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Abstract

The water quality variations or changes are closely relevant to the characteristics of unit watersheds and have an effect on the
attainment of their water quality goal. This study was conducted to analyze the water quality distribution and its change
patterns of unit watershedsin Nakdong river basin. It revealed that 25 unit watersheds out of 41 showed the normality in water
quality. Most of unit watersheds had a considerable variation in water quality, especially in the season of spring and summer
but alittle in terms of flow rate. Annual relative differences in water quality ranged from 13.0 to 26.6% with the maximum of
75%. 28 unit watersheds (62%) had the tendency to decrease in water quality as the flow rate increased while 13 (38%) to
increase. The extension of standard flow led to considerable differences in water quality depending on its ranges, which meant
uncertainties might be included in the process of TMDL development. It is suggested that annual average flow rate should be
chosen as a standard flow in the area where the water quality change has little relation to the flow rate.
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Fig. 1. The digtribution of water quality (@) & p-value by Kolmogorov - Smirov Method (b) for Nakbon-A unit watershed in

Nakdong river basin.

Table 1. The list of unit watersheds classified by Kolmogorov-Smirov p-value in Nakdong river basin

. p-value
Period
Above 0.05 0.005 ~ 0.05 Below 0.005
Nakbon-A, Nakbon-E, Nakbon-G, Nakbon-H,
Nakbgn-J, Nakk?on-K, Nakbon-L, Nakbon-N, Nakbon-B, Nakbon-D. Nakbon-F, Nakbon-C,
.. | Yongjeon-A, Gilan-A, Naeseong-A, Naeseong-B, Nakbon-I,

Name of unit . Banbyeon-A, Banbyeon-B, Geumcheon-A,
Yeonggang-A, lan-A, Byeongseong-A, Wicheon-B, ) Nakbon-M

watershed. Wicheon-A, Gamcheon-A, Namgang-A, .

2005~2007 Geumho-A, Geumho-B, Hoecheon-A, Hwanggang-A, Namaana-C. Milvang-A Micheon-A,

Hwanggang-B, Namgang-B, Namgang-D, Namgang-E, gang-%. yang Geumho-C
Milyang-B

No. of unit

watershed 2 1 5

Table 2. The number of unit watersheds classified by the
p-vaue in Nakdong river basin

p-value 2005 2006 2007
Above 0.05 33(80%) 35(85%) 32(78%)
0.005 ~ 0.05 7(17%) 4(10%) 7(17%)
Below 0.005 1(3%) 2(5%) 2(5%)

Total 41(100%) 41(100%) 41(100%)
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Fig. 2. The variation range in water quality of unit watersheds on main stream (a) & triburities (b) in Nakdong river basin.

Table 3. The range of SD & CV in water quality of unit
watersheds in Nakdong river basin

Water quality level | Number of |Range of SD | Range of CV
(mg/L) unit watershed (mg/L) (%)
<1 12 0.4~0.8 50.8~92.1
1~2 16 0.4~1.0 38.9~77.2
2~3 9 10~15 44.1~65.0
3< 4 15~2.2 46.8~63.9
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Table 4. The coefficient of variation of unit watersheds for
each season in Nakdong river basin

Spring | Summer | Autumn | Winter
Costficient of Min | 65 24 0.4 6.4
oefficient o
variation(%) Max | 107.2 79.8 68.8 29.3

Avg | 32.7 32.6 21.7 11.4

Table 5. The coefficient of variation of unit watersheds for
the stream flow in Nakdong river basin

Low flow | Ordinary flow | High flow
period period period
Coefficient of Min 17.6 35.2 34.1
oethaent of "viax | 1053 1003 89.6
variation(%)
Avg 49.2 54.7 55.3
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Table 6. Differences in water quality of unit watersheds
between years in Nakdong river basin

Table 7. The deviation of annua average water quality to
3-year average of unit watersheds in Nakdong river

'05& ' 06 '06&'07 '05&'07 basin
difference (%) difference (%) | difference (%) '05 deviation (%) | '06 deviation (%) | '07 deviation (%)
Max 714 35.7 75.0 Max 53.3 40.0 273
Min 0.0 0.0 0.0 Min 0.0 0.0 0.0
Avg 26.6 13.0 24.9 Avg 135 111 9.9
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Table 8. Regression Equation and corelation coefficient for each unit watershed in Nakdong river basin

Unit watershed L=axO R Unit watershed L=axO R
Nakbon-A L=114.456Q""" 0.775 Geumho-B L=174.157Q"** 0.911
Nakbon-B L=71.095Q""* 0.916 Geumho-c L=382.056Q"%" 0.815
Banbyeon-A L=78.010Q"** 0.922 Nakbon-G L=738.848Q" " 0.866
Banbyeon-B L=76.895Q"%% 0.947 Hoecheon-A L=71.869Q" " 0.877
Y ongjeon-A L=82.990Q"%* 0.905 Hwanggang-A L=87.379Q"®* 0.901
Gilan-A L=56.962Q™™" 0.950 Hwanggang-B L=26.676Q"** 0.809
Micheon-A L=89.367Q" " 0.930 Nakbon-H L=253.479Q"" 0.925
Nakbon-C L=47.025Q"* 0.848 Namgang-A L=91.697Q"" 0.845
Naeseong-A L=67.460Q"" 0.875 Namgang-B L=105.342Q"** 0.896
Naeseong-B L=53.971Q"%° 0.899 Namgang-C L=71.838Q"%® 0.954
Geumcheon-A L=83.978Q""" 0.963 Namgang-D L=445.186Q" 0.914
Y eonggang-A L=165.004Q"%¢ 0.875 Namgang-E L=749.534Q"™ 0.854
lan-A L=86.944Q"%* 0.893 Nakbon-I L=1127.434Q""® 0.863
Byeongseong-A L=144.589Q°* 0.910 Nakbon-J L=915.742Q°™* 0.851
Wicheon-A L=108.031Q"* 0.944 Milyang-A L=95.871Q°%° 0.927
Wicheon-B L=102.930Q"*® 0.923 Milyang-B L=357.664Q"% 0.864
Nakbon-D L=64.247Q*%* 0.891 Nakbon-K L=719.551Q""" 0.868
Gamcheon-A L=110.341Q" 0.847 Nakbon-L L=702.244Q""® 0.873
Nakbon-E L=187.454Q"% 0.887 Nakbon-M L=352.005Q"%" 0.919
Nakbon-F L=229.015Q"* 0.860 Nakbon-N L=355.842Q"™ 0.902
Geumho-A L=169.322Q"* 0.909 - -

4 35

* 30
7’ . E 25
:; E 20 | y=0.026x1243
£ =3 RI=0.655
8 . g 10
L 5
o | o
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250
Flow{CMS) Flow(CMS)
€) (b)
Fig. 3. The flow-loads curve on Nakbon A (a) & Hwangang B (b) in Nakdong river basin.
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Table 9. The number of measurements(water quality & flow
rate) by the extension range of standard flow in
Nakdong river basin

Low flow Ordinary flow
5% | £10% | +20% | +5% | +10% | +20%

Max 3 5 9 2 4 8
2005 | Min 0 0 0 0 0 0

Avg 1 2 4 0 1 2

Max 9 15 16 4 9 14
2006 | Min 0 0 0 0 0

Avg 2 4 7 1 2

Max 8 11 17 6 9 16
2007 | Min 0 0 0 0 0

Avg 2 3 7 1 2 4
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Table 10. Differences in water quaity between the exten-
sion of standard flow in Nakdong river basin
Low flow Ordinary flow
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Table 11. The deviation of water quality of extended standard
flow rate to the annua average in Nakdong river
basin

Low flow Ordinary flow

5% | £10% | +20% | 5% | +10% | +20%

Max | 10.0 | 100.0 | 100.0 | 27.8 62.5 62.5
2005 | Min | -18.2 | -381 | -333 | -300 | -250 | -16.7
Avg*| 48 16.9 174 8.2 15.8 12.4

Max | 1625 | 1625 | 1231 | 1444 | 1444 | 1444

2005 | Min | -545 | -545 | -66.7 | -33.3 | -47.8 | -625

Avg* | 53.0 58.0 429 28.8 34.8 31.9

Max | 1333 | 444 | 166.7 | 160.0 | 216.7 | 216.7
2006 | Min | -47.1 | -26.1 | -515 | -429 | -313 | -476
Avg* | 295 143 38.9 22.5 21.2 33.1

Max | 744 35.3 57.1 | 1154 | 50.0 75.0

2006 | Min | -70.0 | -55.6 | -50.0 | -100.0 | -73.3 | -58.8

Avg* | 329 21.2 16.7 32.7 25.6 24.0

Max | 75.0 | 1250 | 857 889 | 166.7 | 166.7
2007 | Min | -41.0 | -286 | -385 | -174 | -480 | -333
Avg* | 133 16.9 22.1 135 252 29.2

Max | 75.0 75.0 | 1158 | 60.0 85.0 73.9

2007 | Min | -50.0 | -500 | -57.1 | -75.0 | -75.0 | -58.8

Avg* | 25.7 17.7 18.2 314 32.8 254

* average from absolute values

* average from absolute values
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Table 12. The list of unit watersheds classified by water quality patterns due to the extension of standard flow rate in Nakdong
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(c) NamgangE
Fig. 4. The water quality patterns due to the extension of standard flow rate in Nakdong river basin.

+10% +15%

extention range

(d) WicheonA

river basin
) Unit watershed
Water quality pattern
2005 2006 2007
BanbyeonB, Y ongjeonA,
GilanA, NakbonC,

Higher than annual
average

YongjeonA, GilanA,
NakbonC, NaeseongA,
NaeseongB, GuemcheonA,
Y eonggangA, WicheonB,
NakbonD, GuemhoA (10)

NakbonE, GuemhoA,
GuemhoC, MilyangB,
NakbonM (5)

GamcheonA, GuemhoB,
NakbonG, NakbonH,
NamgangA, NamgangB,
NamgangD, NamgangE,
NakbonJ, NakbonK, NakbonL,
NakbonM (16)

BanbyeonB, GilanA, NakbonC,
NaeseongA, NaeseongB,
GuemcheonA, YeonggangA,

NaeseongA, NaeseongB,

Low NakbonB, lanA, ! ) mcheonA, WicheonB,
flow Lower than annual ByeongseongA, GamcheonA WicheonA, WicheonB, NakbonD, NakbonD, NakbonE, NakbonF,
average GamcheonA, NakbonF,
,NakbonE, NakbonF (6) GuemhoA, HwanggangA,
HwanggangA, NamgangA, MilyangB (10)
NamgangB, NamgangD, yang
Nakbonl, MilyangA (18)
Crossing the annual BanbyeonA, MicheonA,
average downward i BanbyeonA, NakbonH (2) WicheonA (3)
Crossing the annual i lanA, ByeongseongA, NakbonG, Nakbonl (1)
average upward NamgangE (4)
Others (the same as - MicheonA (1) HoicheonA (1)
annual average)
Ordinar Hicher than annual NakbonB, BanbyeonB, NakbonA, BanbyeonA, GuemhoA, GuemhoC,
y g WicheonB, GuemhoA, MicheonA, WicheonA, NakbonG, HwanggangB,
flow average

GuemhoC (5)

WicheonB, NakbonH (6)

NakbonH, NamgangD (6)

stREaA x| X2

25, 2010
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