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Daily Variations of Water Turbidity and Particle Distribution of High Turbid-Water in Paltang
Reservoir, Korea. Shin, Jae-Ki, Chang-Keun Kang® and Soon-Jin Hwang* (Department of
Biological Systems Engineering, Konkuk University, Seoul 143-701, Korea; 'Division of
Environmental Management, National Fisheries Research & Development Institute (NFRDI),
Pusan 619-900, Korea)

Daily monitoring was conducted to elucidate the changes in turbidity and distribu-
tion of particles in the turbid water of a river-type reservoir (Paltang Reservoir)
from 1999 to 2001. Water turbidity and the particle distribution of turbid water were
principally affected by meteorological factors particularly rainfall patterns and
hydrological factors such as inflow and outflow. The mean concentration of turbidi-
ty was constant each year, with the concentration of less than 10 NTU accounting for
85%. Seasonal characteristics were remarkable, with winter and spring having <5
NTU, autumn 5~10 NTU, and summer >20 NTU. Unlike hydrological changes,
maximum turbidity was observed from late July to early August and continuously
increased from 1999 to 2001. In particular, the maximum turbidity of reservoirs
remarkably increased toward the lower part of reservoir in 2001. Discharge and
turbidity increased or decreased slowly in 1999; in contrast, turbidity rapidly
increased in the early rainfall period of 2000 and 2001 but later decreased as
discharge increased. In the particles of turbid water, clay ingredients were more
densely distributed and more dominant in all stations. Of the total particles in
turbid water, clay constituted 63.9~66.6% and silt 33.4~36.1% to account for a com-
bined total of 98.9~100%. Sand made up less than 1.1%. The turbidity of river-type
reservoir was also found to be mainly affected by the biomass of plankton in a non-
rainfall period. During a rainfall period, however, the quantity and relative ratio of
inorganic particles depending on the soil components affected turbidity.

Key words : discharge, particle, Paltang Reservoir, river, turbid water, turbidity,
water quality
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Kyonggi Province
South Korea
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Fig. 1. Map showing sampling stations of Paltang Re-
servoir. CEZ: central zone station (upper part),
DAM: dam barrage station (lower part).

Et ol NEro| QX 2 259

g4 21 2] 3] 4}, 1999 ~2001).
o 55m=4 kA

H

519 (0.12~22.8% )l AT
%, 2002a; 4] %, 2003). P2 9
S WRERT % A4TE 5 A5H0s WEAT

= 5ol Fdshae] FiAel sidshs
53 (CEZ, o2 5] 1.5km A H)¢} 9 R (DAM)
] 43 gx= 19994 1YXE] 2001y 12

Ik 4 AR BEE ol
i, o H FUF

&
42 A2 F4] 514} (1999~ 2001) 2]
O

45 28T °]%f5}931‘;} ete] A =271 20014 7
o] Mg A FF4sko] 158 mmrt gl A Fol 47) A
el &

7(]3]_0:] ou:] la]:o] =l
A)7]¢ll= GPS (geological postioning system)Z o
of A% A g SHE 9% A=e >
TLEA AAHAl 4 0.5mellA HsHRT AL
(1~299)¢] 4w 7|zbell= A4 AQe F7e] E=1 3
0] (1.0 m[D] X 2.0 m[H] X 10 mm[T])S A X]s}e] w}=t
o 37 (anchonz AAZ F A4aeh ARt of
o] whzel Hol AA=Z fubelglal, HACH 250A
meter2 54| SAste. Hapell 23 <A RE=
Model LE400-05 sensor7} A&% AccuSizerTM 780 %
el x84 7] (Particle Sizing Systems Inc., USA)E o]
393, 24 ARt 7R ESUA A g
A BA2 1.75~500.0 um (< 1.75 pm, threshold value)
W9lolA 23] ZAske] HERE A8k TSS (total
suspended solids)®] <2 A X (75 54 F A=)
3t GFIF o 7}x)o] A58 o3ste] 105°ColA 7] 7
bl w7 AZAR A - Fe) Aoz ARl
(APHA et al., 1995). §7]& 3=s FA317] ¢35
AFDM (ash-free dry matter) &3%-2 A|g8F& o] 3}3}o]
AzAZ] GFIF 722 550°C2] &2 7|2l
1~24075<k Bl A - Fo] TA Aoz Faleinh
(APHA et al., 1995). Chlorophyll-a "=+ 90% ethanol
& 4ol AHgsle] AT W% F%81%5 665nms)
750 nm Shael A S FAEgoz AAsAY
(Nusch, 1980). = B2 x= 217 20cme] Secchi disc

—_

to o ofp ofN
nu tlo Ok pok



260 NRY7| - BHE - gEH

O -
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Table 1. Mean values (+1SD) of hydrological factors in Paltang Reservoir during January 1999 to December 2001.
Parenthesis values indicate standard deviation, maximum and minimum, respectively.

Paltang Reservoir

Factors\Years
1999 2000 2001 Total
Rainfall (mm) 16.0+27.0 13.9+24.0 17.9+30.8 15.8+27.1
(158.5/0.5) (149.5/0.5) (156.0/0.5) (158.5/0.5)
Discharge (m®/s)
668.7+1,453.2 527.5+816.7 353.3+621.5 516.5+1,034.1
- Influent water
(16,562.7/147.2) (6,987.0/168.3) (5,620.4/126.0) (16,562.7/126.0)
— Effluent water 623.3+1,459.0 485.5+814.2 315.0+615.7 474.6+1,034.6
(16,629.0/125.0) (7,050.0/127.0) (5,514.0/124.0) (16,629.0/124.0)
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Fig. 2. Daily variations of hydrological factors in the Paltang Reservoir Basin from June to October of 1999 to 2001. WG:
watergate, SW: spillway against an electric power generation.
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o BAFT, 100mmE 233 A5Fe o 1~33) ~2001 5t o] Weleh FFRS A7t 1260~
Wz A3kE Y} (Fig. 2A). 93 o2k Bzoa] A 16,562.7 m/s, 516.5 m¥so] g3, Whp-eFe 747t 124.0~
3 7rer) A7 7F 9L W, ¢ WEo wlgsHA uk 16,629.0 m*s, 474.6 m3/s¢] )T} (Table 1). 1,000 m%/s o)
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(Fig. 2A). FrFel W FE 2 Aot gl WREHS fAF

Table 2. Mean values of turbidity in Paltang Reservoir during January 1999 to December 2001. Plus-minus and
parenthesis values indicate standard deviation, maximum and minimum, respectively.

CEz DAM
1999 2000 2001 Total 1999 2000 2001 Total

10.6+23.2 8.1+23.7 11.0+358 99+28.2 1024223 8.8+241 12.0+459 10.3+32.6
(254.0/0.6) (332.0/1.0) (437.0/1.3) (437.0/0.6) (247.0/0.6) (333.1/1.7) (630.0/1.9) (630.0/0.6)

Factors\Samplings

Turbidity (NTU)
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Fig. 3. Daily variations of turbidity in Paltang Reservoir from January 1999 to December 2001. Bidirectional arrow-line
indicates difference between CEZ and DAM station.
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Fig. 4. Relationships between flow and turbidity in Paltang Reservoir. Letters and numerics indicate each sampling
month (A, C) and year (B, D). Vertical and horizontal bars indicate standard deviation of each factor.



SHHE XMFX| oM +F szt DESFo AX T 263

4 4o AARAT A5 4 RF T AW o, dEr 79e] F43) F7hekdn 8~9%e] ks

(CEZ DAM)IA] B=e] o H7 w2t A wlsslgl & PAe Bel 42 WE v Ael7k 2lsivh(Fig.
o1} 199964 200102 4= Hdigte] Zr)et 4A, B)

e} 53], 200196 Ao gwst s G T Ake faks) Smel o WE AN 2o}

XA Ql AFF2] CEZEY DAMe|A 193.0NTU o %o AA 8 A8 = E) (Fig. 4B, 4D). 199910l = -2k

A9l Rz 245 0% F7he e uid gl we gws) AAd 4R e 20w

(Fig. 3, 30). Zh2 gl WhRlel, 200083} 20016l fel el =

b 2700 sk FASA Frhe ol F 4

3. 5% 2% 53 gE9 W) o] B% Z7h5Al 100NTU olsta ishe Aee

]

B}k =3k 200093 200199 Y g=x: )

se¥yl grol s HAAL W Z1e Fig. 4A
E;;’ij S e e A4S Pl 79 el WAE YoM, 19990 8Y 2ol B

= %=

> oo
M
2
2
o
g
Jo
ot
He
&l
Gl
b
)
~
e

ozA $719 w719 Holrl T
o Z71817] Alzksle] 8o] 717 —%—
A ashe w8 728 deblon, WE = 200196 0 7+4F3 el 727 158 mmst
Zrkehe Aol web g AYE o 4 Ak ubE 47655m¥s W), spHS) 7 gl @ w2 24

T o2 Al
17

4950 97 BE D 4718 29

Paltang Reservoir

14000 . 14000 y
= [ A = ! c
E 120009 | | E 120001 |
@ | 2 |
é 100001 K1 é 10000 !

| .
g 8000 - I Pukhan River é 8000 1 : Kyongan Stream
2 2 |
S 6000 S 60001 |
] 9] |
o o
@ 4000 @ 4000 :
£ £ |
c 2000 - I 20001 |
o o |
0 0 L - . ; ;
0 ﬁ 5 10 15 20 25 30 0 /P 5 10 15 20 25 30
Diameter (um) Diameter (um)

14000 T 14000 y
. I B — I D
E 120001 | E 120001 |
@ | 2 |
9 10000 T : é 10000 - !
€ .
\E’/ 8000 - : Nambhan River g 8000 - : Paltang Dam
i) | 2
€ 6000 | I
3 | 3
o i | o
o 4000 | @
£ <
k; 2000 - s

0 .
0 ¢ 5 10 15 20 25 30 0¢ 5 10 15 20 25 30

Diameter (um) Diameter (um)
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lines indicate threshold value (1.75 um) and compartment of clay (left) and silt (right) as particle size 3.9 um.
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Table 3. Composition and density of suspended particles
in high turbid water of Paltang Reservoir Basin
in July 2001. Parentheses indicate percentage
among total paticles. (Unit: numbers/ml)

Factors\ Pukhan Namhan Kyongan Paltang
Stations River River Stream Dam
Clay 553,067 262,924 36,081 476,915

(<3.9um) (65.6) (66.6) 64.7)  (63.9)
Silt

(3.9~ 290,534 131,794 19,093 269,255
62.5 um) (34.4) (33.9) (34.2) (36.1)

Very fi d

(GEZF)é:ne san 87 31 50 20
125.0 um) (0.01) (0.8x107%) (0.04) (0.9%x107?
Fi d

(1?5e gin 22 8 ND 14

250.0um)  (0-3% 1079 (0.2x 1079 (0.2x1073)

Medi d
(zgo_'gTsan 8 13 4 2
S000pm) (0:9%107)(03x10?) (0.7x107%(0.4x107?)

Coarse sand
(500.0~ ND ND ND ND
1,000 pm)

Note) ND: no determination

Table 4. Comparison of environmental factors for turbid
water of Paltang Reservoir Basin in July 2001.

Factors\ Pukhan Namhan Kyongan Paltang
Stations River River Stream  Dam

Particle density g3 718 304770 55,798 746,282

(numbers/ml
TSS (mg/l) 248.0 167.7 31.3 246.5
AFDM (mgl/l) 31.0 20.7 7.0 315
Turbidity (NTU) 305.0 306.0 35.9 313.0
Chlorophyll-a (ug/l) 5.9 8.4 5.7 10.9
Secchi depth (m) 0.23 0.21 0.39 0.15

Note) TSS: total suspended solids, AFDM: ash-free dry matter.

Z]

ol At kel 23R YRR 7] g

A3 Fig. 5A~De} 2ok AA| SA4 € Yz =719
9= 1.76~296.6 umo] iz, A AA\ A clayX —‘i—"]
ARAZ 245 27) 227} O 2B E
Yot Aoz Axshs nEw ¥t waii
AE % 9A}4 Edb7}e] 8.4 % 10° numbersiml, &
7}o] 3.9 x 10° numbers/ml, 7 ¢ o) 5.5><104numbers/

ml 2 B} sHe) 2] 7.5 X% 10° numbers/mlo] e}, YA}
\ o‘&ﬂ‘ﬂl H]Sﬂ ekt debte] €53E] TR,

s 7 Ftel F3b Felddt (Fig.
5A~D). F:H\—E] A} Bz A] clay: 63.9~66.6%, silt
33.4~36.1% W EA] & UAS2] 98.9~100% H ¢
2R 3}9) A1, sand+= 1.1%o] 4] o] ¢l =} (Table 3).
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Chl-a ¥%%X 57~10.9 pg/l (FF3k 7.7ug/l) 9IS B
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