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Major objective of this study was to determine interannual and seasonal water quality
along with characteristics of longitudinal gradients along the reservoir axis of the
riverine zone (Rz)-to-lacustrine zone (Lz). Water quality dataset of five years during
2003~ 2007 used here were obtained from Ministry of Environment, Korea and ten
physical, chemical and biological parameters were analyzed in the study. Similarity
analysis, based on moropho-hydrological variables of reservoir surface area, watershed
area, total inflow, and outflow, showed that the reservoirs were categorized as three
groups of large-dam reservoirs (Chungju Reservoir, Daecheong Reservoir and Soyang
Reservoir), mid-size reservoirs (Andong Reservoir, Yongdam Reservoir, Juam Reser-
voir and Hapcheon Reservoir), and small-size reservoirs (Hoengseong Reservoir and
Buan Reservoir). According to the data comparison of high-flow year (2003) vs. low-
flow year (2005), dissolved oxygen (DO), pH, biological oxygen demand (BOD), suspend-
ed solids (SS), total nitrogen (TN), total phosphorus (TP), chlorophyll-a (CHL) and
electrical conductivity (EC) declined along the longitudinal axis of Rz to Lz and water
transparency, based on Secchi depth (SD), increased along the axis. These results indi-
cate that transparency was a function of Values of pH, DO, SS, SD, and EC at each site
were greater in the low-flow year (2005) than the high-flow year (2003), whereas values
of BOD, COD, TN, TP and CHL were greater in the high-flow year (2003). When values
of TN, TP, CHL and SD in nine reservoirs were compared in the three zones of Rz,
Tz, and Lz, values of TN, TP and CHL declined along longitudinal gradients and SD
showed the opposite due to the sedimentation processes from the water column. Values
of TN were not statistically correlated with TP values. The empirical linear models
of TP-CHL and CHL-SD showed significant (p<0.05, R?>0.04). In the mid-size reser-
voirs, the variation of CHL was explained (R?=0.2401, p<0.0001, n=239) by the varia-
tion of TP. The affinities in the correlation analysis of mid-size reservoirs were greater
in the CHL-SD model than any other empirical models, and the CHL-SD model had
an inverse relations. In the meantime, water quality variations was evidently greater
in Daecheong Reservoir than two reservoirs of Andong Reservoir and Hoengseong
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Reservoir as a result of large differences of water quality by long distance among Rz,

Tz and Lz.
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Fig. 1. The reservoir morphology and study sites of artificial dam reservoirs in the study area.
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Table 1. Comparisons of water quality parameters in the wet year (2003) vs. dry year (2005).

Wet year (2003) Dry year (2005)
Parameters
Rz Tz Lz Rz Tz Lz
pH 7.52 7.42 7.31 7.66 7.63 7.51
DO (mg L™) 9.49 9.14 8.84 10.18 9.85 8.95
BOD (mg L™%) 1.37 1.30 1.20 1.28 1.23 1.10
cCoD(mgL™) 2.52 2.47 2.63 2.50 2.38 241
SS(mg L™ 5.12 3.89 3.11 7.27 4.39 3.30
TN(mgL™) 1.76 1.64 1.53 1.57 151 1.44
TP(ug L™ 24.85 22.47 19.61 22.95 18.64 15.77
SD (m) 2.07 2.65 2.76 2.36 2.99 3.58
CHL(ugL™ 8.65 7.30 5.67 5.89 4.85 3.59
EC(uScm™) 109.23 102.95 99.46 114.32 110.83 110.04

DO: Dissolved oxygen, BOD: Biochemical oxygen demand, COD: Chemical oxygen demand, SS: Suspended solids, TN: Total nitrogen, TP:
Total phosphorus, SD: Secchi depth, CHL: Chlorophyll-a, EC: Electrical conductivity
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the wet year (2003) vs. dry year (2005).
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F3e| AZEE TP F=7} kel Kol Al W3
AF52) B¢ dAHen i) 27] Bz
o2 RE WolSo|: gdFo FYFe] A=

[ A

7H A2 e vEfl o, tH ‘gz W B 24.2+14.6
(9.6~388)ug L'=2 712 2 k3 W] & e, o
o} 72 BAL dA 3T} o8 dFsel vist ZHEH
o] F - el S1AEk R e © %’—10131 Aol S5
37F A8k gleiA Avbd AR ($HE)e] Wi
olsle] A 59 Al oIk F7) EH‘{"}Q._ Aoz }\]_E
Hek (o] 5 2008). f7]&E 299 A|&2 o] 45+ BOD
¢} COD9| i = 9 WeE dFs ZE= A7}
o™ (Fig. 5), A ¢lF3¢] BOD JF7S 1.3mg L
(1.0~1.6mg L), COD HF72 25mgL1(2.2~2.9mg
LH=Z Jeht, 333 2750 A b 5Fo= o

Table 2. Nutrients (TN, TP), biochemical oxygen demand (BOD), chemical oxygen demand (COD), TN: TP ratio and chloro-

phyll-a (CHL) in the reservoirs.

. TN TP BOD COD CHL .
Reservoir (mg Lfl) (ug L—l) (mg L—l) (mg L—l) (ug L—l) TN:TP

CiR 2.39%£0.20 20.76£7.28 1.20+0.25 2.16+£0.27 3.45+2.35 141.20+44.67
] (2.19~259) (13.48~28.04) (0.95~1.47) (1.89~243)  (1.1~58) (96.33~ 184.87)

DcR 1.54+0.29 24.19+14.56 1.03+0.26 2.90£0.33 8.89+6.01 95.92+43.98
LR (125~1.83)  (9.63~38.75)  (0.77~1.29) (257~323) (2.28~14.9)  (51.94~139.90)

SVR 1.50+0.17 23.41+12.80 1.01+0.17 2.38+0.34 3.494+2.53 91.96+32.29
y (1.33~1.67) (10.61~36.21) (0.84~1.18) (2.04~2.72)  (0.96~6.02)  (59.67~ 124.25)

Mean of LR 1.81+0.22 22.79+11.55 1.08+0.23 2.48+0.31 5.28+3.63 109.69+40.31
(1.59~2.03) (11.24~3433) (0.85~1.31) (2.17~2.79) (L.65~8.91)  (69.38~150.01)

AdR 1.43+0.26 16.42+5.02 1.26+0.15 2.27+0.17 4.14+2.67 100.01+28.04
(117~1.69) (11.40~21.44) (L11~1.41) (2.10~2.44) (L47~6.81)  (71.97~128.05)

YdR 1.55+0.23 20.46+9.03 1.19+0.25 2.64+£0.34 4.69+3.01 99.76 £37.53
(1.32~178) (19.53~29.49) (0.94~1.44) (2.30~2.98) (L.68~7.70)  (62.23~137.29)

MR JaR 0.93+0.28 19.69+8.63 1.18+0.36 2.59+0.38 10.25+8.77 57.47+21.44

(0.65~1.21) (11.06~28.32) (0.82~1.54) (2.21~2.97)  (L48~19.02) (36.03~78.91)

HCR 1.85+0.36 21.16+6.35 1.56+0.39 2.38+0.34 7.13+5.98 95.52+21.62
(149~221) (14.81~27.51) (1.17~1.95) (2.04~2.72)  (1.15~13.11) (73.90~117.14)

Mean of MR 1.44+0.28 19.43+7.26 1.30+0.29 247+0.31 6.55+5.11 88.194+27.16
(1.16~172) (12.18~26.69) (1.01~1.59) (2.16~2.78)  (1.45~11.66) (61.03~115.35)

HsR 1.81+0.34 19.84+6.78 1.09+0.17 2.33+0.28 3.58+2.02 121.63+59.28
(147~2.15) (13.06~26.62) (0.92~1.26) (2.05~2.61)  (L56~5.60)  (62.35~180.91)

SR BaR 1.12+0.32 14.75+7.62 1.11+0.21 2.56+0.29 2.89+1.40 109.66+51.50
(0.80~1.44)  (7.13~2237)  (0.90~1.32) (2.27~2.85)  (L49~429)  (58.16~161.16)

Mean of SR 1.47+0.33 17.30£7.20 1.10+0.19 2.45+0.29 3.24+1.71 115.65+55.39
(1.14~1.80) (10.10~2450) (0.91~1.29) (2.16~2.73)  (L53~4.95)  (60.26~171.04)

LR: Large-size reservoir, MR: Mid-size Reservoir, SR: Small-size reservoir, CjR: Chungju Reservoir, DcR: Daecheong Reservoir, SyR: Soyang
Reservoir, AdR: Andong Reservoir, YdR: Yongdam Reservoir, JaR: Juam Reservoir, HcR: Hapcheon Reservoir, HsR: Hoengseong Reservoir,

BaR: Buan Reservoir
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Fig. 5. Variation of trophic conditions in each reservoir of large-size reservoir (LR), mid-size reservoir (MR), and small-size

reservoir (SR).

HA 2 FdTelA
o= Hivh(Table 2).
X%#fﬂli o] 7] “H%loﬂ

=
YA
o]

A}

4

E

olol o

WMﬁ”ﬂ, ‘H’éi"ﬂ

—p.o

E2 o8 Aolg BelA

A HF 29+03mg LR 7P =2 ke Holow, &
F3fA] 2.2+0.3mg L= 7P Fe 7ke JeR o (Fig.
5). CHL sx¥x 349 Rojokst AHeg 2 d&Fe

A=A F3E 35, HEHedEE, A3dETs Fo7 A
A Fetxien, Azl 7 & e BeH, F
tzellA] 74 w2 e Blo(Table 2, Fig. 5). F-3 <
ZoAME Qldt 22 Algkedekad] F4 FUkE st
Z79] AETFo] wolxlth= A3} (and Mann, 1973;
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st Aoblue Aot 76 o B SRS B
o 2R A AFAR R ohle $50)
W B eqeE dge P oz duiwg)
o} (An and Park, 2002; An, 2003). 3t Am}r]e] CHL
BE7h vk F7105 B RS o) g Avb) mae] §
e fa9S FAT Sl A8 PG A0 3
A2 ¢ld] 279 MA#AH(Flushing rate)Z} Inorganic
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Fig. 6. Annual variations of water quality parameters in Daecheong Reservoir, Andong Reservoir, and Hoengseong Reservoir.
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o] A|g K<l (Limiting factor)o.z =+g-3}1, 29 o]AbY
7% TNe|| nl3te] TPO] BFo= 13} AJAkol| A3t
gloz #83 4 9l Zx)A] (Forsberg and Ryding,
1980)& H.o|7] wjEel 97§] Q¥ B P7} A|sE &
oz z#e3l= Aoz el =3 An and Jones
(2000b)2] AT A= TPE= TN:TP ratio®} =& 9 Ak
T4 (r=-0.51, p<0.01)S B o} TNE = e ALZA]
(r=—0 21)& ¥o TN:TP ratioZ} TP W% Zof s

2 2AHE Aoz AlsHYH. o]e}t FFeo] 340 f
°ﬂ"4”°ﬂ wEbr] A elof T Xpo]E Holx oz
vehtedl, 53] 23Tl HlFsE ZAes
Ao egdwrt otEHe Zler et ot 529

l

FeqmAs fypel =] el A f9ozE §
YsE eqgel Ao Wl Wi Row Aus)

Az el 4 Wsks B3] $)sled i3 el (v
A3), FYHAFE(F3), 23JF3 @AY d=uA
+ 2 dFEE AAsl 9 fAREE A8
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7l 7A%E Hglor, gk EolrE 2004 8E TN
9] =7} FhAdle] 20069 1.2mg L 7P w2 3k

ol
oX,

o
L

ERtt (Fig. 6). TP] v=& HA= HA=,

3,835 o7 st YolA: oz JEeRyh TP
L Aol 7~9Yel| HF 465ug L2 & e
‘JrEHi~ﬁl ol A3} FHA o] Wz, Autrlel A
FATE <dte] QRelA 7" A= dFEF Y
Aoz AEH <9l (An, 2000a). CHLS]
Fodfst Axs A mdE F+= oA WS
(2} %5, 2009), A ZNA AF 24.2ug L2 v

= e B, ol A B AlFeSdF FY
Fo) Z7h= Qste] 27 AAFE 1R oz A
H Aok CHLE| A EAof oJatd 370 33 =7 9¢
o 7 ¥ S B, ol CHLe] 45| M3}
3 s} offEAe] At ko FYUHEE el ¥
< FE=E ¥l A (3], 2002) 02 AmE i} vbH, SDE
A5, g3l wid Frkehs oz vehgon, 3
Az M SD7F S7kelH 7} 200760 FHAds Aoz
ekt (Fig. 7).
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St| whd, SD: Awbr] Bk 1 $H7F WA vl
(Fig. 8). o]x= Awlr] 5t 5745l 28 TN, TPe]
3} CHLE] F712 <l3te] SDE Welxl oz Alsy
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o it rf =
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4e 2o Aow wAa=glon], gdon faumel

Z dydesdt A o] 2 agdFsoME # et (Table 3).

o5k AHAYE HolA] ke o BEAMFH. o=s 4

e 4719 Aol Hste] BTl A 5 32A sl 54

Sh= Qs o] B ApsF 54 £ S Wil o 97h 2] QEZelA WL AbFEe|
gt kol M EIh) 9% 2y Fom el 7 B A7px)9 dzAe ue) vt

Q] "hg-o] doju}x] ¢17] wj el Zlo= ALRESIE (AN, vl] (Longitudinal gradient) E4Jo]] u}
2000b). Wb R o] 22 4£3QJFIE fHo=y

EH fdEE 4l sl sAusEe] oExs) 7}

&7) Wiel] 54 W £ WHES 7 AR o] Y Ao

2 gekslel Apan fodmAel Wk ofgke] nlwA A

2 F3F3olA CHLE SDs} 74 DA AbshatA)

2 nglow, TPete] Aol M= {23 AaatA| 7} 3

= Aoz Jepgth ol A7 vl BekAdh A4 Rz= AdAoz we §258 1y
Rz, Tzol| A SD7} 12} AAbekell 7} 2 o3k w| x| = ub HGBo g &

o, 2471 AE AR Lzo| A= EHwel ] 219 slo] AlglE= =

883 - o|x/el - ot

Table 3. Pearson’s correlation of log-transformed TN, TP, CHL and SD in the reservoirs.

i L
ﬁ
ol
Jo

)
& A dA 2 Ay AFzAAME Rz~Tz Afo) 2
o} 10~30km, Tz~Lz¥= 38~52km, £3elFZ 5= Rz~
Tz A}e]9] Az]7} ¢F 6~10km, Tz~Lz¥x 8~16km, 43
w4 4 qlgEAE Re~Tz Abele] Ael7} of 3~4km, Tz~ Lz
L 7-9kmz WHFEIN 2HeTER 25T A
7 A=} ghelAch (Table 4). 7 7708 54
glow, Fg=
wgleh w3t 134 Aate] Wl )
nglom,

527) 2FARO ARedles adl How ey

AT R,
7b vk,

Parameters Size Zone Regression equation R2-value p-value N

Rz Log,,CHL=-0.55L0g,;TN+0.78 0.0230 =0.0471* 172

LS Tz Log,;(CHL=-0.13L0g,,TN+0.56 0.0013 =0.6357 180

Lz Log;,CHL=-0.51L0g;,TN+0.46 0.0195 =0.0613 180

Rz Log,,CHL=0.21L0g,,TN+0.64 0.0050 =0.2755 239

Log,,TN vs. Log,,CHL MS Tz Log;,CHL=0.20Log,,TN+0.58 0.0061 =0.2285 239
Lz Log;,CHL=0.24L0g,,TN+0.49 0.0112 =0.1022 239

Rz Log,,CHL=0.15L0g,,TN+0.41 0.0060 =0.3985 120

SS Tz Log,,CHL=0.05L0g,,TN+0.41 0.0007 =0.7707 120

Lz Log;,CHL=0.13Log;,TN-+0.34 0.0054 =0.4259 120

Rz Log,,CHL=0.81Lo0g,,TP—0.45 0.1603 < 0.0001** 172

LS Tz Log,,CHL=0.85L0g,,TP—-0.53 0.2137 <0.0001** 180

Lz Log,,CHL=0.38Log,,TP—-0.12 0.0789 =0.0001** 180

Rz Log,,CHL=1.03Log,,TP—0.68 0.2401 < 0.0001** 239

Log,oTP vs. Log,(CHL MS Tz Log,,CHL=0.75L0g,,TP—0.32 0.1215 < 0.0001** 239
Lz Log,,CHL=0.65L0g,,TP—-0.23 0.1001 <0.0001** 239

Rz Log,,CHL=0.43Log,,TP—0.07 0.0983 =0.0005** 120

SS Tz Log,,CHL=0.41Log,,TP—0.05 0.1267 < 0.0001** 120

Lz Log,,CHL=0.50L0g,,TP—-0.23 0.1564 < 0.0001** 120

Rz Log;,SD=-0.09L0g;,CHL+0.30 0.0213 =0.0731 152

LS Tz Log,,SD=-0.17Log,,CHL+0.57 0.2068 <0.0001** 180

Lz Log,,SD=-0.08Log;,CHL+0.56 0.0168 =0.0912 171

Rz Log,,SD=-0.28Log;,CHL+0.57 0.3870 <0.0001** 239

Log,,CHL vs. Log,,SD MS Tz Log,,SD=-0.27Log,,CHL+0.61 0.3732 < 0.0001** 239
Lz Log,,SD=-0.23Log,,CHL+0.58 0.2642 < 0.0001** 239

Rz Log,,SD=-0.11Log;,CHL+0.31 0.0430 =0.0249* 117

SS Tz Log,,SD=-0.13Log;,CHL+0.43 0.0701 =0.0039** 117

Lz Log;,SD=-0.14L0g;,CHL+0.48 0.0977 =0.0006** 117

** p<0.01, *: p<0.05, LS: Large-size reservoirs, MS: Mid-size reservoirs, SS: Small-size reservoirs, Rz: Riverine zone, Tz: Transition zone,
Lz: Lacustrine zone, TN: Total nitrogen, TP: Total phosphorus, SD: Secchi depth, CHL: Chlorophyll-a
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Table 4. The distance between riverine zone (Rz) and tran-
sition zone (Tz) and between transition zone (Tz)
and lacustrine zone (Lz).

] Distance
Reservoir
Rz~Tz (km) Tz~Lz(km)
CjR 10.4 38.5
DcR 24.8 43.0
SyR 30.1 52.0
AdR 6.1 14.1
YdR 9.4 15.9
JaR 6.8 15.0
HcR 6.3 8.7
HsR 4.0 8.3
BaR 3.4 7.1

CjR: Chungju Reservoir, DcR: Daecheong Reservoir, SyR: Soyang
Reservoir, AdR: Andong Reservoir, YdR: Yongdam Reservoir, JaR:
Juam Reservoir, HcR: Hapcheon Reservoir, HsR: Hoengseong Re-
servoir, BaR: Buan Reservoir
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al., 1981).

97 AE359] Rz, Tz, Lze)|A¢] TN, TP, CHL, SD 43
W] Fxg vlws Z3, TN, TP, CHLE Rzo|A] Lzo
2 255 Fxrt dopxl W, SDE Lzo® ZF4e5 1
SA7 AR TN, TP, CHLS} welepdes vehyd
(Fig. 9). o]a} 728 Az}= TN, TP, CHL7} SDel| =43

o, M2 f713 ARPA S 7HA
}EEI&"}{D} A=Z7) (HA %, HEs, 3
A 3ol 'I]-‘—':'— Rz, Tz, Lzo|X $AA8E ¥ w3 Ao
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Fig. 9. Variation of trophic conditions in the three zones (Rz, Tz, and Lz).
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Fig. 10. Spatial variations of water quality parameters in the three zones of Daecheong reservoir (DcR), Andong Reservoir

(AdR), and Hoengseong Reservoir HaR).
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