk £99 A o|F
7y By BAM| ul=w, PRy o 7ok 1,100 ¢] nlEako] 200339 601.8m3sec iz o= 3w}
mm o]Are g JERFor), 199838 £ 7}4EF 2,070 53] 23b7] WEo= Al XY} (Table 1, Fig. 2).
mm= o2 3o vjs @2 7F9rt WFl vk, 200192 g, A W A4 ](Water level)ol] w3t o 24
% 73 829mmzE M} AL 79k v 7HEe] S Aol m2H, A A59E B AZ|E A7t F
2 el (Fig. 2). A A Sl %ZWP—E FE ARk

b IR 24
Az FU5 HEES 35 AR 2/ Exte= 2001 7P B A9 E Helow, 2 Tresks
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Fig. 3. Interannual variations of total nitrogen (TN), total phosphorus (TP), chlorophyll (CHL), Secchi depth (SD), TN : TP
ratios, and CHL : TP ratios as an algal yield at a given phosphorus. The dam construction of Yongdam Reservoir was
completed in 2000. The BDC and ADC in the figure indicate before and after the dam construction, respectively.
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Fig. 4. Nutrients (TN, TP), chlorophyll (CHL), TN : TP and CHL : TP ratios in the three zones before (BDC) and after dam
construction (ADC).

I = Aoz el (Figs. 3, 4). 34, XA 24 255)mg L%, TZ:= 1.91(1.30~2.28) mg L}, LZ: 1.74
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Table 3. Comparisons of nutrients (TN, TP), chlorophyll-a (CHL), secchi depth (SD), the ratios in the three zones between
before dam construction (BDC) and after dam construction (ADC).

Riverine Zone (R2)

Transition Zone (TZ)

Lacustrine Zone (LZ)

BDC ADC ADC BDC ADC
TN (mg LY 2.04+0.42 1.70+0.12 1.91+0.37 1.63+0.19 1.74+0.39 1.50+0.23
(1.33~2.55)  (1.56~1.90) (1.30~2.28) (1.34~1.90) (1.12~2.14) (1.25~1.86)
TP (ug LY 39+17 33+7 35+13 26+4 23+9 20+3
(21~70) (24~ 44) (23~52) (20~ 30) (15~ 39) (16~23)
CHL (ug LY 8.8+5.7 13.3+3.1 7.4+1.2 9.8+3.4 53+1.6 6.0+1.6
(4.3~20.0) (10.1~17.3) (6.1~9.3) (6.4~16.2) (2.7~6.6) (3.9~8.2)
SO (m) 1.7+0.3 1.7+0.3 2.3+0.4 2.8+0.5 3.0+0.6 3.3+0.7
(1.4~2.1) (1.4~2.1) (1.9~2.8) (2.1~3.3) (2.5~4.2) (2.3~4.1)
TN : TP Ratio 57+14 54+9 57+13 63+9 79+16 75+14
(ug ng ™) (33~73) (39~65) (43~77) (57~80) (55~ 106) (54~89)
CHL:TPRatio  0.243+0.123  0.429+0.164  0.237+0.093  0.376+0.115  0.246+0.110  0.302+0.094
(ug ng ™) (0.074~0.455) (0.280~0.721) (0.128~0.344)  (0.283~0.540)  (0.154~0.440)  (0.177 ~0.406)

(1.56~1.90) mg L%, Tz 1.63(1.34~1.90)mg L%, LZ
X 150(L25~171)mg L 2 veh} @20z 7as
TNE %7} Frasts= 7oz el (Table 3). o]&=
dAdom U= dREe] TN AR fY7 +2
o] Rzo|A =A| deji}ir(Kennedy et al., 1981), 31572
245 A2l oJeiA Tt delA]7] Wiz A}

=59k
TP= TN 3 54 W HojoFs) aAte] &= ofoFy
FEA AFEANM 2 YUYl T gl A AF
R

%]
N SR 24T P Fag HelF: Aoz o
##] ¢l=4d] (Kimmel and Groeger, 1984), o]&
HAzAM = T3 epideh TP A FAel o}
=1, 1995~20009 7]7F S WF 20~49ug L1e]
9= By or}, 2001~2006Y] 7|7tll= H 22~32ug
Ltz obehd, 29zke) A TN spisbae aehd
AQ ol% QA (P FEsb WA FaET 9 Aoz
Chebstoh (Figs. 3, 4). 2, A4 Hae] Sjka TP
3¢ %E= BDCe|] RZ: 39ug L (H9): 21~71) ug
LY, TZ: 35ug Lt (8 $): 23~50), LZx= 23ug L (8 9):
15~39)2 yeh} HFEl8F % 74) (Concentration gra-
dlent) EAE Byn w3 31> H 24 ¢]F(ADC)¢l
7 33(24~44)ug LY, TZ: 26 (20~30)ug L, LZ=
20 (16~23)ug L= Yeh} TN} npzirix|z2 oz
2% TPE) 57} ek Aoz vhebkh(Table 3)
ol AR FYUEE WS TN TP f&
Aol walrh 7F F47 2o AFAG (R =ZA
o]} (Kennedy et al., 1981), 3}7-2 242 A zH4-
o oJsiA F=I} selx]7] WEoz AlmHn w3 A

u}7]12] W= F (Density flow) Aoz Q3 F=¢9)
(An, 2000)¢]] 2]3}ed HE=(LZ)e] =50 =74A el o
sFo] ehA] g2 Aoz Atgzc

AEEFaES] 13 A Axas oed 4%
Z-a(CHL):= BDC?l 1995~2000% ¢ BE x| F oA
9ug Lt o]3}= 39l o1} (Fig. 3), 2001~2006% 7|7} 5
ote = Zoz =713} (Figs. 3, 4). CHLL @9 A
Azt A Lot AFAITYel gh3o] FH Z71E 1Y
on, F7ke] F2 o] AFAell A7 RzeA 7HF
Zogxe Aoz vepdoh CHLL odckdfel 7o)

AR Sz 4% swot el @4 1

5 dwdez AgEs A% T4 4 BE 7}
¥ AR 2 JRARY FEo RS SRl C
FEE B3, BRI HugE Holt Aol 01
£olAh, Bzl At olsh AKE Aol vehtA) o}
[}

ATt =, o]A <9 An and Park (2002) & An (2003)
oA A|AEE ule} o] dubH o= 719 AF7|9l 7~8

Yol A ‘Pﬂ A4 BgEe F7hz <kl CHL
5x0] Fagabe] e 997 ARe o4 7

% By EOﬂ 23 CHL Of'i,% FA) ke Aoz
= W37 CHLY| F=

)

3¢ dAdzE 1 %%‘891 uhfeko g LEM
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Table 4. Pearson’s correlation coefficients (r) and its probability (p, BDC; n=212, ADC; n=206) of chemical parameters
between before dam construction (BDC) and after dam construction (ADC).

BDC (ADC)
TN TP CHL SD TN: TP Ratio
r .298(.220

L p .000 E.omg

o (i ooo(oon

D r -.335(~.197) —.383(—.476)  —.410(—.453)

p .000 (.005) .000 (.000) .000 (.000)

Ratiosof TNTP [ iios  aoo(oo0 . 000(000y  010(000

Ratosof CHLITP 0 Ooolcin o000 000(000) 0060l 000(00D)
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Fig. 5. Seasonal variation of trophic conditions in the three zones during season of the premonsoon (PRE), monsoon (MON),

and postmonsoon (POS).
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