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Review water quality data to determine
whether there are historical WQS
violations, or trends indicating that the
water is threatened

WQS \iolations or
trends indicating
water is threatened ?

Do not list waterbody

Deterrrine whether all required
technology based pollution controls are
implemented?

All required
controls
implemented?

List waterbody, and
develop TMDLs
WLAs/lAs according

to priority ranking

Determine whether inplementating all of

the required technology based pollution

controls will meet WQS.
Inplementing the required i Implementing the required pollution
pollution controls is adequate to controls is not adequate to meet
meet WQSs and waters are not Will waters WQSs or waters are threatened
threatened meet WQSs?

y v
. List waterbodly, and develop TMDLs
Do not list waterbody WILAs/LAs according to priority
ranking
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Identify 303(d) Targeted waterbody

Is information
adequate to determine
load reduction?

No

y
Develop TMDL including:
Develop TMDL including: Requirements:

—» - WLSs for PS - WLSs for PS which
- LAs for NPS and background sources - Maintain existing liits or establish

- Margin of safety new limits

—LAs for NPS which
- maintain or implenment new NPS
control(BMPs)
—Margin of safety
Schedule for phases:
—installation and evaluation of NPS control
— Data collection
—WQS assessment
— Additional modeling if necessary
Inmplementation of schedule

Approval by EPA

Implement controls and complete required data collection
- NPDES perrmits for point source controls

- State or local processes for nonpoint source controls

- Additional monitoring

- Final calibration of models

WQSs not achieved Assessment of water
quality based control

Remowe waterbody from 303(d) list

(23 2-4) TMDLO| 3875t g2 % 2 22| tietel 2int et

(1) TMDL 4% ¥ H3AHE

oA 7)&3 uhe} o] Zh F A Ro| A 3 TMDLEZ 138 EPA0 A|&E o] HE %



St

0]

] WEEA] FEgE]ofo}

oLo

0,

the o] A}

T

.

19, TMDL 8 Ei14<]

[

AAF

=

=

%9 23

i

22
Hr

K
N
~

W

50

E

[e)
24

Beaver River, Minersville Reservoir,

T
L

A9 A 5

}

T

w2t Salt Laker] 9] Y20 & 1607}Y, Cedarr] 20 F

v ol Aol ek glom, f4 v 5

.

}

L99e 1d
°

pis

3z

=

Z
= A

=
T

° TMDL °J3 A ¥

°o A

o

(D Beaver River Watershed TMDL

Beaver River Watershed

AL ¢k 320 000acre

o

Puffer Lake, LaBaron Reservoir$} Kents LakeS ¥ §5}a1

9/]

A7y A7157] A2bekslor, 7929 7 del gk 2eA

o]

)

-

Foll <2740 ekl = Ak

Fel] £+t TMDL(Total Maxium Daily Load)2gol ¥

.

o
A4 7dsE Aoz

=

=
o O

Z BeaverAlo] ¥

2 o7t B

=
T

=)
R

o3}

3000% A==
1991356 1992\37}A] Clean Lakes Phase I o]gh= 77} 3 = HA]

ELEEE
o] Q121=H A Beaver Soil Conservation District®] %

T

.

‘_]llo

T

.

o

I

o

s

olaL, AF AT

vk AT

C

T
18

s Y



fa9, of Txat— A o159 BA7E FH ALE BAolglon, Hae) 249 g £

2 27 g} 4o Qg 01%7} 18] A5} 5ol F& HAAE tFHATE B o] A
ol B 4 71249 19 HT FEMAEE 40mg/L, 5 20 T o), 919 sxE 43
o} 2% 0.05mg/L, 352 3% 0.025mg/L% ZI3sh= A7 S H Ak wEbA ol
g A oskE AAE] sk < BE A4S 913 TMDLS 33k

TMDLS] AAE F2 7|29 SGAEE o8¢ BARAS B3l A=Ak dA dzr
8906kge] F3 EHo] FUHIL glom, #4 7%l 0.05mg/Le FE5 WEsk] 913
TMDL 2719g/yrZ A= itk webA = 7|59 @45 AdiM= o 70% 718l £

|

o] AA= oo} st o]F g thd Weto g AEe FYEA A AtS FHEIHS
B, WhEse B o, A5 T A FATERE AN, 5o 449 4%, 372)
W B T2 Atk o3 d7 AR IAME EPAY] AEEHJASH, EPAE ol
Beaver River watershed®] TMDLZ <513}t

@ Rock Creek, Clinton County, lowa TMDL

Rock Creek-& Clinton County®] 520 9J]8}1 101, 16.7mi*e] - H=-S k3 FA]
Hero g Ee Mississippid &2 frAE T o] 792 A FHH 9] o 90
B, 4% AR, el 6% AEA R0 2 TAE 6] Ik Ro kCreek«] 29 AlgEA
< A 74, FAA AT, S
199811 EPA9] 303(d) &5 9slH, Rock Creek2 vi-¢-
NO»N/NOx-N FE= 40| oty o] o] &-54& TEA7]A] Koh= SR Ueigton,
kA o] el tiate] NH:-N 342 TMDL A4o] AA =it

_I[Nv
jﬂ

o Qe ARE AL o] &
G NHIN 12 0] EAeHL 5108, 4 sl skl Rock Crok a8
NHyN 5= ol$ 2 deht 27158 = E} lowa%] NH-N 2 7]&&
T WY BAFER TRE0] 908, pH S8 0 49 T e gE §e 2E

AS Y3 42 A5 E 199395 E AA7HA

S

K%
ol
o)
=
X0,

i



5]

2 42 238T pH 82 AHIE YA 2o E HE

T
L.

t}. Towa TMDL A7 3} ol A
o] A7) sy &4

Rock Creeko =

o] Hth7} =z, 23}

o =
o=

ks

X
!

e Aow

o5

ol 7]

ARz RE $5

+

S

=
[€)

ol
=

1) £
29AZ T

p—

Kfo
o

e

S

gl 19A M= AA

T A=

=)
o

O
L

=t} Rock Creek®] TMDL

Rock Creek A 4

T
.

1501, 2] o 4]

3

Aol 2A ¢4 71%9] 24<s sl T3 AT TMDLE 13

b spgron] wdE SgelA AA GPRsge] T3

]

5

555
o gaos

()]
=

9l NH:-N 55E 1.84 mg/LE Rock Creek®] Qo Fr#S 05f/sZ B 1

AR
3t

71 9

3

&= 9 50lb/day = AlMHE 4= Sitk. o] gk dFF-sts o]

= 44 A4 S

1

)

A3

Aol Mol AAld

=
=

-N
wejo] A|gs)

1
L

Itk

O

~

A Rre2= @377 24, AEA K

s
a

—_
file)

(COD)E ARP=oz

SRR

13
o

Jolt. @A 2

FA

==
Z;]]

2 733t &
2

Z o
—"1——

3

= A

VA 8712191 A7) He] o] FAAAE ghgtont, HAL Ao} e Ao

=z
=

cEL

Vi3l

3

Dz

20



THA| 7} 1979928159 o) 5

5

"5 A 7)ol 93] 13}

A3

Fdch 4zt

S

ZetAE AN

) S B3R 43}

4

hyE

38 P o Ko A7]= o] 1999:(

A A1) Al

gt A=

&

]'O:L 2000]{33-?‘1"3 /\] Z'S(H% xﬂSi]_

3

A7 2

= o
-

Sfol]

7Fsko] Al8 Foltk

-
M

;OO

o
=

1

o 9l

£
Y

3

COD ©]2]d]

A thel
2 Azhn

4

A 2

T
.

ARA TR

23 A

L
L

5

ES

= =z
= T

_g]

ol $-M =7 Rt AASE 7

Z_'

o] F7}e] BE A

2<_|

oz} eigka ool ] wo] 44

A

bod 17 - 219) 4%, A7)

3

ol o

ato] 71EA12

Aol o

N A=

w4

o)

o et

spol o

]

TKH
=)

]

7)1 EH

wo} e Ul Al o

A A}

=5

FreAl2lE Al

Azt A 5

o

N

FETA7

ERAA

21



w

, 2005),

!

o) Z7HastE o3t

71

5

==
=3

A v

A
o]

fox ]
=4

59 Tl g 1

[

1 19963 A AEZRE HA3L o] EA

< 919

H 584 /1A
7(1996~20001d), 271 (2001 ~2005'3), 3T (2006~2010%) 2 Lo

dEdLe COD, TN, TP, #7, Algh v, &, 4, 28, 712§ 7k o

Zye] 23171 2005

2%

A

|

9ol 7}

%
o] 792000 =22, 201042 7% 2005

A7) 53

=
=

= 20009744 = 7+ &

AR EE

_g]

1=, 20109 7}A]

9]

o
9

o 2

o2,
2 53 ool 53 o

171 Y8l COD wj& 4

9|

£ 24

RYA
=ik

<
“

235k COD HulstguE ol 27kl

A,

Y Al it da gl s

Fagel Aok 3

&

43

Atk =9 A5 A

ox

n

ol

e

Abg] Ha

1

%2

3.2 - 9

Zpol7h et 2=

Aok tha

&

w|5olih Qi

IRBERRE

22



i AR A 2

[

e

338 LA

e

)

T7ke} A GAA e BeE 1 AEE MU tot

7}

|
-

uEbA S Al

A% F7h Aol

T
T

Clean Water Act 303(d)Zdll <43}

o
N

H v]=9] TMDL

felatel

S

o,

oz

4r

=
=

= @ 9E-4o] BOD, COD, TN, TP,

S|

FeHZ ST, 2001).

o
50

2idnjt} EPAY] E.

e
=

bl 1 5%

9

e

&

[e]

tof EPAS] <

A5

TAE A

g

ge

ted 74l

3

A

ﬁo
B
o)

;AL
—_
o

N

=

=
e

)

ofp
Hlo
o
do

&

o) A

!

o = - o) 54

= 39 AHHE B3 AN

= A

s 9]

SHAl A3

7Vs3

KeN
=

+ 4

S
pul

23



2|Hz el blm

0 = i
o il 7o
7| = X | = b | <% TH |y = w_m
~ XA 1o
AEIESPIEREIE] Ve | 4
gk 58T |k e 05 2R & |TLY
— O | —
R IR i I e L B O . W | =R e 2 .
< = | 7R R g e T B R T Mo =
- H ﬁlﬂoml Wm‘l,ﬁlulﬁ\u._ﬁ‘ﬂm ‘mEAﬁWH%_,W
"= D N & < = s
o o % - o B omo .,
R b ol T o) B % M E
= : A SN DF BN K| o BT Nem
Da Z]E o —
T | E N 5| m
= [ ; n O
% |E Bl | XX zﬂt Mm = o | oor ﬂpv s
Mm\ .m —~ Wa p ~ jvmo ﬁo ‘A_’ ,HO' \.IW_V.O T° ﬂuﬂ ‘_IK_VIL ﬂWO .l.ml\_
il 23 m K| < | | T w‘ ) oF n T
== m w o+ B | ‘_._ﬁ,._ﬂ_.w ,_%o_w N N ~ oy W_M Ho o} o X !
£ O w0 A S I Moz = M
ET N o I B e Al =
c o Br % | = | N mﬁ o o ~
= 4 o B | HT MT [=2] W AR TR ™ RE
T S S [ g B e
ﬂAlO pl LU \<I_| [
= |2 o x|m | 2w o
P #o|4r el T < i
2|ERa 5|t |2 ETr gara 1E | 5
o S MBS o ! O o Lm = @) m — %R o] o il - o o
FlwlEe & & | ExE | Xam| T T OLw
To o S| R | R SR Y U = .
2w TR TS| Wy v B[n ol B e
of |35 < | R g (R o] Slo| ®He = W o R R
2% M SRS E R e LB
& W%%om_c%auﬁomimnjwm%ﬂummmmﬁ.,o "
)A A — .vA H_ O
¥ JJJ&%@ﬂ%ﬁﬂ%ﬂﬁﬁ%W
| we | A R R R G s _
il NSO BTN [ o [ . S R OER ey 1l
ﬂ pata ) ) a \a a o Mo ﬂ =
NCH G o T w o T oyl i m
™ " ) Mo — ™ol =
ﬁﬂ&ﬁ; o®mH | o

24



A2HE L

1 999 33 88 g7AH

Holtt. 12

K

T
.

fod de) ARSH

b1 9

9

gyt Ld=d TS A

3 Aoz ¢

3}

off
Plo

O

+
Gl

ok glom,

ted AAIE

)

2% 3

513}

[, 7F5e] $7E 2o A

3]

o] S7H8 e

uk
=

eH=d

s

192 o= 21859 2

)

A A3 2734 (1992) 0l 4]

a9ls

<

7}t

=
-

Stal HAAE 9} B

ERER

R

ﬂo
B

@7t 1g

171 $15te] vjd BOD 9

9

bepel 2712 1

S|

=]
5
o9

Fol uhe il

3]

= _X~=
25FFY

% 7}

)

g gy

S 42 FAT, 2000). 2001

3k Ik

e Aoz sl dasls A8

9

e 71E] Aol

)
-+

g vl 3lom, BODS} TP 73

ueke] 107 =AIA S e AL
A48 AR 1)

NG| 3+

TP 24 teiol vl

+ BOD %

3
pul

A ZARATARY B 1A (1995))

} 32139} =oll X 68 FE 9d7HA] AT 3

R

AP = 567090 o
#E)7)1exHo g A H o] 3t 35 ol A

)
+

thA] Aol o

ol
=

L=he

Al
o

Al

25



gk

A

o) WjZE

AlelM A, 8, AlA] e

I~
T

S5

o
|

A

&l u} Qlth EH3, 0|58 5(2007)

2

S

= = [e)
=54&

ESE]

of

FZREY 0PBA WEEA

Zwgd

g 8As gt 1 9 4

oF

A3

A

71 8 2dee Tt 7k, kAl e

9|

HE 0 QTS 14

Q]
H

(1981)2 FFTZ

} AR 2 QUAL2E

\ =]
SER

i

#747

AE Atk 1 9fol =¥

26



gl we} gedd 2 HHey

e ZA =A] B HIEAIA]

(6]

EAol &

. o EA] ]

L

shgel A1719 WaE

S

5

)=}

=

=

],

S

o]
B

te]

do

A

5

g

A

)1\_]:

i

tof AA

25

oz 7

SEELER-RR

off

wir
"

—_—

X

gl
ar

<

~

~

X
HH

W 2t EX|o]8-9] vl&S o]8-sll7] Wil 2o a8

P
T

2 9592

5
T

Hjetow 3
j BATLN N EAo]

<2-1>
<2-2>

=

=

=l

F

A
pul

o]

(s

F

, PSusa i1 =1 TG4 2] 29 19

A

NeR
=

)
E=3

H]
Ri,jx PSadmj,k

(1995, 1996, 1997,1998)°l1 4 95 ©]

n

L U’wsdi, k = Z Ri,j X L Uadm gk

B
Jj=1

29| dgre olg <4 21>3} <2l 2259} o] 7
PSwsdi,l

A7, LWUwsd 1x = 1 FFHANM ] BA] 0]8 ko] W4, LUuam jx

7= ool BT

oo

EAo]

Y97, k

=

i

REECRICES

j 497y

Psadm il =

27

28T, gaty,

=

ojtt. o]¢f AxtaHgell X B, ZF @ fL TR A
|

7Hgel

T
.

S

Ay A
X

H &

)

()]
=

o) o



o]

T
.

o] wzo] U¥ a9 1 S} AAA Hi, 927} H

HE ez 7

d

X
Br

70
;OL

}

1

5134

[e]
=

|

A AAA S =Y

A

o)
To
oy
U

uE

A

15

(1998) il A

&

ar

o] opt

7 AR RE )

=
—

o} EX|o]§ Fej7t o

[¢]

| f

ool @7

g
LO

tadk 2=, o]

A8

o
ERs

A}

) 34724 B2 RE] Tkm x 1km 3

9]

(1992) A=

]

EEEERE

o
_Gﬁ

T
oy

1

T}
% 5097

oA 137019 &

ol 7 A7

3

7M1=

28



sl YohE 74

HA &3

o;-
5

o) YT W9 el

Fe 2ol 237k AXA

]

ARZ A%

4

e} 27 9 09l

he= I ol A

9]

A afreds AR As

Aol

gl

2. gai,

Al Q5 7} BhA

o
==

#7}0] of

0|
3K

L
L

7] 918 5502 ALgS)f

2 s

A}

AR Fol Bri

2
g

)

0
Hjo

1o

]

)

al

o] F& o] gy

=
[¢]

AGNPS(Young et al., 1987), SWAT(Arnold et al., 1993)

1
L

E Q.C_).E_
Th(Leon et al. 2001).
o ot

[e5|
=

ko] =4

& O

Q.

SWMM Fd&- o]

(2004)&

<
HHAe

ujels]o}

U 5(2005)> v

=
L.

a0 o)8d 5 YeL AN

=d] SWAT 2.3 0]

W45

K

EER

[e)
=

[e5]
=

o2 SWMM Z2g 0|43t v

o

3) X2|MEAA L &=

o A=) H=A

[¢]

1 1980t - -2

9]

I} A2 HBA A O] EHof ¢

29



A7 4887 AAsGor 2719 A T2 AwFAel @ P01l Ventrura

(1988 EY=el AFEE olgste] AAxet EY A TEAS AL,

[e] 1 bl
Hession(1988) %} Gilliand(1987)2 413t o2 §99] FALE-EHI S 451901, 11 o]
ool Mgk LE7Fe A £4 Foll AFRAAZE AHEH ATHAE, 1995). 1], o] &

e}
ATEL nE AFRAA L 7FE 2HZF 75 01A)

A ol ASACIER] sl 2% UL A 8 Ao ol A
o ZAEE ol £ANIE A2H FURE TAY F UTS AEY BB HESEE
Re] YeulolekE 47 FHE 4 YL 77 By EAANE ol EAGAG BAR
T UEE dF=oHGilliand -5, 1987; Bleecker 5, 1990; Newell &, 1990; Orien, 1990; Zhang,
1990; Camp 5, 1993; Batelaan 5, 1993; ©]. 24, 1996, AJ$18). wbA ol# 3 AHHRAAS
283 A7 1990 d o] o]28 TS dAste] iR R F_HE= T o=
o= <3 22> 2 IR °]S F AGNPST B 7] BEE %‘4
FfrEs dlAsh] Ad 2ol Au EdRdds /IEACE o Sste A0E 73 &

7 Rolsl= ATs wx] o),

i)
o
=)

Mz
oY

i
tlo
e

AHRAAE FARAB) 48T Tl AT A BA e Hol} A4S 5

(1883)°] % ‘:’*401] CRASSE ol 978 5ol 78 % 540314 Bejo] B2 7]ur
338 A RAN GRASSS] A2 AEE v} Itk T BHANAE AR



o)

S AT

=

e SEAAY} AR

]

o

off

¢}

5

4

20}

b E|o]Efu o]

<)
hul

RS/ A2 BAA 7l 9]

=

=

2 i tEs

o} A G HA A

=

IDRISI5
=N
6=

L

L

2714 )

o

THEa AT 7194

SEEPL

=

=

)

5 g

=

%

Al e Aol o7t e AR5k A A

GRASSS} AGNPS7HY] 538

ﬁo
[p

—_—

o
wir

H2g sigon

s

i AHA

S

g 71eke] Q1AL gholl o

A3 F5(19%)2 &A= A9

71(1995),

off

I_wm

o

WE

o

2~
=
P
=

GIS A7
31

T

kel
T

o] GISe}t HE7]
Hlol8 3+ DB

=
9
s

=

AA, 71

al
=

=~

v} ik 2000 thell
2

}

o
il

& Al=H 2

9

<]

GIS-HSPF9] &5 21Ej#| o] 74
thre] A7} sz ek $752002)0l A4 A

[e)

folE HE

9]
s

al

Z&
T

S

19}
HSPFe] AH-

A

|

1§ 5(199%, 2006)2] 3

[

9
o
€]

&
1}

c
a}
=

o
NI

R

€]

AlzHle] A

2000).
=, A

=
Oy

=

;FZ



YARAAZ 7o g 3 A FRATY ZRAAE Awo] Hl, I F FEA7) A
Aol mel FA BEste GISE A A7 Ed] Rl Qi o9 #H, AR
(2004), 33 F(2005) AL AT FHE 71X (2002) ] LHHE o]-&3t] GISE o] &
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(E 2-2) 23 U RTIE2 98 GIS B2 A2 Al
Valida
Model Name Main Functions GIS Study Locations tion References
Study
ACRU - runoff hydrograph
Agricultural Catchment generation and routing ARC/ Natal, ,SOUth No Kienzle, 1993
. . . INFO Africa
Research Unit - sediment yields
ARC/ Westmoreland Co., .
INFO Va, USA No Hession, 1990
Geo/ North-central
oL MIN, USA No Yoon et al, 1993
West Lafayette, Brow n&Engel,
- runoff \lf(olume and | GRASS IN US}I; Yes 1993 ¥
peak rate :
AGNFS - sediment and nutr - | GRass | 28w Bay, Ml No | He etal, 1993
. . USA
ien t yields
Eas t- central IL, Mitch el et al,,
GRASS USA Yes 1993
. Klaghofer et al,
IDRISI Austria No 1993
VirGIS VA, USA No Flagg et al.,, 1990
ANSW.ERS GENA UK, Netherlands Yes DeRoo, 1993
Area Nonpoint Source - runoff hydrographs | MAP
Watershed - sediment yields
Environmental - BMP evaluation GRASS West Lafayette, Yes Brow n & Engel,
Response Simulation IN, UsA 199
5 B WQ surface runoff
Simulator for Water B . Lower Colorado Rosenthal et al.,
Resources in Rural ) sedlrr.lept yields GRASS River Basin , USA No 1992
. . - pesticide fate
Basins-Water Quality
Nex | VA Coastal Plain
GLEAMS ) . pert oasta’ T No Heatwole, 1990
Groundwater Loading - loss of pesticides to Object USA
Effects of Agricultural the root zone
Management Systems ARC/ Dupin Co., NC. N Stallings et al.,
INFO USA © 1993
EPIC
Erosion / Productivity - sediment yields IDRISI Austria No I(laghcl)f9e9r3 et al,
Impact Calculator
SLOSS - soil loss per unit area . Westmoreland Co., .
Sediment LOSS - sediment yields VirGIS VA, USA Yes Tim et al, 1990
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(% 2-2) 73 % RFS st GIS Mg FAZLY Al (AH)
Model Name Main Functions GIS Study Locat ion s Vaélizt}l]on References
DRASTIC Hatch itt &
Depth, Recharge, - grou n.d V\./ater ARC/ INFO FL, UsA No Maddox , 1993
. . contamination
Aquifer, Soil, suscenti-
Topography , Impact, | Suscep ARC/ INFO GA, USA No Tren t, 1993
- ibility index
Conductivity
ARC/ INFO MD, USA No Hin aman , 1993
Amsterdam, Qlsthoorn, et al,
CENAMAL Netherlands No 1993
- ground water Orzol &
MODFLOW flow ARC/ INFO OR, WA, USA No McGrath, 1993
Richards et al.,
ARC/ INFO FL, USA No 1993
Austrian/Czechosl Stibitz et al.,
ARC/ INFO ovakian border No 1993
PSRM - runoff .
Penn State Runoff hydrograph ERDAS Umonng., PA, Yes Shami, 1993
Model generation
PUMPS - index for
Pesticide User ground . .
Management water ARC/ INFO Suffolk Co., DE, No Pickus & Hewitt,
. .. USA 1992
Planning contamination
System potential
RASA
USGS Regional - ground water VA Coastal Plain, .
Aquifer Systems flow ARC/ INFO USA No Focazio, 1990
Analysis
West Lafayette, Chair at &
- surface yunoff | GRASS IN, USA No Delleur, 1993 a, b
resulting from Romanowicz et
TOPMODEL overland and WIS Plynlimon , UK Yes Al 1993
near-surfaces ~
aturated flow SPANS West Wales , UK No Stuart 1&;938 tocks,
ARC/ INFO NJ , USA No Cahill et al, 1993
TR-20, TR-55
_— - peak ff i ., AL,
SCS Techinical peak runo ERDAS Baldwin Co., AL Yes Luker et al.,, 1993
rate USA
Report20, 55 Soearfish. SD Vi & Kang
pearfish, SD, ieux n,
CRASS USA No 1990
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3. FALEETFRY U Bd ATAH

ola| ¥ BFME(2004) =X 2o L AT FHYAES} FAFSE Total Maximum
Daily Load(TMDL) 2Hgl @g] o]&5 1 = YA A
Risk Management Framework(WARMF)E = AYQl 2950 F45= e 3
&3t L HF S AL, LATEFALEY ZEFE Ag71ol HIA L F L e D
&S aefsly] Pt S Wwgs] Ast] H oA I vieidd BE v A
Baake] 58831-S AHE T Chen 5(2004)& BIFH L AUI7HA 1 d 4= 9l TMDL
23E A3 oJAFEH A YA 2~F (Decision Support System, DSS)1 WARMFE 7j38193.0.
H, Endreny 5(2003)2 # <o US. Enviornmental Protection Agency(US EPA)ol| A ZZ3}

>
[>
o
O,
=
=
:
2
Q.
£

F
®

Lo

L #2223 Better Assessment Science for Integrating point and Nonpoint Source
(BASINS)®] Hydrologic Simulation Program - FORTRAN for Windows(WinHSPF)<2}
Geographic Information System(GIS)E 7|HFS.2 8 ArcViewE ©]-83l TMDL 2H4< ¢
3 FEHS 2oE ) Kang 5(2006)2 SWATZ TMDL 4H 229l TOLOSE ©]-&3}o]
A7E FUA ARG WA thders ¥ TMDLE AHE38t3it Tufail and
Ormsbee(2005)= Louisville Kentuckyoll 31 Beargrass Creek®] & /o2 st A9
2 2. (deductive models)$] HSPF, WASP5 12|31 CEQUAL¥} Al(Artificial Intelligence)”]
%, & Artificial Neural Network(ANN)$} Genetic Algorithms(GA)#} 28 Ad2 =3
(inductive models)& Hlxdte] TMDL 2435kt 254 5(2006)S AekEwo] $1x]3F ut
73 AL AFTFAE Aol TS Delste] Alue] o Atiel Ry daetE
Aetar Hlwstglar, AL o1d1(2006)0 AA AlFS AL AT FHAES A

Ashs FAESS AHEIL o)F A7) 93 Bk AXEIT

2006)2 957 -9l Biochemical Oxygen Demand(BOD)9] 71 A2 9] T4
Total Organic Carbon(TOQ)Z H-S 3190 H, vHlE 5(20060) 2 FH 2 9FHAL A=
A% A d=del thsiM BODS] 24K 3 A4S AASaL o3hshy A e AAIE

21 Chemical Oxygen Demand(COD), DO, TN, TP 5% A3 $4 AA %S g,
22230 SASS 93 A9 RT3t # AR #-8-8ke] BOD
ZEY AE g§AES 28T Culver 5(2004)2 ©]v] TMDLO] A8F?] Virginia2]
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(E 3-4) A7CjMx|del g - o 2R HRE
-t cE| 9959y | AfYEE] A9 | AF9lEAHMm) | H5E(%)
K113050105| HZA05 19.407 23
K113050101| 3 A01 0.094 13
K113050102| ®HA02 36.697 72
K113050103| ®HZA03 1337 20
K113050106|  H31A06 9.701 37
K113050103| 3 A03 6.138 6.6
K113050104| ®HA04 40.712 37
Hxd K113050105| =% A05 6.532 34
. K113050106| ®HA06 1.095 35
BHA .
K113050107| "3 A07 0.972 21
K113050101| ®H3A01 56.688 179
- K113050102| H A2 0341 0.1
e K113050103]  ®3A03 1135 34
K113050104| ®HA04 0.047 13
J K113050103|  ®3A03 2,038 14
R K113050106] H3HA06 34.823 17.2
g K113050103|  ®HA03 0.701 23
K113050106| 3 A06 25.655 125
3 A 244113 100.0
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(E 3-6) 27494 o7z
e e (B) | AT A4 (W) | x| WA | a7ds
54 | 2R | oAy |v=gs| 244 | (%) (k) | (%8 /km)
HHA01 0 2253 | 1,384 592 0 4229 | 568 75
HHA02 0 3278 | 339 | 3358 0 10,030 | 37.0 271
HHA03 0 2,526 787 525 0 388 | 113 340
HHAM 0 14 2585 | 1,103 0 3702 | 408 91
HHA0G 0 0 1,208 515 0 1,723 | 259 67
A6 0 2065 | 8102 | 4594 0 14,761 | 713 207
HHA07 0 0 32 14 0 46 1.0 46
z A 0 10,136 | 17,492 | 10,701 0 38,329 | 244.1 149
AR A, AAAR(HAZLELZAY, 2007.

2) NEA AR
FATE AR 5 - A AT v A YERAICH, AT 7 B

AA B g oF 398%91 3,306.7m/9S AFEEHE Ao ® UEhyit)
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P B B e i M ULVA sheel A2 7 (/%) 2182
52 w72 | oAE | 9548 | FA4 (m'/ <)
AL 7H & 0.0 383.0 2353 100.7 0.0 719.0
FHE 0.0 29 253 10.8 0.0 59.0
g A 0.0 405.9 260.6.0 1115 0.0 778
AR 7H8& 0.0 7159 3739 615.3 0.0 1,705.1
9 0.0 98.9 57.7 743 0.0 2309
g A 0.0 814.8 431.6 689.6 0.0 1,936.0
A3 7H8-& 0.0 4295 133.9 89.1 0.0 652.5
9 0.0 195 135.0 585 0.0 213.0
g A 0.0 449 2689 147.6 0.0 865.5
831 A4 7H8-& 0.0 23 4394 1875 0.0 629.2
d9E& 0.0 0.1 2395 1022 0.0 341.8
g A 0.0 24 678.9 289.7 0.0 971.0
A0 7H8-& 0.0 0.0 205.3 87.6 0.0 292.9
d9E& 0.0 0.0 29 97 0.0 326
g A 0.0 0.0 2282 97.3 0.0 3255
i 7 & 0.0 550.0 1,122.7 836.7 0.0 2,509.4
Al FHE 0.0 61.8 589.8 268.3 0.0 919.9
g A 0.0 611.8 1,7125 | 1,105.0 0.0 3,4293
WHAQ 748& 0.0 0.0 55 23 0.0 7.8
FHE 0.0 0.0 0.0 0.0 0.0 0.0
g A 0.0 0.0 55 23 0.0 7.8
wAn | 7HEE 0.0 2,080.7 | 25157 | 19192 0.0 6,515.9
A AL 0.0 203.2 1,070.2 523.8 0.0 1,797.2
g A 0.0 22839 | 3,5859 2,443 0.0 8,313.1
AE A, BAHAE (AL AARAY, 2007.
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6. EXA 294

AZE AR, Ao AAEA 4.1k T Dot 61.5% 164-71“?) 2 718 o] 2
slal 91a1, G(#n)el 14.1%, (o] 9.0%2] o2 A3}
(E 3-13) #¥7Y9Y =X

m
_‘VL

. A&l EAEA ()

n A o 9o} A =% 7]e}
5 | 4,685,706 | 6,738,989 | 26975237 | 2,591,762 230,464 2,030,240
ik 2916101 | 5779240 | 29535786 | 7,212,779 81,261 2,348,187
B4 4703061 | 6,687,736 | 37,343,114 | 4,228,765 397,864 2,996,927
5 d 3935899 | 6,237,115 | 44,026,129 | 1,751,192 136,716 2,323,341
Add 4496213 | 6965566 | 15941,386 | 2,957,708 461,703 2,197,266
TAH 3475045 | 5241,622 | 10,883,048 | 4,224,858 305,930 1,756,019

2) e A% Heee 29
A B, zxg A, S8A, 2, AREA, ASEA(ZTA), 97, F0EA, ALAS 3
JNepE BAA, AH, 4, AL, A, #4, 87, T, BA, 4EA 5L ¥F
g : A, BMZM A0 A91ZA), 2007.

29 F BEAHEL HAA 2f9o] FA FHA oF 25%21 oF 67kn s x}A|5HH,
HAAL Af9o] AAQ 2% ¢F 57krE, HWHAM 290 15%21 oF 40kiE, HFHA02
3o

%

Afrelo] 14%S1 oF 37kE AFA|SkaL Qik EXAEE @82 ot oF 25% = 7Y B

S A8, B 143%, A 92%, A 82%, 718 52%, B 07%] &olw, Ao
EXAE @3S AuEW HA 7o WA BHA el oF 35.6%, HHAN &Y
oA 2F 15.9% 9] Hfr&-S HolH, ZA gl WAL WHA6 Aol A oF 34.5%, BZA01
Zofreol|A] oF 153%, WHAR AF-FolA] oF 11.5%, HMHAS 2504 oF 109%E FA]5}
I gtk AA QJoke] WAL WHAN Afreo] ok 264%9) AG&S Hola 9lon HHA6
P

fr9o] 191%, MHAM AFFolA 17.6% FFrES, WHAR AfFdolA oF 143%, HA



A05%} 1| EB24 Afrdol| A ZHz ¢k 9~10%2] Bl&-S xHA8ta Ut A= HWHAB &Y
oA 2k 39.6%, HHA2 AFFollA ok 23.0%, HHAS AFIoA ok 85%, BHAM AFS

D

N ¢ 75%E A5, ZALAE BE FHoA olF FL& WS AR5k k. A, |
ook, A, EAEA = A2t 7|El&A1= WHA6 AFdo] oF 30.5%, HHAMR AfYo] oF
13.8%, WHAM Ao] ok 125%, HWHANWS Ao] ¢k 69%S A8t Uk

o}
(B 3-14) 2994 EX|X =28

~

b
18
ol
.
ul

3 5 o} Bl 2 7]}
3,863,325 5,785,277 43,710,035 1,633,605 132,241 2,170,428
2,044,035 4,248,719 23,582,516 5,040,235 58,123 1,918,654
978,532 2,487 465 5,921,396 1,870,993 97,039 945,230
3,305,358 4,061,841 28,374,101 2,583,138 322,561 1,723,321

>
=

>
S

>
3

o | o | o | o | o | o | o
P | | | | e |
2
=

A05 2,962,540 4,112,714 16,299,530 1,393,096 128,831 1,324,924
A06 8,604,872 | 13,060,238 | 31,560,235 8,784,112 742,992 4,206,214
AQ07 65,299 142,830 598,104 58,864 4,680 84,111
WAHATA | 21,823,961 | 33,889,084 | 150,045,917 | 21,364,043 1,486,467 12,372,882
Az AN, YPAR(AZLELEA, 2007.

A4d SZ712AE dF

20061 71E0 2 AFUPHF el AAlet BV 2AEZE BAT I AYA AT vhs
@9 FFHE AL (B0m /Y v 23 F 70T 3
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T BODs COD TN TP

A1 (m/<) (ng/L) (mg/L) | (mg/L) | (meg/L)
ks s I SR R s i A s

AT ZeE g A (3460(3460( 891 | 51 |52.2| 69 [25.0] 81 | 27 | 12
SETFSEAYANA | 27 | 27 | 742|107 |473]10.0(20.7| 134 | 63 | 34
B3lggsleAgAA | 24 | 24 [1029] 43 (750 83 |28.0(161| 33 | 15
FEFFIEAYAAD | 27 | 27 | 425|153 [295|165(13.9|146| 42 | 31
JrFFeEHEAA | 37 | 37 | 286 | 70 |246| 75 (229|134 |29 | 12
AqFEZsFEeAd | 20 | 20 [ 886 | 86 |603(106(27.6|163| 41 | 1.8
TeAdT TGl 27 | 27 | 178 | 57 |159(136(19.8|152| 25 | 1.9

AR HA, FHAZ (AT LZAY, 2007.




A1

+

POl 27

67N

=
[}

A, FAA, A, EAA

&

i

1) d2A

WM%_.DQJ
— |
O | O©

q o | O
AEIEIEE
10
Qlxlglgls
glg=| 2=

S}
ol | V| B~
/V(ﬂ
dlo/@?%
| BT %
HEL(I\LIO
NI L e
| X G| dr
ﬁTAHuT
eyt

= =
o o
O [
—_

N

60



A

2)

—_—
o

7t

52

52
11

11
04

04

U
18

14
84
54
3.0
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(el = g/m/e)
[z [ 2agaEire) [ aease) F5(H3H
=

BOD | TN P |BOD | IN | TP | BOD | TN

I | 7668 | 1496 | 415 | 979 | 190 | 055 | 1531
F) EAYAE 3-1199] 9991E He

gk
AR ISP, FA L AQFFU7IEAF, 2007(27 g 2).

5) OHEA

YA B e 925 AP A58 3

ettt

6) EX|A

cdfoR BRI b EAZ BARSEe 2 A% uA
BaATE Ftol gL,

(F 4-4) EXA X|ZY AHTLL

2 = BODs N TP
Z(H) 1.59 9.44 0.24
() 2.30 6.56 0.61
Aok 093 2.20 0.14
thA] 85.90 13.69 210
24877 35.1 537 172
71E} 0.96 0.759 0.027
H1L xlﬁaw%wm#%&f‘

oy P” st

EHXl = A, B84, s A, B8, =g, AGEA (22 A, 7dA, SuEA|, AFAIE 2
E%Z] Y, B4, gEAE 28

DR

2

3) VIV = FHA, 94, A, A, %XL , o9, B

A= A +°§5§—%k?ﬂrﬂﬂl AT H LA (BHE 5, 2000 ¢] HEAE A8
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2. N A7

FA AAY 20060 F 7E FRALAER B RS2 BODs 7l 23,991.3ke/ ¥,
RSl S AR, WA,

WA 2
TN 5,889.5kg/ <, TP 1,802.3kg/ Lolt}. froEZ QAEZ
HHA05, MHA06 Aol B HIE-S ApA|gth 35 BlaA] BODs9| 7% HZA6 &
Fo] AA AR 468%] MBEH= 11,219.7kg/ Y, HHAM AFro] 168%2)
4,0415kg/ 92 hF-E-S AA|8kL, TN A9 HA] WHA06 2FrS7 HHAM fo] HA

DRSS 59.7% % 7HE B HIES AAh, TP 49 HHA06 279 433%, HA
AM4 2259 19.9%, HHAS A9 129%, BHA0 259 11.1%, HHA03 279 6.8%, ¥

o 12,
HAR 249 56%, MHA)7 2849 04%E JeR 9Tk

o

WA 2AA0
iy 1%

%
2
X
[
o
12
S
e
ne

o9 S (m T FRLGER dAREES BODsS] A5
157 4kg/kn'2 717 %:ﬂ, HHAB AF-9fo] 155.7ke/kt F5=0]™ WHA7 Ao
ki 22]3 HHAS AFo] 1039ke/k, BHAM 252o] 99.2ke/ki, BHAR2 A5-o]
48.0ke/ ki, ¥ A01 %Oﬂ,ol 42.1kg/krolth. o] HHA6 AFI37 HHAB 2F-Fo &
o] 71 BA 2R = lte AS ofnjgitt. =35 TN, TPS] 7-F-ol|l = BODs9} Hls:gh 4

e Holal 3t

—_
K
(o]
5
<

12
o
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[kg /K- ]
160.0 MBOD MTN I TP

120.0

80.0

S EA01 HEA02 g & A03 S HA04 S HA05 S HA06 EEA07

ol

(28 4-2) EelTNE oY whRsty

3y, @ G RS} Bl S-S BODs7 |02 & u, 271 AR5k HlE-0] 69.8% 2
7V =, TR0 25 A 124%, BEA) 91% <=o]th TN, TP A% 9A] =417} 744
2 HE&S AXE, 1 el Z2e EXA) AR HlEo] Eoh

ERH A T
5.2% | 0.0% HEA S
..... 23 B

ek .
0.1% | HEA
91%

T-NEHH S5 e

5,889, Bka/

T-PL SE

1,802 3ka/ Y

BODEE F5IEF

23,991, 3ka/L

1) BODs

2006 7102 BODso HHRslE-S A4 Axnl, MEA7) 2,177.0kg/ Y, =27}
16,752.4kg/ D, AFAA7F 2969.3ke/ D, FAA} 148ke/ Y, WEAZ}F 0.7kg/ Y, EXA 7}
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2) TN

M6 71502 TN S5 FE 49T 29}, ABAL 52786/ L, FAAL 41470
ke/ %, 2¥IA7E 1549ke/ Y, FAA7} 30ke/ L, HAA7E 0.4ke/ Y, EAA 7} 1,056 4ke/ L=
Uehdth o]2 goddz AHuw BOD, B s nfavlA 2 WA AGdn B
A0 Aol A e} AFGAe ofsh WA Fale 2 T HAT %"31‘?—’8}%01 9 A 1
Ebstom, ng:iAos 2 6olnl WAAG A9 QO]

7V =8 24.6kg/kn - A ure};%u},

(F 4-6) DY TN WA= s

oy TE L gaa | zea | A4 | aA | EA | =
WAASFA A 5278 | 41470 | 1549 3.0 04 1,056.4
HAA0L AF9 | 500 498.1 32 0.0 0.4 193.1
HAAR AF9 | 1220 181.4 5.6 0.0 0.0 167.9
WAl RsE | BHAB &R 522 255.3 201 0.0 0.0 64.7
(ke/¥) |wHAM 259|631 849.6 1.0 0.0 0.0 156.9
HWHABG AFY| 238 588.2 114 2.0 0.0 1104
HAA 29| 2161 | 1,7536 | 1134 04 0.0 359.7
WHA7 &AFd] 06 209 0.1 0.6 0.0 37
HWHASARA) 22 17.0 0.6 43 0.0 0.0
HAA A9 09 838 0.1 0.0 0.0 34
HWAHAR AF9| 33 49 0.2 0.0 0.0 45
323;3 WHAS A5 46 25 18 0.0 0.0 57
(ke/kr - )| BHAM 2R| 15 208 0.0 0.0 0.0 38
WHAG A5 09 27 04 0.1 0.0 43
HWHA6 27| 30 24.6 1.6 0.0 0.0 5.0
HWHA 25| 06 215 0.1 0.6 0.0 38
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3) TP

TPE] A F-shgdS BLA7} 59.2ke/ D, SAHAI7F 1,612.0kg/ &, AFAAI7} 36.7ke/ E, F4
A7} 0.8kg/ D, MHA7} 0.0kg/ Y, EAAZ} B.okg/ L2 A=H A 0|5 F9¥z Avn
o T2 9 JEAT} nlxrlA e HHA, HWHA A0S Qe el A, 2249 o3
ML H S B ho W AT whl B s k] 74 A UERG T, AA TP S AR uhHs)al
o] 894% 2 RES A5t itk

(E 4-7) O8Y TP L5z

oy TE | o) | 20 | a9 | A | dwgA | B4
HARASEAEA) 592 1,612.0 36.7 0.8 0.0 93.6
HAA A9 | 57 179.8 04 0.0 0.0 14.1
HAAR 279|139 68.8 0.9 0.0 0.0 16.9
wpg e | WHAB 27| 59 102.9 7.8 0.0 0.0 6.6
(ke/<) | wHAM 25| 69 338.4 0.1 0.0 0.0 131
WHAG A 26 220.0 11 05 0.0 8.6
WA 2| 240 695.1 265 0.1 0.0 339
HWHAZ &F9] 01 7.0 0.0 0.1 0.0 0.3
WHRFA("A) 02 6.6 02 0.0 0.0 04
HAA A9 01 32 0.0 0.0 0.0 0.2
HAAR2 AFY| 04 19 0.0 0.0 0.0 0.5
gf;f‘;jg HWHAB 25| 05 9.1 0.7 0.0 0.0 0.6
(ke/k - )| EHAM 26| 02 83 0.0 0.0 0.0 03
HWHAG A9 01 85 0.0 0.0 0.0 03
WHA6 A 03 9.8 04 0.0 0.0 05
HWHA7 &F49| 01 7.2 0.0 0.1 0.0 03

67



AT B AL BIA, A, AUA, FAA, HA, EAA 5 6 1§02 B
o, 28 999 B3 2 BEAr] vt FALIFFBYNEAT ) 24 2G40 w)

Ag 52 &3] FEE ulSFSHBODs, TN, TP)S 2813t

e

- G 2 R = 0ddaEY 3 gEy wjEred

A8 o] wj R ek 7|2 e A Tda) nlgTdo g TRE ] ZARR T AL

AT fo8 A 0B MEARE AEQA ARE EE A F BT
Sodoz WEHE A%, deAdE oSHE FRdN BANEEHE 4%, A4E
7 AR AN AR E T EEE 4SS 5 5 1, Z7e) ek e ol

o} Pk

stpAle] T BRSO stEA g Aol 92E BAR FYEE F EA A
Aol A4 olFs= e et AL, skl dAHA B NEuEd 2 E
AFSHFA AANE A S skl APgekltth 223 shrr| A e g2 sheA A
29| BAGYo] gomw HuSYe] WR ek s EAtEkS 7hske] AR EtE],

FaAgAE Sl AFoldEe e F7HHOR st APgEiith
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Z|EAVAE R Tt Ald, B, viedd] kA Al A

S S Hek g Sl RSt Vs EeEe B T e A gAY wET

WEHE TS HEFHE A sEEH e H 9T 24, 44 B oA 24X
el A S v dd o s Eelate] A ET of W, H AU ()9

AR e SRSl B} b R TEAA e A7 olSE

RA WER NG A INEA A AFF VAN S TRH] 2AG F AN SR
She BBAYTY AAGS WARSPAN AEAGFL Bokel 1YHET, FFAT



2 <17+ 91 % (= 365, 366)x 2 5 & 452 v]
AS-mMEH =0.14+0.9 E%ﬂ%‘—?(:zg 9‘;‘0 ST)TO
2 10mm/) ol¢ Z$3o] 25 A
AR ELTEN =y o1 Ao el A% QA

2. QA5
ATFHAAS HA S 2006 L 7IE THALAEA wjEFSt2 BODs 4,022.2kg/ Y, TN
HHAW Afroo] A4 wiEHalge] 41.2%0) siB8le 1,6554ke/ Y, HMHAR AFo]

173%9) 697.0kg/ D2 BE 8-S 243441, NS 7S HHAAW 25
o] A wSHa LS 571% 2 7P 2o n S A EA.0H, TPY 7% WHAWK 2
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0] 40.6%, MHAM 279, HHA &79, HHABG A7, HHAR 4279, HHAB 21

Y

o HHA07 A6Ho] 22 15.7%, 13.3%, 12.2%, 11.6%, 62%, 04%S XAt Ye Ao

Y

UERsTE

zdan . WA

A0 2z 406
0.4% 5

N @iy BHAN s
FHA0E iy a5 LG
L0 '

13.4%

. EET
BHALS 15.7%
813 i

3, 2 %2% o @Zi(km?)% TALAEH S elEe AEsto] Has| R, BODs]
LR A =31, HAA 2F9o] 23.2kg/kif, HHA2

o

o,

o
5]
N
&
S~
=
i
N
3

B o] 18.8kg/ ki, *8ZA07 2+ 16.5ke/kii, A4 2#< 15.0kg/ ki, *ZA05 21+
14.1kg/ ki, HHA01 A2Fo] 6.7kg/kit,o]™, TN, TPY] 7% 9] BODs$} HIZ=8 kS B

[k /k'-24]

30.0 mBOD MTN mTP

HEA06 HEA07

HEA0T H&A02 H&A03 <} HHA05
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3) TP

TPY] & R-atekS W& A7} 46.7ke/ Y, 24117} 98.3ke/ L, AHAA7} 9.6ke/ D, FA A7}
0.8ke/ <, WIEA7} 0.0kg/ ¥, EXAZL 85.7ke/ D& AF=HTh 0|2 f-9¥= Ay, o}
B odEdd riR7A R WAl 4ol wiEetd B A wjE ekl =

ekt A 2590 A9E Bz }&~551“°4Eﬁﬁiﬁiﬂ%$a%ﬂ§%

A Uetgerng A=l BHH s o T At
(¥ 4-10) J8% TP BizFsiz

oy TE L gaa | zeA | 94 | aA | wEA | =8
WA A 467 9.3 9.6 0.8 0.0 85.7

HAA A79| 31 111 0.0 0.0 0.0 17.9

HWAHAR A7 95 40 0.1 0.0 0.0 143

W el | BHAB AF9 | 27 6.7 09 0.0 0.0 47
(ke/<) | wHAM 25| 69 21.7 0.1 0.0 0.0 9.2
WHAG A 26 12.8 09 05 0.0 125

HHAl A9 219 416 75 01 0.0 26.8

HWHAZ &F9] 01 04 0.0 0.1 0.0 0.3
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(2) Digital Elevation Model
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