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ABSTRACT

Trend Analysis of Water Quality Date in Yeongsan River
Watershed Using LOADEST Model

LEE, Kee Soon

Advisor : Prof KIM, Sung Hong, Ph.D
Department of Civil Engineering
Graduate School of Chosun University

In this study, water quality trends are analyzed using the measurement data
of the Yeongsan River water quality forecasting point(Gwangjucheon2,
Pungyeongjeongcheon, Hwangryonggang3-1, Pyeongdongcheon, Jiseokcheon4)which
is a part of the water quality measurement network

The water quality trend analysis of the target site was analyzed by
applying the flow rate, BOD, and T-P among the measured data to the LOADEST
model, and applying condition 1 (regression expression No. 9) and condition
2 (automatic selection No. 0). The difference in the actual load was
analyzed by simulating the load through the regression equation of the
LOADEST model, and the suitability of the regression equation of the LOADEST
model for each point was analyzed. By analyzing the parameters according to
the regression formula according to the simulation of the LOADEST model, the
trends according to flow rate, season, and time were analyzed, and the
significance was tested using a statistical method (P-value). The simulation
results according to the conditions (1,2) of the LOADEST model showed that
there was little difference between the actual load and the load.

The maximum values (outliers) at some points (Gwangjucheon2 Hwangryonggang3-1,
Pyeongdongcheon, Jiseokcheon4)were calculated by underestimating the results of the
LOADEST simulation. NSE, PBIAS, and RSR were analyzed to evaluate the
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suitability of the load simulated by the LOADEST model and the actual load.
As a result of NSE analysis, except for the load regression analysis on the
T-P of the Pyeongdongcheon, the remaining points were “satisfactory” or
higher, indicating that the simulation results reflected the actual
measurements well. As a result of BOD and T-P regression analysis, PBIAS was
found to be “satisfactory” or higher. RSR was evaluated as high
suitability as it showed a grade of “good” or higher at most points as a
standard deviation ratio.

The significance (P-value) of the parameters of the regression equation
according to the conditions (1, 2) of the regression equation for each point
by the LOADEST model was mostly analyzed as highly correlated and very
significant. As a result of the parameter analysis, it was analyzed that the
parameters (a0 ~ a2) indicating the trend of the flow rate had a large
parameter value in common at the target point and were mostly significant.
The parameters (a0 ~ a2) showed that the values of parameters and P-values
increased at some points (Pungyeongjeongcheon, Hwangryonggang3-1, Pyeongdongcheon)
under condition 2. |t was analyzed that the regression parameters of the
LOADEST model had a high correlation with the flow rate, and that the
correlation between the seasonal cycle and the year-round change cycle was
different depending on the location.

As a result of analyzing the parameters (a3, a4) reflecting the change
cycle according to the seasons as conditions (1, 2), most of the target
points were negative (=) in the Sin cycle, and the significance level was
usual ly analyzed, so the Sin cycle showed a tendency to change in water
quality with a cycle opposite to that of Cos cycle was analyzed as positive
(+), but mostly insignificant results were shown.

As a result of the analysis according to condition 1 for the parameters
(a5, ab) related to year-round time, the values of the parameters at the
target point except for Pyeongdongcheon were low, but most showed
significant results. In the analysis according to condition 2, Pungyeongjeongcheon,
Hwangryonggang3-1, and Pyeongdongcheon were calculated and analyzed by regression
equations that do not include parameters (a5, a6), indicating that there is
little correlation with time. As a result of the simulation of the LOADEST
model, it was analyzed that the simulated value was underestimated at the

- viii -
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specific flow rate (high flow rate) at the target point, so it was necessary
to review and correct the measurement data.

In this study, by using long-term measurement data to analyze the load and
water quality trends of water quality factors, it is expected to be used as
data for policies for using basic data and for water quality management.
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2T 20 S HA(ER)= 0.077m%/s ~ 17.339m°/s(1.404m°/s)2 LIEFGCH. O
2l 3.20 QU2 M 12n%/s 0|AS DR B O|AS KA 5EII(BH ~ 9
2)0f 2 2220 Ys2 20| SUCH. M - Z2I|0s M=o Bo gsoz [
S0z =X e HEO| YUs HO=2 LIEIGCH. BOD HA(HZ)S 0.9mg/L ~

H7)= 0.046mg/L ~ 0.982mg/L(0.146mg/L) 2 &=
CIRAeH, 8 SHFE=2 00 HA(H2)= 4.0mg/L ~17.5mg/L(10.2)2 LIEFGCE.

X & BFH 2
- -

= gs (no/L) (ra/) (no/L) (m1e)
A 8.4 1.3 0.073 0.9

20164 =| CH 14.4 7.5 0.367 2.8
23 10.6 3.5 0.129 1.6

ESES 5.7 2.5 0.078 0.7

20174 =| CH 14.3 7.1 0.301 2.5
23 10.5 4.8 0.133 1.2

ESES 7.8 2.4 0.085 0.6

20184 =| CH 14.8 7.1 0.286 4.9
23 10.0 4.6 0.160 1.8

ES e 7.1 1.5 0.066 0.7

20194 SN 15.6 8.5 0.337 1.7
23 10.1 4.5 0.166 1.1

ESES 6.8 2.2 0.092 0.8

20204 =/ CH 13.4 6.6 0.201 3.3
23 10.2 4.5 0.149 1.4

_‘]‘I_
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2 3.200 S22 00, BOD, T-P & &= EE FHA, =0, H
Ct. BOD &<(HZ)= 1.0mg/L ~ 9.8mg/L(3.3mg/L), T-P E(H 0.0
~ 0.408mg/L(0.127mg/L) 2 Z=ZA2H, 8& TS 00 HA(EZ)= 5.3mg/L
~ 19.1mg/L(10.9mg/L) 2 LIEISICE.

A& SHEA
- -
= g= (no/L) (ro/l) (no/0) (o)
ES S 8.3 1.7 0.058 0.9
20164 =0 15.4 3.7 0.208 3.4
2 11.3 2.6 0.112 1.4
ESEAS 6.7 2.0 0.083 0.5
20174 =/ 14.7 7.2 0.165 12.2
2 11.4 3.9 0.1M11 1.8
ES S 7.8 1.7 0.100 0.5
2018& =0 15.3 5.1 0.197 10.8
2 10.6 3.0 0.133 1.9
ESEAS 7.3 1.6 0.074 0.3
2019& =0 15.3 4.8 0.247 1.2
2 11.2 3.3 0.132 0.9
E A 6.8 2.2 0.083 0.4
2020 =/ 15.2 6.3 0.204 2.5
2 10.9 3.7 0.138 1.0
e
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30l AE=EZ D0, BOD, T-P ¥ SRS ¢ AL, M, RO 2456
4= == £ JeHZ2 UEYD, 00, BOD, T-P2
SAGICH BEY 3-129] | H= 0.854n°/s ~ 18.007m°/s2 Lzt
436m/s2 A ULSCH XIAE4E HMAS CHE HHAXIES 2N

5. =
2 WS Hnol22 2n’/s 014 2H SHEJAD, 6BFH 9N oHE

i

o e Ko Ha0l 2 &0l UL,

0.780mg/L(0.084mg/L ZECRACH, S =FES 00 HRA(BZ)= 5.2m0/L

= f

BOD BHA(EF)= 0.8mg/L ~ 7.5mg/L(2.9mg/L), T-P B(EZ)= 0.035mg/L ~
)2 )
~17.8mg/L(11.2mg/L) 2

LEHSCH.

H 3.3 #8231 sEZFNE(2L, U, BZ)

"k 831
- -

e gs (no/L) (ra/) (no/L) (m1o)
A 7.6 1.2 0.050 3.8

20164 = 15.2 3.7 0.217 14.3
23 11.0 2.3 0.085 7.4

E A 6.8 1.6 0.060 1.9

20174 = 14.7 4.6 0.108 8.7
23 11.1 3.0 0.075 4.2

eSS 6.7 1.8 0.068 1.4

20184 = 16.0 4.4 0.114 9.9
23 10.8 2.8 0.085 5.5

ESES 7.8 2.2 0.047 1.8

20194 = 15.2 6.2 0.144 10.9
23 11.0 3.3 0.093 4.7

eSS 7.7 0.9 0.054 2.6

20204 = 15.6 4.8 0.093 14.6
23 11.4 3.1 0.074 6.6

s
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BOD HRA(EZ)= 1.3mg/L ~ 13.4mg/L(3.4mg/L), T-P HA(EZ)= 0.100mg/L ~
0.883mg/L(0.240mg/L)2 A=EASH, & &=HES=2 00 HA(EA)= 3.7mg/L ~
16.9mg/L(10.0mg/L) 2 LIEFSHCE.

& BEa
- -
= gs (no/L) (ra/) (no/L) (m1e)
A 6.7 1.9 0.144 0.2
20164 = 15.8 4.8 0.289 1.6
23 10.4 3.6 0.196 0.6
eSS 5.3 2.0 0.134 0.1
20174 = 13.4 6.5 0.404 4.0
23 9.3 3.5 0.265 0.7
ESES 7.1 2.1 0.131 0.1
20184 = 13.9 6.0 0.309 1.4
23 10.4 3.1 0.228 0.7
eSS 8.0 2.2 0.143 0.1
20194 SN 14.3 4.6 0.370 0.9
23 10.4 3.2 0.257 0.4
2 A 7.4 2.5 0.117 0.1
20204 = 13.3 6.9 0.382 1.2
23 10.4 3.5 0.253 0.4
e

Collection @ chosun



g
O
i

10.0
— 72w’ /s)

8.0

6.0

fre{nfs)

4.0 - ;
)

2.0 | ULA_\\J

0.0

2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01
I—}]II-
=

o ek
TTOo

20.0
* DO(mg/1)

15.0 == -

10.0 = - - s - e -

DO(mg/L)

5.0 -

0.0
2016-01 2017-01 2018-01 2019-01 2020-01
<Hut

00

10.0
e BOD(mg/L)

8.0

6.0

4.0 s - - < < .

BOD(mg/L)

2.0 - - -

0.0
2016-01 2017-01 2018-01 2019-01 2020-01

0.5
e T-P(mg/1)

0.4 — —

0.3 e - . . .o

0.2 . - - . . s — .

T-P(mg/L)

0.1

0.0
2016-01 2017-01 2018-01 2019-01 2020-01
S04

_']8_

Collection @ chosun



(4) XI&&4

K& &429

TT
10m®/s Ol&to| 2knt

=2 18 3.60
| 5.806m°/s Ol&4 22 EFE=

JdeiZEE LIEHRLCH

SHEDIO 2 2Ro FEr2 20| 2o R0l LA LIEHLE | ACH. =
3.5 GICHR D0, BOD, T-P 2 RUS Y A, zU, BRO2 2450 LU
EFSHUCH.
SYHA(BR)=  0.240m°/s  ~ 42.211m3/s(5.806m/s)OIﬂ Hel(H2)e=
0.7mg/L ~ 8.0mg/L(2. 3mg/L) ?(ZEZ)= 0.049mg/L ~ 0. 345mg/L( 134mg/L)
2 A=L/AOH, & 2 00 H(ZEZ)= 4.7mg/L ~ 19.1mg/L(11.3mg/L)
2 LIEHGCH
I 3.5 XA&&4 =& s (2L, 20, B2)
X& X< &4
_ o
H o= (/L) (/L) (ng/1) (m/e)
E A 7.5 1.3 0.085 4.4
2016\ S 16.2 2.6 0.158 21.6
B 11.0 1.8 0.124 9.4
E A 5.6 1.3 0.092 0.8
20174 | O 14.4 5.0 0.225 13. 1
B 10.5 2.6 0.153 4.5
A A 6.2 1.1 0.106 1.7
2018\ | O 15.8 4.0 0.220 10.2
B 10.5 2.2 0.150 4.9
E A 8.9 1.0 0.062 2.0
2019 | O 15.2 4.0 0.188 9.9
B 11.6 2.4 0.129 4.9
A A 7.8 0.7 0.067 2.4
20204 S 15.3 4.0 0.176 12.9
B 11.9 2.6 0.103 6.6
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ot AtEGHAULH. H 3.60l= XEE BOD,
. NEE ZE B0D, T-P Fot
23-11 XAE4AXE=2 o210 [HE

A

Sotg &MF =2 dg0l I =20 EE =2 tOl
X o
S TT

0y o

2
iy

=
S

oY 40
2
_O'j
>

0!
o
o
5
a

||

o

S

g
Om
ro
o

Z ot R0l ¥ 8= €= Mol ol 8 2

}

R

XH0l

ol

rnrJa

10
Mo Jw

10 T
]
i
.
m

0R
al
o
N

QAL AE 20t X|HPSHZ2 BOD 2384kg/d(2018E), TP 181kg/d(2018E)
22 BOD 391kg/d(2019¢), T-P 4kg/d(2017L._=|)§ T A E AL
BOD 724Kg/d(2018F), T-P 46Kg/d(2018H)E M 2lct) EZ BD 2
91 ~ 501Kg/d, T-P S5t&E 14 ~ 21Kg/d HAE LIEILCH,
FEHO| ZIHFTH22 BOD 4496kg/d(2017H), T-P 365kg/d(2018E) 22 LIEHGCH,
EMBT 2oHeE BOD 252kg/d(2019E), T-P 10kg/d(2019F)2 ZAI AE &AL,
S5t22 BOD 667Kg/d(20174) T-P 45Kg/d(2018H)E M elIot) EZ BOD ot
638Kg/d, T-P Rot&2 10 ~ 31Kg/d B<IE LIEHULCE.
EE23-19 x2S BOD 4874kg/d(2020EF), T-P 194kg/d(2016E)01 12,
MEzZ =2ot22 BOD 981kg/d(2017E), T-P 29%g/d(20174)=2 =H AE I ACEH.
D SotEE BOD 1702Kg/d(2020E), T-P 61Kg/d(2016EF)E M5t & BOD
SoteEE 981 ~ 1393Kg/d, T-P RotE2 29 ~ 42Kg/d HIE LIEHULCE.
HSHO ZS5t2 BOD 1697kg/d(2017H), T-P 216kg/d(2017H) 22 LEIRS
= SOotEE BOD 123kg/d(2019¥), T-P 7kg/d(2020)=2 XA LB LY
7 Sote2 BOD 250Kg/d(2017¥), T-P 24Kg/d(2017H)E M5tD #HZ
2 123 ~ 241Kg/d, T-P Sot&2 7 ~ 16Kg/d HIE UEHRULCE.

K& &40 %SOt BOD 3161kg/d(2016E), T-P 245kg/d(2016H)0110, =X
= 22 BOD 850kg/d(2018EF), T-P 49%g/d(2019¥ )2 A A AE I ACE.
= SotE2 BOD 1465Kg/d(2016E), T-P 97Kg/d(2016E)E M 2dtD & BOD
2 850 ~ 1260Kg/d, T-P Sot&E 49 ~ 58Kg/d HPIE LIEHLCH.
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A& EAFE2 SIE8A =231 B33d N4
5 ) BOD T-P BOD T-P BOD T-P BOD T-P BOD T-P
= =7 (ka/d) | (kg/d) | (kg/d) | (ka/d) | (kg/d) | (kag/d) | (kg/d) | (kg/d) | (kg/d) | (kg/d)
A 185 5 163 4 494 22 45 3 628 47
2016 = CH 2181 107 796 52 2581 194 544 36 3161 245
B3 501 21 367 17 1393 61 206 11 1465 97
A 166 5 93 4 347 10 19 3 252 16
20174 | CH 1345 53 4497 276 2147 87 1697 216 2338 171
B3 456 14 667 31 981 29 250 24 937 53
A 191 4 106 5 514 13 35 3 185 23
20184 = CH 2384 181 3996 365 2273 85 816 54 2368 123
B3 724 46 638 45 1220 42 241 16 850 58
A 119 6 109 5 545 13 25 3 396 27
20194 = CH 751 42 474 24 2131 72 205 13 1986 82
B3 391 16 252 10 1205 35 123 8 959 49
A 260 7 109 4 629 18 25 2 737 27
2020 = CH 830 43 777 38 4874 81 804 26 2718 96
34 471 17 293 12 1702 38 149 7 1260 b5
- 22 -
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BS&e A1, TAH201 TS BOD FotEe slAA2 98 3AHASZE HE Fot
22 BOD 192.0kg/d= UEHGICH. BOD A=R5t(HZ)2 22 & BZ FoHO0
Hl==gt Z2UE 2R, zHE=2otge 29 & Fotgd: 2 X010 UKl €=
ZUE 20, T-P Rotee A2 482 Xd12 98 JAHASZ 12.2kg/d
Ol ZX2H2= 8¥ 3AHAC=Z 12.1kg/d LIEIG2H, ASSotE(E2 ) 229 &
B0 Fotg2 dl=xxsgt ZUE 2AXC, FIHASFotge Us Botel 20E 2
UL

HEACH. SIHAN Qo 2o = HR Sotze2 2H2F BOD 2833.2kg/d, T-P 60.3kg/d
2 LIEFGCH, BOD ASS5I2(B2)EC I 29 & 22 (HEE A=Ae I
CH EOIEIQUCH. T-P ASEG2(HR)Y 29 & BD 252 H|=8 2= L
EHAXIOH, ZHASS5120] A HIIG = ZDE 2L
I 4.2 LOADEST Sol2 AFEZI(FA, X O, TBR)
. BOD(kg/d) T-P(kg/d)
X .= | LOADEST | LOADEST | ,,= | LOADEST | LOADEST
== (9%) (0%) == (9%) (0%)
E A 27.9 57 .4 57 .4 1.3 1.4 1.4
22 | FOH 8496.2 6005.8 6005.8 696.6 689.9 689.9
HA 509.6 492 .6 49?2 .6 23.5 22.4 22.4
A 46 .4 60.3 60.6 1.4 1.9 1.9
SY9EE | 2 OH 15444 .8 | 28131.0 | 28182.0 1432.2 2119.9 2123.7
HA 463 .2 512.4 512.7 24.4 28.3 28.3
s=o A 191.7 261.2 254 .5 5.8 9.6 9.8
°c_’g =| CH 7355.4 3937.3 3925.8 765.0 149.8 148 .1
3-1 =
HA 1268.0 1259.8 1258.9 41.4 39.2 39.2
E A 5.9 8.3 8.3 0.7 1.1 1.1
HEA = CH 3315.0 3643.4 3643.4 636.3 248.2 246.8
HA 196.4 192.0 192.0 13.7 12.2 12.1
E A 49.2 60.4 60.4 4.9 6.5 6.5
XN&&4 | Y 10941 .1 5606.0 5606.0 492.3 328.6 328.6
B34 1079.8 2833.2 2833.2 60.9 60.3 60.3
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4.2 XIZE LOADEST 2& 2| sA=Z4H

LOADEST Z2& 0l 2loff AtE= SotEo Hegtds GototUl. 2o gt A=

S Hluw & FIIoIRH, &X

X&EE BOD, T-P 2otz 9
S SE)2 LOADEST 3l#HA 2
Aoz AEEN 2o ZIUCH LOADEST 2o 3AHZEN 29 gte SHE LY
S Sot0 HIIGHRULEH.

IOt g2 ZEA L (coefficients of determination, R?), NSE(Nash Sutcliffe
Efficiency), RSR(Root mean Square error-observation standard deviation Ratio)
,PBIAS(Percent BIAS)S AIZotULEH.

rno

P

0

10

am
0.

2

=)

o

AZHL(R)E ASAD 29 A SALS BIEHE NE2, 0~ 19 20
M, 2o 20l A=3tol AFHS AL 10|

&gt X2 LIEtHCH. O

SHEOl QUCH. Al(1)2 RPZE FolGt= Al0ICH

NSE(Nash-Sutcliffe-Efficiency)= 1970 Nash@t Sutcliffell 2o XMCtE A
2 -0 ~ 19 "W USH, 10l JINS4S 29 20| A=ge & ftdoles
2oZ LIEHUD, LEtEo=Z 0 ~ 12 A0l gt I R HEH0| A= A2

2 LIEHHCH. Al(2)2 NSEE Eolot= Al0ICH.

PBIASE= &=3gt HHl 29 gtol I = U =HO JFgHsS 90IctH, 02
M == &0l0d, g0l ¥=+=5 2o 2ot &S 20|18t PBIASE A
(3)2+ 2Ct.

RSR2 2004E Singh S0 2lof MIet=l Al©SZ RMSE(Root Mean Square Error)Jf

2= SHHE ==0t)] fol MetE AlOICH RMSE= A =Xt ZtXel A It
Ol & = AL, X2 FTE mteote d 8tAHIE JULH. 0IE EESIGHH L
Etthe 240l 2 R0tCH RSRE Oleist RUSEE HEEotet 210110 RMSERN &=gtel H
FHEX 2t HIE SJ0IStC. RSRY gt0l 001 29| g0l A=gts 2=otH 29
St 240104, g0l R2+5 & 29 & Hoz o & 2 U200, RSRS Al(4)
20l HoEt. fI2 SAHZE HI0 et 2o HMagdg H 4.39 Moriasi et
al.,(2007)Jt Hietst & ©9 29 JIFES MESIAUCH. Loz & AL
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o o2 Do g0l A=gisS & BIYEGIAl RolB2 2 HAIRNAE & O ¥ =
HE HSUYANE B2 Itss 1o DCHEC}
n N 7_ 9
. SSE_,-;(y" v)
R = (1)
SST @ .
ygl(yi,fy)
7 2
NSE — 1 — = (Qobs — Qral) (2)
> (Qobs — Qobs)2
_ . 2(Qobs — Qcal)* < 100
PBIAS =1 = Oois (3)
\/ﬁ
nsp_ RMSE > (Qobs — Qeal) (4)

STDEV \/Z(Qobszobs)2

OIIIM, Quus= BERZ, Q.= NEXE, Q

H 4.3 2tEQ SAA S2(8 29 22 JIE) (Moriasi et al., 2007)
s= NSE PBIAS(%) RSR
VERY
0.75<| NSE | =1.0 PBIAS | < £10 | 0.00< | RSR | 0.5
GOOD
GOOD 0.65<| NSE | =0.75| £10 < | PBIAS | < £15|0.50<| RSR | =0.6
SATIS
0.50<| NSE | =0.65| £15 < | PBIAS | < £25 | 0.60< | RSR | =0.7
FACTORY
UNSAT IS
NSE | =0.50 PBIAS | > £25 RSR | >0.70
FACTORY
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A= SAUSHH LIEFGCH. 29 2 A=3S Hns 20 82X 2F2 7 2
St 0IGH0A S S5t XH0l= HQUXICH 0 AZSLS5A Do S WA T
ItEl= 2WE B
T 4.4 BOD Fot& 3HA HAE 2
= XA | Hs NSE PBIAS(%) RSR
BFH2 L o 0.77 VERY 3.35 VERY 0.63 GOOD
T 2 0(9) ‘ GOOD ' GOOD ’
—— 1 9 |0.58| SATIS 1040 a0 0 40 VERY
Sl 2 | 0(8) | 0.57 | FACTORY ’ ' GOOD
222} 1 9 |0.63| SATIS 071 VERY 0 80 UNSATIS
3-1 2 | 0(7) | 0.63 | FACTORY ' GOOD ' FACTORY
e 1 9 0.9 VERY 5 00 VERY 0.3 VERY
e 2 109 | & GOOD ' GOOD ' GOOD
] 1 9 SATIS VERY UNSATIS
Xl & &4 0.65 0.82 0.80
2 1 0(9) FACTORY GOOD FACTORY
4.2.2 T-P 2ot sAHA =4 Zi
2A=F2 T-P B9 A= 11(99 3| AN [ NSE= 0.90, PBIASE 4.76,
RSR= 0.3622 2= S2Z0| VERY GOOD O|ACZ 9o t0| Al=gts & Bidsls
2002 LIEIGDH XH2(08 (AHSHE))L= 98 SIHAIS HEGIH 24 2
Ot SUBIH LIEFGCH. T-P A Z0A 9 3RA FHSES A=tD X010 3
A o= Zes BHECH D9 0t ASZUS HIDE 2 29 2 A=ABCL
DA EIIEUOLH, RSR= 0.362 HIIF M2 ZUE BYCMH 2ot Xol= 3
X g2 2oz 2AQUCt
ZHFA ZH1(9W 3 HA)LY IH NSE= 0.79, PBIAS= -15.88, RSR= 0.329%
TOLEIQUCH FTAHA2(0H(NSHE))LMHs 8 3FHACZ JMICJACH, NSE=
0.79, PBIAS= -15.88, RSR= 0.32Z LIEFHLHQACE. PBIAS= SATISFACTORYZ RHE
SZ0IUXCH, =0 AZ20A 29 201 T TIIE Z=ENA BS2 2 X0
£ SQCt. RSRE 0.322 A= 2o 2o X0t AKX LS Aoz 24U
Ct.
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S
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D
N 2 o
Q
ro

8

1
A
=

FH

LOADEST =241
4.65H
HXtZ LIEHLH
HRIE0l JIZE A K

4.6 &2 LOADEST 3 A2 OHHHE == &

= A
[ ]

b Z2A429] | HA HHE=0 2
H 4.102 XNI&EZE LOADEST =l-HA OHIHE
A9 P-value= LOADEST 22
of B. = 00 CH&t At
o)L <
el 0.1(10% *2l=
R., and Hirsch R.M.,

29 3

A
1o
0y

2
a

o
oy
s § 4
x
T
oY

nio

XHO 4§
= =

IS
=
N
10
o
<
Qo
=
@
HU it

A9 3HA D =A

, DHOHEH A= ay ~ aglll CHEF P-values asJF 0.0322 0.01

SHG 0 ROYLES BEO0Z LIEHLLH.

u4E M2lg HE=== 0.01
. T-POIl CHBH OHOHB == ay ~ asOll CHE*
2522 LIEHGCH.

a3, s

BOD (9% 37 &)

BOD (9% 37 &)

IAE=

=
i+

P-value std.dev P-value std.dev

a0

3.56E-203 0.05 3.56E-203 0.05

ai 1

1.66E-45 0.05 - 1.66E-45 0.05

o
I
o
)

a2

0.10

4.37E-03 0.03 4.37E-03 0.03

a3

-0.33

1.28E-12 0.04 1.28E-12 0.04
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ad 0.09 3.61E-02 0.04 0.09 3.61E-02 0.04
ab 0.06 3.57E-03 0.02 0.06 3.57E-03 0.02
ab -0.05 | 2.76E-03 0.02 -0.05 | 2.76E-03 0.02
- T-P (981 /A A) T-P (9% 3|7 4l)

B B3t P-value std.dev Bl P-value std.dev
a0 2.83 | 4.226-131 0.05 2.83 | 4.226-131 0.05
ai 1.20 2.47E-66 0.05 1.20 2.47E-66 0.05
a2 3513 0.12 3.55E-04 0.03 0.12 3.55E-04 0.03
a3 -0.10 | 2.93E-02 0.04 -0.10 | 2.93e-02 0.04
ad 0.12 7.23e-03 0.04 0.12 7.23E-03 0.04
ab 0.08 1.85E-04 0.02 0.08 1.85E-04 0.02
ab -0.03 | 7.79e-02 0.02 -0.03 | 7.79e-02 0.02

SSEA 2 BODO CHEF LOADEST Z=241(981 SIAHA)MA DHIHEH = ay ~ a0l CHE

P-values as; as= 0.12CH AH 240 8256 e AOZ LIEHGCH. a4
E HM2E ig=+= 0.012CH &0t i R2 o2 FALJCH. E=12(0H
(AHsSHH))HAME 8H FHASZ HFIJUSH, OHHH=2 ay ~ a0l CHS
P-valuee= ay2 0.12CF I 2AZNH R2GHA 2= 222 LIESC. a2 M2
St 0D == 0.012CF &0t 12 Rolst Aoz 2HAL/UCT

T-POIl CHEF Z2H1(98 S HA)OIA OHOHEH A ay ~ a0l CHEt P-values agdt 0.1
SO0 3 24D R26HA %= A2 UEIGCH a2 M2st OHoHE == 0.01
SC X0t 2 RS Ho=Z LIEHSCH £242 ANASEHE)) M= 8H 3HA
O HELZUSH HIHH= ap ~ asOl CHEF P-value= 0.012CH &H A& OH
? RKRoote Hez 2AUYLH

SIAAC D45 248 21 BOD, T-PO Fede2 |l 23480l =1,
HEHOI HEIeel ZFAME Sin FII2 £(-)2 2HQ Aoz 2ALUD,
P-valueE 0.012CH &0 1 Rost oz ZAZ/UCH. HASAIZ2H(Dtime) Ol CH

FHALH e |2ActD 98 SIHALIH= a5 OHIHH

0
(@)
S
oy
O
<
QO
=
D
r

Collection @ chosun



H 4.7 SIE A LOADEST 3 HAIL OB+ ¥ Rad HS
. 0} BOD (9% 3|7 4!) BOD (8% 3|7 4!)

o Hagt | P-value | std.dev =g P-value | std.dev
a0 5.96 | 3.956-198 | 0.05 5.97 | 1.726-223 | 0.04
at 1.07 | 5.156-77 | 0.04 1.07 | 4.016-77 | 0.04
a2 | mo | 0.07 | 7.036-04 | 0.02 | x| 0.07 | 7.236-04 | 0.02
a3 1| -0.33 | 6.90E-17 | 0.04 2 | -0.33 | 6.486-17 | 0.04
a4 0.04 | 3.176-01| 0.04 0.04 | 3.246-01 | 0.04
a5 0.07 | 2.576-04 | 0.02 0.07 | 2.50E-04 | 0.02
a6 0.00 | 7.81E-01| 0.01 - - -

corxia | OHH T-P (9% 3 HA!) T-P (8% 37 4)

ZAFA | S0
o Hagt | P-value | std.dev =g P-value | std.dev
a0 2.78 | 4.776-144 | 0.04 2.79 | 6.60E-169 | 0.03
at 1.20 | 3.50e-99 | 0.03 1.20 | 2.73E-99 | 0.03
a2 | x| 0.08 | 1.40e-05 | 0.02 | x5 | 0.08 | 1.43E-05 | 0.02
a3 | -0.15 | 4.30e-06 | 0.03 2 | -0.15 | 4.126-06 | 0.03
a4 0.13 | 1.26E-04 | 0.03 0.13 | 1.326-04 | 0.03
a5 0.09 | 1.476-08 | 0.02 0.09 | 1.40E-08 | 0.02
a6 0.00 | 7.476-01| 0.01 - - -

a ~ a0l O

A
T

St P-valuee a, a2 0.120F IH SN R2GHA E= He2 LIEtSCH. ap,
AR

S MAS HHH== 0.012CH &0t i RS Aoz EALJCH. ZH2(0H
(AASEEH)) A= 7H FHACZ HdELJASH DHIHHS ag ~ a0l CHEE P-value
= 0.012C0+ &0 e Rost HeZ 2A-UCH. 2HAS WHE=E 24§
2 gt 2HEH0l =10, HEHQ H5ete 2HdL=2 Sin =

as, as, = 0. 120 AAH 224G = AWeZ LIEtSCE. a3 as, ag=
Melst 4= 0.012CH &0F R Rog Aoz 2ACULCH. ZAH2(0RH (Xt
SHE))HAE 6H gAACcE HdEZUSH OHHEHS a2 HAS OHIHEHZ2

P-value= 0.012CH &0t 0f* Rt X2z 2AZUL.
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. HEHQ Bigtete] 2H L2 Sin I 2
. 9% 3| A0 SZAIZH(Dtime), (Dtime)Oll CHE!
=Gt S22 =22 JHH0l H2 A=z

6 SIHACZ HSAI2H(Dtime) OHOHE =Dt

H 4.8 88Z3-1 LOADEST 3|AAQ M+ & RoAd &HS

X E.!BH BOD (9% 3|7 &l) BOD (78 3 H4!)
=T s B P-value std.dev s B P-value std.dev
a0 6.93 | 4.89e-224 | 0.05 6.94 | 6.49E-282 0.03
al 0.80 5.57E-48 0.04 0.80 6.36E-51 0.04
a2 =2 0.01 7.70e-01 0.05 | = | -0.21 1.67E-07 0.04
a3 1 -0.20 | 2.59e-07 0.04 2 0.15 9.28E-05 0.04
ad 0.15 1.19e-04 0.04 0.08 1.14E-05 0.02
ab 0.08 1.19e-05 0.02 - - -
ab 0.00 7.93E-01 0.01 - - -
=22 ol 7l T-P (9" 374 T-P (6% 3 A4
31 B s B P-value std.dev s B P-value std.dev
a0 3.38 | 2.89e-163 | 0.04 3.34 1.69E-192 0.03
al 0.9 4.93e-64 0.04 0.94 1.27E-65 0.04
a2 =2 0.15 7.68E-04 0.04 | = 0.16 3.42E-04 0.04
a3 1 | -0.04 | 2.99-01 | 0.04 | 2 | -0.03 | 4.54E-01 | 0.04
ad 0.11 2.15E-03 0.04 0.11 1.21E-03 0.04
ab 0.02 1.94E-01 0.02 - - -
ab -0.02 | 2.04E-01 0.01 - - -
(4) HSA
HE®S BODOI CHSH LOADEST ZE241(9%H A AN) I ZH2(0H (KSHE) )N &
= SHAM0 =LotH OHHEH= ap ~ agll CHSt P-value= a, 0.042 R2+ZE2
BEO0Z UEIRCH. as= 0.92 0120 3H 24 KRG 2= Aoz 24
CRACH. ax, as= HIst HilH== 0.0120CF &0t IS Rolst Hez EAZU
Ch. T-P= Z=241(9¥ 3 HA)UHSH DHIHHS ay ~ a0l THSt P-values= agdt 018
Ct 3 24C0 |ROGHN L= HOZ LIEIGCH. as= HMeS i 4== 0.012
Ct &0} iR Royst o2 2ACQULH. ZRAH2(0H(ANSHEH))2 88 3AAC=Z
a ~ asOl Oiet P-value= 0.012CH & 40 P Rest ez 248U
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0
il
X
o 0

(LTI R S i
o rlo

H 4.9 E=3d LOADEST 2/HAQ O+ & Rold &S

A& an M BOD (98! 37 4l) BOD (9% 3IAA!)
B Bl P-value std.dev Bl P-value std.dev
a0 4.73 3.84E-189 | 0.04 4.73 3.84E-189 0.04
ai 1.10 1.276-95 0.03 1.10 1.276-95 0.03
a2 x2 0.04 4.34E-02 0.02 x2 0.04 4.34E-02 0.02
a3 L -0.21 1.37E-08 0.04 2 -0.21 1.37E-08 0.04
a4 0.09 2.09e-08 0.04 0.09 2.09e-08 0.04
a5 0.0004 | 9.81E-01 0.02 0.0004 | 9.81E-01 0.02
ab 0.04 6.03E-04 0.01 0.04 6.03E-04 0.01

H=a Ol K T-P (9% 3l &) T-P (8¢ 3l Al)
B Bl P-value std.dev Bl P-value std.dev
a0 2.13 5.786-126 | 0.04 2.1 2.16E-147 0.03
ai 1.02 1.06E-96 0.03 1.02 1.90E-96 0.03
a2 =A 0.07 1.226-05 0.02 =A 0.08 8.52E-06 0.02
a3 1 -0.14 1.40E-05 0.03 2 -0.14 1.676-05 0.03
a4 -0.18 2.09e-06 0.04 -0.17 3.00E-06 0.04
a5 0.06 4 .45E-04 0.02 0.06 4.79e-04 0.02
ab -0.01 2.61E-01 0.01 - - -

(5) XNI&&4

K& &4= BODOI CHEH LOADEST Z=241(9% SIHA )W ZA2(0H(KISHE))0 A
& 3HA0 =20t HIHH= ap ~ a0l T8t P-value= ar as= 0.012CH 3
H 2N RoZF2 BEE2Z LIEtRCH a, as= H2IS 0HBs+= 0.012C
&0t e SAst Hqoz 2ALIUCH. T-POH OIS OHHEH= ay ~ a0l CH&t
P-value= ajz, asJt AN 22AL0 RoYLExzCZ BEE0/1D a= 0.22
0.12CH A 244 ©2 LIEHGDH. a, as, asS M8 OHH

p=J
HaE= 0.0120 0t R RSt 222 2AZ/ULE. FHALS MHHSE 24

|_

2 o W
2
hi
o

Y
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st 21t B0D Zdetde R 2E40l =10, A Hatete 2HAL=2 Sin =

Jl2t 2(-)2 2ol Hoz ZALJCH. HSA time)Oll CHEH AZAH2 HE

N2 UEHRIDH. as, a2 B==gl0l =2 A2t S0 FotE0l SItcte 2HA

E &9 B H2 Aoz 2HIULH

T-P Zetdz2 REW 2840l =10, HEHQ 2EAE=2 Sin F=I|2 Cos

FI10t 2(+) A 2oz 2AZUCH. HSA me)Oll &5t P-value= 0.01

Olateg RosE2 2S0IXIB a5, a2l B=gl0l S22 =22 e It U

= Ao=2 LERT

H 4.10 NI &4 LOADEST 2/HAIS DB+ & RoAd HS

& E.!BH BOD (98 3 HA!) BOD (98 3 HA!)
=T Bl P-value std.dev Bt P-value std.dev
a0 6.44 | 1.75E-228 | 0.04 6.44 1.75E-228 0.04
ai 0.87 2.51E-69 0.03 0.87 2.51E-69 0.03
a2 =21 -0.05 | 3.04E-02 0.02 -0.05 | 3.04E-02 0.02
a3 1 -0.26 | 4.71E-11 0.04 -0.26 | 4.71E-11 0.04
ad 0.23 4 .34E-09 0.04 0.23 4.34E-09 0.04
ab 0.05 4 .84E-03 0.02 0.05 4 .84E-03 0.02
ab 0.03 7.67E-02 0.01 0.03 7.67E-02 0.01
. oH oM T-P (98 34! T-P (98 3 4!)
N& &4 B A
=T Bl P-value std.dev Bl P-value std.dev
a0 3.70 | 6.14E-185 | 0.04 3.70 | 6.14E-185 0.04
ai 0.81 5.26E-71 0.03 0.81 5.26E-71 0.03
a2 =2 0.02 2.22E-01 0.02 0.02 2.22E-01 0.02
a3 ! 0.06 6.07E-02 0.03 0.06 6.07E-02 0.03
ad 0.10 2.63E-03 0.03 0.10 2.63E-03 0.03
ab -0.04 1.36E-02 0.02 -0.04 | 1.36E-02 0.02
ab -0.04 | 6.82E-03 0.01 -0.04 | 6.82E-03 0.01
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Collection @ chosun



i
IH

X0
00
RO
Rl
<F

H Set=

0l

AI2HOH <

A2 I~ 2AE S8 HaXE2 B0 & T-P2

=]

LOADEST

Kk

ok

o0
0l

PIXIZ2 OHNgis Hs

=3

=Lk,

Ulo

oo

Ll
i

ok

O

_

~J

b 0.012CH =S (0K

OF
S

J

a2 OHOHH ==t P-value

HaXE2 HR:E ay,

0l
HH

ol A

&

R0
30
Ho

PS

22t

XEel X0t &

id
K-
0

0l

9]

RO
KIr

il

_

Y

!

=1=

H

=

=
e

=

=
-/

t2

SHUAN =2t H2 =2

LHEFLH

10y

53
)
xr
jild

_lg

231,

}

=1
[=]

INESRSER

2k20F
=

84E =

OHOHEH == a3,

—

[—

d=dez HES

I[]
0l
%)

ﬂL
&

Ar
<10

0l
=

Kk

RO
KIr

(HO

D

a

Ok

Il
OHI

=
Gl
o

CH

BHs X0I=2

Ch CHAXIES
R

ADTOI HE
o) At0IZ2 HIZ =I10l g &<

o gt

=]
—

F

un

J
I,

=
e

0.01 ~ 0.1(ES &

—

[—

| A A 2] P-value

=]

ol

0l

ol
—

0l
Rr

J
0}

=

CHASKI R LA DR OH B 4
o) AtOIZ

—

[—

as)

(Dtime)2l OHOHEH == (as,

o3
A
g

jild

N2

2, NAHA0A HEEl=

|
Z2AH201 A AI2H(Dtime®) DHIHEH 2~ (as) It DA S X

=
2 29| /0 Al2H(Dtime?)2l Bi2=2to

oF <
2=

A RIS
=T

E

ot

3|

2410 X422 LOADEST

o

hvE| j

BODSJ
[0 &

cC
I

xr
jild

0l
s

0l
K

0l
0

gl

0l

(ae)

BOD 2+

jild

0l
K

X0
Rl
gl

=
S

T-P2l LOADEST 220l A

Ck.

0l
Rr

ol

D

ol
=]
<
i0J
ol

<+

g

D

0l

=iy

jild

o 4

o2 29 Z0O AlZ2H(time)<

<

o}

o

D

_46_

Collection @ chosun



E 4.11 LOADEST & HAI(9HH) AMLE B

8t Q Season Time
A= RI%]
= a0 al a2 a3 a4 ab ab
HFE2 6.18 0.88 0.10 -0.33 0.09 0.06 -0.05 63
Z33A 5.96 107 0.07 -0.33 0.04 0.07 0.00 82
E2=E243-1 | BOD | 693 0.80 0.01 -0.20 0.15 0.08 0.00 70
g2 473 1.10 0.04 -0.21 0.09 0.00 0.04 91
N4 6.44 0.87 -0.05 -0.26 0.23 0.05 0.03 79
HFE2 2.83 1.20 0.12 -0.10 0.12 0.08 -0.03 75
Z33A 278 1.20 0.08 -0.15 0.13 0.09 0.00 89
2E43-1 | TP | 338 0.96 0.15 -0.04 0.11 0.02 -0.02 79
g2 213 1.02 0.07 -0.14 -0.18 0.06 -0.01 89
N4 3.70 0381 0.02 0.06 0.10 -0.04 -0.04 78
I 4.12 LOADEST 3| AHAI(0H XISHEH) AMLE OHOHEH %
&t Q Season Time
PNE= No R[%]
=2 a0 al a2 a3 a4 ab ab
HFH2 0(9) | 6.18 0.88 010 | -033 | 0.09 | 0.06 | -0.05 63
Z33A 0(8) | 5.97 1.07 0.07 | -033 | 0.04 | 0.07 - 82
SE233-1 | BOD | 0(7) | 694 0.80 - -021 | 0.15 | 0.08 - 70
2 0(9) | 473 110 004 | -021 | 0.09 | 0.00 | 0.04 91
PNESEY! 0(9) | 644 087 | -0.05 | -026 | 023 | 0.05 | 0.03 79
HFE2 0(9) | 283 1.20 012 | -010 | 0.12 | 0.08 | -0.03 75
Z33A 0(8) | 2.79 1.20 008 | -015 | 0.13 | 0.09 - 89
BEL31 | TP | 0(6) | 334 0.94 016 | -0.03 | 011 - - 79
2 0(8) | 211 1.02 008 | -014 | -0.17 | 0.06 - 89
PNESEY! 0(9) | 3.70 081 0.02 0.06 010 | -004 | -004 | 78
Q0 SEHSN HE HelE NdHE = Us B
Season @ HEON HE Bat FIIE LAY = U= B
Time : A= A4S EHE DAY = U= H=
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