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22 AT 5%

=
=

2.2.1 BB

Hjn

Ho

oA A gl ool dg A KA

il

—_
110

1}

=
1 (Fecal Coliform, FC), #WA A F-

[e)
7oL—r

o
e

(1996)

=
(<]

13t} Ferguson

SRS S

=
=

T4

(Fecal Streptococci, FS)

39 oA A AT ()

(6]

A

1t} Christensen 5 (2000) &

O
A

J_,Alo

9 Axter =

=%
]

A g

#

| —
L.

B A}, Clarket Norris(2000)

=
=

AASG 0.04~0.622 Az}

PN
T

oAx  AAA

S|
Ay

(2001)
4+t (Total Coliform, TC), #4

=N
[

Btk E3%k Crowther

=

=
=
AL

0.10~0.509] A ¥

3

zo] FOF

PN
B

’

= Anj 3T 2~
F U F5

3T
5

Bl

N3k Eleriag}d

KN
=

A3 g Ao wel AFASRI} 81004 53.0%9 @

el
=

Flagging Program

T, A,

-
R

Vogel (2005)

Fel 0.609]

tol RE #ag 9

S

g s

23 E.coli

Ao
1=

g

&
]Q1 1000 CFU/100mL Xt} v

i

AgA T

= 7]

e

PN
T

E.colig

Eis

3

=z
k=

tgow 1 Ay}

2 RS k2AlE Alds

A]

e
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0.44% v d 3+ AAZAAGTE BT Nowcasting beach advisories
st Francy @t Darner (2007)+ 8%, A9 4, 3% Fo], F2,
e FHNMTE 3 AFIAEAE T3 AEAT 0.389 o=
A= HtE Philly RivercastE 7023 Maimone 5 (2007)2 &9

A e HYE o] 200 counts/100mL ©]8tY A9 AA A=

>
1o

O:

Al QJIZAME J=dHlelHE 3 duelge vl Al 1Ake] ®lflel whet
TR O] HYE dSske] 0.669 ASES Bk HTole o
st dlolgrtold 7IHE o] &ato] mAEARE oS5t & A%

¥ vk Stk He%l He(2007)+= <15#54l7d ™ (Artificial Neural
Network, ANN) & &8l tld#s o=538H3a Kim 5(2012)2 SVM=
o] g3ttt

o
ok

0%

Eleria®} Vogel? A9} o] ZA
A7 THS FHHAAY dag ool Al AHHFo| 73
AR Fo] 7hss Ax 183 oust 585 E BVl %

A3k Flo] dlAgddold 52 4 AFe] o
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2.3 U3 9
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A

m o LO —
N < e & > ik
S O S o o 0 S ~
r <l = ) ] ) ™ © ? ™
g o= = — * [ o ® -
2] N g (@} (@} N o Il
[ R o~ S a4
< = [ I I m
S 3 Il | | 2
G 2 =
T T T T
H il il 8 i 8
| T | T T 2|2
w |l ® | ™ v | 2| 5
B0 B B B
B o R ol
Hlo
o o i
A wo| 4
o} nE :
e B|¥ 2
- 0 - -
® | = - | ]
O A o | @r bo| e
= | W ok o | x| -
R 1 o o B el 4r
M| " .| Y o
Wl % ! o
x, T A
mo - 0
oE o} mw_m
A =
0
2 =
= . s O s
O |l o |lo]|l Y| ] o | ™ .
o = I S = O I T << R B
- 6 6 at O
e =
=
=
Hlo = Vo o & 51
~~ g ~ o ~ ~ | BT o ~ @ ~ ~
—_ MG Yol|lz ol 5= m.,ao Y% o TR
X RIS O|lco| x| oz O —
T SO0 ||| 5SS 5] o |[FSEC
oY e EQ| YL ¢ |2yl
57 |c = TR El= s ¢ |
. s = O = S| g
O O Al g
=
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2.2.2 FHTAAF

Hgst, DO 53 &2 v F4d A% 4 =
T SHE olFE 19609 H SR o] H vlers AFE st e
=, TARE, AT SO =Tkl FRAR sAs BrbstaAt st
THFAAFE LA s AT &Es] Ao g T3

FAA G2 3 AT Horton(1965) ¢ <&l @sixlty. 1 dafo

i

£

(o]

]

=

rlr
N

H
SR FUstnA WRAQ AREANE YPoR ANGE /PO o

= olgdl vud 22 A dAR FdFAAFT EE AT

o] & w2 FIFAALFrE olgfst WS o]gs] sdEATH
Brown(1970)2 ©]=r2] National Sanitation Foundation (NSF) o4 %
ARG, NSF-WQIE /dekdltt. Prati 5(1971), Deininger &

(1971), 0" connor 5(1972), McDuffe®} Johnathan(1973), Walski2}

Parker (1974), Harkins (1974), Dunnette =(1979), Joung = (1979),

House (1987), 2183 Dinius(1987) & 1970t} 1980 thel w]=r
= Ao Z = F5 sAeA dIo] 7S o] &ste] FTEFAA
T2 M. Yt st s HAL(1996)

of "FHFAALY AL AN dste] L ol gd FFFAATE
%



Azrz A% pH, DO, BOD, SS, COD, TN, TP, TC, NH3—-N, NO3—N

2 olgetel TALAATE AUk W] 7H S o] §F WH S
AR 90S Felate] QAL AAATE AN FRYL Fo]
AR gRgts 442 Atk 1o duo] /e o W

=2
Y
=~
(o
i
PN
~
>
2
1o,
—_(’}{:1
=
oo o

o Av= TAE Aduh. EFE, SkelA

& ule} o] A VFEE g2 AAEANT v R RE ey 2

rE o
olN
_O|L
T
.

Fuzzy Synthetic Evaluation(FSE

)
Ao wYFs AR FAsaA ek of WS AHgel 8

4

A5 =g glo] 0% E 1007149 242 B Bx5 5]
obd O 1749 Sz EdHE A 2585 AdE 2§l
ng(2001) =

Icaga(2007), Lermontov(2009)+ HA 135 A& =4 & A3t

of FAFAAFE WS PP Teksgith

ke ARE St AR FEHY 5 9] WRel AEE ALs:
i Agsteh £a, B wol AHgH R Wato] 7¥e] Hls) Bl gol
A Ev, mdo] HFAow MANYL AP £ Fiel =G
$ 4% 2 A9 5 ok 49 A 1y 7129 FSE

<
WS Ags ATE FSE 71Me #4el &34 (Membership

function) & AAs+=d 9lo] =83k wz o )
5 Atk E 24004 FelN AR FRFAAFY FE P,
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E 2.4 FEFFEAF AL Y vl
A A} £= = 53y AY 2z}
Horton (1965) ] e Shel Sk divto] 7' | pH, DO, A7 A =%, Cl-, FC, &¢Z8 %
Brown - o up £ 82 %) dlsjo] 7 ok OD, TS, NO3—-N, PO4-P FC
(1970) =Yoo wT = ] ‘I‘ﬁ TL;DH;DO,B 7T ) y 5 '_1*—“
Prati % (1971) AnkEstA dylo] 719 | pH, DO, BOD, SS, COD, NH3-N, NO3—-N, Cl—, Fe, Mn
Harkins (1974) AntEgh2 dlulo] 7] DO, BOD, pH, TP
Walski®} Parker g A eofo] A& = = =
- ~ 42 pH, DO, BOD, FC, %, SS, A7|dve s, 23852
Dunnette (1979) ARk gt gl gjo] 7] jg‘%;%, Zon coD. ! orrITEE
House (1987) AnrEgh2 disto] 71¥ | <, pH, DO, BOD, ¢38}&, TC, SS, A4k4d
Dinius (1987) AnrEgh2 dulo] 71¥ | &, pH, DO, BOD, A%, PO4-P, Cl—, TC
HAE (1996) SIE] ) B disto] 71 | pH, DO, BOD, SS, COD, TN, TP, TC, NH3-N, NO3—N
u % (1999) o Fst FSE TP, 2229 3, 59 %
Chang % (2001) SIS FSE pH, DO, E.coli, SS, BOD, COD, SS, NH3—-N, CI~
Icaga (2007) AdrF g2 Fuzzy logic | <7, pH, DO, 93}, 3, 45 Yo}, TP, TDS, A% &
Lermontove - QurE A Fuzzy logic | <. pH. DO, BOD, tj&3t, DIN, TP, TS, E%

(2009)




B

"
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3.1 B9y 0d7 299 ogd A7

3.1.1 &7 e 2 7€

25!

-
JJJ

M
1

ﬂmo

o)
2

cl
o

<
¢+

BN

Jo14] 7bg WA e

2
o gl Adsta e ol

b2l glebe

S

7

3]

A 2 2]

i

A /g A wiAEHER o

t}

o]&]3 o] = 1900
o weh B 9
gupetel A 7+

Foh (&4, 2008).

S

7] 2ol T8

<
& 59l

o}
1>}

o
-

e
o
A

T

3)

ARt ol dE ol At el 9

o
pu

=
= 13

1oh. whebd ol

EEEREE

sk7] ol

2 AR

Ry
ar

el =2 29 A

G

ol

O}\C_)]y

T

o A 7t

P A $elue)

S

2008).

O 2 e (AT,

otk 1e

7}

=]
=

3t Qo] E. coli= AHE-0]

22 aelds wl=e el

ﬂo

5t

e

aeelold BE 77} b
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= gst7] flskol =uf 9 sl M VIES AlASkaL Stk e} & 9]

ol st A= FWA A Ve okl & 3.1 AAlE uke}
Zt}, 3] v)= EPA (Environmental Protection Agency) A+ 1980
A FE g 5=k 11 A7l 4 dlagedeld g5 3 ARE
o Mg ¥ 2 Ao i sleE S e Vs AA
&l

CFU/100mL o]&folt}. w3k, <7k i o]sle] S H oA HHEE0]
B7Fssitka Ho ed o] we EwWA
CFU/100mL ol&lo]t}. 1 £]2] 7| % o9} & 71FS A|A|&taL

[eXiKe) S = 2~
Aes T 4 Qi
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3
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o)
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o = S o o o o
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~ — — — o O — (@] — (@] —
2 ~ ~ ~ S N ~ ~ ~ N ~
ol | o | & o S Vi lo | V| of Vv | o
. |25 = = =
N
ﬂ
~~ ~ ~~
o om o BN ;
A o = %5 U
oF = Bo L ok K Wu
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N— O N—
N+ NF
n
< £ P
o Q W
= M g Z
ﬁrl _,II = 1m O
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= =1
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Aol 7t

=

=

AlIZE e

=

T

o| i

ol

g

214

2~

=

A8 H4
13-4 (predation)

A
a

hyA
s

)

(d) A =2 A xdd HHZ
(e) doF A (nutrient deficiencies)

(a) 7H4,
(a) dx%
(b)
(c) 9%

d

(

¥} 2t} (Thomann, 1987).

aiy

0

Hr

H o
T

23

(h) whg=tel S22 A=) A
) whdte 4EE

2ol A A



Jail
Ul
i+
|

0
L

N

i

Holt},

=
=

o], TN, TP, pH, DO S} A4

%, E =

]

A

3.1.3 B4 4

ol
Gl

)

3.1.3.1 2XAYg 3AEA

ZAAE 39 (logistic regression)©]

bl

bl 4

)

oM HSHWe] A7 U

o] 71 th#kel

[¢)

A =i =

43

A
A

ol

i)

= &

7t 03 13 Hojur)

H
=

ol

-

ol
o

¢+

B

14 W97k —oo 9

9|

2009). ZEE® P(Y =1x) o A44% WIS T

AF(odds) & &

G 2 =

bl P(Y, =1x) 2 otdl 4

S

o] HIH

(3.1)

24



exp(x,'B)  exp(f, + BX, +..+ BX,)
1+exp(x; 'B) 1+exp(,B + B X, +.+ B X))

(3.2)

P(Y, =1x,) =

oI7IM, B k2 77l AHEelt 4 (B.2)E S5 370
ol’del g/ela A= 17H g7hA 9 = SAHE= R de &
FeiEw 9] 4 (B.2)= <97t m st 74 FHES JEhY o=
2] (3.3) 3% £

P(Y <m|x) = expla, +xP) (3.3)
1+exp(a, +X'B)

1714 P(Y <m[x) & SRS x7b FoiRe W WFY FH5E5 v )
=9 molatdl FEolw, o & FHW, p kA 7187 AFHAE o,
g A (3.3)0lA w9lel mek dun tEm 78] ASHE s mE
gre A e SRR §) Ao p £ m #ARle] B

FEUF AWt A 97 F49 W 2 &9l o)
& 4 (3.4), 3.5, 3.6) 18 (3.7} 2tk

o

fo

i TR
flo

o =

7,(X) = P(Y =1|x), 7,(X)=P(Y =2|x), 7,(x) =P(Y =3|x) (3.4)
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7,(X) = expla, + XP) (3.5)
1+exp(a, +X'B)

() exp(a, +X'B) B exp(a, + X'B) (3.6)

1+exp(a, +x'B) 1+exp(a, +X'B)

7,(X) =1—7,(X) - 7,(X) (3.7)

A7, 5 A7 19 &, 7,v £H7F 29 BE a8 7
=97F 3 FES wEH £ o, «a
o we] Aoty FAEARFANA dAHY V&
= (Maximum Likelihood Estimation, MLE) ©. &
-¢-=3tol AAeE FHstol ek AA¢-=
2.

27 3

.
td
o

In[L(a,B|x)]=Zg:ZIn{ P, +XP) __exp(a,, + XP) }(3.8)

miv-m | 1+exp(a, +X'B) l+exp(ea, , +X'PB)

rlo

74, L& AUNPES uyehit AAGFSERLE Az et

g-170 28 o 'sS3 7l=7] AsHE g @ F

ol
off
=
A}
o
ol
=
we,
=

A 07 Newton—Raphson W& AFE3HA Iof. A% F4 ko]
AH SHWTELY FF x oA Y o AR moeE Ag5EH FES

ofefiel 22 24 (3.9 & ol&3td 7 F Uk

7 (x)= exp(e,, + Xlﬁ),\ 3 exp(a, , + X'B)A (3.9)
1+exp(a, +xB) Ll+exp(a, , +X'P)
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AZIA, Tnm Y o Aupyt mog o 5g 2AHEE, i o] w9

24 A7, Pe 24 7187 A4 Moy,

EellA  Fo3 wWaE A"sr] fe A8 (forward
selection), #2147 (backward elimination), TA'E A& (stepwise
selection) ¥ &S WFAER S AFEE & Stk AxdgRolst A

7]

L owsE 7 gt 5 shd 3714

He e o] 2& Egstel AHEAITHI S, 2000)
S HEEe 4 (31003 2 Aol e A% A
Ho:5;=0, H:5;#0 (3.10)

o714, Bt Al HRS X, 9 Aol A%

ﬁa
1
OI
llo
3

A SR X7 of| ARle] 2AE shEe] ot s WA
dethe vjola tig/E H, & F8d 9FS vHte vjoltt
(A&, 2009). oldst g7 sl A~3o] FrolAlaH A (score
chi—square test)& AAlsto] Tde] fost H

FholAl e AR EAZFE AAde el gk AnjiEe] ujgolrt o] o

i
r>~
)
e
=

)
kU
2



S, =U'(AATU(A) (3.11)

oA71M, §; = 23] FrelAlw HASAZIH. FogEol ¢ d
o, QAR AFEIE 191 Frol AR oA FholAlgkl y2, 0] Hrh

of Wl S;7F i Hvk Ay AR pEel JZAEn o v A9, AT

2AAY HALANE A9 HALA PR SHAFE 1ho]

Aot AFAABATE EASHE te oA (multicollinearity) o A7}

of st} o]E 3l  FAF§HA (tolerance)

o t& Sy AALAAA §, AAAIFE TEA olE 1914 w)

3.1.3.3 ZXAH 3ARF HF

;-3 Wel ste] ALY IFAATE FAHJNCER, TN 3
AAF7E S]HlTE A5t o] o8 &=
sl =AY (wald test) & Fstrh 4=y AFTPEES 2
s} o] yEhg F glo ol ZAAE ARG X jHA

A5 X, 7k ol® Abzlo] wAE #E] A8 JFL A4 Raves

o

A

)

»

2

52

o

L

b

)
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o 7P S ofd ARxde] A &g juAl S X, 7h
K

Hy: B, =0
(3.12)
Hy: B #0
AN, B A ERAS X, o) Afolth gEagEABE
4 (3.13)3) ol 4% 9 BEH BAF 2,-— P 2 AR
Nar(s)
gk o Fofxith
2
W, = d (3.13)
ar(,)
1714, W, SEAGEADIG. folFEol o W, AR 7]

M AE Fe S4el s AYE .
5

FEH AL AES AQst e I AATI Al 00l A
T tiat @ Aot w8 AAEAFES oS 4 (3.14) ¢
2.

LR =—-2InL(B,)+2In L(B) (3.14)
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91714, LR 2 FE°] HASAZIH. AR T ]

NS
&
m
o
A
)
oy
[t
X
>
i
ot
&
ko
oftt
o
2
e
>~
>
A
)
2
0%
)

H. ) = R0 )

1+eXp(f(‘ 2 (3.15)
H, :7z(xi);«t—eXp(Xi ’8,)
1+exp(x; S3)
AAFGRE 70 RO 5= S 2 (3.16) 3 ).
L(F):ﬁﬂﬁ A-7z)"" (3.16)
i=1l

A71M, L(F) & =Fe $xolth dudx AAEAFE g 4
(317N 2ok A4E 2AxE AR $RE L(B) oM 44w
2A2E FARGY dZeo] Frarhd, S5 L(f)E 1o ke g
& 2 HER L(F) 9] Aol7h Aokxith HHdA AHEABS of
A Sme) wlge] AASE HAeA Faich

D=-2InL(5) (3.17)
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o1714, D= dmds AAEAZIH. dujds AR ATl A

3.2 4 AF EAY o83 A+

3.2.1 #A H7 o]&

HA Mg o]&E 1965 Zadeholl & A5 Aty o]Eow 9
gk o] glo] AEAd o Agow yehdy] e NS %3
71§18 o]&Eolth. &, ojW vt HFP Ao FEh HLS &3A
dett e Xl wEE vEhte %A AY A BReRE X
A9 F gl AEE, F 0 E=geA Hold gAgez vehyY]

stk o] o)t} ol & =°] 717F 180 ecmXEuh & AR =2 ‘o] 20T

ur e Ade £ APOR el £ QoAb 2 A
o ol mEG A9 olgh: APES 1 /%ol BEHA 2]

& olBelAE oleld By s1Fel §l,

. A3
= B33 7S 7K i =S vEn A JdelEedM = 004 1
Atol9 e 7HAE A% % (membership value) & o]&3}o] 3 g

of o' A7k £ 5 = AAo] o= AEIA I £5ET)

19 3%, 1 x4 Agl T 5+ U= Ade] sy, 09
A9, AAol okl 9tk e A3.18)% (319 A7 a%E9 A

) 1, ifxeA 3.18)
X) = ,
Ha 0, otherwise
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(3.19)

{0% 44, ()] : x €U, 0 < g1, (x)
<u;(X) <L}

A

T o) W
= 5 o B OF CIICNCY
= m- ~ B = 0 T
n —_— T ~ B il

= X E o -~ - W X
e S =) < H R iy o o) B BO X N R
U 0 RO of I ry ~ o XM
S T oy X W MoK g oo R
iéekxo%ﬁrlﬂw.lﬂ L

Br . Ny T A o o K] = X i N S
o7 T w ool T oo 5l B ®®
aww : I ) R (s

5 P w5 S o - T < X
o S < - WO BT — & T <

T o L o me do & 5 y il
A % ° Gy X = X 3 S S e
e SR - S B o — = 3 GO
ﬂ_ﬁoﬂ&f#o_@ﬂoﬂ%@@ 2w o4
1 - Htﬂr.ﬁ. e oo 2 F ¢ T N ﬂi
N LA ) TN s
4 2 T %P 2 = _mﬁ mw R = O |
oT N o Hox mm L rl - SR xr w T
< 0 = = wo= _)ZAT o o K el = T - o MT my

S cEX T T A Ti%:
QéqﬁﬁéﬁifAﬂ YR s G
e — X HT_ — OW = 3 . T ) = ° el A‘.* o

© ]ﬁ_l: mma * \mvr,._ ;||_/| o .M.L i ;&H i _I_ i E._o
pom X S LT OH v z B ¥ & B
< o X o N ox = NS <
3. NI B ™ N Muﬁ = o _ 1y iy 14 =
e s Bo 5 TGN ik = o T N v s o
= Ny = B om &) = B oa
T ow M S ®Oo & ° © o T < ®a <
~ T B0l W w " o B A - o3
N P o ! TN % o] M o —

s 50 T oo o < R oF R S N Jy Mo
zarmgméﬁoﬂagl é%dﬂg%
0 = RO — ,A..* ol o " =
o ST ) a M oF B
LH B IR
N > I SIS
(4] UJW o H_Al
LNy
o o
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2% s 1 gEHVE goketd dixdl JH R P 71244
Hejel 22+ & (triangular type) 3 AFcha] 23 (trapezoidal type) H-H

7F$-228 (Gaussian type), ™8 (bell type) 1831 SAE (s—shaped
type) %°] Atk t3 2] (3.20), (3.21), (3.22), (3.23) &1l (3.24)
1

o A7 47YY, At B, ASaY, 1Y, SAEY £5B59 @

3& 7 g0 FEE Yehi olgelE a%dsE o

rlr

0 X<a
(x—a)/(b—a) a<x<b
triangle(x : a,b,c) =< (3.20)
(c—=x)/(c-b) b<x<c
L 0 C<X
( 0 X<a

(x—a)/(b-a) a<x<b
trapezoid(x : a,b,c,d) =< 1 b<x<c (3.21)
(d-=x)/(d-c) c<x<d

L 0 C<X
. (x—m)’
Gaussian(x : m,o) = exp| —————— (3.22)
(o2
1
bell(x:a,b,¢) = ———— (3.23)
X—C
1+|——
a
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0 X<a

x—a) a+b
2 as<x<
b-a 2

S(x:a,b) =+ (3.24)
_hY a+b
1_2(X_b) <x<bh
b-a 2
1 b<x

3.2.3 HA F4 W

HA A olEs A8 A ER R vFe o] s o]
gow 7 = HA A "W (Fuzzy Synthetic Evaluation, FSE) W
S kst ARE st ARE FAL 7 vk Aol FETEA
= HES 84 AFE i w #go] wol] Ho| gtk FSE= ¢
2ol v dAR o] F ozl

4>

dlo
::I,

(1A shte] Jr =z Fokd

(2 2k 1Ae] S5 Y

@AD: QAN V&S EWE 3 dAEY euE A5Er A
S

@A) 25drs il A 255 o] FoX
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am

(@) A449¥ (b) 7~
(c) Abvhe]=3 (d)s#+4

(e) 3

19 3.3 25%Y ¥4
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4, RRIM®] 71

4.1 RRIM +4 9 FCG, RRG A9

4 U oM e £ e el wet 7hse 4wl A

A sHE ASslon 2 A

X9kt 200 CFU/100mLE Z¥3ki 1000 CFU/100mL ©]3atd el &
2w Hi ARASI HE WA o3 22 HHAS Feol T
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Ao A 2] FAEA-2 SAS(Statistical Analysis System) & Ab
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53 T 159, 259 192 35w sidsts dole £+ 247 790
M, 2997, 1872 15539 WS A&dE B2 pwgr) vk pne=

B AS EAEA | AlLstid 4 3
=

stol 3em= A <58kl 1

]:]
B

N
L
o
=
X
o
l

k)
flo

Ay Ans wolA ok King¥ Zenge ol A¢ we 9 o
TE A 52 A Sl HolE e Fol 1u) ~ 5uj7l HEs ao]
ZH ARG e F 8L AT vk Auh ole] W B AP

2 gk 29 A FF9 2 o4k 39 /¥ 2O %9 F 137 A
Tttt SASE T8 dAEAEN s FAsL 1 Ay {ForE
0.05°14 WA el Fo d&F= viA= 58-S pHeE 1d
A FFe] 2 gom Agsigiv 7 Rl Afole b aAdidel S+
= syl flskel FAsHA e BAYRATE Axtsielom 1 A
FAeHAlE 0.99, BAFEAAITE 10102 tdeaiddel gles &<

e i 9 AE5e flste] 24 A4 HE 39 HolHE i
A& (training set) ¥ AT A = (validation set) &= YUFQltt, o] o
ARGy ASAGS] v 809 202 sho] ZhzE dlolEAle] & 150
Mk 3870 % sielth. F AAE SYHWTR st 2AAY IATTFE

46

o

"j H EH



exp(—4.23+0.89PH -1.44L0OGQ),)

_ (4.1)
1+exp(—4.23+0.89PH —1.44LOGQ)
_ exp(~1.68+0.89PH —1.44L0GQ,) (42
> 1+exp(-1.68+0.89PH —1.44LOGQ),) '
|:)3 :]__(P1 + Pz) (4.3)

A7IM, B, P, P 77 B4 didd 550l 1, 2, 3552

5% gEoltt. =3, PH = pH, LOGQ = 8¢ A & #F%° =71

w& Lok A Y] 4EAAE froleE 0.05004 AAES]

om 2 A3 pHek #3Fe] =gk p —# 77 0.0033, 0.0002%

R fred 93 RS gelekdth e kn] ol 1A

AT p -k 0.00018TF 22 gh& vehfo] el o3 53
~

AEFES 0.6392 Yetwth #A5 4345 X 4.39 13 4.89 e
yolow 3 440 BHA &7 29 §5 9 fdEo] AFRE AA ¢
Grlg el A3E FEFAY. FolM Qe 19 H F%, Log(Q-n+

19 A F=9 23k FCy WA did+te] 4%, FCGue WA
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
1 o7k | 2010-08—12 | 7.5 858.90 2.93 1800 3 2
o | 9 | 2008-08-21| 7.9 681.46 2.83 1800 3 2
3 | wma | 2010-08-27 | 7.6 253.95 2.40 1700 3 2
4 | i | 2009-11-26 | 7.8 46.48 1.67 1600 3 1
5 | ¥ | 2009-11-19 | 6 349.88 254 1500 3 3
6 | 1 | 2006-02-02 | 7.1 79.26 1.90 1500 3 9
7 | Fm | 2006-02-23 | 7.1 80.00 1.90 1460 3 2
8 | &® | 2008-09-11 | 8.3 123.54 2.09 1400 3 1

5= 9 | 9 |2010-07-29 | 8.2 68.82 1.84 1300 3 1

gorey |10 [ d® [2010-01-21] 83 49.54 1.69 1300 3 1
11 | % | 2008-07-24 | 7.6 126.00 210 1300 3 2
12 | =9 |2012-09-20| 7.2 1559.33 3.19 1300 3 3
13 | 9% | 2008-06-19 | 7.8 104.25 2.02 1200 3 2
14 | 1% | 2008-08-22 | 6.5 608.88 278 1100 3 3
15 | ¢# | 2009-12-03 | 8 49.98 1.70 1000 3 1
16 | o1¥ | 2010-08-26 | 8.1 124.70 210 920 2 1
17 | 9¥ | 2010-06-03 | 75 168.88 223 760 2 2
18 | v | 2006-03—-16 | 8.5 70.92 1.85 230 2 1
19 | =9 |2010-03-05| 7.3 193.68 2.29 200 2 2
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
20 | W | 2006-07—-14 | 7.2 876.86 2.94 660 2 2
21 | w4 | 2010-01-29 | 7.8 65.72 1.82 650 2 1
22 | o=t | 2010-05-20 | 7.8 183.60 2.26 620 2 2
93 | e | 2008-07-30 | 7.5 491.83 2.69 620 2 2
o4 | w4 | 2010-12-10 | 8.1 54.69 1.74 600 2 1
95 | w9 | 2010-02-26 | 7.8 73.18 1.86 600 9 1
26 | 1 | 2006-02-09 | 7.1 79.75 1.90 580 2 2
27 | m | 2006-07-06 | 7.7 111.82 2.05 560 2 2

= 28 | o= | 2010-10-28 | 7.6 72.35 1.86 540 2 1

gorey |29 | ® [2006-07-14 ] 6.9 1048.87 3.02 520 2 3
30 | e | 2006-02-16 | 7 79.30 1.90 510 2 2
31 | 79 | 2006-08-04 | 7.7 305.28 248 500 9 2
32 | w9 | 2009-12-11 | 7.5 27.10 1.43 480 2 1
33 | 9¥ | 2010-07-22 | 82 193.30 2.29 460 2 2
34 | v | 2006-06-01 | 6.9 88.97 1.95 460 2 2
35 | % | 2011-03-04 | 7.3 47.32 1.68 450 2 1
36 | 71 | 2006-08-09 | 7.6 131.42 212 100 2 2
37 | m% | 2010-05-28 | 8.5 70.92 1.85 230 2 1
38 | w9 | 2010-11-12 | 7.3 193.68 2.29 200 2 2
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T 44 394 d37 2E AL 9 AF d8xE 9 24 (AS)

22 | No.| A= g pH | Quim® [Lo8@Q-D il pc | peG, | FCG, | QA0
39 T-u] 2006—05-10 7.3 106.42 2.03 360 2 2 A ]
40 T-u] 2006—-01-12 7.1 79.00 1.90 350 2 2 A ]
41 of 2010-04-08 7.2 188.82 2.28 340 2 2 o ]
42 A 2010-03-19 7.5 181.13 2.26 330 2 2 A A]
43 off 3% 2007-08-08 8.1 398.25 2.60 320 2 2 A ]
44 of 7+ 2007-05-30 7.9 177.58 2.25 320 2 2 A ]
45 A 2011-09-16 8 325.80 2.51 320 2 2 A ]
46 o & 2007-08-22 8.1 144.67 2.16 320 2 1 B3

= 47 o 2007-04-25 8.2 111.96 2.05 320 2 1 B3

ol el 48 -] 2006—-11-15 8.2 78.01 1.89 320 2 1 E U
49 off % 2007-01-05 7.6 91.00 1.96 300 2 2 A ]
50 o & 2007-05-23 7.9 106.58 2.03 300 2 1 E U
51 off 2007-05-08 8.7 96.29 1.98 300 2 1 YA
52 Ttu) 2007-11-07 8.1 54.00 1.73 300 2 1 B
53 -] 2007-02-07 7.3 56.00 1.75 300 2 2 A X
54 o] 2006—10—04 8.1 80.62 1.91 300 2 1 EUXA
55 -] 2006—09-06 7.9 86.01 1.93 300 2 1 B U
56 1] 2006—04—-27 8.5 70.92 1.85 230 2 1 A
57 o 2006—05—10 7.3 193.68 2.29 200 2 2 A A]

52
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
58 | el¥ | 2009-08-13 | 9 169.13 2.23 280 2 1
59 | % | 2010-01-08 | 8.1 65.72 1.82 280 2 1
60 | ol¥ | 2006-10-25 | 8.9 74.00 1.87 260 2 1
61 | v | 2006-12-13 | 7.8 78.56 1.90 260 2 1
62 | w | 2006-10—-11 | 7.8 79.58 1.90 260 2 1
63 | % | 2010-11-26 | 8 52.03 1.72 260 2 1
64 | w& | 2012-07-19 | 7.7 105.72 261 250 2 2
65 | ¥ | 2009-10-15 | 7.8 66.40 1.82 250 2 1

= 66 | ¥ | 2010-08-20 | 8 1246.59 310 240 2 2

gore |67 | ® [2007-12-27] 75 79.21 1.90 240 2 2
68 | 4% | 2012-09-13 | 7.5 42551 263 240 2 2
69 | ol¥ | 2010-12-16 | 7.7 72.45 1.86 240 2 1
70 | A& | 2010-06-10 | 8.3 96.84 1.99 240 2 1
71 | 9l¥ | 2007-02-28 | 7.7 96.00 1.98 230 2 2
72 | w9 | 2011-07-28 | 7.8 376.47 258 220 2 2
73 | ol¥ | 2008-04-10 | 7.5 81.33 1.91 210 2 2
74 | 9l¥ | 2007-08—14 | 7.8 409.13 261 210 2 2
75 | ol¥ | 2007-11-07 | 8.4 87.67 1.94 210 2 1
76 | e® | 2008-08-07 | 9.4 140.42 215 200 2 1
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
96 | ¥ | 2008-05-22 | 8.3 82.00 1.91 130 1 1
97 | m% | 2009-08-21 | 9.4 127.74 211 130 1 1
98 | w9 | 2008-01-18 | 7.8 87.83 1.94 130 1 1
99 | % | 2007-08-24 | 8.1 69.50 1.84 130 1 1
100 | =% | 2007-03-09 | 8 215.67 233 130 1 2
101 | i+ | 2009-08-27 | 8.4 93.26 1.97 120 1 1
102 | 9 | 2009-09-25 | 8.2 44.79 1.65 120 1 1
103 | % | 2008-04—11 | 8.1 73.92 1.87 120 1 1

5= (104 | m™ | 2007-12-20 | 7.5 23.08 1.36 120 1 1

goley | 105 #® [ 2007-08-03 | 85 99.92 2.00 120 1 1
106 | % | 2006-08—18 | 8.3 87.59 1.94 120 1 1
107 | A% | 2010-02-11 | 7.5 46.43 1.67 110 1 1
108 | w2 | 2011-02-01 | 7.8 25.94 1.41 110 1 1
109 | 9 | 2009-06-26 | 8 67.88 1.83 110 1 1
110 | w9 | 2012-09-27 | 7.6 49.44 1.69 100 1 1
111 | =% | 2008-05-30 | 7.2 126.17 210 100 1 2
112 | =% | 2008-01-31 | 7.6 71.58 1.85 90 1 1
113 | =% | 2011-01-07 | 7.9 41.46 1.62 80 1 1
114 | i+ | 2010-05-13 | 7.6 112.21 2.05 80 1 2
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
115 | 45 | 2010-03-11 | 7.8 115.57 2.06 80 1 2
116 | AF= | 2006-03-08 | 7.6 30.34 1.48 74 1 1
117 | A= | 2007-03-07 | 7.7 76.95 1.89 70 1 1
118 | A% | 2011-11-10 | 7.8 136.37 213 70 1 2
119 | w9 | 2011-03-11 | 8.2 98.32 1.45 65 1 1
120 | A= | 2007-09-11 | 8.1 420.54 2.62 65 1 2
121 | ei=t | 2009-05-07 | 9.9 26.65 1.43 60 1 1
122 | A= | 2007-12-04 | 8.4 40.00 1.60 60 1 1

= (123 A= | 2009-07-27 | 8 309.75 2.49 60 1 2

gore | 124] #n [2009-11-10] 8 4447 1.65 58 1 1
125 | @A | 2010-11-08 | 7.6 121.45 2.08 55 1 2
126 | A% | 2007-02-01 | 8.2 206.83 232 50 1 9
127 | A& | 2008-04-10 | 7.6 64.67 1.81 44 1 1
128 | oist | 2010-02-18 | 8.2 81.15 1.91 40 1 1
129 | ol¥ | 2009-05-14 | 8.4 18.69 1.27 40 1 1
130 | A% | 2007-05-31| 9 77.83 1.89 40 1 1
131 | 24 | 2011-12-06 | 7.7 349.69 254 39 1 2
132 | A= | 2009-10-08 | 7.3 48.08 1.68 34 1 1
133 | 4% | 2009-09-09 | 8.6 41.79 1.62 34 1 1
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® 44 FHA OR3T EE2 AT 9 AS5 489As 2 24AS)
% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
134 | 7] 2010-07-14 7.9 279.34 2.45 30 1 2
135 | 7] 2009-05—-12 7.9 4.87 0.69 28 1 1
136 A 2011-09-30 8.2 65.14 1.81 26 1 1
137 A 2008-12-19 7.9 38.54 1.59 25 1 1
138 u] 2009-12-10 7.1 39.81 1.60 24 1 2 Y
139 & 2008-12-10 8.1 66.67 1.82 20 1 1 A
140 | Ak 2010-06—14 8.1 35.95 1.56 20 1 1 A
= 141 1] 2009-03-11 8 32.63 1.51 20 1 1 A
glolg] 142 | 119 2010-04-30 7.9 183.25 2.26 20 1 2 EQ
143 A 2011-04-14 8 156.56 2.19 18 1 2 =AU A
144 Akt 2006—01—-04 7.3 28.00 1.45 16 1 1 A |
145 A 2011-06—14 7.9 278.40 2.44 12 1 2 =AU A
146 el 2009-08—-20 9.2 118.01 2.07 10 1 1 o ]
147 A 2011-06-02 7.8 234.47 2.37 10 1 2 EUXA
148 = 2008-08-12 8 171.50 2.23 10 1 2 EUXA
149 | A 2008-07-08 8.6 335.42 2.53 10 1 2 A
150 A 2006—09-05 8.1 248.39 2.40 10 1 2 A
56
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4.4 BAY A3 22 AT 9 AT AYAE 9 2 ASH)

R No. | AH e pH Qi-1 (m?) Log(Qi-1) (Ccru/100mL) FC | FCGun | FCG,
1 =A | 2006-07-20 | 6.2 10288.72 4.01 1500 3 3
2 o | 2008—-09-04 8.0 181.88 2.26 1400 3 2
3 o | 2009-11-05 7.4 46.79 1.67 1200 3 1
4 & | 2008-06—-12 7.9 152.88 2.18 1000 3 2
5 7% | 2010-12-17 7.7 70.85 1.85 700 2 1
6 Q& | 2010-09-02 7.6 726.61 2.86 600 2 2
7 7% | 2010-05-20 7.5 134.45 2.13 550 2 2
8 AT | 2006—-02-02 7.1 147.44 2.17 480 2 2

G 9 & | 2006-02—-16 7.4 49.92 1.70 420 2 1

ol el 10 71 | 2006—11-08 8.2 79.00 1.90 360 2 1
11 Q& | 2007-06—-27 8.1 577.67 2.76 320 2 2
12 Tul | 2007-06-13 7.8 67.88 1.83 320 2 1
13 “A | 2008-10-21 8.8 75.00 1.88 300 2 1
14 e | 2006-07-07 7.4 114.87 2.06 290 2 2
15 & | 2007-03-08 7.8 243.25 2.39 260 2 2
16 a® | 2010-07-09 8.7 111.33 2.05 260 2 1
17 Q& | 2007-03-21 7.7 100.83 2.00 240 2 2
18 Q& | 2008—-02—-14 8.5 70.92 1.85 230 2 1
19 1= | 2006-08—-04 7.3 193.68 2.29 200 2 2
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4.4 BAY A3 22 AT 9 AT AYAE 9 2 ASH)

=5 No. | #4 B pH Qi-1 (m?) Log(Qi-1) (CFU/100mL) FC FCGn | FCG, | &x]o] &
20 | ¢i¥ | 2007-05-16| 7.8 84.46 1.93 200 2 1 X
21 | ¢f¥ | 2008-01-10| 8.3 85.42 1.93 180 1 1 A =
22 | 1% | 2007-02-23| 8.1 62.17 1.79 160 1 1 A =]
23 | 1¥ | 2007-02-02 | 7.9 48.00 1.68 150 1 1 &l %
24 | 1% | 2006—10-27 | 7.6 21.74 1.34 140 1 1 A |
25 | 2% | 2007-10-26| 7.8 43.50 1.64 130 1 1 A |
26 | 1% | 2009-09-25| 8.2 44.79 1.65 120 1 1 A 2|
27 | A | 2009-06—-25| 8.9 70.09 1.85 120 1 1 2l %

G 28 | ¥ |2008-11-28| 7.6 41.00 1.61 100 1 1 A =

glolg] 29 | ¢f¥ | 2007-03-14 | 7.4 111.58 2.05 80 1 2 £
30 | AFF | 2006—04-05| 7.7 32.00 1.51 68 1 1 A |
31 | ¥A |2011-12-13| 7.8 90.07 1.95 60 1 1 A |
32 | 1% | 2011-11-04| 7.9 53.92 1.73 50 1 1 A |
33 | ¥A | 2011-03-10| 7.7 140.07 2.15 40 1 2 A
34 | A= | 2012-10-17 | 9.4 78.23 1.89 28 1 1 A |
35 | ¥# | 2008—09-09 | 8.4 158.58 2.20 24 1 1 &
36 | A |2009-08-10| 7.2 474.78 2.68 19 1 2 ]
37 | 9 | 2010-06-14 | 7.8 88.90 1.95 10 1 1
38 | AF | 2011-03-10| 8 60.12 1.78 10 1 1
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curved —triangle(x : a,b,c,d,e)
( 0, X<a
[(x-a)/(b-a)]", a<x<b (4.5)

[(c-x)/(c-b)], b<x<c

919 A& ol gste] A JEE BEdR b delx AAd oAl
Zl:

A HAE BE WEAIE 24858 ANSAC DO 249
=

0, X <6.25
0.8791
Lo, = (X;$:5j . 6.25<x<9 (4.6)
1 9<x
0, X<4
1.1792
5%
: 4<x<6.25
Hpo2 = X605 08791 (4.7)
1_( : j L]
2.75 6.25<x<9
0, 9< X
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Hposz =

Hpos =

7] A, Hpo1 Hpo,2 Hpo,z Hpo,a = 44

woll &= 255, otk 4 (4.10) ~ (4.13) <

/upH 1 =

:upH,Z =

x<15

15<x<4

4<x<6.25
6.25< X

x<1.5

1.5<x<4

0, X < 6.75
X—6 75 0.6309
( 075:1 ’ 6.75<X<75
8 25_ X 0.6309
( 0.75 j ’ 75<x<8.25
0, 8.25< X
0, X < 6.25
1_6.75—x
05 ' 6.25< x<6.75
1_()(_6.75)0.6309 |
0.75 6.75<x<7.5
1_(825— X]0.6309 |
0.75 75<x<8.25
1_x—8.25
05 ' 8.25< x<8.75
0, 8.75< x
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0, x<5.5
X—5 5 1.7095
[075} 55<x<6.25
6.75-x
05 ' 6.25< X <6.75
Hpp g = 0, 6.75< x<8.25 (4.12)
X —8.25
05 ' 8.25< x<8.75
9 5—X 1.7095
(075} 8.75<x<95
0, 9.5<x
1, X <55
l_(x_5.5j1.7095,
0.75 5.5< X <6.25
Hpn s = 0, 6.25< x<8.75 (4.13)
1_(9.5_)()1.7095'
0.75 8.75<x <95
1, 9.5< X

- o A~ =
o171A, Hona Hon o Hon 3 Hoproa © 2v7y pH7F 57, 45, EF,

Fol Hote a5E,

olth. thg 2 (4.14) ~ (4.17)& gro] a%d

oJt}.
1, x<5
17.5-x)"
= ,  5<x<175 (4.14)
:uTur,l ( 125 )
0, 17.5< x
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0, X<5
1 (175 _ le.3569
12.5 ’ 5<x<175
luTur,Z = 0.7067 (415)
. x—115j
20 ' 175<x<375
0, 375<x
0, x<17.5
(X—l? 5 0.7067
20 j ' 17.5<x <375
s = oo 0 (4.16)
(lTSJ ’ 37.5<x<55
0, 55< X
0, Xx<37.5
0.5533
Ly 4 = 1—(2%%?) . 375<x<55 (4.17)
1 55 < X
Oﬂ7]/ﬂ! luTur,l /uTur,Z luTur,3 /uTurAJLT: Z}_Z]'_ 2_11:—7]— %Z':’ OO]:§, }ﬂ_%, %%]: %
o &3l 2%5%, ot U 4 (4.18) ~ (4.21)2 FE29 a9 &
ol
1, X<5
0.6309
Hena = (12'755_ Xj , 5<x<125 (4.18)
0, 12.5< X
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0, X<5
1_(125_ X]O.GSOQ |
_ 7.5 5<x<12.5
Heni 2 = X_125 0.6309
7.5 125<x<20
0, 20 < X
0, x<12.5
X—12 5 0.6309
Lhop s = ( 7.5 j | 125<x<20
' 30-x
10 20< x <30
0, 30 < x
0, x< 20
Hen g = 1_3(;_6)(, 20<x<30
1, 30< X

AZIM, Hen Honz Honis Homa = 7 B27F 547,
well &3ks A%E, o|th

99 2%+ ES 78 4.18 ~ 4. 210 TYPEZE
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Hoo1r Hpoo2 Hpoz Hpoas
1= /upH,l /upH,z /upH,S :upH,4 (422)
IuTur,l :uTur,2 :uTur,S IuTur,4

Hema  Hemo  Hemz  Henia

o7)4q, Mt o) 24 axzt lan -

)
ol
x|l
K-
R=}
i)
N
N
rr
P~
Ip
kit

17} 1, 2,3, 4% 744 W) Zzbe % @
Btk ® AAE ¢ 4 (4.22)9 1 s
FTdsk7] Sk WHs 7 SAE AsT A WA dAlR A (4.23)

Ak the WAZ £ ARES kA dadeloldeNe] Foue
gerstol o2 74EA, W2 UEhlI ol F ol getel 4 (4.24) o]
7} QA W5 AEEs] £4 A% 29Ol Al DO, pH, g, 2

224 a8 T 74 A, WQlE Fehslth

Mooy Mpor Hposz HMpoa | | GVy Poo
P—4.GV = Hona Moz Hpnsz Hpwa | GV, _ Pon (4.23)
:uTur,l luTur,Z luTur,S luTur,A GVS I:?I'ur

Hewa  Henz  Homs  Hena | | GV, Pen

714, 6y, = 4 AR HR f5o ddEe AFke dHHE we

2, ov, & U3, GV, EE, oV, = EF IdFHE Folt b,
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g vpe} o] RRISH RRGE WA didd 2idt 4
THate] AbdEh 19 4.22% RRI &

AS5H= A9 T8 A Bl WQIrt 16.648 23, & 5, &
T, Bl e B A 4.27)FE ARESte] RRIZEF AHE W o]
=g T

+ RRI®} RRGE= 4 A4 2Eo Axel o)
RRIMS MATLAB Z=2 7)9slglt}),

RRI =0.668WQI —16.8 (4.26)

RRI =0.199WQI -3.3 (4.27)
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% 4.11 58 TI#FH BA#RSY A A+
T A AEE
Q1%
A%
DO H 2 Chl—a p p P p
(mg/L) p (NTU) (mg/mg) DO,1 DO,2 DO 3 DO, 4
9.0 7.5 5 5 1 0 0 0 100
7.5 7,8 10 10 0.5 ] 0.5 1 1 83.4
6.75,
6.25 3 95 15 12.5 0 1 0 0 66.7
5 6.5, 25 15 0 0.5 | 0.5 0 50
8.5
6.25,
4 375 37.5 20 0 0 1 0 33.3
3 6, 9 50 25 0 0 0.5 | 0.5 |16.6
5.5,
1.5 95 55 30 0 0 0 1 0
86
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YES NO  YES NO
A 4 A4 A4 A4

0.668WQl
—16.8

0.199wQl
-3.3

STEP2:

A Xl Cacil RRG=¢= END
T= =2

1Y 422 RRIM 242 &ug&
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-07-01 | 11.7 9.5 5.4 13.6 | 62.86 | 25.19 | X% | 65 *Fs 124.04 2
2013-07-02 9.9 9.1 5.3 11.6 | 70.57 | 30.34 | ®BE | 72 *F3 117.30 2
2013-07-03 9.9 9.1 5.2 11.1 | 71.35 | 30.86 | ®& | 78 *3 184.07 2
2013-07-04 9.7 9.0 4.8 9.1 75.06 | 33.34 | BT | 69 *3 239.05 2
2013-07-05 8.2 8.4 9.0 6.0 82.64 | 38.40 | ®%& | 88 L 658.73 2
2013-07-06 8.1 75 | 415 2.4 81.09 | 37.37 | ¥% | 97 - 1077.65 2
2013-07-07 8.5 7.3 | 441 1.2 79.95 | 36.61 | X% | 89 - 571.41 2
2013-07-08 8.6 7.3 | 29.0 1.3 84.49 | 39.64 | & | 88 + 294.83 2
2013-07-09 9.4 7.8 | 20.6 4.1 87.90 | 41.92 | ®% | 75 *3 259.15 2
2013-07-10 | 10.6 8.5 | 17.4 9.1 76.08 | 34.02 | ®% | 70 *Fz 310.66 2
2013-07-11 | 11.3 8.7 | 15.2 9.3 73.18 | 32.08 | ®& | 76 *Fz 256.74 2
2013-07-12 | 11.2 8.9 | 124 10.4 | 69.93 | 2991 | ®%& | 70 *3 150.09 2
2013-07-13 | 11.8 8.9 9.3 10.3 | 72.09 | 31.36 | ®BE | 69 *Fz 210.66 2
2013-07-14 | 11.9 9.0 7.6 11.4 | 7041 | 30.23 | %% | 64 *3 219.79 2
2013-07-15 | 10.0 8.4 7.5 8.7 83.83 | 39.20 | ®% | 68 I 367.31 2
2013-07-16 9.0 8.2 7.5 7.9 88.70 | 42.45 | X% | 88 F 273.87 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-07-17 9.6 8.6 7.5 9.0 80.08 | 36.70 | W& | 82 - 246.54 2
2013-07-18 9.9 8.8 7.0 6.0 79.36 | 36.21 | H% | 62 *F3 200.10 2
2013-07-19 9.6 8.8 6.4 3.8 80.55 | 37.01 | ®%& | 70 *3 192.02 2
2013-07-20 | 10.3 8.9 6.3 4.8 78.85 | 35.87 | ®% | 75 *3 198.27 2
2013-07-21 | 10.3 9.0 6.0 6.9 76.11 | 34.04 | ®% | 69 I 229.65 2
2013-07-22 9.2 8.9 5.5 6.2 7863 | 35.73 | X% | 79 *3 154.25 2
2013-07-23 8.7 8.8 5.7 5.0 80.28 | 36.83 | ®% | 79 *3 192.60 2
2013-07-24 8.1 8.7 6.0 4.4 80.16 | 36.75 | ®& | 77 *3 140.42 2
2013-07-25 7.6 8.4 7.3 4.4 82.86 | 38.55 | W& | 77 *3 269.16 2
2013-07-26 7.7 8.4 7.3 5.0 83.16 | 38.75 | ®& | 77 *Fz 76.77 2
2013-07-27 9.1 8.7 7.4 6.2 80.74 | 37.13 | ®BE | 72 *3 179.25 2
2013-07-28 | 10.8 9.0 7.6 9.3 72.79 | 3182 | ®% | 55 2% 179.86 2
2013-07-29 | 10.1 8.8 7.7 7.2 77.90 | 35.24 | BT | 64 *Fz 111.16 2
2013-07-30 | 11.3 9.1 8.1 7.3 72.78 | 31.82 | ®B% | 56 2% 138.48 2
2013-07-31 | 10.8 9.3 7.5 10.2 | 6853 | 28.98 | X% | 55 2 205.17 2
2013-08-01 9.9 9.1 7.4 12.6 | 66.16 | 27.39 | X% | 58 2 292.20 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-08-02 7.8 8.4 8.9 9.0 79.08 | 36.03 | X% | 67 *Fs 335.13 2
2013-08-03 7.4 79 | 11.1 5.1 87.42 | 41.60 | ®T | 76 FE 377.00 2
2013-08-04 7.5 7.3 | 247 3.1 82.74 | 38.47 | ®% | 76 *3 127.57 2
2013-08-05 8.2 74 | 279 3.7 84.50 | 39.64 | ¥% | 85 - 144.20 2
2013-08-06 9.0 79 | 191 7.4 85.95 | 40.61 | ®G& | 84 L 140.27 2
2013-08-07 9.4 8.0 | 14.8 7.1 87.41 | 4159 | ®B% | 82 - 168.01 2
2013-08-08 9.5 8.3 | 10.4 140 | 75.02 | 3331 | ®B& | 79 *3 248.80 2
2013-08-09 9.5 9.2 9.2 148 | 60.26 | 2345 | ®E | 78 *3 222.31 2
2013-08-10 8.7 8.8 9.7 11.7 | 70.94 | 30.69 | ®E | 71 *3 182.48 2
2013-08-11 7.9 8.4 9.3 9.8 78.31 | 35,51 | X% | 83 L 161.05 2
2013-08-12 8.6 8.8 9.2 134 | 66.80 | 27.82 | ®BE | 78 *Fz 126.60 2
2013-08-13 | 10.7 9.1 7.3 135 | 64.44 | 26.25 | ®% | 69 *3 105.23 2
2013-08-14 | 12.1 8.9 7.2 115 | 72.15 | 3140 | R% | 60 RS 84.51 2
2013-08-15 | 12.0 9.0 5.8 10.9 | 7249 | 31.62 | ®% | 58 2% 14453 2
2013-08-16 | 12.0 9.1 5.8 9.5 72.64 | 31.73 | X% | 54 W 141.43 2
2013-08-17 | 12.7 9.1 6.6 13.4 | 65.14 | 26.71 | X% | 54 iE 140.66 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

o1 A] DO(mg/L)| pH (ET% %jjif WQI | RRI RTWQI (jgi)
2013-08-18 | 12.6 | 91 | 6.9 131 | 65.40 | 26.89 56 124.92 2
2013-08-19 | 11.6 | 94 | 7.2 125 | 64.18 | 26.07 55 124.92 2
2013-08-20 | 105 | 97 | 7.0 138 | 61.30 | 24.15 55 124.92 2
2013-08-21 | 9.7 95 | 6.3 138 | 61.85 | 2452 | 8% | 57 BHE 124.92 2
2013-08-22 | 8.3 91 | 5.0 102 | 7061 | 30.37 | nE | 62 %}z 124.92 2
2013-08-23 | 7.5 88 | 45 71 75.81 | 33.84 | B% | 70 %}z 124.92 2
2013-08-24 | 6.9 82 | 4.9 5.9 86.04 | 40.68 | B% | 785 | %= 124.92 2
2013-08-25 | 7.3 81 | 5.1 4.3 89.45 | 42.95 | B% | 87 e 124.92 2
2013-08-26 | 8.6 84 | 52 5.9 86.81 | 41.19 | ®% | 79 %}z 124.92 2
2013-08-27 | 100 | 87 | 54 9.0 80.02 | 36.65 | B% | 65 %}z 124.92 2
2013-08-28 | 10.2 | 88 | 8.2 9.0 75.99 | 33.96 | B% | 65 s 124.92 2
2013-08-29 | 8.4 85 | 6.0 4.6 84.50 | 39.64 | B%® | 72 %}z 124.92 2
2013-08-30 | 7.3 82 | 46 2.6 87.97 | 41.96 | B% | 77 %}z 124.92 2
2013-08-31 | 7.1 8.2 | 45 1.9 87.34 | 4154 | B% | 78 s 124.92 2
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E 5.6 AP R A7 AH A& dHolg g A3 (ASH)

94 |DO(mg/L)| pH (ET% %fgi%)a WQl RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05-01| 9.1 8.2 18.8 22.4 65.46 | 65.46 | %% 88 T 172.27 1
2013-05-02| 9.5 8.6 18.1 27.43 51.96 | 51.96 | %% 88 T 211.54 1
2013-05-03| 10.1 8.7 17.9 32.46 50.38 | 50.38 e 86 SR 146.56 1
2013-05-04| 10.2 8.8 18 37.5 48.47 | 48.47 | RE 77 *z 88.24 1
2013-05-05| 10.3 8.8 18.6 36.9 48.05 | 48.05 | BHE 76 *z 134.65 1
2013-05-06| 10.3 8.9 19.5 34.1 45.74 | 45.74 | RE 79 *z 111.55 1
2013-05-07 10 8.9 19.9 34.4 45.54 | 45.54 HE 84 SR 151.9 1
2013-05-08| 11 8.8 18.8 30.9 47.92 | 47.92 | R% 82 SR 240.8 1
2013-05-09| 11.8 8.8 18.4 27.1 50.59 | 50.59 | %% 72 *s 265.42 1
2013-05—-10| 11.3 8.7 18.1 25.9 53.64 | 53.64 | %% 82 - 349.55 1
2013-05-11| 10.5 8.4 19.5 22.2 61.06 | 23.99 | BE 88 S 275.84 2
2013-05-12| 10.2 8.2 |17.73333] 20.5 67.83 | 2851 | HE 88 SR 318.18 2
2013-05—-13| 9.7 8.2 |15.96667| 18.9 69.82 | 29.84 | RH% 88 5 193.35 2
2013-05-14| 9.7 8.3 17.9 17.5 67.54 | 28.32 | RE 89 T 330.24 2
2013-05-15| 9.6 8.4 19.1 15.2 67.08 | 28.01 | B% 89 - 385.96 2
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E 5.6 AR1PR A7 AH A& dHolg g A3 (ASH)

PN DO(mg/L)| pH (ET% %jjif WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05—16 8.9 7.9 21.5 21.2 68.62 | 68.62 | 4= 88 T 22.79 1
2013-05-17 8.6 8 20.5 16.7 70.77 | 70.77 | %% 88 SR 93.08 1
2013-05—18 8.6 8.2 21.5 14.2 70.07 | 30.01 | R% 88 - 207.53 2
2013-05—-19 7.9 8 25.1 10.8 7594 | 3393 | A% 88 S 300.68 2
2013-05—-20 8.1 7.9 26.1 9 79.08 | 36.02 | RE 88 S 129.91 2
2013-05—-21 8.7 7.8 22.2 9.4 82.80 | 3851 | HE 89 S 216.52 2
2013-05—22 9.2 8 18.8 10.5 82.19 | 38.10 | R% 82 - 146.01 2
2013-05—23 9.3 8.1 17.8 11.2 80.85 | 80.85 | 4% 89 SR 22.89 1
2013-05-24 10 8.4 16.5 14.1 69.85 | 69.85 | ¥& 86 SR 59.26 1
2013-05—25 9 8.4 16.6 11.4 75.45 | 75.45 | %% 86 - 135.3 1
2013-05—26 8 8.3 16.8 7.6 78.17 | 7817 | %% 88 SR 140.95 1
2013-05—-27 8 8.2 16.7 8.9 79.51 | 79.51 | %% 88 SR 140.83 1
2013-05-28 8.2 7.9 18.7 9 82,55 | 38.34 | H%E 89 T 507.2 2
2013-05-29 7.8 7.6 31.1 11.8 75.86 | 33.87 | R% 88 T 635.81 2
2013-05-30 8.2 7.6 20.4 9.5 83.72 | 39.12 | B% 88 - 282.41 2
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PN DO(mg/L)| pH (ET% %jjif WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05—-31 8.8 7.6 15.6 14.2 80.03 | 36.66 | BE 86 T 218.39 2
2013-06-01 9.2 7.7 12.5 13.9 81.79 | 37.84 | H%E 85 SR 208.63 2
2013-06-02 9.1 7.7 15.5 16.6 77.41 | 34.91 HE 90 SR 99.99 2
2013-06—-03 9.1 8 17.3 25.6 66.70 | 27.76 | BE 98 S 182.31 2
2013—-06—04 8.9 8.6 16.25 24 57.66 | 57.66 | %= 99 SR 177.63 1
2013—-06—-05 8.5 8.7 15.2 27.6 52.24 | 52.24 | %% 96 S 217.82 1
2013-06-06 | 9.75 8.9 11.4 25.5 53.89 | 53.89 | 4= 86 SR 16.2 1
2013-06—07 11 8.9 10.4 29.7 51.06 | 51.06 | %= 74 *s 141.31 1
2013-06—08 | 10.7 9 11.1 27.5 50.84 | 50.84 | %% 76 *s 272.54 1
2013-06—09 | 10.4 8.8 12.2 41.1 51.43 | 51.43 | %3 82 S 172.15 1
2013-06-10 9.6 8.7 14.6 50.7 51.92 | 51.92 | %3 90 S 224.44 1
2013-06—-11 9.6 8.6 14 40.4 53.97 | 53.97 | %3 100 SR 315.7 1
2013-06—12 9.7 8.6 13.6 34.4 54.18 | 54.18 | %% 100 SR 301.64 1
2013-06—-13 9.5 8.5 14.1 22.5 61.89 | 61.89 | %z 97 - 78.08 1
2013-06—14| 10.9 9 11.5 20.1 56.74 | 56.74 | %% 79 *s 307.93 1
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PN DO(mg/L)| pH (ET% %jjif WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-06-15| 10.6 89 | 126 16.1 | 60.82 | 60.82 | *& | 80 ©% 1 196.01 1
2013-06-16| 9.8 8.6 | 13.4 17.8 | 64.26 | 64.26 | ¥z | 90 o2 113116 1
2013-06-17 | 10.1 87 | 10.9 10.8 | 74.03 | 74.03 | ¥z | 78 2% i 154 1
2013-06-18 | 9.8 8.4 | 144 14.4 | 7040 | 30.22 | %z | 75 &% 100575 2
2013-06-19| 8.1 75 | 48.1 271 | 56.44 | 7.93 | B% | 93 o4 1322569 3
2013-06-20| 8.1 7.2 | 805 8.5 69.34 | 2952 | %z | 82 o4 1 12367 2
2013-06-21| 8.1 7 80 5.1 70.05 | 3000 | ¥z | 69 @5t 497.04 2
2013-06-22| 8.1 6.9 | 74.9 4.7 68.93 | 29.25 | ¥z | 76 2% i 7324 2
2013-06-23 | 8.2 7 65.6 4.7 7041 | 3024 | ¥z | 77 &% | 43191 2
2013-06-24 | 8 7 59.5 6.3 68.89 | 29.22 | ¥z | 77 F% 47949 2
2013-06-25| 8.3 73 | 486 157 | 64.68 | 26.40 | %z | 73 @5 49713 2
2013-06-26 | 8.9 75 | 417 101 | 79.03 | 35.99 | & | 70 @5 | 90.85 2
2013-06-27 | 9.4 74 | 29.1 5.8 85.79 | 4051 | %s | 70 F%  288.25 2
2013-06-28 | 9.8 8 27.1 9.1 80.17 | 80.17 | ¥z | 68 o}z 106.46 1
2013-06-29| 11.2 | 89 | 251 13.6 | 57.56 | 57.56 | %= | 64 o}z 186.63 |
2013-06-30 | 10.1 87 | 23.1 11.3 | 67.04 | 67.04 | %¥= | 64 o}z 98.48 |
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Abstract

Development of River Recreational Index Model
by Fuzzy Synthetic Evaluation

of Water Quality Parameters

Soo—Yeon, Choi
Department of Civil and Environmental Engineering
The Graduate School

Seoul National University

Recently, due to increase of income and interests in leisure and
rehabilitation of riverside, popularity of recreational activities in the
river is increasing in Korea. Water quality is crucial in river
recreation because it is related to health issues such as outbreak of
waterborne diseases. Therefore, it is necessary to provide the easily
understandable integrated information about water quality for
citizens. In Korea, integrated water quality information is provided
through Real Time Water Quality Index (RTWQI). However, the
system has limitation that it does not integrate coliform information
which is the critical in river recreation and the lack of clear distinction
between the water criteria is not considered in this index system.
Therefore, there is need to develop new water quality information
system to overcome the limitations of existing water quality

information system.
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In this research, River Recreational Index Model (RRIM) was
developed to derive River Recreation Index (RRI) which is real time
water quality index for the recreational river use to the public. Also,
RRI was divided to River Recreational Grade (RRG) according to
possibility of water contact during river recreation. RRG consists of
four grade, ‘excellent’, ‘good’, ‘acceptable’ and ‘unacceptable’.
‘Excellent’ and ‘good’ means that primary contact is possible,
‘acceptable’ means that secondary contact is possible and
‘unacceptable’ means that no contact activities are possible in rivers.

The RRI model consisted of two sub—models: a Fecal Coliform
model (FCM) and Water Quality Index Model (WQIM). Fecal coliform
1s impossible to measure real time data. Therefore, FCM was
developed to predict the fecal coliform using the logistic regression.
The FCM predict Fecal Coliform Grade (FCG) in order to determine
a level of available recreational activities in river. Then, the WQIM
calculated Water Quality Index (WQI) which is a single index for the
various recreational activities in the rivers by synthesizing important
water quality parameters except fecal coliform. To consider the
fuzziness of water quality criteria, the WQIM was developed using
Fuzzy Synthetic Evaluation (FSE). The FCG and WQI was integrated
by the RRIM algorithm.

FCM was developed on Nakdong River by logistic regression. pH
and log of one day previous discharge were selected as explanatory
variables and three regression equations which predict FCG were
derived. Among FCG, grade 1 means that primary contact is possible,
grade 2 means that secondary contact is possible and grade 3 means
that no contact activities are possible in rivers. As a result of

validation, correct classification rate was 0.63. WQIM was developed
128



using FSE. DO, pH, chlorophyll a and turbidity were selected as
important water quality parameters. Water quality criteria of each
parameters were determined according to RRG and curved triangular
membership functions were designed. WQIM showed that it reflected
ambiguity of water quality criteria.

RRIM was applied to upstream of Gumi weir and Gangjeong welir in
Nakdong River. In Gumi weir, predicted FCGs were all grade 1.
Otherwise, apart from grade 1, grade 2 and grade 3 were predicted
in Gangjeong weir. In both sites, WQIs were affected by chlorophyll
a and pH a lot. As a result of calculating RRIs, RRIs in Gumi weir were
equal to WQIs since all FCGs were grade 1. Also, comparing to
RTWQI, Pearson correlation coefficient was 0.65 between two index
and it implied that these two index showed significant correlation.
RRIs in Gangjeong weir were corrected downward when they had

grade 2 or 3. In those cases, RRI had more conservative results than

RTWQI.

Keywords: River Recreational Index Model (RRIM), River
Recreational Index (RRI), Fecal Coliform model (FC model), Water
Quality model (WQ model), Logistic regression, Fuzzy synthetic

evaluation approach, Nakdong River

Student number: 2012—20924
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2.2.2 FHTAAF

Hgst, DO 53 &2 v F4d A% 4 =
T SHE olFE 19609 H SR o] H vlers AFE st e
=, TARE, AT SO =Tkl FRAR sAs BrbstaAt st
THFAAFE LA s AT &Es] Ao g T3

FAA G2 3 AT Horton(1965) ¢ <&l @sixlty. 1 dafo

i

£

(o]

]

=

rlr
N

H
SR FUstnA WRAQ AREANE YPoR ANGE /PO o

= olgdl vud 22 A dAR FdFAAFT EE AT

o] & w2 FIFAALFrE olgfst WS o]gs] sdEATH
Brown(1970)2 ©]=r2] National Sanitation Foundation (NSF) o4 %
ARG, NSF-WQIE /dekdltt. Prati 5(1971), Deininger &

(1971), 0" connor 5(1972), McDuffe®} Johnathan(1973), Walski2}

Parker (1974), Harkins (1974), Dunnette =(1979), Joung = (1979),

House (1987), 2183 Dinius(1987) & 1970t} 1980 thel w]=r
= Ao Z = F5 sAeA dIo] 7S o] &ste] FTEFAA
T2 M. Yt st s HAL(1996)

of "FHFAALY AL AN dste] L ol gd FFFAATE
%



Azrz A% pH, DO, BOD, SS, COD, TN, TP, TC, NH3—-N, NO3—N

5 ol&st FarAAFE AEsitt. duto] VIS ol & W
AE7ke] oHde Hste] A S AP deA Fads £0

2

= Adu ey 2ol VWS o
of A AdfzAtbel g&f H]go] Atk FAE Ak EFH telA

& ule} o] A VFEE g2 AAEANT v R RE ey 2

rE o
olN
_O|L
T
S

Fuzzy Synthetic Evaluation(FSE

)
Ao wYFs AR FAsaA ek of WS AHgel 8

4

A5 =g glo] 0% E 1007149 242 B Bx5 5]
obd O 1749 Sz EdHE A 2585 AdE 2§l
ng(2001) =

Icaga(2007), Lermontov(2009)+ HA 135 A& =4 & A3t

of FFFAAFE AYE WP ;TR

R ARE shtel YuE FRRT £ Q7] B AEE Awsts
o A@steh wa, A Bol AgHAY W] Mol s vl o]
A7 v, mde] YFAoR MAHYL A% FA Biel £
& A% % 49g 5 ks 48e Adth 2ed 71E9 FSE

<
WS Ags A7E FSE /1Ml #2el 2284 (Membership
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E 2.4 FEFFEAF AL Y vl
A A} £5 = 53y AY 2z}
Horton (1965) ] e Shel Sk divto] 7' | pH, DO, A7 A =%, Cl-, FC, &¢Z8 %
Brown DI ES . g o] 7 =) OD, TS, NO3—=N, PO4-P FC
(1970) =Yoo wT = ] ‘I‘ﬁ TL.,DH;DO;B 7T ) y 5 '_1*—“
Prati % (1971) AnkEstA dylo] 719 | pH, DO, BOD, SS, COD, NH3-N, NO3—-N, Cl—, Fe, Mn
Harkins (1974) AntEgh2 dlulo] 7] DO, BOD, pH, TP
Walski®} Parker g A eofo] A& = = =
- ~ & pH, DO, BOD, FC, B %, SS, A7|dxr, RS54
Dunnette (1979) Ak Bto] 7] jg‘%;%, Zon coD. ! orrITEE
House (1987) ANkE A disto] 71¥ | <, pH, DO, BOD, ¢38}&, TC, SS, A4k4d
Dinius (1987) ANkE A dulo] 71¥ | &, pH, DO, BOD, A%, PO4-P, Cl—, TC
HAE (1996) SIE] ) B disto] 71 | pH, DO, BOD, SS, COD, TN, TP, TC, NH3-N, NO3—N
u % (1999) o Fst FSE TP, 2229 3, 59 %
Chang % (2001) SIS FSE pH, DO, E.coli, SS, BOD, COD, SS, NH3—-N, CI~
Icaga (2007) AdrF g2 Fuzzy logic | <7, pH, DO, 93}, 3, 45 Yo}, TP, TDS, A% &
Lermontove - QurE A Fuzzy logic | <. pH. DO, BOD, tj&3t, DIN, TP, TS, E%

(2009)
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3.1 B9y 0d7 299 ogd A7

3.1.1 &7 e 2 7€
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¢+

BN

Jo14] 7bg WA e

2
o gl Adsta e ol

b2l glebe

S

7

3]

A 2 2]

i

A /g A wiAEHER o

t}

o]&]3 o] = 1900
o weh B 9
gupetel A 7+

Foh (&4, 2008).

S

7] 2ol T8

<
& 59l

o}
1>}

o
-

e
o
A

T

3)

ARt ol dE ol At el 9

o
pu

=
= 13

1oh. whebd ol

EEEREE

sk7] ol

2 AR

Ry
ar

el =2 29 A

G

ol

O}\C_)]y

T

o A 7t

P A $elue)

S

2008).

O 2 e (AT,

otk 1e

7}

=]
=

3t Qo] E. coli= AHE-0]

22 aelds wl=e el

ﬂo

5t

e

aeelold BE 77} b
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Fol = gl s elel o 7]

F71 18

35

o
=

1980

1
T

EPA (Environmental Protection Agency) | 4]

Ao g s29k 1 Al7]el 4wl =gl

=2
==

)

= AA]

A

ol 7]

1

XO

pari
o

uze)
Nr
W

o]
s

i stet. = ol A

9]

AN H5dE0]

T 1
=]

o

Fol o},

5|

CFU/100mL ©]

R ol

% o]

7}s skt ar
CFU/100mL o]

=)
=

&Fa

A A

== O
=

tolth. 71 919 7]EeM = o9 & 7]

5|

oR
¢

0

0

o
ol
ojn
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¥ 3.1 BAA 937y S FEA7E
55 71% (CFU/100mL)
)9 E5 < 10
=5 10 ~ 100
it Fw 100 ~ 200
= (59 7Hs)
RE 200 ~ 1000
oF7F b ~
- L} 1000 <
(A& =71
ARARZ < 200
u]= EPA
HAR= 200 ~ 1000
AR < 200
o] =
Massachusetts = )
HAHFH 200 ~ 1000
A= = 200
vl Newyork T
HRREH 200 ~ 1000
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Aol 7t

=

=

AlIZE e

=

T

o] m}

2 Eia

ol

g

214

2~

=

4§ 9%

21 A (predation)
(e) doF A (nutrient deficiencies)

hyA
s

)

(d) A 2 Axde] M 7

(a) 7H4,
(a) dx%
(b)
(c) 9%

d

(

¥} 2t} (Thomann, 1987).

aiy

0

Hr
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(h) th=to]
() e A=
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Jail
Ul
i+
|

0
L

N

i

I 7 219 o}
ARSI R=

Q13

FS4EA Sow

[e)
[e]

&

’

gt

TC &
a-

=
=

o], TN, TP, pH, DO S} A4

%, E =

]

A

3.1.3 B4 4

ol
Gl

)

3.1.3.1 2XAYg 3AEA

ZAAE 39 (logistic regression)©]

bl

bl 4

)

oM HSHWe] A7 U

o] 71 th#kel

[¢)

A =i =

43

A
A

ol

i)

= &

7t 03 13 Hojur)

H
=

ol

-

ol
o

¢+

B

1A He7F —oo o}

9|

2009). ZEE® P(Y =1x) o A44% WIS T

AF(odds) & &

G 2 =

bl P(Y, =1x) 2 otdl 4

S

o] HIH

(3.1)
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exp(x,'B)  exp(B, + B X, +..+ B X,)

- (3.2)
1+exp(x, 'B) 1+exp(B, + B X, +..+ B X,)

P(Y, =1x,) =

A71A, p kA 71&7) AFHEelth 9 4 (3.2)F F5EF7E 3
o149 gleln Avhz 17H gAY £UE FPHE A9 e
w9 4 G2 #97 m olskd 3 FES vehid ol
4 (3.3)3 2t

exp(a,, +X'B)

P(Y <m|x) = (3.3)

1+exp(a, +X'B)

4714 P(Y <mlx) £ HHWRS x7b Fole W WFF FHUF v}
&9 molatdl BEO|RL, a & A, p kA 7127 AFHE oL

9l A (B.3)lA E=Slel wek dHvt =23 7] AFHEzE B
Pos AT PEe SRR 9 HolM pe =9 mI BAglel &

Qster wok FEUF AR A 2% Z39 W 4 290 o
g 5L v 4 (3.4), (3.5), (3.6) 2L (3.7) 3 T

7,(X) = P(Y =1|x), 7,(X)=P(Y =2|x), 7,(x) =P(Y =3|x) (3.4)
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exp(a, +X'B)

7, (X) = (3.5)
1+exp(a, +X'B)

() exp(a, +X'B) B exp(a, + X'B) (3.6)
1+exp(a, +x'B) 1+exp(a, +X'B)

7,(X) =1—7,(X) - 7,(X) (3.7)

ANA, m= &7 1Y &5, 7, &7 249 gE a8 1,2
=97t 3Y gE58 den E£3 o, a,, o, 44 =97 1, 2, 3
A wje] dHolg. EARARYG A EAY V&

5 (Maximum Likelihood Estimation, MLE) 6.2 FA ¥t} o] uw
-¢-=3tol AAeE FHstol ek AA¢-=
7o},

M)

In[L(a,B|x)]=Zg:ZIn{ P, +XP) __exp(a,, + XP) }(3.8)

1+exp(a, +x'B) 1+exp(e, , +X'B)

m=1Y,=m

2 © 2 Newton—Raphson WS AFESHA Ht} F
A SHWTFESY FF x oA Y o ARTF m

ofefiel 22 24 (3.9 & ol&3td 7 F Uk

7 (x)= exp(e,, + X'B)A 3 exp(a, , + X'B)A (3.9)
1+exp(a, +xB) Ll+exp(a, , +X'P)
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AZIA, Tnm Y o Aupyt mog o 5g 2AHEE, i o] w9

Z

o],

4 7187 A% Y

By Fost wWeE Adgstr] s A9 (forward
selection), #2147 (backward elimination), TA'E A& (stepwise

selection) &% #2 HEAEHS AFEsH 4= Q). AR Adeidold A

AEH L o] &5 EFSto] AFEsH(A-8d, 2009)
S HEEe 4 (31003 2 Aol e A% A
Ho:5;=0, H:5;#0 (3.10)

A7NA, B, = pRAl P X, 9 AFolth AL Hye i
A SPASE X, 7 of| Apzio] wAE el Folg JFe vAA
oh=ths dmjolu g b H, & 98 9T mAhs ojulelnt
(g€, 2009). olgs g7l sl 230 FholAlw A (score
chi—square test) & AAIste] Edlof {olst W4E Hesit;, A0
TrolAlH AREAGE AAFSEo] et AujFe] ulgolr}, o]
oA SENEE ngdA Adeta I H-FHFS folg &
W, o] Ao AAMEEge U(B), 1@ clamveie 1(f)
EAFT o] AS AT gt Amo] FolAF AAEATE A

(3.1D) ¢k o

L
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S, =U'(AATU(A) (3.11)

oA71M, §; = 23] FrelAlw HASAZIH. FogEol ¢ d

o, QAR AFEIE 191 Frol AR oA FholAlgkl y2, 0] Hrh

o
[-4 1
[-'>~
ofl
o
r o)
r o)
X
N
=~
I
2
o
i
rlr
o
o
o
o
oX,
3
=
o
=5
5
@
aQ
=,
=
<
1o
g
2
N
-~

o t& Sy AALAAA §, AAAIFE TEA olE 1914 w)
dues goR WE AR =2 s eAdAd s sk, 0.40018)
O =h

=7 F7tE I =7HE Seskoh (Allison, 2012).

3.1.3.3 2A2Y AR HF

A9 ool 2A2Y AANAFE FAHGenT, Y 3
AAG7E SANSRE Zahn glo] folF GBS MAEA Lot
e 4= (wald tes) S @@Th FEAR] AFALE 4 (3.12)

A
s} o] e = glom o= RAAY 7RG L3 A =
il

FOX, 7 ol| ARgle] mgd HEel A8 9FL WA Fache
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oujelrh. 7 oW Abzdo] 2Ad stEel juAl Siwe X7t
o d FEFS vz gt
Hy: B, =0
(3.12)
Hy: B #0

oAZIA, B, = WA sHus X, 9 Agelt dEAdeARS

4 (3.13)3) ol 4% 9 BEH BAF 2,-— P 2 AR
ar(5,)
g grom Folxih
2
w | P (3.13)

| (Fars)

A7IM, W, ERGEALIL foFEe] o W, FAFAHA ]
Zojg AAsts MA@ AFEF 1 FelAFR, 2L, ok Am

253H Axtd AFEAFY d= Wj*9‘r AAF x2, & waste] A%

B AL B AAF7E Al 007k A
goltt. = HAAEAFS s A (3.14) 9

LR =—-2InL(B,)+2In L(B) (3.14)
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91714, LR 2 FE°] HASAZIH. AR T ]

H. ) = R0 )

1 .!
rexp(s /) (3.15)
H, :7z(xi);«t—eXp(Xi ’8,)
1+exp(x f)
FAFHE 717 B 5= U A (3.16) % #r
LF) =]]="@-=)" (3.16)
i=1l
714, L(F) © 2339 Sxoltf. du|dA AASAFS ts 4

(.17 % 2ok 449 2AAE FARFe $EE () ol A4
gAY AANRYY dSego] FRGE, &= L() = 1o /e g
& 2 HER L(F) 9] Aol7h Aokxith HHdA AHEABS of

F7HA 58 HlEel AddaE A el

D=-2InL(5) (3.17)
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o1714, D= dmds AAEAZIH. dujds AR ATl A

3.2 4 AF EAY o83 A+

3.2.1 #A H7 o]&

HA Mg o]&E 1965 Zadeholl & A5 Aty o]Eow 9
g5k o] glo] AEA FI Fgow eyl 2E MdS Edst
7] Sk o] 2olth. &, oW davt I Ad Foop 5L &3HA
dev g oxl =Y E yvehds dEFl A3 A BHeRe %
g9 F ole AEE, 5 oF =EelA "Hold Aoz yYEehY]

stk o] o)t} ol & =°] 717F 180 ecmXEuh & AR =2 ‘o] 20T

Hrb BE Aoe oA Fgow UEd 5 glont b 2 Ak

= =ol mEesk Ao olgh= JNHES 11 7]sel HEskA 7]
ol 249 & glvk. HA5 AF ol2elAM = oldd EYst 7ol fle,
= BEod 7les 7 e vhET HA JgolEedA = 004 1
Atol o]l 2SS 7FAE= A% % (membership value) & o] €3fo] ¥ %] 3t

of o' A7k £ 5 = AAo] o= AEIA I £5ET)

19 A9, 1 Aat w4 Al £ 5 = Aol s, 0

R
i
o
L
2
jie
=
0
o
>,
@
—
*
=)
w
—
NS
rr
N
N
DX
{px
kit
1o,
=
ol

) 1, ifxeA 3.18)
X) = ,
Ha 0, otherwise
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(3.19)

{[x 1, (0] X €U,0< 41, () <y

A

~
B oo T o T
(Y H.M o2 mrﬁ T o5 o N
@x@% u%flyﬂ@
g%ﬂ@%@w%%ﬂé% A
EireifggEant ez
G _ I MoK % G+ %o
4 X0 oy X woE = = < T = B1 =
IR =4 2o - w ®w
S PRI B T r® TF
S ) Jekodwd g I OT %
<< MM @ Mﬁ O o X T o L oy "
o QX o Wo WO MM - J Sy up
K2 a — oF =) ‘¢ MW O o m“#;o T Ox T < ‘wn_ = MT
o % G AT Fom 5 . X e
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VI T o X of °© W A g
r x Vﬁ o) w o ,W RO o L ﬁ_ oo = N Rl
X o} ) © Lm T wﬂ 1 e S W wr =W ™ nH iy
& oW M X x & roN = {—ny
) o ULU ‘W_Vvﬂ ny ‘JM <0 ,_gl ;o,._ ﬂ .._,NE ﬂ ‘Mﬂ Mﬂ ) \_lrm_u ‘UI
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. e =
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2% T e 1 FEIF gofstd gixdd JHERs 7P 7124
Hejel 22+ & (triangular type) 3 AFcha] 23 (trapezoidal type) H-H

7} (Gaussian type), ¥ (bell type) 1#] 3 SAE (s—shaped

type) S°] Atk & 21(3.20), (3.21), (3.22), (3.23) 183 (3.24)
< 247y Ay, AgElEY, 7FeAE, Wy, SAE o A%Ego] &

3 7t & FHE YERIY o9k

0 X<a
(x—a)/(b—a) a<x<b
(c—=x)/(c-b) b<x<c

triangle(x : a,b,c) =<

L 0 C<X

0 X<a
(x—a)/(b-a) a<x<b
trapezoid(x : a,b,c,d) =< 1 b<x<c

(d-=x)/(d-c) c<x<d

( 0 c<X
: (x —m)’
Gaussian(x : m, o) = exp| —————
(2
bell(x:a,b,c) = —
X—C
1+|—
a
34

A~ &3)
=

rlr
i

P
T

(3.20)

(3.21)

(3.22)

(3.23)



0 X<a

x—a) a+b
2 as<x<
b-a 2

S(x:a,b) =+ (3.24)
_hY a+b
1_2(X_b) <x<b
b-a 2
1 b<x

3.2.3 HA 4 WH
A sk o]2S AL JArEAANH o R theFst W o] sy o
grom 1 = HA A WY (Fuzzy Synthetic Evaluation, FSE) W

o st ANE shie AnE FeZ 5 vk Feld FH5EA

B HEE B4 A5E A2 W A go] wol o] gtk FSEx vt
&3 o] v AR o) FolHr}

(1A : e drz Fokd iz Ad

QAN 7F A=) 5 2 5

@A 2EA) 9 7eEs EUE & A5 s5E 258T F9
A

@A) 25drE il e 255 o FoX HrdE A
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(@) A449¥ (b) 7+

o
[
of

(c) Attte]=3 (d) SA-4

oflt

(e) 3

19 3.3 25%Y ¥4
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4, RRIM®] 71

4.1 RRIM +4 9 FCG, RRG A9
A i Rl A e xRl uel 7hest A g A

A sHE ASslon 2 A

o] & FA AF BN Fd e, WQIE AAsklrh ®=3
RRIM &ie]5S 7HEstal oo mel WQIE StelA «=¥ FCGel w
2} AF2 o2 RRIZ RRGE W&ttt RRIM 2 dlolq RRGE ] 7
2 o] ekl

;

- 9% (Excellent, 1): FA18te] A-AZ0] &

27 e APAE BHEL T A T AT YRR £20 5P

2
I
sl
ek
offl
g
N
oZ

=
- G2 (Good, T): FASS] AFFFo] dojupes &5, 59, 727

5% @ A WA AT JEZ $h0] £

. .
NS T A AR YT

2% (Unacceptable, IV): 541919 44, FAZ0] 27458 %
FAo] B,

=
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exp(—4.23+0.89PH -1.44L0OGQ),)

_ (4.1)
1+exp(—4.23+0.89PH —1.44LOGQ)
_ exp(~1.68+0.89PH —1.44L0GQ,) (42
> 1+exp(-1.68+0.89PH —1.44LOGQ),) '
|:)3 :]__(P1 + Pz) (4.3)

=% #golth. ®@, PH & pH, LOGQ & % d & f@9 =1
e wadh A AAAR dEAIE f5FE 0.0504 AN
°ov 71 A3 pHS F% =gk p -3 27t 0.0033, 0.0002%=
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
1 o7k | 2010-08—12 | 7.5 858.90 2.93 1800 3 2
o | 9 | 2008-08-21| 7.9 681.46 283 1800 3 2
3 | wma | 2010-08-27 | 7.6 253.95 240 | 1700 3 2
4 | 9 | 2009-11-26 | 7.8 46.48 1.67 1600 3 1
5 | ¥ | 2009-11-19 | 6 349.88 254 1500 3 3
6 | 1 | 2006-02-02 | 7.1 79.26 1.90 1500 3 9
7 | Fm | 2006-02-23 | 7.1 80.00 1.90 | 1460 3 2
8 | o# | 2008-09-11 | 8.3 123.54 2.09 1400 3 1

= 9 | 9 |2010-07-29 | 8.2 68.82 1.84 1300 3 1

gorey |10 [ d® [2010-01-21] 83 49.54 1.69 1300 3 1
11 | % | 2008-07-24 | 7.6 126.00 210 | 1300 3 2
12 | w9 | 2012-09-20 | 7.2 1559.33 319 1300 3 3
13 | 9% | 2008-06-19 | 7.8 104.25 2.02 1200 3 2
14 | 1% | 2008-08-22 | 6.5 608.88 278 1100 3 3
15 | 9% | 2009-12-03 | 8 49.98 1.70 | 1000 3 1
16 | o1¥ | 2010-08-26 | 8.1 124.70 210 920 2 1
17 | 9¥ | 2010-06-03 | 75 168.88 223 760 2 2
18 | v | 2006-03—-16 | 8.5 70.92 1.85 230 2 1
19 | =9 |2010-03-05| 7.3 193.68 2.29 200 2 2
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
20 | T | 2006-07-14 | 7.2 876.86 2.94 660 2 2
21 | w4 | 2010-01-29 | 7.8 65.72 1.82 650 2 1
22 | o=t | 2010-05-20 | 7.8 183.60 2.26 620 2 2
93 | e | 2008-07-30 | 7.5 491.83 2.69 620 2 2
o4 | w4 | 2010-12-10 | 8.1 54.69 1.74 600 2 1
95 | w9 | 2010-02-26 | 7.8 73.18 1.86 600 2 1
26 | 1 | 2006-02-09 | 7.1 79.75 1.90 580 2 2
27 | T | 2006-07-06 | 7.7 111.82 2.05 560 2 2

= 28 | o= | 2010-10-28 | 7.6 72.35 1.86 540 2 1

gorey |29 | ® [2006-07-14 ] 6.9 1048.87 3.02 520 2 3
30 | e | 2006-02-16 | 7 79.30 1.90 510 2 2
31 | 79 | 2006-08-04 | 7.7 305.28 248 500 2 2
32 | w% | 2009-12-11 | 7.5 27.10 1.43 480 2 1
33 | ol¥ | 2010-07-22 | 8.2 193.30 2.29 460 2 2
34 | v | 2006-06-01 | 6.9 88.97 1.95 460 2 2
35 | % | 2011-03-04 | 7.3 47.32 1.68 450 2 1
36 | 71 | 2006-08-09 | 7.6 131.42 212 100 2 2
37 | m% | 2010-05-28 | 8.5 70.92 1.85 230 2 1
38 | % | 2010-11-12 | 7.3 193.68 2.29 200 2 2
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® 44 FHA OR3T EE2 AT 9 AS5 489As 2 24AS)

22 | No.| A= g pH | Quim® [Lo8@Q-D il pc | peG, | FCG, | QA0
39 | 79 | 2006-05-10 | 7.3 106.42 2.03 360 2 2 21 5|
40 | 79 | 2006-01-12 | 7.1 79.00 1.90 350 2 2 o1 5|
41 | a® | 2010-04-08 | 7.2 188.82 2.28 340 2 2 o1 3]
42 | m¥ | 2010-03-19 | 7.5 181.13 2.26 330 2 2 21 %]
43 | sl¥ | 2007-08-08 | 8.1 398.25 2.60 320 2 2 o1 5|
44 | ¥ | 2007-05-30 | 7.9 177.58 2.25 320 2 2 o1 5|
45 | =¥ | 2011-09-16 | 8 325.80 251 320 2 2 o1 5|
46 | ¥ | 2007-08-22 | 8.1 144.67 2.16 320 2 1 EXSE

T 47 | 9w | 2007-04-25 | 8.2 111.96 2.05 320 2 1 EEE

gopg | 48 | v [2006-11-15 | 8.2 78.01 1.89 320 2 1 EXE
49 | sl¥ | 2007-01-05| 7.6 91.00 1.96 300 2 2 o1 5|
50 | sl® | 2007-05-23 | 7.9 106.58 2.03 300 2 1 EGE
51 | sl¥ | 2007-05-08 | 8.7 96.29 1.98 300 2 1 EGE
52 | 79 | 2007-11-07 | 8.1 54.00 1.73 300 2 1 EXSE
53 | 79 | 2007-02-07 | 7.3 56.00 1.75 300 2 2 21 %]
54 | #u | 2006-10-04 | 8.1 80.62 1.91 300 2 1 EXE
55 | #® | 2006-09-06 | 7.9 86.01 1.93 300 2 1 ESE
56 | U | 2006-04-27 | 8.5 70.92 1.85 230 2 1 EGE
57 | al® | 2006-05-10 | 7.3 193.68 2.29 200 2 2 2] 3]
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
58 | el¥ | 2009-08-13 | 9 169.13 2.23 280 2 1
59 | % | 2010-01-08 | 8.1 65.72 1.82 280 2 1
60 | ¥ | 2006-10-25 | 8.9 74.00 1.87 260 2 1
61 | w9 | 2006-12-13 | 7.8 78.56 1.90 260 2 1
62 | w | 2006-10—-11 | 7.8 79.58 1.90 260 2 1
63 | % | 2010-11-26 | 8 52.03 1.72 260 2 1
64 | ¥ | 2012-07-19 | 7.7 405.72 2.61 250 2 2
65 | ¥ | 2009-10-15 | 7.8 66.40 1.82 250 2 1

= 66 | ¥ | 2010-08-20 | 8 1246.59 310 240 2 2

gore |67 | ® [2007-12-27] 75 79.21 1.90 240 2 2
68 | 4% | 2012-09-13 | 7.5 42551 263 240 2 2
69 | ol¥ | 2010-12-16 | 7.7 72.45 1.86 240 2 1
70 | A& | 2010-06-10 | 8.3 96.84 1.99 240 2 1
71 | 9l¥ | 2007-02-28 | 7.7 96.00 1.98 230 2 2
72 | w9 | 2011-07-28 | 7.8 376.47 258 220 2 2
73 | dl® | 2008-04-10 | 7.5 81.33 1.91 210 2 2
74 | dl® | 2007-08-14 | 7.8 409.13 261 210 2 2
75 | dl® | 2007-11-07 | 8.4 87.67 1.94 210 2 1
76 | e® | 2008-08-07 | 9.4 140.42 215 200 2 1
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
96 | ¥ | 2008-05-22 | 8.3 82.00 1.91 130 1 1
97 | m% | 2009-08-21 | 9.4 127.74 211 130 1 1
98 | % | 2008-01-18 | 7.8 87.83 1.94 130 1 1
99 | % | 2007-08-24 | 8.1 69.50 1.84 130 1 1
100 | =% | 2007-03-09 | 8 215.67 233 130 1 2
101 | i+ | 2009-08-27 | 8.4 93.26 1.97 120 1 1
102 | 9 | 2009-09-25 | 8.2 44.79 1.65 120 1 1
103 | % | 2008-04—11 | 8.1 73.92 1.87 120 1 1

5= (104 | m™ | 2007-12-20 | 7.5 23.08 1.36 120 1 1

goley | 105 #® [ 2007-08-03 | 85 99.92 2.00 120 1 1
106 | % | 2006-08—18 | 8.3 87.59 1.94 120 1 1
107 | A% | 2010-02-11 | 7.5 46.43 1.67 110 1 1
108 | w2 | 2011-02-01 | 7.8 25.94 1.41 110 1 1
109 | 9 | 2009-06-26 | 8 67.88 1.83 110 1 1
110 | w9 | 2012-09-27 | 7.6 49.44 1.69 100 1 1
111 | =% | 2008-05-30 | 7.2 126.17 210 100 1 2
112 | w4 | 2008-01-31| 7.6 71.58 1.85 90 1 1
113 | w9 | 2011-01-07 | 7.9 41.46 1.62 80 1 1
114 | i+ | 2010-05-13 | 7.6 112.21 2.05 80 1 2
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E 4.4 BHA 93T R L A AF JdEAE 9 A9 (AS)

£5 [ No. | AA ! pH | Q-1(m® |Logl@en il pe | peG, | FeG,
115 | A3 | 2010-03-11 | 7.8 115.57 2.06 80 1 2
116 | AF= | 2006-03-08 | 7.6 30.34 1.48 74 1 1
117 | A= | 2007-03-07 | 7.7 76.95 1.89 70 1 1
118 | A% | 2011-11-10 | 7.8 136.37 213 70 1 2
119 | w9 | 2011-03-11 | 8.2 98.32 1.45 65 1 1
120 | 4= | 2007-09-11 | 8.1 420.54 2.62 65 1 2
121 | ei=t | 2009-05-07 | 9.9 26.65 1.43 60 1 1
122 | A= | 2007-12-04 | 8.4 40.00 1.60 60 1 1

= 123 A= | 2009-07-27 | 8 309.75 2.49 60 1 2

gore | 124] #n [2009-11-10] 8 4447 1.65 58 1 1
125 | 94 | 2010-11-08 | 7.6 121.45 2.08 55 1 2
126 | A% | 2007-02-01 | 8.2 206.83 232 50 1 2
127 | A& | 2008-04-10 | 7.6 64.67 1.81 44 1 1
128 | izt | 2010-02-18 | 8.2 81.15 1.91 40 1 1
129 | ol¥ | 2009-05-14 | 8.4 18.69 1.27 40 1 1
130 | A% | 2007-05-31| 9 77.83 1.89 40 1 1
131 | 24 | 2011-12-06 | 7.7 349.69 254 39 1 2
132 | 4= | 2009-10-08 | 7.3 48.08 1.68 34 1 1
133 | 4% | 2009-09-09 | 8.6 41.79 1.62 34 1 1
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® 44 FHA OR3T EE2 AT 9 AS5 489As 2 24AS)
% | No. | Ad e pH | Quim? [Log@Q-D i gc | peG, | FeG,
134 | 7] 2010-07-14 7.9 279.34 2.45 30 1 2
135 T-H] 2009-05—-12 7.9 4.87 0.69 28 1 1
136 A 2011-09-30 8.2 65.14 1.81 26 1 1
137 A 2008-12-19 7.9 38.54 1.59 25 1 1
138 u] 2009-12-10 7.1 39.81 1.60 24 1 2 Y
139 & 2008-12-10 8.1 66.67 1.82 20 1 1 A
140 | Ak 2010-06—14 8.1 35.95 1.56 20 1 1 A
= 141 1] 2009-03-11 8 32.63 1.51 20 1 1 o]
glolg] 142 | 119 2010-04-30 7.9 183.25 2.26 20 1 2 EQ
143 A 2011-04-14 8 156.56 2.19 18 1 2 =AU A
144 Akt 2006—01—-04 7.3 28.00 1.45 16 1 1 A |
145 A 2011-06—14 7.9 278.40 2.44 12 1 2 =AU A
146 el 2009-08—-20 9.2 118.01 2.07 10 1 1 o ]
147 A 2011-06-02 7.8 234.47 2.37 10 1 2 EUXA
148 = 2008-08—-12 8 171.50 2.23 10 1 2 EUXA
149 | A 2008-07-08 8.6 335.42 2.53 10 1 2 EUXA
150 | A 2006—09-05 8.1 248.39 2.40 10 1 2 B U
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4.4 BAY A3 22 AT 9 AT AYAE 9 2 ASH)

== No. | #4 B pH Q-1 (m?) Log(Qi-1) (CFU/100mL) FC | FCGun | FCG, | &x]o3H
1 A | 2006—07-20 | 6.2 10288.72 4.01 1500 3 3 A A
2 Sh¥# | 2008—09-04 | 8.0 181.88 2.26 1400 3 2 U3
3 Sh¥# | 2009-11-05| 7.4 46.79 1.67 1200 3 1 U3
4 Sh¥# | 2008-06-12 | 7.9 152.88 2.18 1000 3 2 U]
5 a9 | 2010-12-17 | 7.7 70.85 1.85 700 2 1 A
6 i+ | 2010-09-02 | 7.6 726.61 2.86 600 2 2 A |
7 a9 | 2010-05—-20| 7.5 134.45 2.13 550 2 2 A |
8 A5 1 2006-02-02 | 7.1 147.44 2.17 480 2 2 A =

£ 9 Sh# | 2006-02—-16 | 7.4 49.92 1.70 420 2 1 U]

glolg] 10 | 7] | 2006-11-08 | 8.2 79.00 1.90 360 2 1 U3
11 | ¢® | 2007-06-27 | 8.1 577.67 2.76 320 2 2 A |
12 | 97 | 2007-06—-13 | 7.8 67.88 1.83 320 2 1 EA A
13 | A | 2008—10—-21| 8.8 75.00 1.88 300 2 1 E U]
14 | 29 | 2006—-07-07 | 7.4 114.87 2.06 290 2 2 & ]
15 | i+ | 2007-03-08 | 7.8 243.25 2.39 260 2 2 & ]
16 | 2% | 2010-07-09 | 8.7 111.33 2.05 260 2 1 EUXA]
17 | 94+ | 2007-03-21| 7.7 100.83 2.00 240 2 2 2 2
18 | 9§+ | 2008—02—-14| 8.5 70.92 1.85 230 2 1 U]
19 | 1238 | 2006—08—-04| 7.3 193.68 2.29 200 2 2 &
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4.4 BAY A3 22 AT 9 AT AYAE 9 2 ASH)

R No. | AH e pH Qi-1 (m?) Log(Qi-1) (Ccru/100mL) FC | FCGun | FCG,
20 & | 2007-05-16 7.8 84.46 1.93 200 2 1
21 & | 2008—-01-10 8.3 85.42 1.93 180 1 1
22 s | 2007-02-23 8.1 62.17 1.79 160 1 1
23 s | 2007-02-02 7.9 48.00 1.68 150 1 1
24 a3 | 2006—-10-27 7.6 21.74 1.34 140 1 1
25 7% | 2007-10-26 7.8 43.50 1.64 130 1 1
26 7% | 2009-09-25 8.2 44.79 1.65 120 1 1
27 & | 2009-06—-25 8.9 70.09 1.85 120 1 1

G 28 e | 2008—-11-28 7.6 41.00 1.61 100 1 1

ol gl 29 & | 2007-03-14 7.4 111.58 2.05 80 1 2
30 Ak | 2006—-04—-05 7.7 32.00 1.51 68 1 1
31 9A | 2011-12-13 7.8 90.07 1.95 60 1 1
32 1% [ 2011-11-04 7.9 53.92 1.73 50 1 1
33 “A | 2011-03-10 7.7 140.07 2.15 40 1 2
34 Ak 1 2012—-10—-17 9.4 78.23 1.89 28 1 1
35 =A | 2008—-09-09 8.4 158.58 2.20 24 1 1
36 9A | 2009-08-10 7.2 474.78 2.68 19 1 2
37 vl | 2010-06—-14 7.8 88.90 1.95 10 1 1
38 A+ 12011-03-10 8 60.12 1.78 10 1 1
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¥ 4.6 RRIME 3 7|&

g | pomen) | oH | | Ty
F (1) 75 < 7.0 ~ 8.0 <10 <10
FF (M) | 50~75 68'_% N ;% 10 ~ 25 10 ~ 15
HED | 3.0~5.0 68'.% ~ %‘% 25 ~ 50 15 ~ 25
B2k(IV) <3.0 ggog 50 < 95 <
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¥ 47009 F9 $7 7%

. %A 71% (mg/L)
¢ E=5 75 <
BE - 38 50~ 7.5
=l ek G
wgaRNE | "
L~
2.0~5.0
oF7F L
wo Lpu < 2.0
o .39 ~79:50 <
ARRNE 7= -89 ~99:35 <
u] = Illinois =
FAN = .
. oL | e =60 <
ARHEF Vs | w}&;% E: 5.0 =
n| =
Massachusetts & | 55
TA7E
v Florida
]ﬁ}\ orida < 5.0 =
TA 7=
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¥ 4.8 pHY U9 2 7|&

T A 7F
RE ~ | =
e T 6.5 ~ 8.5
:'l‘ﬂ 75‘]'% = e ok7) U}
NBHA) O w 6.0 ~ 6.5
L < 6.0
n] = Aquatic life s 00
criteria . .
v] = Human health
criteria 5.0~9.0
A14% 71 6.5 ~ 8.0
ul=+ New York § | o -,
2= =] 7]_'2_ o H
T T - B
) EEER N G
ANEE- & 6.5~ 9.0
"= Tllinois .
TA7E o N
A 6.0 ~ 9.0
HHAEF 7Fs) ' '
| = ARAF s 6.5 ~ 8.3
-
Massachusetts & | &%
e o
- HAAEE s 8.3~9.5
v Florida .
];@Oﬂlg N HHAS The 6.0 ~ 8.5
WHO 9 & 7% 6.5~ 9.5
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curved —triangle(x : a,b,c,d,e)
( 0, X<a
[(x-a)/(b-a)]", a<x<b (4.5)

[(c-x)/(c-b)], b<x<c

919 A& ol gste] A JEE BEdR b delx AAd oAl
Zl:

A HAE BE WEAIE 24858 ANSAC DO 249
=

0, X <6.25
0.8791
Hoor = (X;$:5j . 6.25<x<9 (4.6)
1 9<x
0, X<4
1.1792
5%
: 4<x<6.25
Hpo2 = X605 08791 (4.7)
1_( : j L]
2.75 6.25<x<9
0, 9< X
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Hposz =

Hpos =

x<15

15<x<4

4<x<6.25
6.25< X

x<1.5

1.5<x<4

7] A, Hpo1 Hpo,2 Hpo,z Hpo,a = 47 DO7t

wol &she A% %, olth 4 (4.10) ~ (4.13) < pHE

/upH 1 =

:upH,Z =

0, X < 6.75
X—6 75 0.6309
( 075:1 ’ 6.75<X<75
8 25_ X 0.6309
( 0.75 j ’ 75<x<8.25
0, 8.25< X
0, X < 6.25
1_6.75—x
05 ' 6.25< x<6.75
1_()(_6.75)0.6309 |
0.75 6.75<x<7.5
1_(825— X]0.6309 |
0.75 75<x<8.25
1_x—8.25
05 ' 8.25< x<8.75
0, 8.75< x
77

(4.8)
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(4.10)

(4.11)



0, Xx<5.5
X—5 5 1.7095
(OJSJ 55<x<6.25
6.75-x
05 ' 6.25< X <6.75
Hpp g = 0, 6.75< x<8.25 (4.12)
X —8.25
05 ' 8.25< x<8.75
9 5—X 1.7095
(075} 8.75<x<95
0, 9.5< X
1 X<5.5
l_(x—S.SJLYOQS,
0.75 55< X <6.25
Hona = 0, 6.25< x<8.75 (4.13)
1_(9.5_)()1.7095'
0.75 8.75<x<9.5
1, 9.5<x
A7V, Hons Hono Hons Hopn s © A4 pHZE 97, &2, 2%, 2% <

wol Hohe 25E,

olth. thg 24 (4.14) ~ (4.17)& gxro] 2&e

ot
1, x<5
17.5-x )™
= ,  5<x<175 (4.14)
:uTur,l ( 125 j
0, 17.5<x
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0, X<5
1 (175 _ le.3569
12.5 ’ 5<x<175
luTur,Z = 0.7067 (415)
. x—115j
20 ' 175<x<375
0, 37.5< X
0, x <17.5
(X—l? 5 0.7067
20 j ' 17.5<x <375
Hea =) o Joss (4.16)
[lTSJ ’ 37.5<x<55
0, 55< X
0, Xx<37.5
0.5533
Ly 4 = 1—(2%%?) . 375<x<55 (4.17)
1 55 < X
Oﬂ7]/ﬂ’ :uTur,l :uTur,Z /uTur,3 :uTur,4lE‘ 7_'}‘7_]'- 2_11:—7]' ’%’/WY:, Oo]zi, E_%, %ao]:
el S A%E, otk B 4 (418) ~ (121 F2EB a9
ol
1, X<5
0.6309
Hena = (12'755_)(} , 5<x<125 (4.18)
0, 12.5<x
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0, Xx<5
1_(12755_ X]O.GSOQ |
. 5<x<125
Heni o = Y1 5\ (4.19)
(55
7.5 12.5<x<20
0, 20< X
0, x<12.5
(X—lz 5)0.6309
fons = 7.5 125<x<20 (4.20)
30—x
10 ' 20<x<30
0, 30<x
0, x< 20
o a = 1-3(;;’(, 20<x<30 (4.21)
1, 30<x

olrt

A7V, Hony Homa Hons Hona = 270 BE7F 57, G2, BE, 2%
ol S a%E, ot

99 2%+ ES 78 4.18 ~ 4. 210 TYPEZE

=
[.4-0‘_&

sk,
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DO(mg/L)

19 4.18 DO ¥H3 -

<F ol o o
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pH
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a9 4.21 2229 a9
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Hoo1r Hpoo2 Hpoz Hpoas
1= /upH,l /upH,z /upH,S :upH,4 (422)
IuTur,l :uTur,2 :uTur,S IuTur,4

Hema  Hemo  Hemz  Henia

o7)4q, Mt o) 24 axzt lan -

)
ol
x|l
K-
R=}
i)
N
N
rr
P~
Ip
kit

17} 1, 2,3, 4% 744 W) Zzbe % @
Btk ® AAE ¢ 4 (4.22)9 1 s
FTdsk7] Sk WHs 7 SAE AsT A WA dAlR A (4.23)

Ak the WAZ £ ARES kA dadeloldeNe] Foue
gerstol o2 74EA, W2 UEhlI ol F ol getel 4 (4.24) o]
7} QA W5 AEEs] £4 A% 29Ol Al DO, pH, g, 2

224 a8 T 74 A, WQlE Fehslth

Hpo1 Mooz Hpos Hpoa | | GV, Poo
P—4.GV = Hona Moz Hpnsz Hpwa | GV, _ Pon (4.23)
:uTur,l luTur,Z luTur,S luTur,A GVS I:?I'ur

Hewa  Henz  Homs  Hena | | GV, Pen

714, 6y, = 4 AR HR f5o ddEe AFke dHHE we

2, ov, & U3, GV, EE, oV, = EF IdFHE Folt b,
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of\
%
ol
o
£
o>
o
i
=
I
)
B
[\
\\]
r
=
X
o

i} o
& HErdth 28l YERd vkel o] A it EEeA 15
KR

o] & A%, RRI% 1 57 54 A% mdeld 378 vheh g,
et 250 e Aele 54 A% wdeld WQIZk 509 239
= A S,

eHel Ue e the A (4.26) S5 ARSske]
T Twel ¥k ¥, 507 o]s),
o] 4o RRIS RRGE 4 A 2o Ao}

X
=]
o vpx o R ERA g Rl WA diddo] 3ewoR

At A9 8 A5 Bl WQt 1668 Z3}, F 95,
5, Wl A9t ASE 4 (42DF AHgstel RRIF AHH v o
2y 5

of g} RRG= BFC 2 Z2AHA ¥t} vbd, 16.67 o8t =
$+ RRI®} RRGE 4 A4 RS Ayel o
RRIMS MATLAB Z=2 7)9slglt}),

RRI =0.668WQI —16.8 (4.26)

RRI =0.199WQI -3.3 (4.27)
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% 4.11 58 TI#FH BA#RSY A A+
T A AEE
A=t
A%
DO H 2 Chl—a p p P p
(mg/L) p (NTU) (mg/mg) DO,1 DO,2 DO 3 DO, 4
9.0 7.5 5 5 1 0 0 0 100
7.5 7,8 10 10 0.5 ] 0.5 1 1 83.4
6.75,
6.25 3 95 15 12.5 0 1 0 0 66.7
5 6.5, 25 15 0 0.5 | 0.5 0 50
8.5
6.25,
4 375 37.5 20 0 0 1 0 33.3
3 6, 9 50 25 0 0 0.5 | 0.5 |16.6
5.5,
1.5 95 55 30 0 0 0 1 0
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YES NO  YES NO
A 4 A4 A4 A4

0.668WQl
—16.8

0.199wQl
-3.3

STEP2:

A Xl Cacil RRG=¢= END
T= ===

1Y 422 RRIM 242 &ug&
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HX| gt (curved-tri) = - = I{ X|&t<4= (Gaussian)

100 r
80 ’/I/
/ |
60 AN, :
<F // \ l
wa A |
40 < ! .I
20 L7 \ \";
/ / .S
O I 4- T T T 1
0 2 4 6 8 10
DO(mg/L)
1% 4.23 D09 Uz A<
M X| g4 (curved-tri) = . = I X|&4=(Gaussian) Ag|Aamste
100
/N
80 A——1
I\
60 f \ \
< AT
&0 . \ . \ \
40 | | |-
2 , |- \
20 4 \ ’ ‘\ \I \I
/ I v '\\
O 1 T T 1 1
4 5 6 7 8 9 10 11
pH

a9 4.24 pHE| AR A
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I K| &< (Curved-tri) === oI X| &4 (Gaussian)

EEES=3-2N

100 \\
80 \ ‘\
| —X%
60 \
i - "N
K!
40 ! . \ .
\ / \ >\
20 \- \ ] o
0 : . , , .
0 10 20 30 40 50 60 70
EFE (NTU)
19 4.25 B=9 a4 A
I X| &t 4=(curved-tri) = - = I{X|&t4= (Gaussian) EEIPS: 115N
100
™N
80 S N
AN
60 \ 1\
<+ L N
¥ VLV N
40 S | ~
\ oy 7D
. \\
0 , , . . |
0 10 20 30 40
224 a(mg/m3)

I 4.26 2229 a9 AA HAF
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TA A4 2do] Ayl WQIe 4 Q1x= 19 5.3, 5.43 ),

7tol 7 dlolEl7} WQIel ojujst 4k
S, ZAFERATE 1 Ay, 2223 a9
WQI9] ¥oj& AdAG7E —0.842 U 719 A F F2EF art
o} Tk, pHEF WQIO Foj=

AAATFE —-0.78F p

th DOgF gx8] A% AeAF7E AA et 1 olive 7 A
A7k A tF-Ee] 7IRF FoF S Tael et Slo] WQIE A
ot o] B T vAA E .ol T R A

5 & RRI, WQI, 7832 RTWQI & derdth. wWQl +
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-07-01 | 11.7 9.5 5.4 13.6 | 62.86 | 25.19 | ®BE | 65 *Fs 124.04 2
2013-07-02 9.9 9.1 5.3 11.6 | 70.57 | 30.34 | ®BE | 72 *F3 117.30 2
2013-07-03 9.9 9.1 5.2 11.1 | 71.35 | 30.86 | ®& | 78 I 184.07 2
2013-07-04 9.7 9.0 4.8 9.1 75.06 | 33.34 | X% | 69 *3 239.05 2
2013-07-05 8.2 8.4 9.0 6.0 82.64 | 38.40 | ®%& | 88 L 658.73 2
2013-07-06 8.1 7.5 | 415 2.4 81.09 | 37.37 | ¥% | 97 - 1077.65 2
2013-07-07 8.5 7.3 | 441 1.2 79.95 | 36.61 | X% | 89 - 571.41 2
2013-07-08 8.6 7.3 | 29.0 1.3 84.49 | 39.64 | ®% | 88 + 294.83 2
2013-07-09 9.4 7.8 | 20.6 4.1 87.90 | 41.92 | ®% | 75 *3 259.15 2
2013-07-10 | 10.6 8.5 | 17.4 9.1 76.08 | 34.02 | ®% | 70 Iz 310.66 2
2013-07-11 | 11.3 8.7 | 15.2 9.3 73.18 | 32.08 | ®& | 76 Iz 256.74 2
2013-07-12 | 11.2 8.9 | 124 10.4 | 69.93 | 2991 | ®BE | 70 *3 150.09 2
2013-07-13 | 118 8.9 9.3 10.3 | 72.09 | 31.36 | X% | 69 Iz 210.66 2
2013-07-14 | 11.9 9.0 7.6 11.4 | 70.41 | 30.23 | ®B& | 64 *3 219.79 2
2013-07-15 | 10.0 8.4 7.5 8.7 83.83 | 39.20 | ¥% | 68 I 367.31 2
2013-07-16 9.0 8.2 7.5 7.9 88.70 | 42.45 | X% | 88 F 273.87 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-07-17 9.6 8.6 7.5 9.0 80.08 | 36.70 | W& | 82 - 246.54 2
2013-07-18 9.9 8.8 7.0 6.0 79.36 | 36.21 | H% | 62 *F3 200.10 2
2013-07-19 9.6 8.8 6.4 3.8 80.55 | 37.01 | ®%& | 70 I 192.02 2
2013-07-20 | 10.3 8.9 6.3 4.8 78.85 | 35.87 | ®% | 75 *3 198.27 2
2013-07-21 | 10.3 9.0 6.0 6.9 76.11 | 34.04 | ®% | 69 I 229.65 2
2013-07-22 9.2 8.9 5.5 6.2 7863 | 35.73 | X% | 79 *3 154.25 2
2013-07-23 8.7 8.8 5.7 5.0 80.28 | 36.83 | ®% | 79 *3 192.60 2
2013-07-24 8.1 8.7 6.0 4.4 80.16 | 36.75 | ®& | 77 I 140.42 2
2013-07-25 7.6 8.4 7.3 4.4 82.86 | 38.55 | W& | 77 *3 269.16 2
2013-07-26 7.7 8.4 7.3 5.0 83.16 | 38.75 | ®& | 77 Iz 76.77 2
2013-07-27 9.1 8.7 7.4 6.2 80.74 | 37.13 | ®BE | 72 I 179.25 2
2013-07-28 | 10.8 9.0 7.6 9.3 72.79 | 3182 | ®% | 55 2% 179.86 2
2013-07-29 | 10.1 8.8 7.7 7.2 77.90 | 35.24 | BT | 64 Iz 111.16 2
2013-07-30 | 11.3 9.1 8.1 7.3 72.78 | 31.82 | ®B% | 56 2% 138.48 2
2013-07-31 | 10.8 9.3 7.5 10.2 | 6853 | 28.98 | W& | 55 2 205.17 2
2013-08-01 9.9 9.1 7.4 12.6 | 66.16 | 27.39 | ®w& | 58 2 292.20 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

LA DO(mg/L)| pH (ET%) —g(fjri)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-08-02 7.8 8.4 8.9 9.0 79.08 | 36.03 | X% | 67 *Fs 335.13 2
2013-08-03 7.4 79 | 11.1 5.1 87.42 | 41.60 | ®T | 76 FE 377.00 2
2013-08-04 7.5 7.3 | 247 3.1 82.74 | 38.47 | ®% | 76 I 127.57 2
2013-08-05 8.2 74 | 279 3.7 84.50 | 39.64 | ¥% | 85 - 144.20 2
2013-08-06 9.0 79 | 191 7.4 85.95 | 40.61 | ®G& | 84 L 140.27 2
2013-08-07 9.4 8.0 | 14.8 7.1 87.41 | 4159 | ®B% | 82 - 168.01 2
2013-08-08 9.5 8.3 | 10.4 140 | 75.02 | 3331 | ®B& | 79 *3 248.80 2
2013-08-09 9.5 9.2 9.2 148 | 60.26 | 2345 | ®E | 78 I 222.31 2
2013-08-10 8.7 8.8 9.7 11.7 | 70.94 | 30.69 | ®E | 71 *3 182.48 2
2013-08-11 7.9 8.4 9.3 9.8 78.31 | 35,51 | X% | 83 L 161.05 2
2013-08-12 8.6 8.8 9.2 134 | 66.80 | 27.82 | ®BE | 78 Iz 126.60 2
2013-08-13 | 10.7 9.1 7.3 135 | 64.44 | 26.25 | ®% | 69 *3 105.23 2
2013-08-14 | 121 8.9 7.2 115 | 72.15 | 3140 | R% | 60 RS 84.51 2
2013-08-15 | 12.0 9.0 5.8 10.9 | 7249 | 31.62 | ®% | 58 2% 14453 2
2013-08-16 | 12.0 9.1 5.8 9.5 72.64 | 31.73 | X% | 54 W 141.43 2
2013-08-17 | 12.7 9.1 6.6 13.4 | 65.14 | 26.71 | X% | 54 iE 140.66 2
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¥ 53 7R A7 A4 A& dHolg g 3 (AH)

o1 A] DO(mg/L)| pH (ET% %fgii)a WQI | RRI RTWQI (jgi)
2013-08-18 | 12.6 | 91 | 6.9 131 | 65.40 | 26.89 56 124.92 2
2013-08-19 | 11.6 | 94 | 7.2 125 | 64.18 | 26.07 55 124.92 2
2013-08-20 | 105 | 97 | 7.0 138 | 61.30 | 24.15 55 124.92 2
2013-08-21 | 9.7 95 | 6.3 138 | 61.85 | 2452 | 8% | 57 BHE 124.92 2
2013-08-22 | 8.3 91 | 5.0 102 | 7061 | 30.37 | nE | 62 %}z 124.92 2
2013-08-23 | 7.5 88 | 45 71 75.81 | 33.84 | B% | 70 %}z 124.92 2
2013-08-24 | 6.9 82 | 4.9 5.9 86.04 | 40.68 | B% | 785 | %= 124.92 2
2013-08-25 | 7.3 81 | 5.1 4.3 89.45 | 42.95 | B% | 87 e 124.92 2
2013-08-26 | 8.6 84 | 52 5.9 86.81 | 41.19 | ®% | 79 %}z 124.92 2
2013-08-27 | 100 | 87 | 54 9.0 80.02 | 36.65 | B% | 65 %}z 124.92 2
2013-08-28 | 10.2 | 88 | 8.2 9.0 75.99 | 33.96 | B% | 65 s 124.92 2
2013-08-29 | 8.4 85 | 6.0 4.6 84.50 | 39.64 | B%® | 72 %}z 124.92 2
2013-08-30 | 7.3 82 | 46 2.6 87.97 | 41.96 | B% | 77 %}z 124.92 2
2013-08-31 | 7.1 8.2 | 45 1.9 87.34 | 4154 | B% | 78 s 124.92 2
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E 5.6 AP R A7 AH A& dHolg g A3 (ASH)

94 |DO(mg/L)| pH (ET% %fgi%)a WQl RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05-01| 9.1 8.2 18.8 22.4 65.46 | 65.46 | %% 88 T 172.27 1
2013-05-02| 9.5 8.6 18.1 27.43 51.96 | 51.96 | %% 88 T 211.54 1
2013-05-03| 10.1 8.7 17.9 32.46 50.38 | 50.38 e 86 SR 146.56 1
2013-05-04| 10.2 8.8 18 37.5 48.47 | 48.47 | RE 77 *z 88.24 1
2013-05-05| 10.3 8.8 18.6 36.9 48.05 | 48.05 | BHE 76 *z 134.65 1
2013-05-06| 10.3 8.9 19.5 34.1 45.74 | 45.74 | RE 79 *z 111.55 1
2013-05-07 10 8.9 19.9 34.4 45.54 | 45.54 HE 84 SR 151.9 1
2013-05-08| 11 8.8 18.8 30.9 47.92 | 47.92 | R% 82 SR 240.8 1
2013-05-09| 11.8 8.8 18.4 27.1 50.59 | 50.59 | %% 72 *s 265.42 1
2013-05—-10| 11.3 8.7 18.1 25.9 53.64 | 53.64 | %% 82 - 349.55 1
2013-05-11| 10.5 8.4 19.5 22.2 61.06 | 23.99 | BE 88 S 275.84 2
2013-05-12| 10.2 8.2 |17.73333] 20.5 67.83 | 2851 | HE 88 SR 318.18 2
2013-05—-13| 9.7 8.2 |15.96667| 18.9 69.82 | 29.84 | RH% 88 5 193.35 2
2013-05-14| 9.7 8.3 17.9 17.5 67.54 | 28.32 | RE 89 T 330.24 2
2013-05-15| 9.6 8.4 19.1 15.2 67.08 | 28.01 | B% 89 - 385.96 2
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E 5.6 AR1PR A7 AH A& dHolg g A3 (ASH)

PN DO(mg/L)| pH (ET% %fgii)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05—16 8.9 7.9 21.5 21.2 68.62 | 68.62 | 4= 88 T 22.79 1
2013-05-17 8.6 8 20.5 16.7 70.77 | 70.77 | %% 88 SR 93.08 1
2013-05—18 8.6 8.2 21.5 14.2 70.07 | 30.01 | R% 88 - 207.53 2
2013-05—-19 7.9 8 25.1 10.8 7594 | 3393 | A% 88 S 300.68 2
2013-05—-20 8.1 7.9 26.1 9 79.08 | 36.02 | RE 88 S 129.91 2
2013-05—-21 8.7 7.8 22.2 9.4 82.80 | 3851 | HE 89 S 216.52 2
2013-05—22 9.2 8 18.8 10.5 82.19 | 38.10 | R% 82 - 146.01 2
2013-05—23 9.3 8.1 17.8 11.2 80.85 | 80.85 | 4% 89 SR 22.89 1
2013-05-24 10 8.4 16.5 14.1 69.85 | 69.85 | ¥& 86 SR 59.26 1
2013-05—25 9 8.4 16.6 11.4 75.45 | 75.45 | %% 86 - 135.3 1
2013-05—26 8 8.3 16.8 7.6 78.17 | 7817 | %% 88 SR 140.95 1
2013-05—-27 8 8.2 16.7 8.9 79.51 | 79.51 | %% 88 SR 140.83 1
2013-05-28 8.2 7.9 18.7 9 82,55 | 38.34 | H%E 89 T 507.2 2
2013-05-29 7.8 7.6 31.1 11.8 75.86 | 33.87 | R% 88 T 635.81 2
2013-05-30 8.2 7.6 20.4 9.5 83.72 | 39.12 | B% 88 - 282.41 2
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E 5.6 AR1PR A7 AH A& dHolg g A3 (ASH)

PN DO(mg/L)| pH (ET% %fgii)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-05—-31 8.8 7.6 15.6 14.2 80.03 | 36.66 | BE 86 T 218.39 2
2013-06-01 9.2 7.7 12.5 13.9 81.79 | 37.84 | H%E 85 SR 208.63 2
2013-06-02 9.1 7.7 15.5 16.6 77.41 | 34.91 HE 90 SR 99.99 2
2013-06—-03 9.1 8 17.3 25.6 66.70 | 27.76 | BE 98 S 182.31 2
2013—-06—04 8.9 8.6 16.25 24 57.66 | 57.66 | %= 99 SR 177.63 1
2013—-06—-05 8.5 8.7 15.2 27.6 52.24 | 52.24 | %% 96 S 217.82 1
2013-06-06 | 9.75 8.9 11.4 25.5 53.89 | 53.89 | 4= 86 SR 16.2 1
2013-06—07 11 8.9 10.4 29.7 51.06 | 51.06 | %= 74 *s 141.31 1
2013-06—08 | 10.7 9 11.1 27.5 50.84 | 50.84 | %% 76 *s 272.54 1
2013-06—09 | 10.4 8.8 12.2 41.1 51.43 | 51.43 | %3 82 S 172.15 1
2013-06-10 9.6 8.7 14.6 50.7 51.92 | 51.92 | %3 90 S 224.44 1
2013-06—-11 9.6 8.6 14 40.4 53.97 | 53.97 | %3 100 SR 315.7 1
2013-06—12 9.7 8.6 13.6 34.4 54.18 | 54.18 | %% 100 SR 301.64 1
2013-06—-13 9.5 8.5 14.1 22.5 61.89 | 61.89 | %z 97 - 78.08 1
2013-06—14| 10.9 9 11.5 20.1 56.74 | 56.74 | %% 79 *s 307.93 1
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E 5.6 dHLHRE 47 AH HE& vy

% 234G

PN DO(mg/L)| pH (ET% %fgii)a WQI | RRI | RRG |RTWQI R;V;QIE (jgi) FCG
2013-06-15| 10.6 89 | 126 16.1 | 60.82 | 60.82 | *& | 80 ©% 1 196.01 1
2013-06-16| 9.8 8.6 | 13.4 17.8 | 64.26 | 64.26 | ¥z | 90 o2 113116 1
2013-06-17 | 10.1 87 | 10.9 10.8 | 74.03 | 74.03 | ¥z | 78 2% i 154 1
2013-06-18 | 9.8 8.4 | 144 14.4 | 7040 | 30.22 | %z | 75 &% 100575 2
2013-06-19| 8.1 75 | 48.1 271 | 56.44 | 7.93 | B% | 93 o4 1322569 3
2013-06-20| 8.1 7.2 | 805 8.5 69.34 | 2952 | %z | 82 o4 1 12367 2
2013-06-21| 8.1 7 80 5.1 70.05 | 30.00 | %¥3 | 69 @5t 497.04 2
2013-06-22| 8.1 6.9 | 74.9 4.7 68.93 | 29.25 | ¥z | 76 2% i 7324 2
2013-06-23 | 8.2 7 65.6 4.7 7041 | 3024 | ¥z | 77 &% | 43191 2
2013-06-24 | 8 7 59.5 6.3 68.89 | 29.22 | ¥z | 77 F% 47949 2
2013-06-25| 8.3 73 | 486 157 | 64.68 | 26.40 | %z | 73 @5 49713 2
2013-06-26 | 8.9 75 | 417 101 | 79.03 | 35.99 | & | 70 @5 | 90.85 2
2013-06-27 | 9.4 74 | 29.1 5.8 85.79 | 4051 | %s | 70 F%  288.25 2
2013-06-28 | 9.8 8 27.1 9.1 80.17 | 80.17 | ¥z | 68 o}z 106.46 1
2013-06-29| 11.2 | 89 | 251 13.6 | 57.56 | 57.56 | %= | 64 o}z 186.63 |
2013-06-30 | 10.1 87 | 23.1 11.3 | 67.04 | 67.04 | %¥= | 64 o}z 98.48 |
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5.2.3 RTWQI ¢ RRI ¢ s

RRIS} RTWQIE A5 AHG3sh=d oA A Al 7kA a7t
A 4 7 Age sk 74 1A =T RRIE DO, pH,
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Abstract

Development of River Recreational Index Model
by Fuzzy Synthetic Evaluation

of Water Quality Parameters

Soo—Yeon, Choi
Department of Civil and Environmental Engineering
The Graduate School

Seoul National University

Recently, due to increase of income and interests in leisure and
rehabilitation of riverside, popularity of recreational activities in the
river is increasing in Korea. Water quality is crucial in river
recreation because it is related to health issues such as outbreak of
waterborne diseases. Therefore, it is necessary to provide the easily
understandable integrated information about water quality for
citizens. In Korea, integrated water quality information is provided
through Real Time Water Quality Index (RTWQI). However, the
system has limitation that it does not integrate coliform information
which is the critical in river recreation and the lack of clear distinction
between the water criteria is not considered in this index system.
Therefore, there is need to develop new water quality information
system to overcome the limitations of existing water quality

information system.
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In this research, River Recreational Index Model (RRIM) was
developed to derive River Recreation Index (RRI) which is real time
water quality index for the recreational river use to the public. Also,
RRI was divided to River Recreational Grade (RRG) according to
possibility of water contact during river recreation. RRG consists of
four grade, ‘excellent’, ‘good’, ‘acceptable’ and ‘unacceptable’.
‘Excellent’ and ‘good’ means that primary contact is possible,
‘acceptable’ means that secondary contact is possible and
‘unacceptable’ means that no contact activities are possible in rivers.

The RRI model consisted of two sub—models: a Fecal Coliform
model (FCM) and Water Quality Index Model (WQIM). Fecal coliform
1s impossible to measure real time data. Therefore, FCM was
developed to predict the fecal coliform using the logistic regression.
The FCM predict Fecal Coliform Grade (FCG) in order to determine
a level of available recreational activities in river. Then, the WQIM
calculated Water Quality Index (WQI) which is a single index for the
various recreational activities in the rivers by synthesizing important
water quality parameters except fecal coliform. To consider the
fuzziness of water quality criteria, the WQIM was developed using
Fuzzy Synthetic Evaluation (FSE). The FCG and WQI was integrated
by the RRIM algorithm.

FCM was developed on Nakdong River by logistic regression. pH
and log of one day previous discharge were selected as explanatory
variables and three regression equations which predict FCG were
derived. Among FCG, grade 1 means that primary contact is possible,
grade 2 means that secondary contact is possible and grade 3 means
that no contact activities are possible in rivers. As a result of

validation, correct classification rate was 0.63. WQIM was developed
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using FSE. DO, pH, chlorophyll a and turbidity were selected as
important water quality parameters. Water quality criteria of each
parameters were determined according to RRG and curved triangular
membership functions were designed. WQIM showed that it reflected
ambiguity of water quality criteria.

RRIM was applied to upstream of Gumi weir and Gangjeong welir in
Nakdong River. In Gumi weir, predicted FCGs were all grade 1.
Otherwise, apart from grade 1, grade 2 and grade 3 were predicted
in Gangjeong weir. In both sites, WQIs were affected by chlorophyll
a and pH a lot. As a result of calculating RRIs, RRIs in Gumi weir were
equal to WQIs since all FCGs were grade 1. Also, comparing to
RTWQI, Pearson correlation coefficient was 0.65 between two index
and it implied that these two index showed significant correlation.
RRIs in Gangjeong weir were corrected downward when they had

grade 2 or 3. In those cases, RRI had more conservative results than

RTWQI.

Keywords: River Recreational Index Model (RRIM), River
Recreational Index (RRI), Fecal Coliform model (FC model), Water
Quality model (WQ model), Logistic regression, Fuzzy synthetic

evaluation approach, Nakdong River

Student number: 2012—20924
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