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Limnological Characteristics of the River-type Paltang Reservoir, Korea: Hydrological and
Environmental Factors. Shin, Jae-Ki, Soon-Jin Hwang * Chang-Keun Kang® and Ho-Sub
Kim (Department of Biological Systems Engineering, Konkuk University, Seoul 143-701,
Korea; 'Division of Environmental Management, National Fisheries Research & Development
Institute (NFRDI), Pusan 619-902, Korea)

This study aimed to determine the relationship between rainfall-discharge patterns
and major aquatic environmental factors in a river-type reservoir. Specifically, daily
monitoring was conducted in Paltang Reservoir from January 1999 to December
2001. Observation of the daily changes of the environment factors showed that nat-
ural meteorological factors and hydrological factors causing the change of water
discharge had a major effect on the aquatic environment. Rainfall was the main
source of hydrological changes, with its frequency a possible direct variable govern-
ing the range of discharge changes. Rainfall was weak in November ~May and heavy
in June~October (heavist in summer). The range of water discharge was greatest
during summer (July to September) and lowest during winter (January to February).
A principal component analysis (PCA) showed that aquatic environmental factors
could be classified into three different types in the pattern of annual variation. First,
type | included water temperature, turbidity, water color and organic matter (COD),
which increased with increasing water discharge. Second, type Il consisted of DO
and pH, which decreased with increasing water discharge. Third, type 11l included
conductivity, alkalinity and chloride ion, which showed middle values with increas-
ing water discharge. Monthly variation of aquatic environments explained by the
first two dimensions of the PCA suggests that aquatic environments of Paltang Reser-
voir may have annual cycle typical of river-type reservoirs depending on hydrologi-
cal factor such as water discharge.

Key words : reservoir, hydrology, environmental factor, discharge, water level, water
quality, river-type reservoir
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Table 1. General geographic and limnological features of the
Paltang Reservoir Basin.

Attributes Paltang Reservoir
Latitude 37°30'N
Longitude 127°20'E
Dam Elevation (m) 32.0

Project period of
dam construction

Impoundment of
reservoir

Functions

Reservoir shape type
Circulation pattern

Trophic state

Average rainfall (mm/day)
Average inflow (m?/s)
Average outflow (m®s)
Watershed area (km?)
-Pukhan River Watershed
-Namhan River Watershed

June 1966 to May 1974

29 December, 1972

Multipurpose reservoir
water supply, flood control,
hydroelectric power
generation

Dendritic

Polymictic, river-reservoir
system

Meso-eutrophic
15.8

516.5

474.6

23,618.3
10,698.4 (45.3%)
12,355.1 (52.3%)

-Kyongan Stream Watershed 564.8 (2.4%)
Reservoir surface area (km?) 38.2
Reservoir shoreline (km) 75.0
Reservoir width (m) 520.0
Maximum depth (m) 255
Mean depth (m) 6.6
Reserv0|r storage volume

(x 10°md) 244.0
Active storage volume 1

(X 106 m3) 80
Hydraulic residence time 012~22.8

(days) 5.1(0.12~22.8)
Dam hight (m) 29.0
Dam length (m) 575.0
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(o] 5, 1988; 3£, 1992). & 7}4e 1,417 mme|xZ, o
B e 15.8mmeln. FF FUFH} FEH
7}z 516.5m%s, 474.6 m¥/so)th. x| ek 244.0 % 10°
mie] 1 fEA L 18.0x10° mieloh HF Al
6.6mo| 1, ) A1 255 m=EA] 3P Rl &
Y F2A A Aew, BF AFALE 519

=
A4e B A5Hom
A 3] A}, 1999~ 2001). o] ==&
A Sl AT W

232 - Uy
Pukhan River §
Kyonggi Province
South Korea

Han ‘River

127°20°E R W

& Paltang Reservoir

Fig. 1. Map showing sampling stations of Paltang Reser-
voir. CEZ: central zone station, DAM: dam station.
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Table 2. Mean values of hydrological factors in Paltang Reservoir during January 1999 to December 2001. Plus-minus

and parenthesis values indicate standard deviation, maximum and minimum, respectively.

Paltang Reservoir

Factors\Years
1999 2000 2001 Total
. 16.0+27. 13.9+24. 17.9+30. 15.8+27.1
Rainfall (mm) (1652.5/0.5? (1343.5/0.5? (15?3.0/3695? (1552.5/0.5)
Discharge (m®/s)
_Influent water 668.7+1,453.2 527.5+816.7 353.3+621.5 516.5+1,034.1
(16,562.7/147.2) (6,987.0/168.3) (5,620.4/126.0) (16,562.7/126.0)
623.3+1,459.0 485.5+814.2 315.0+615.7 474.6+1,034.6

-Effluent water (16,629.0/125.0)

1,861.1+3,308.2

1) Watergate (16,629.0/27.0)

(7,050.0/127.0)

1,730.5+1,749.9
(6,418.0/40.0)

(5,514.0/124.0)

1,443.4+1,661.1
(4,827.0/37.0)

(16,629.0/124.0)
1,737.2+2,615.3
(16,629.0/27.0)

2) spillwa 348.0+183.9 329541725 228.1+180.7 301.9+186.5
pillway (831.0/0.0) (819.0/127.0) (786.0/124.0) (831.0/0.0)
45.7+2.8 419425 38.5+2.0 42.0+3.8
~Intake water (53.5/37.7) (49.2/34.1) (45.0/29.2) (53.5/29.2)
25.3+0.1 25.3+0.1 25.2+0.2 25.3+0.1
Water level (EL. m) (25.5/24.6) (25.5/24.9) (25.5/24.7) (25.5/24.6)
19994 1¢3E 20014 12¥7bA] o =UE sl cipal Component Analysis)S AA|3}9 3, 221 F7kell
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Fig. 2. Daily variations of hydrological factors in Paltang Reservoir from January 1999 to December 2001. WG: watergate,

SW: spillway.
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Table 3. Mean values of environmental factors in Paltang Reservoir during January 1999 to December 2001. Plus-minus
and parenthesis values indicate standard deviation, maximum and minimum, respectively.

CEZ DAM
Factors\Samplings
1999 2000 2001 Total 1999 2000 2001 Total

Water temperature  13.3+8.2 13.3£8.2 14.3+8.9 13.7+84 13.2+8.1 13.2+8.1 14.2+85 13.5+8.2
(°C) (27.7/1.3) (27.0/1.1) (26.5/0.8) (27.7/0.8) (27.2/1.2) (26.7/1.0)  (26.3/1.3) (27.2/1.0)
DO (mg Os/l) 9.8+2.3 8.6+2.9 9.8+1.6 9.4+24 9.8+2.2 85+29 9.7+1.6 9.3+2.3
902 (14.3/5.8) (13.9/4.5) (12.5/6.6) (14.3/4.5) (14.2/5.9)  (13.9/4.3)  (12.4/6.7) (14.2/4.3)
H 8.1+0.6 8.2+0.5 8.2+0.6 8.2+0.6 8.0+0.6 8.2+0.5 8.1+0.6 8.1+05
P (9.4/6.9) (9.5/6.9) (9.717.1) (9.7/6.9) (9.3/6.9) (9.4/6.9) (9.6/7.0) (9.6/6.9)

Conductivity

(1S/cm) (195.0/87.0) (207.0/80.8)
Alkalinity 437459 435465  453+85
(mg Cacos/l) (58.0/18.0) (68.0124.0) (63.0/20.0)
Water color 3.1+0.7 28+25 3.9+1.9
(units) (G.0.0)  (180/10)  (10.0/10)

. 80+03 77410  7.7+09
Chloride(mg CUl) 3972y  (17.2/56)  (15.0/6.1)
30403 30403  3.0+05

COD (mg O/) (G.824)  (3824)  (4.0/2.0)

133.2+23.3 141.5+21.0 1459+28.6 140.1+250 132.6+19.7 140.1+20.6 149.3+19.3 140.7+21.0
(193.0/70.0) (207.0/70.0) (185.0/85.5) (204.0/80.7) (189.0/69.0) (204.0/69.0)

442+71 429458 434462 447+81 437+68
(68.0/18.0) (56.0/19.0) (66.0/23.0)  (60.0/17.0) (66.0/17.0)
33+19  3.0+07  28+25 35+16  3.1+18
(18.0/1.0) (6.0/1.0)  (21.0/1.0)  (9.0/1.0)  (21.0/1.0)
78408  80+03  7.6+10  7.4+09  7.7+08
(17.2/56)  (8.8/7.2)  (16.8/53) (15.0/6.1)  (16.8/5.3)
30404  30+03 29402 31405  3.0+04
(4.0/2.0) (3.8/2.4)  (3.6/2.4)  (4.0/2.0) (4.0/2.0)
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Fig. 3. Daily variations of major environmental factors in the CEZ station of Paltang Reservoir from January 1999 to

December 2001.

pH: 44 CEZoIM 9% B#gtel 42 69~97,
8.20]¢1 31, A DAMO A 6.9~9.6, 8.1°]%it} (Table 3).
$% pHE vl$ 2FEA WEelglen), DO ¥E
b $ARE HRS W, F4 P DOl Hls) B
Fask Fx8 vehlioh(Figs. 3C, 40). pHl F#7%

2 2937 480 ¥k, 8ol Witk AV EEE A
A CEZo|A W9} HFzke] 22t 70.0~207.0 uSlem,
140.1 puSlcmo| )3, A% DAMe] A 69.0~204.0 uS/cm,

140.7 uS/cmo] it} (Table 3). A7| A= FHFZo=
E o, 5~7Y0l] ¥4z, 297} 9Yo) yigken], I Ak
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Wl HF7gke] 27 1.0~18.0 units, 3.3 unitse| gL
A DAMeA] 1.0~ 21.0 units, 3.1 unitse] ¢t} (Table
3). G4 o]22 AA CEZoA W HFzke] 44
5.6~17.2mg Cl/l, 7.8 mg Cl/lo] 312, A DAMe| A
5.3~16.8mg Cl/l, 7.7 mg Cl/lo] gt} (Table 3). = $7]
E AZ F9] sh}el CODE AA CEZg} DAMe|A H
1€} Hzko]l 2+ 2.0~4.0mg 02/, 3.0mg O/1E =
d3H7 vebde (Table 3). CODE 42, A7A == 3l
W we] B4 gD AT #Y R FEY)
Z718E A7Nel) gohom, fape] wlok R47]e] 03
2 2 ZhE B9 (Figs. 3F, 4F).
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2001 Ft 7 el wWRFe] 4 Adgkel 2l

1 A3 Fig. 5A-He} . f3F2 7~9
Yafelof| WF Fo] /M Zl3, 1~2¥=E ZA4E WF
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2 Aol 22.8°CE 7|53} 4 (Fig. 5A). 22 4 ™
T F2 o2 A7l s 39 A 59,990l A 129 =
5 Za, 7~84> M A A7)l sigEkaH-
DO: 23 W= ALHM 5=z 245 F3F
3ol ar, 19X 647k dA S FHAsE wbHe) 6~9
d5ete HF 7.2mg O/I5FEE #4314 (Fig. 5B).
=3h DO Y% HAE= 349, 6~7Y W 12 71}
23, G7b Hol= 3~49F 4~590 77t FHe}
= e
pHE 190X 4d7bx] AR o2 Zrlsitr) 8497t
2l FAretda, o] Fol| gA] FUlkeke dHE ®e] DO
= va Zolrt slglen, o 2dldl vlE A7 A=
=} @7 7~99F Mol oA ek AAA 3 RES
yehd o} (Fig. 5C). A7 A =x9} dZdejxr 290 6
7R Z7bslert o] F 8U7bA] HhA] FhAsle fAFSE
AL Be=d (p<0.001), A7|AEEE 7] 9¥ R
ok Botov S er 93| 9¥e 27 ¥ A
<+ X34 (Fig. 5D, E).
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3, 4es AEst ¥e oW S AFE BYord (=
0.873~0.927, p<0.001), =57} =2
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ol 48 FAY ¥4 A 27
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pHE 52 2<l AAEE B (Fig. 6A). T4
IH(PC INE= AA A2 ALY 13.4%S A9sie] s, o
2 e, A7|A =%, 94 oL, pHE DO7} ¢ %3} ¢}
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7+ 43§30 DO (r = 0.659, p<0.001), pH (r =
712, p<0.001)7} sj=kstedc (Fig. 5B, C). =3, A%
2N feFo] Z71e W) $2 HEE Holx 3ol
= A7IAE=(r=0.133), ¥Z22)=(r=0.025 29 I4
0]-&(r=0.172)¢| 3=}3}¢l 12 (Fig. 5D, E, G), o+ &9l
o Wlal S5 A o) =) @3k} (p=0.00D)
FAE S 13 1 (PC 13} PC el o3t L FAE
A 4= (principal component scores)e] EA oA Zots
7ol o WE el & 2oFH Y (Fig. 6B).
Aol s 12~449] AR HPES AR
o] 1zl wjedato] E-& pHsl DO el o)A ohe
A3 FREAAE 5SS A wedsd s, #2437}
£+l 5~64¥} 1192 F= Yo 5 AYEE A
fratel o] Al7lell B3 5o ¥ AVAEE, &7
= 9 dA o] Fx EAS I Jehdeh 8
J 7~9¥°] AR ApES FH=n
of $1x3ted o] 719 ¥ K% Frbet A et
3

4= 9J%io} (Winston and Criss, 2002). -1}
Ul F9x 29 x99 XA Ex; o]
Saahe] ool BB~ 7heAe] AFH o] 95l

 ABA 715 <3 Ak HE =E A

_qm

T 292 3 FgHezE oS A% d9F AL B
o] (714, 1999~ 2001) e F2e -7
SN el AFHAE Aol A4 o A

sk, AL e =
(1996a)2] Z 2o} fAMek = &4 (3~54)2] 7
19994¢)] 241.5mm=EA] 71 F8E9 1, 20011;:101] 38
mmzZA Aoz Aok AgA e FFAdeS 19994
(26.5 mm)E.c} 20004 (76.0 mm)=}+ 2001 (61.5 mm)el]
oS FH3}e] oha xfel7} 9lgiTh

A A e 7ES ARl 7] wiEEtda, 2ouk
22 dAjo] el (Winston and Criss, 2002). -]
7He 74-97F 20mm o4 o #A 3k 3, uh
G 922%E ARt HEE FEHE SE
ZE3 A (F 1992). webA, 29 sE 7
= 8ol A8l FAlel o] FolA fEEo
e A B8Y A4 54 2 W
5 1996b). -} W «] %“—?—L =7k

1l

& oA Aaatel 2AY 7

gil

_?‘
1 2oz} iz] olo o xq]/\]“} =
T

olN

==
%

U

T e

L
of

éiiﬂ;&é-lOﬁirlon
il
of

=]
21 &Afo)9d 3 (at % 2002; Old et al., 2003),
AL 1999~20014 =
oA 2 vepde '& Sy
A& 3 AS7E °F 200 A=
o] 5192 3] F-2dA 7]
(¥ 5. 1996b). ZFselA AFAIZH L
AEAM ALHANN A5H=2 245 FA37 FHAE
o, o] A2 A4A¢ & w3k (flushing)e] 1 =HE &
w319l 7] wEel Atk ¥ 5 (1996b)el] o), B wihE
L 214 (1974~1994»,:1)g JF3 el A w77 (1
)b 7E7) (79)el A7 o 23]9) 153]0]90 L, F A+
qEFE 71{?21 FAY A w3ge Z4d (1982,
19941)3} E4 (1990)el] 27} 11.2% (413]) ¢} 38.4%
(1403l SN Fsldct 318, 99 A3 7Fer) =A] o
o= B3l fFo *7}3}—: AL T3 AFl
AR A A S 3 e A ‘f“%"%‘“’l 7kl 2lgt
oJgFo] nkd = gl7] Wil (%

-ln
[
_VE

N

N o
i)
o

o
rlt r£

N
-

>
[

il

P

2 459

199
FA}, 1999~ 2001).

FA13] A1, 1999~ 2001; SH=5A1

Fze] 49 WES AFE Tl 49 2 &
Zo) ofpe] Foshl ek 4919 WE HL
AdA oz gAY i FRATL 49 - 42
o] WM W 7 FTHF %, 19960). =, 78]
Ao FRAT AL 599 G Z7he] Hulsle]
A4 o] Z7hA A59E FE A9
Boleln 205 111200 S} e A PR
Q9] A75e] gk A47)e] el 7am Aol



253

2
T

X (2

A
T

= @K |

o

=

a

t

5 (1996b)> A

ted 3, 3

17l s

[e]
Rk

=
T

RN

L

3] 7]

= A= (

X

B
%?
K

pi

3} 2, 1999).

oL

[

=2
A=

=3), o

=

z2kke 71-e 20001 5~8Y7]
d3 A71E vz = 199993} 20014 »)3)

&

o

Q)
4 T

(1993)

[e]

9°

EIODERRE

=

<)

2 2

% 27lo) e

o o)
]

]_

I

0

oz A5t £

18] w7t

o

"M
N

—_

oF
¢
o
"

—_—

o

=

o

DOXv} o}

p
T

woloh 23u, $4e] A17]

2o 7} wj$- Fo] E23)}¢It}h(Winston and Criss,

2002). Gl FolH o EHe pH7} ¥ A2 DO9

o)
=

A= A

N
o

7}

p

i

3

,..__mo

r
W

%9

o 48 A)7)el o

A7 =
AF-el 453

ted

o] 735 A7)19t Axel uie} =A
71 3o zke 7]=35k9d ) (Winston and Criss, 2002).

. 1993). S35}

15

o)sh vlao] ALAel AR A7lel FE G mol7)

o) ule}aisic.
= e

B}

3
2 awjgke] AR A"

|+ AL

=]
=

RN
L

I

[}

bt e )
T

Rl

Fo] wleshoieh. A3}

(<]
[+

(<]

=

<
=

o Aol we}

o
ok

ot

o A}

T

A7) = =9}

=
L

o % =

H‘_} ;<_J1

o)
=

oA e

3]

&
“

s} =1 (DAM)2] 3}

I

A

1

AFARN A 587
o7k 9igdeh. oA e o

73 (CED)

Qe Bla) v wA

o]

e

0
i

)

]_

AL A9

H

T

ul
hal

, 19964a;

=

oF

o]
AR AR

o)

s
e

7] 745 A1718k &S] el

)

No

B

4=

, 2002b).

A
Fol 1RkE F-sha]

ol gt

Rl

°

==t o=

1

€t

7] fEo= B

Aol ZolA olo] we sAle dge] Aol

47} 2lSIEH( %, 1996a; %) 5 2002b). Fpze]

43wt ohleh Aslo] S|

P
T

=

=
l

X
=2

3l



5]
[ d
o
£
=
@)
o)
1o

‘
o
bt

. o P
hu et
o,
9,
=
g
N
T
<

X,

o2
ol
ko
rO
flo
N
flo

2 3 o o T

Aol $7) m 1 A5 7,89 992 T A7
s sl FEEE Ae 44T 5 sl Y

g
oz, Y ApANA FEA] Wik A% A A
B3} gake) WEel oEats dAkel Aoz T A

=
>
&
flo
o
_l>~
bt
e
Jo
N
it
(o)
O
9
ko
2 o

Al = Abs fHAA o] IAFHAUH (3 &, 1993, 4 5,
2002b; Winston and Criss, 2002).
s A4 WA vls] 9 WA o] ¢
o] 913, wekat S el x&F gl He FH
HArx o g Hoofsirl AP H et o] A 2] FH
oA =, oJoktAl Bt W A EEIFIES] HACA
2 vledg 1 gk (A 7, 1990; &, 1992; 3 =, 1993;
7} =, 1995; 3k =, 1995; 71, 1996; F3} A, 1999; v} =,
2000; A = 2000; %, 2001; 7] =, 2002a; 7] =, 2002b).
o] FolA AEEHIES U FERZ E w, A
4 A 2= F - B3tEY oS
A vepdar ol o]g gt kS #9 3 Wl of
2 F S Ay - 7 %
Rez B 4 9lqdch - B}

o)

4
X

A

Y

A=Y X-1

. T

427k AT Yol A 4A 447 AGHez
%

il

L

B
2
_>|~1_,
-,
=
>
iy
Ho
N
ofy
ful

Hee ) 4543 34 23k 799 5 e
Colshe We] ALAE $718 AT A7le] o
7 REH7) e g ¥ SR 2

=1+
i

A Az el (F 5, 1996b; 4] 5, 2000). 7 A}, 2
71l AEEFTES] $FH STk o] A4A|
AAe Fatgdezal & o8 AL A7

L B A e 3ol

7
w2t ohjet fefol Arjgoz vy

F3 % }
S Hola AR WAbel oprlEle] FAHem AFAL
o B 2 AAE 42 otshe) Wb Qe & 4

2151eh(Z %, 1996b; E3 A, 1990). webAl, At
FHe ASA) AA 97} ARHAL S8 BF o
2R oF FFHL o] weld Aoz FA=N, of

S
d3okel WERE EFT A SR TR S
Al o) tha BAHLY, 0 A4A L 42
% BRalA 3 Aot =24 Qe %,
1909; 41 %, 2003). =3, W51 (57, 274 AV
S R RO I
of Hedqsl Fusk 2 Rel ksl Felshl v
R, o] A Heookste] A& Lxof FHA ] s
o7 RBoZT (Ryding and Rast, 1989; Ryszkowsk
and Bartoszewicz, 1989).

=N -]

2 AFe 30Y ARA (@FDANA B3 5
da Fo S e ARYE seles] 99
9

e o WEE AR A3 AdH V15 29
g s SEshY 2l el F23 oz e
woh A 8 W] F2 24l HAd A4
HEE £330 WE F& sk A 147t 2
AT A 11~5900 A%, 6~109e)] TR
st dnlt Hglom 54T sk AFH 7=
S Bk fF2 7~9UAtelell M Fol 7MY 2,

o Pr



0
]
Ho
rek

ol
off
I
o
e
ok
S
B3
i
[E=Y
[{e]
[{e]
(2]
o
)
ot
}O{Y
1o
oL
>
et
ox
wa
it
i
R

o o

8-

e
Hy

}3]%] 29: 39-50.

, TN, 1996b. Bt s B W SREEA,
5}3) %) 29: 51-64.

.1999. 3P Y Q¥ E(TEE)Y] 34 5

, A63] FAANZEA$-21C 37 e} W3],
Hatd 74 =74, pp. 41-83.

959 S24HE A wAd g 4%

S

ofd
i\
|-
o
e
L o

oH

T e
-N :Elo
ot
me, o

=
+
2
- R,
AU

ofd

Ol-ﬂ ol MW
e
=
2
Rl
et
ol,
X

rizfp
-
ey
N
e

P
>
i
o
S
c
M
IN
N
N
i}
©

o
ol
&

[{e]
©
ol
g
ofl
}O{A
1o

2
0%
-
B

2

(m

2
4>

)
)
2
>
[>

@,
=

)
2
i
=
e
e
>
[
>
o
i 4
Sl
N
o
4
i
ot
ol
L)
o
©

167-196.

AFA. 1999~ 2001. http://www.kma.go.kr, 7] Ex} 2.

A, WA, 3¢, 9. 1995, B 50| Rojokst 7

3} (1988~1994), st=r4= B A 8}3)#] 11: 295-302.

ZEA, WA 1990. B 5] dapAYAL, =8-433]7] 23
167-179.

WA, 899, A2de, 25, F%E 1995, 2FFeA] <l
o A Hed Hxol |3}, Sh=§533]%] 28: 151-
157.

4. 1996. T35 o] AEEHaE L Ay 23

7]
]

N

02

N
of
)
b
oX
B
l.ar
2
-
o2
l°_",
o,
)
l.N oﬂ,
&
N
o
o
w
fl
),
odl
=
ot
o

A 35:160-171.
uha) 7, A 93), WAk FAI 2000 BersolA FaF 3

2)9 g4 54 255

Z2F AL BAEA9 AA WE, Algae 15: 29-35.
I3l 3 =] d W
23z, F8-4513]%] 36: 257-268.
1999, A solA 437 2ql¥t A
, =87 A B-3}F3] %] 17: 529-541.
Z74A). 2000. kA -FF 5] R
5}=--9-4~313] %] 33: 387-394.

8. T A4 B3 FFTHo|

2
N
N\
i) N
N
53
&
1 o
rl :g
)
o
o
®

A

2 >
= e
Nt N o
=y -
BN ol BN
N o
2o 2
=1 °
) to
VR oo
P oft g
R

¥ o
o, O
Sy
o,
+
e
fo
oo o
u) _q;“
5

r—‘:‘-‘f
ot
re
4
®
+»
i)
>
S
! =
H
i
et
ol
r [o}
4
dg
fz
4
>
z
m
byl

ds Al A=l 5

2 FAE 1999 ~2001. http://www.kowaco.or.kr, 522}
A AR A2 - £F AR
g, ol -, FA, F534, #1995, FtEe] A

,
AEEYIEY TH T2 U IS

4 A7 2
8 3]%] 28: 335-344.

s, AT, §3Y, 354 1993 Bepse] Austy o
F 1. 5Ae) Awsk dAs A, FFK5eEA 26
141-149.

F4% 2001 xR AR 543 Fodofstel A3 B34
B4 A7, ek o) sHA AL )=, 62pp.

An, K.G. 2000a. Dynamic changes of dissolved oxygen dur-
ing summer monsoon. Korean J. Limnol. 33: 213-221.

An, K.G. 2000b. Monsoon inflow as a major source of inlake
phosphorus. Korean J. Limnol. 33: 222-229.

An, K.G. 2000c. The impact of monsoon on seasonal vari-
ability of basin morphology and hydrology. Korean J.
Limnol. 33: 342-349.

APHA, AWWA, WEF. 1995. Standard Methods for the
Examination of Water and Wastewater, 19th ed. Ame-
rican Public Health Association, Washington, DC., USA.

Cho, K.H. and J.H. Kim. 1994. Distribution of aquatic mac-
rophytes in the littoral zone of Lake Paltangho, Korea.
Korean J. Ecol. 17: 435-442.

Cole and Hannan. 1990. Dissloved oxygen dynamics. In:
Thornton, K.W., B.L. Kimmel and F.E. Payne. eds. Re-
servoir Limnology-Ecological Perspectives. John Wiley
& Sons, Inc. pp. 71-107.

Criss, R.E., M.L. Davisson and J.W. Kopp. 2001. Nonpoint
sources in the lower Missouri River. J. AWWA 93: 112~
122.

Ford, D.E. 1990. Reservoir transport process. In: Thornton,
K.W., B.L. Kimmel and F.E. Payne. eds. Reservoir Lim-
nology-Ecological Perspectives. John Wiley & Sons,
Inc. pp. 15-41.



256 MA2| - g

Kalff, J. 2002. Limnology: Inland Water Ecosystems. Pren-
tice—Hall, Inc., New Jersey, USA. 592pp.

Kennedy, R.H. and W.W. Walker. 1990. Reservoir nutrient
dynamics. In: Thornton, K.W., B.L. Kimmel and F.E.
Payne. eds. Reservoir Limnology-Ecological Perspec-
tives. John Wiley & Sons, Inc. pp. 109-131.

Kim, B., K. Choi, C.G. Kim, U.H. Lee and Y.H. Kim. 2000.
Effect of the summer monsoon on the distribution and
loading of organic carbon in a deep reservoir, Lake So-
yang, Korea. Water Research 43: 3495-3504.

Kong, D.S. 1997. Limnological and ecological characteristic
of a river-reservoir (Paldang), Korea. Korean J. Limnol.
30(supplement): 524-535.

Old, G.H., G.J.L. Leeks, J.C. Packman, B.P.G. Smith, S.
Lewis, E.J. Hewitt, M. Holmes and A. Young. 2003.
The impact of a convectional summer rainfall event on
river flow and fine sediment transport in a highly ur-
banised catchment: Bradford, West Yorkshire. The Sci-
ence of the Total Environment (in press).

Parks, S.J. and L.A. Baker. 1997. Sources and transport of
organic carbon in an Arizona River-Reservoir System.
Water Research 31: 1751-1759.

O o -

< ZEXE . ?:’Iilél

Ryding, S.O. and W. Rast. 1989. The Control of Eutrophi-
cation of Lakes and Reservoirs. Man and Biosphere
Series. UNESCO, Parthenon Publishing Group.

Ryszkowski, L. and A. Bartoszewicz. 1989. Impact of agri-
cultural landscape structure on cycling of inorganic
nutrients. In: Clarholm, W.M. and L. Bergstrom. eds.,
Ecology of Arable Land. Kluwer Academic Publishers,
Dordrecht. pp. 241-246.

SPSS Inc. 1999. SPSS Base 10.0 User’s Guide. Chicago, IL,
USA.

Thornton, KW., B.L. Kimmel and F.E. Payne. 1990. Reser-
voir Limnology-Ecological Perspectives. A Wiley Inter-
science Publication, John Wiley & Sons, Inc. 246pp.

Wetzel, R.G. 2001. Limnology: Lake and River Ecosystems.
3rd Edition. Academic Press, California, USA. 1006pp.

Wetzel, R.G. and G.E. Likens. 1991. Limnological Analyses.
2nd ed. Spring-Verlag New York, Inc., USA. pp. 15-30.

Winston, W.E. and R.E. Criss. 2002. Geochemical variations
during flash flooding, Meramec River basin, May 2000.
Journal Hydrology 265: 149-163.

(Manuscript received 10 July 2003,
Revision accepted 25 August 2003)



