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SUMMARY

I. TITLE

Development of Water Quality Management System for Freshwater Lake

in Tide Reclaimed Area
I1. OBJECTIVES AND SIGNIFICANCE

The purpose of this study can be divided into three parts, Technical aspect,
Economic aspect, Social and Cultural aspects. Each Purpose of the study is as

follows:

1. Technical aspect

a, Integrated freshwater lake management and operation system with proper
watershed management is required to establish prevention counterplan of
pollutants and maintenance counterplan of lake,

b. Introduction of GIS and Remote Sensing techniques are required to improve
the efficiency of lake and watershed management,

c. Lake water quality model should be developed to suggest practical
alternatives by predicting lake water quality and eutrophication.with

various senarios,
2. Economic aspect
Development and information-oriented of management of freshwater lake water

quality are required to play a satisfactory role, that is, providing water

resources, recreations, inland fisheries etc.



3. Social and cultural aspect

a, Tideland reclaimed freshwater lake have been constructed with the
expectation of economic development of the areas and welfare of the
residents, But these days various environmental problems, especially
water quality became a hot issue to 4solve in the process of
construction,

b. Assessment of ecological dynamics within lake and pollutant loads from
the watersheds should be estimated correctly to settle down long and

short term management of freshwater lake,

III CONTENTS AND SCOPE

The contents of this study can be divided into two parts, one is the part of
freshwater lake{Main Study Org..:Konkuk University) the other is the part of
Watershed(Co-Study Org,:Junbuk National University), The former is for
development of integrated water quality management system through the
connection of geographic, cultural, social ect, information’s construction and
watershed, lakes and marshes, The later is the main contents of watershed and
stream’s point and non-point pollutant sources. The details of this study is

as follows:

1. Development of freshwater lake water quality management system

a. Monitoring sites were designed both within lake and in watershed, and

their precise locations were determined using GPS (Global Positioning
' System). Also water depth distribution of Boryoung lake was mapped.

b. In-situ sampling was conducted for water quality analysis once in every
month for 3 years, Items are temperature, pH, DO, BOD, COD, SS, TP, NOs,
NO2, NHs, Chl-a etc,

¢. Runoff and discharged pollutant load to lake were simulated by using

SWMM.



d, CE-QUAL-W2 and WASP5 were selected and operated by using the result of
SWMM as input data.

e. Design and construction of integrated system by using Arc/View, Arc/Info,
and programing language Avenue through GIS data,

f, Development of user friend system using Visual Basic,
2. Study of agricultural watershed and stream management

a, Investigation of non-point source outflow and pollutant load from paddy
fields,

b. Collect water level and measure velocity in 3 selected sites of stream:
Sinjin bridge, Soryong bridge and Nonhyang bridge of WS-5, WS-6 and WS-8
outlets, respectively,

c. Water quality analysis was carried out by collecting water sample in 19

sites of the main stream,
IV. RESULTS AND ITS APPLICABILITY

1. Results
a. Development of water quality management system for freshwater lake

1) Sampling was conducted by using water sampler in 5 monitoring spots of
freshwater lake,

2) Sample was collected at 5 spots in freshwater lake once per month for 3
years, Sample was carried and analysed in laboratory. But DO was tested
in the field to reduce errors that comes from the movement.

3) One hour interval of rainfall data observed in Boryoung meteorological
station were used as SWMM model input. Other input data related to
watershed characteristics such as slope, soil, land coverage were
obtained using Arc/Info. -

4) SWMM was calibrated with data of Duckjung bridge in 1991 storm, and

-9 -



measured discharge and pollutant load data at Soryong bridge and Sinjin
bridge during research periods.

5) SWMM output was used as an input data, and stream locations were
investigated and prepared by GIS program,

6) Model input data such as outflow and pollutant load were abstracted by
using GIS software, Arc/View and Arc/Info, A system that produce chart,
graph and coverage was developed using Avenue,

7) SWMM and WASP5 were interfaced by using Visual Basic, and GUI (graphic

user interface) system was developed for the users.

b, Study of agricultural watershed and stream management

1) Test field, one paddy field(50mX100m) was established and ombrograph,
water gauge and ware were operated during the term of farming.

2) Farming situation, fertilization and crop dusting, and paddy’s length
was measured during the term of irrigation. The amount of rainfall,
irrigation, paddy field’s depth and outflow was measured.

3) Water quality analysis of rain, irrigation water, paddy field’'s water,
outflow etc, and chemical analysis of paddy field’'s soil for calculating
pollutant load in the term of irrigation were done.

4) Rain, irrigation water, outflow, infiltration water were collected,
charged under 4 degreed and used. Soil sample was collected after cut
off lcm top soil and wind dry it, Then soil sample was used as analysis

sample,

o1
~

Water level observation and record dat were collected velocity was
estimated after ombrograph’s installation at main spots in Boryoung
freshwater lake’s watershed, Nonhyang bridge, Soryong bridge and Sinjin

bridge for gate and water quality measurement of stream watershed,

o

Water sample was collected once or twice a month at 19 main spots in
Boryoung freshwater lake and water quality analysis was done after
collecting stream water sample that inflows to freshwater lake.

7) Depth of flooding water and paddy’s length was measured conduct paddy

- 10 -



land near the collecting spot during the term of irrigation. Paddy

land’s water and soil’s chemical analysis was done,

2. Applicability

This study’s subjects, Development of water quality management system for
freshwater lake in tide reclaimed area, are presentation of effective water
quality improvement measures and programing that users can use this model more

easily, The Applicability of this study is as follows:

a, Techniques of freshwater lake water quality monitoring and measurement
method.
b, Application for water quality prediction and management for other

freshwater lake

c, Development techniques of GIS data for integrated watershed management
d. Supply integrated data for pollution prevention
e. Water quality information service of freshwater lake for public

f. Provision of water quality management countermeasure to administrative
agency

g. Provision of interrelated data for agricultural water and soil pollution
formvpaddy fields

h. Grasp environmental capacity through the estimation of agricultural

non-point pollutant source load

e

Systematic watershed management by providing index map of weak pollution
area
j. Provision of basic environmental data through mid-long term watershed’'s

water quality model

~

. Supply as a basic agricultural environmental data

- 11 -
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Ad 5734 5 HE AR 24}
LoAek g =Y

=79 dulE LENely 2AE AT AEEReR A
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N
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H
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9 F 3hE de ZAE AT AERES 3 3ET L EYAl] AM%le Y He
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27) "l oy FEetant 2 sUFUAYE £slelch

_45_



2. RA &

2 Azt FPAERA sHEeA 5E AAIste A4,

3taL ol & 24 3iglch.

3. 71EAE 43

7h 714t

- TS (A,

- UVEAR . ARSWHAG

)
- WRBRSAE ¢ UIEFAL 24(

- 713U e,

L. Ex|o]§

E

- BARAE ¢ AR, S BAGRE §

. EQ, 23
- Eokw @ 1/25,000, UFEXN
- AAE : 1/25,000

2 A%

- TIME 2+ 1/25,000

nh FebaE
S EED

- BT 4, AT, A4,

MA 5 SAE

- 46 -~

%,

+4

1
flo

A



Al 3#




1. FEAF sASUNLALY

, A%, $5Y, 24 1E 14 13 U -

il
of AAHgE U 8,100 ha & WANNE BHor 3
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g Faxd

(3 3-1) =AA
7+ ' A T8 3T e g
Wz A 3% 2,938 m 2% 1,856 m 1Z 1,082 m
75 2 M 10X11,8mx 4% 10X11,.8mX 5%
01E AEA) 2 A 5X15m (5852) 5X15m (58F)
AYEE 4% 14,012 m 2% 10,212 m 2% 3,800 m
"2 2 A& 2H a3y B gad
SR Y-8y 5,524%} m’/ ¢l 2,019%} o’/ d 3,505%} w’/\d
(3 3-2) Bopi
7 ' A 28 3T He 3
F 5+ A 6 FMa 2 N4 4 A&
= 1382 365 km 362 109 km 1022 256 km
AR A 2| 1,060 ha 350 ha 710 ha
<=7 4 287) 725 ha 107] 212 ha 187} 513 ha
(At&) 1) ol &HFFA FEAIEE(1998) A1dEF, 1998.10.

2) oA EZAL TRAIYCH1998) RHE He|EHEY,
3) Bol&
1998, 12,

L AR A9

1991,

1991,

1977 ~ 1980 :
1990, 3. 7

3. 25
1991, 6. 6
8. 21:

1998. 10,

AEEAH1998) FE 27 54 T MY ADA"A (8F)

71eZA 9 71 EAY 8

AHAE AAEA ABAY

AIATBAY A (FHPAE A A)91-9%)
A ANAY HF 5

AHEAIE Q7 2A] (R A4l ALLE)
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e 1991,
e 1991,
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s 1997,
e 1997,
e 1998,
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11.
11.
11.
10,
10,
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10.
11.

28 :

PR AT AT

e
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P ERALIRE A

P AQIER Pt g'

24
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24 :

27
PERAT ol AY(HF) 2AF E HEFA
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3. TR A&
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BRERE FRETA A4
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FHAT AN BaTE Y 28 BBoLh BaE WARHI T4AY A4
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(X 3-3) @3 A

Al & ke R Yy A H] 3L
o 3 ha 7,860 14,020 21,880
e ik " 2,468 4,722 7,190
fqul& 2.7 2.7 2.7
T4 m (+)3.51 | (+)2.97 20001
9 " (+)1.00 (+)1.00
s Abe$ v (-)4.50 (-)5.00
F A8k ha-m 944 1,933 2,877
P oA ek ha-m 834 1,551 2,385
REA P " 927 1,730 2,657
A ” 110 382 492
ALY LY | vhe’/d 2,019 3,505 5, 524
A F m 2% 1,856| 1% 1,082
BoAH " 12.6 12.1
WERA | FHelAa " 16.1 20.7
AT ” (+)8.30 (+)7.80
)8 & ” 12.0 12.0
T n'/s 920 1,805
w2zt A (BXH) m 10x11.8 | 10x11.8
= A 4 5] 4 5
Sill ¥ = m (-)4.50 (-)5.00
Rha 2 ha 313 582 895
7\ e} RIS " 512 1,134 1,646
et s Ll 7 5 Minami ]
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1) a7
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A2 TG 6~9492 fUlo] AR 65571 EEe} dch
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Zuire YWF 1,122.7 mu 84 dHF BoEc) 8% WS EXE Holn glon o
145.9 mn 2] 5¥of gsteict.

5) B4 W YA
BEVELN 23Y AR FE B4 2.0 n/s, WY HFURADE 2,569.6 4|2

oth.

1= e
sjatoll glojAe Apuhle] 9123te] Henkeld 2xh= o 6.0 m U} HXE vhig
Fo1.WAM ZRF(HIR) L HEEo & AT FIoNe o 6.4 n of Gk AL 229

=

BEAQ FAI) vlashd RA|xR= of 208o]m ZM|E 1.11vjo|t}. ZFLHL Mg
UFE-Z Hohfs2 HFoizrlo] EZo] glojds ¢ 2~3 ws FEE FIsh} B 2|
HoME 1.0 /s olufe] f<4-& Liehdc},

g A3 2 A

Fel uet FAF] AAT 2 AT FEF XA FHOE 55 gAYy
S8 AR, BRAULE olojRle AFalwle] glom WYHOR Y FuE ATF Fo}
AThE olFH, W4 HIjo A AROR A7F AchE Bt FopAthe shlE
B e W BUFAAE 0~15% PO FAE olFi vk wiFA] RoEHe] I3
Yaslel F G 28,600 haZ 271 @4ERYo] 77%Q) 22,000 ha & ARl Q&=
BEE WAAPo] mugt Aefolch,

op, 23 gl 23

2 278 BEAL tAR A7Me] HAER o]folA glom, BEUzRAY 7tz F
o AN2AME 0~20 m Zlolo] AES} Age] Ryl 4ojdlE sEH o[t

HYZT 242 AU Ajeiu]ge] - gAHe, ALR-SLE, ML, ¢FF ¥
nigl, Y-SR, XA HnYEo R =] gl o]E& A47l(ouaterhary)®] F3%
ol #3fe= yEEoTl sldellde AlFRAlA W dil(Core)ol st Ag
thi-gol WeE-AMue R Mydelw & UeH ¢el(foliation)§ RejFa gk
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S UMRRALY] RAL EAIR| o3hd Eoke) BAHOBE 367 EQELE ERHEH of
BB slslEggets], sAdgekr], IzkA], AR 9 FHUR], FEAE X5 9l
a5 B Re] Ay AR 3.9 mo/day ojth

Ab BAETY

B A2 AT E S T 34S #HS AFY, AW, 28d, 3T
o eshd, F5E, bzl B odw, HEW, P4, FIE, FaHY 1R 14]
13 147 & - ¥l &3loy gich,

oh. 7 4 =&Y

1996 A=) FRATUH(ZAL, A 147] 39) FA7E 115,4080H, TF WA}
57,973%, ozt 57,4352 gFE] lrh. BrlEsE 14,280%olW, FIMIFE
48,4327 (=} 24,3647, ofx} 24,068%8) 0.8 F l9] 42o[tt,

A5 A-PH-PPL AAste AP0l £ X715 YBOoR uFs, KTaFL
N~ AN ARagEel dAsy AQRes F4-3-U-Ue dEse 2
W FEEs) 2 BRSO W) XMoo R BAFAL Folm, FRAT FYSE AYH

7t N3

B ARAE 2 Ul A% g1xsla glom FEYEA Azl thelAd A
Z0F 70 kn HojR oA X3t 9l A& xS A o 130ka vh#lef Qlrt
PATALS 1 14 17 147 FHOE AL Bl df7t 2Hso] ot ®¥ &
AR e w@E3 ZAE U FER o AL FUAUEA 7F U SR G
o sl YoM F2 njwg Aujst Yz Hole Wi, 7/, AF, 1F, e 2
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A2 5L Asial glom Hd] A W URFHOT 5o, ulF F& Yol Apst

2

\ﬂ
X

L 57tES 9 A

£ AgR|Fele oF 34,3237t AFsn glem olF ke 14,280%F, Hlsvke
20,0623 2 ‘5717t AA7Rre] 4245 AR Qloh HE] 2 Al Tl gle] nlsrizt u]
A W olf= AR AU FHgo] glom sy ogrhirt 2]
7] wjelr), EFH AL 115,4080] A3 Qi I Fof HIRRIFE 48,432, vl
7he 66,976HLoE I4f 3, 36910k,

(B 3-4) AIgAF9 57134 9 A7(199)

T7IES (%) FAT(E) (EFBLH)
8T | BHBA & A T8 H A 2 A

9.875 | 4,405 | 14,280
57t (38) (52) (42)

15,915 4,147 20,062

44
Bt

33, 492 14,940 48, 432

1) 47} 62) (48) (58) 54,113 12,863 66, 976
A 25,790 | 8,552 | 34,342 | 87,605 27,803 | 115,408
(75) (25) (100) (3.40) (3.25) (3.36)

th F73A

= AAT 7 2R3 Sle SAAHA S AR Hete] 19,756 ha ofw, &7}
3% BPBAEAL 1.38 ha(E 0.86 ha, A 0.52 ha) 2 19960 @A) A7} T
& 1.31 haofl H]s}o] ozt &-& Hojt.
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(Z 3-5) AAFEE 7134 9 H3H(1996) (¥r¢] : ha)
57
T 7 o} 71€t A
w il AA
8T 36, 484
A0 19,240
A (%) 12,314 7,442 19, 756 28, 534 7,434 55, 724
(22.1) (13.4) (35.5) (51.2) (13.3) (100)
(¥ 3-6) AXFEYE %7134 1 #2(1999) (%1¢] : ha)
B2 A
T B Aok 71 €} A
w A &A
4T 8,258 5,079 13,337 17,614 5,525 36,476
AR 3, 860 2,193 6,053 10, 811 2,378 19, 242
A (%) 12,118 7,272 19, 390 28, 425 7,903 55,718
(21.7) (13.1) (34.8) (51.0) (14.2) (100)

gl 71&AlS §3
2 ARG wlolA ALSEA E J1FoRE 39, A4 HZA| So] gt} J1EAR
A3te W 1996k #A] ¥+ 35,9305, A 7,718%, HA| 222,173

& AR

itk
(F 3-7) 715 AH% F42(1996) (gt © F)
By 79

e ) 2 AA

NE) P 2 o 3 7] |
BT 9 68 22,872 3, 600 130, 387 156, 859
Raa] 5 73 13, 058 4,118 91,786 108, 962
Al 14 141 35,930 7,718 222,173 265, 821

I AR ES 6.2 24.0 - 170.0
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np, 1A BRER

B AldA7Y w77 BA31a e UIAE B 19969 @A) 5¥7e7] 10,643
tf, o]%7] 3,378ti, ®RIt} 1,416}, EE} 1,060t], Fuiel 756t], F&YAl|7] 7,959
o), ¥=7] 1,1370), ¥47) 3,689t) S8 HA 30,038tjo|t},

v, g W FAg]
B AgA el 13 9L REA] Huo 7714, W3 45.8 ha, ¥l 474,

®7 60.8 ha 2 A 117)40] 106.6 ha olTh,
H2E Fo #[AAY L BEUUAY

1. 2 HAAY

7t A3jg &EE A
E A FUEE EZollA GEHUTOT Aot IHT2I} AYE|e] FARFold kAt
~ AR E R R Rl ~ A H-7-70o] 2001 94 Wol FFFch

U WEAY A A

FRAF AT BYgA] FaHy 229 drjo] A BYAYFUA = F 24
HAo] 74714 (244 ha) S 2A Fa We|e] WPAT(509PF) o FIEF Wate|d k]
(24 2 Ho glom, FAIA|Fe} o] FREFFTUATE 2YFH] girt

0

r

th REY &43F AY

gz REggedold IR AYse] old LMy FHe AV IUET
8,1008/4L BEHolM B~z FARFEE B3l F2HE AYL2 F2FZAPE 4]
330l 9lch

J

ol BAL HEFU Hel Y A
B A7 4RRQ SHF BAS el X AUE BAFAFEUALLE 2R
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) 6hao] AEE7 130E/Q HUTFEL AR7IZ0] 200145H 2003U7HE Hof gl
1}, BATelH oK) BEog 2] Axe] ofEgel Aol AT 4ol ol
& Ao VYT,

vf, F8E FAE S AelF HAAY
FRAT T Ul 8T B el Fold Fikg FEAF dAArgel

iadi=s

2. 7et
- B HAAF AUAY
- B, W, oYY BA
- ZEWA A

2. B EYHL

FRAD 5UZWPIAGE TR A, A A5d 9 0w dofe] ey
429} W% 8,100 ha & FLH2T /wsly] 3] T4 WA 22 1,856 n &} EHY
ZA 12 1,082 n & Hol #AE HE3IL 534 Hoi2 AT AFFA, s7tAaSF
T /R AEE B3k AGFEpLArgelTh WA YFFahs 91d 108 ¥
Fslo] 97 109o]l By Uz HF Ewolst 4R

SU7EARE HARY AloR Q3 U 4 e BHYUS L] ¢85t
1991 109l ¥R QYR NIPANE Brstgon, HgolF nd AFBRZ Y
ZAHE AAlE] 23 otk 2ARES AQABZA 1, A8, AA, F-AEY, HIRE
AR &3t I, £3, SUE, &% o84 AR AUEN 9 HME
ANl FAE AT ARG HAY $ QES EEg vloban ojug Aty o

Xw:qx = 'T'ME]'

AFFRF G YA AIJAIROR QIg 2|q7j4e] W wefy MYER W EMRHEY
MU QIFE AU e, AT olf, 2/, AE 5 Al Hzet 2 F¥f o
slo] ARSI AZACIME sysiolrt. EY FAAYRE WA 4 9= 7Y %, '/
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FEE RUHE R $A09Y A 47, Y4B Y fUste] 2WY wois) 1
AviNg 27 5 AQY T Fuel AVHZ BI9 B4Be] +URAG Slse] ko
Sk ©l9) %ol AFBAGYRAE Bote] BARN) N3P thAska AATiNg 4
U AMPOEA B Al AMOE AR BAYRE AN 4 UES fEska gtk

A3 RPEr2 fFo2 54

4

1. 79 &4

THAFE BP9 FET fYe= —T’x‘?’:ﬂtﬂ. ol Y8 FHEX Aol 914
33, MBS At HYUh (F 3-8)2 ol £Y8 5L ANIAE vehydct. &

HE MM BT FYHAL o 140.20 kef o], F dHe] RE2AL ¢F 25.3 km
o] ©¥ith, XTI AL SowHLE oF 78.60 kf ojm, 3= 3P 42AL o 18.5 kn
olc}.
(£ 3-8) 59 AR} (Ho]&2FF-A}, 1998)
T+ 2 CHe RE% 43 vl 32

R R kef 140, 20 78. 60

e 7o) km 15.0 9.0

FA o) 15.0 12.0

| E 5. 54 4,25 B = A/L

99 8 A Al - 0.219 0.229 F = A/L*

FHEFILE n 76 40

7] 8 ak) - 3.853 %10 3.879x10 A = H/L

FAHFA AL - 1/298 1/463 i ’j‘}j%%’

{23 km 25.3 18.5

AU s km/ ket 0.332 0. 485

SHH W7 AL - 1/298 1/463

St HF = m 61 44

S 7t hr 3.7 2.6

RCES A km 62 42
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fofo] BAL BYF o] AUyl uls] FHE FYL& TEHTh (X 3-8)0A
B nje} o] ByYT {9 F 3432 FEH0] 253 km of F9 HFZo] 5.54 km ©]
H, $HY K9 F shEAo] 18,5 km o] § BFEo] 4,25 km oJt}.

e TEE BYT Foo] BF 76,0 m, FHZ o] 40.0 m BA RHIHo| ¥
th $43F 49 BEZ0 i 320.7 m & A|JAEE E4EoR sl MgEos 7t
5 yolan, RH¥E fox B3 U 790.7 n o ZEAAE E4HOR dlof o
Al &SR Z4F yopaltt,

FHA N BEES F9Z3A} 1/2980]2, F4TFo| 1/4632.8 BT Ho| FHXE
Hrp F Hojr}, Fou) hd YL ¥F RFYo] EF A4 Dentritic branching
system)®] FAtola, SomAT} oF 0.332~0.485 knd] d}o] wew|o] 9lrt s} AA}
o] BE e FAARIAL, 3 HRARAM, AsHiIH F3lo] EfT.

5
Y23 AP BRE 179 AAeld SFE 1/6238) Rl RITEES 4 -
1

ﬁo[_i
¥
e
o
=
b
0%

N
2,
b
—rt
oL

m

T
=2,
>,
sl
oX,
=
)
2
o%
1.0‘:
o
ok
=
il

(o]
Ky
2‘-‘«
A
o

m

m
rr
e

THo2 ARG BIE] o] ApYo] H2Ho] Ag ¥ thtie] Ad IR ¥
of M9 & Wy glom, 1 Hele BF HEolrh spHTH o] BF AFHF
€ TR AR PEH] glon, SHHE £R Ao FHHEeY FEFE T
Mege}t A4ERE FEHrL AFRE AREFE FUL S 24 S Lol B

H BHolu}, 3}l £2 RYPFEY AL AFE T2 50~100 m o] HFEE 100~

EY FAU EAlol§ EXE dFo] B Ax|o} FR|7t cff-goln, J)et Apz|e
2, UA, =2 5o FgE gtk (F3-9)& URA AL VR 4F RHY &
Zlol g FBE Ko 3 9k HYPFH] ¢ FA FoiwH 14,020 ha F AR ul&o]
46.2 % olm, %7} 38.0 %. 7|l 15.8 % o|c}t. FA|Folt of 62 % 7} ©ato|aL of 38
% = AHOE o[ gHI vt ¥PEHY Ze AA F9EH 7,860 haF 47.1 %7} A
x]ol3, AR} 40.6 %2 7|} 12.3 %5 o|€E L Qlth. A Fols whlo] 55.0 wo|m,
45,0 & AR o]§F 3L girh

=
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W AT el Bzt ol §28, ATS, Hie
HgoEA 2Ll M4, $439 WA, RAUY §2F B4 5o Lay
Q71918) AARCE RERAE TR

EGE AsskaE geabel AYE, AAYES FHH0 Qo] VAR ¥ U

29 WAL ¥

et g Zhb §9e)

(X 3-9) Ex]o|&¥3 he] : ha)
¥ 2]y = s Atz (R BB 3,48 A
i (25.1) | (17.1) | (47.5) | 8.2) | (2.1) | (100)
BHL | Tge 608 | 1,687 290 75 3, 552
(23.2) | (18.2) | (51.4) | (3.1) | (4.1) | (100)
2 ERE | gy 400 | 1,130 68 91 2,220
gz | @4 | (146 [ w2 [ (7.6 | 62 | 100
THEA L 3989 | 2,044 | 6,479 1,064 1,144 | 14,020
(25.1) | (24.3) | (44.5) (5.0) (1.1) (100)
. WA s 395 723 82 18 1,626
U aege | (23| (183) | (4n.) | (5.6) | (6.7) | (100)
TR 1,752 1,436 | 3,708 441 523 7, 860
#) (e

el Boll uiY ¥ £

18 ARE
Hﬁ.o

o)
i

&8 vehd Ao #4¥HTh

U A Aele 95 2F G oo, AR BEQ Wolr}h, E¥ Bk
AN AR} oA R EAlo] et A9 -2 FRFHAIthell 249
X7t 2HRe| 249 ZAlolth T W 42E 08 Y P W] g XA
gich & RYuele E ALXE Qi AR 4£FAV Yk REIE {uees
FHHY 1,064 ha o] HFAE WIRsle 13708 4727 43, $HEEH K99 B9
N2 &FA7F ik

2. FAY BT

RPRu] BHTY A © WP HH2 (X 3-10)3 Zrh
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(F 3-10) B2 PH7d At ¥

= a5 e

= (-Fefuh) Sy

g aae | AU A2 8F W, §9,
Al gl Alak o Al

|4dz] | ¥, I, FH, 4
&z | &8, &

¥
2
&
X
A
g2
2
S
23
£
off

o5 | o
A | A, 23
A | AW, a0

A
np2e] | Ok, 28

T

0z

rfe

o

BHe | 2Y, Fe, £y

of
i

e | S

oX
2

AR | HAL A2

Be | B, g2, 3483

eAdel | o4

ofx




(& 3-10) BPA]Fuf BEFE Gt dF(AS)

g

s ]

() CRI

¥

2
ol
ol
L
™

i3

JEel | 9dEL W2, $E3 YE4(RE)

Adz] | A9l A2, A3

Al | AFL AE2, AS3

LX) A28 A2 &1
e | 2482, 243 37g1
AFUBE), VFAF),
320 | aae | 3338 53
as | AELRY), NE2AT),
152 | Ndaes)
Al | AREE), AL2AER)
= FHUAH), FHAME),
S22 | Z23(e4)), Aoz

gde] | B

o¥
2

), 4a2(&A])

Az | B

2

, BA2A=T)

ofge] | okd1(

[o]

B, op82(%4)

FEE | IR, BF2AALEF)

- 62 ~




(% 3-11) 23T FouU gAH TS 9%

=Y

=9 A% (F9 ) g% (F94)

ok

g

A3z, Bde, datel, 7Hg e, o
FHE| Fel, 28 vige], 4, 4
], ujde], gAe, e, el

2 el el Al=e], e, | Fgel, o5, e, it
Tl e gorel, elgel, videl
thdel, w&el, e, ch &
=31 | e E=e], wade], B, o
2], g4z, #ge

w3 e, 2 e), 732, 2
cdye], 3del, avte], 2%

g, tdel, Fdel, £5el,

2], Bale)
zAkeE], Age], Al s e, X g
AT Mgl =
o | N ERELSRA IR i) el g, v
© 2], Ak e], 8 A2, chade
A%H | sjute], dgel, veel, AEe | whdel, Az, e, Txe)

JEE, e, XY, AL
2], dadxe, Adr =, wEe
S dEe

o
¥
4
B~
ok,
o,
3
ok,
o,

A&e], Adge), A, 54, 4
del, Zae, ofd e, Ae]

o¥
B
i

(H31) FIUE FAYE FBTYE A& (&8, stue §)
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(% 3-12) RH3I f-oul BEFd w2 A% (1:25000 AP= o)

H3 (ha)
A | &9 L]
k- Ex A4 Al
PGS 1.3 |3,511.7 1.5 | 3,514,5 | F4Ix, AT
) - 1,536.6 7.4 | 1,544.0 |nof2=], A=)
TNL | espm | 212 | 384.4 7.1 412.7 | A
59 - 20.9 - 20.9
! - 1,509.1 22.0 | 1,531.1 | A=)
& A 22.5 | 6,962.7 37.9 | 7,023.2
HEH | 780.1 |1,400.5 4.4 | 2,185.0 |54, 5234
2#¥w | 154.9 505. 9 10.5 671.3 | Al&A], HAA|
HFA]
F@A, 4d4, 3
A, oA, 4=
A | 202.4 |3,741.0 102.4 | 4,045.8
3 1 A, A obu A,
2153
A A |1,137.5 |5,647.3 117.4 | 6,902.2
A 1,160.0 |12,610.1 155.3 |13,925.4

(F) 1) 5ol&UEFAH1998) FTRAFAYA L] FIHHL A = 14,020 ha
2) 1:50,000 A=A FFE F4H42 A = 138,527,570 n” = 13,853 ha
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(F 3-13) RYPAF YA Exo|&(UYE FL&A)
Nz | e | aA =XIT8 (ha)
A w U of 71}
BT B$A-e 3,515.2 619.2 784.0 |1,567.2 544.8
T 3,680.7 515. 4 696.1 |2,104.5 364. 7
23514 3,089.9 575.8 674.2 |1,493.1 346.8
Ted 3,803.9 728.0 932.2 |1,717.3 426, 4
-y 5,489.6 585.5 |1,080.2 |3,237.5 586. 4
& A 19,579.3 | 3,023.9 | 4,166.7 | 10,119.6 | 2,269.1
R HEW 5,512 698 1,103 3,096 615
XL 5,021 478 599 3,323 621
Haw 3,852 376 817 2,151 508
zxe 1,335 224 337 604 170
& A 15,720 1,776 2,856 9,174 1,914
¥ A 35, .299.3J 4,799.9 i7, 022.7 |19,293.6 | 4,183.1
(F) 1) EAT(1996) EAHEAAR, 1996, 12.
2) REA](1997) RaA] AR =, 1998. 9.
(¥ 3-14) 2% @53 9 R 7o AYE 13
¥ o] B
A =14 A | B9e | TEEE <%J¢§>
T e 3,515.2 0.9994 3,513.2 1.3
RORALS | 3,680.7 0.4195 1,544.0 -
23t 3,089.9 0.1267 391.5 21.2
59 3,803.9 0. 0055 20.9 -
=] 5,489.6 0.2789 1,531.1 -
& A 19,579.3 7,000.7 22.5
B HEW 5,512.0 0. 2549 1404.9 780.1
2 5,021.0 0.1028 516. 4 154.9
HAH 3,852.0 0.9978 3843. 4 202. 4
& A 14,385.0 5764.7 1137.5
& A 33,964.3 12,765.4 1160. 0
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1

i

3. REfAe 489

RYPPYLT fFAU Y & L £ATHE S8t A €@4E Roe XYY 22
& 33l Oy 3-1>3 o] 9719 &RYeE LU

f-\"{

.

2¥9 /-‘ ( iR ]

S exa
i/ &3 1 : 135000
: B3 A|
A g 27 5.4(km)
[~

<2¥ 3-1> BHAT &F9 T&

1. Roe) AWA 54

BETRE f99) Eed 548 1:25,000 AYEolA A AFQAR e (F
3-15)3} Ll
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5. o] Exlo] & X

1:25,0008) B &g o]-&3lo] At

3-16)3} i},
(3 3-15) REu4+d {9 B8 B4
0 -— 3 1_ -
9 sh3 ) 2 715 A il
afod| Ay | wa |y |HEE AR el ) A% | 2| wn
A(ha) | L(km) m ) (m/km) | F=A/L% | (m/km)
_— Sobak| 238.0 1.75 70.0 | 10.0 | 34.29 | 0.7770
(2 | 2844 | 1.75 | 700 | 10,0 | 34.29 - -
5| 89,2 1.25 78.1 10.0 | 54.48 | 0.5709
£@xut| 153.2 1.75 50,0 | 10.0 | 22.86 | 0.5004
WS#2
vEauk| 78,3 1.0 50.0 | 10.0 | 40.00 | 0,7832
(4A) | 414.3 1.95 60,0 | 10,0 | 25.64 - -
Ae | 130.3 2.0 110.0 | 20.0 | 45.00 | 0,3257
WS#3 | A =ab| 325.1 4,0 110.0 | 10.0 | 25.00 | 0.2032
(7)) | 455.2 4,0 110.0 | 10.0 | 25.00 - -
AW | 114,2 1.5 130.0 | 10.0 | 80.00 | 0.5077
- A | 228.8 2.5 130,0 | 8.0 48.80 | 0.3661
NS 562.9 4,75 | 130.0 | 8.0 3.42 | 0.2495
(7)) | 623.4 4,5 130.0 5.0 27.78 - -
AY%a | 551.7 3,75 260 35.0 | 60.00 | 0.3923
A A | 942.5 5,25 260 25.0 | 44.76 | 0.3419
Az [1,344.9) 6,25 260 15.0 39.2 | 0,3442
WS#5
A7 |1,978.5| 8.2 260 10.0 | 30.49 | 0,2942
AR 12,4873 1 10.45 260 8.0 24,11 | 0.2277
(AA) | 2,658.9| 11.70 260 5.0 2.18 - - X875
¥ | 1073.6 | 4.625 770 40.0 | 157.84 | 0.5019
AQtm | 2454.4 | 8.625 770 20.0 | 86.96 | 0.3299
A= | 519.6 4.4 770 15,0 | 171.6 | 0.2684
WS#6
A8z | 32570 | 10.125 | 770 14.0 | 74.67 | 0.3177
Lotz | 3586.7 | 11.925 | 770 10.0 | 63.73 | 0.2522
(&A) | 3699.6 | 12.30 770 9.0 61,87 | 0,2445 - |=:8ae
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(X 3-15) Ry 43 R99 E83 54(A%)
apel aaw | 0 | ap FaEiEAw) L) 3SR g
alhe) | L) | ™ | ™ (i) | PA? | (wvkm)
WS#5,6| =8m | 6358.5 | 12,825 | 770 50 | 59.65 | 0,3866 27189
S3A | 105.2 1,75 270 15.0 | 145.71 | 0,3433
&3 | 283.7 | 3.25 424 10,0 | 127.38 | 0.2685
Z3A| 4981 | 3.75 424 8.0 | 110.93 | 0.3542
Ws#7
N4z | 3708 | 3.25 270 | 10.0 | 80.00 | 0.3510
A4A4| 516.9 | 4.625 270 8.0 56.65 | 0.2416
(&A) [1,334.4| 4.625 | 270 8.0 | 56.65 - -
2z | 172.6 | 2.125 | 50.0 | 10.0 | 10.82 | 0.3822
kel 208.6 | 2,50 | 50,0 | 8.0 | 16.80 | 0.3338
AddA | 7611 4,0 790 80.0 | 177.5 | 0,4756
=83 [1,160.8| 6.0 790 | 30.0 | 126,67 | 0.3224
WS#8 | A& 11,6389 7.625 | 790 | 20.0 | 100.98 | 0.2818
9 |1,935.7| 9.125 | 790 10.0 | 85.48 | 0,2324
B | 4391 | 2.75 | 70.0 | 10.0 | 21.82 | 0.5806
S| 2,547.9 | 10.125 | 790 5.0 77.53 | 0,2485
(&A) |2,843.3] 10,125 | 790 5.0 | 77.53 - -
X3 | 117.7 | 1.875 | 210.0 | 10.0 | 106.67 | 0.3349
WS#9 |-eAM| 137.4 | 2.25 | 210.0 | 8.0 | 89.78 | 0.2714
(&A) | 276.7 | 2.25 | 2100 | 8.0 | 89.78 - -
Ws#10 | W= 69.7 0.5 89.3 | 10.0 | 158.6 - -

(F+) Ws#10 W=t WP=E AT FH Y.
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(¥ 3-16

) RRE,E 798 AR9d EX|olE dF (1:25,000)

Exo|-§ W3 (ha) A
&89 x84 = . = < ha) v 3
= iy oot | FAA |A4x]| (ha
_ Zaigut | 84,3 26. 4 108, 4 13.7 5.2 238.0
(&) 86.0 29.1 150.1 14,0 5.2 284, 4
Bt | 28.8 8.7 47.2 4.5 - 89.2
S8 | 70.3 28.1 38.1 16.7 - 153.2
Ws#2
GEuk | 28.0 29.0 14.8 6.5 - 78.3
(&) 159, 0 89.1 135.6 30.6 - 414.3
A 28.2 32.2 58, 2 11,7 - 130.3
WS#3 | A= | 99.5 73.0 130, 3 22.3 - 325.1
(&) 146.6 84.9 195.6 28.1 - 455, 2
23 30.5 20,2 48,2 15.3 - 114.2
2421 ) 56. 8 76,0 67.2 20,8 8.0 228, 8
WS4
AEEAY| 219.0 154.3 135.6 46.0 8.0 562.9
(AA) | 245.6 165. 8 150. 4 53.6 8.0 623.4
Az | 121.6 124.8 263.4 41,9 - 551.7
2dz | 203.0 191.1 483.7 64,7 - 9425
A=z | 315.0 267.1 675.0 80.7 7.1 | 1,344.9
WS#5
AR g | 481.9 3740 983.7 124.9 14,0 |1,978.5
AR | 640.1 434,3 |1,198.1 200.8 | 14.0 | 2,487.3
(&A) | M7 452.0 11,224.1 257.1 | 14.0 | 2,658.9 E("io‘)ﬂ
A | 213.9 113.0 676. 4 48.3 | 22,0 |1,073.6
&m | 739.6 463.4 | 1099, 4 130.0 | 22.0 | 2,454.4
JIA = | 38,5 83.1 388, 4 9.6 - 519, 6
WS#6
A8 | 852.7 617.8 | 1610.6 153.9 | 22.0 | 3,257.0
Lokm | 913.3 687.6 | 1713.8 250.0 | 22.0 | 3,586.7
(£A) | 951.8 711.3 | 1752.8 261.2 | 22.5 |3,699.6 %”)41’
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(E 3-16) RYH,IT {99 £F9H Ex|o-& 8% (1:25,000)(Al<)

AP R Ex]o|g WH (ha) A o 2
= g | ok | FAR (A4 (b2)
WS#5, 6| Xuta | 1663.5 | 1163.3 | 2976.9 | 518.3 | 36.5 | 6,358.5 T%gg,
4 16.4 20,0 63.5 1.5 3.8 105, 2
&Y | 42.9 30.3 | 199.2 10.4 | 0.9 283.7
YA | 121.3 73.0 | 280.2 23.6 - 498.1
WSH7
g | 90.8 58.0 | 205.3 16.7 - 370.8
AbA | 1585 89.4 244.3 24.7 - 516.9
(4A) | 358.3 246.4 | 648.3 76.7 | 4.7 |1,334.4
A% | 66.0 58,8 30, 4 11,0 | 6.4 172.6
S| 81,9 66.8 40.6 12.8 | 6.5 208.6
A | 2.1 128.3 | 570.6 17.7 | 18.4 761.1
=3 | 121.1 178.9 | 8076 34,8 |18.4 |1,160.8
Ws#s | =@ | 251.9 266.2 |1,031.0 69.6 |20.2 |1,638.9
$9m | 377.3 341.7 |1,054.4 | 1109 |51.4 |1,935.7
293 | 158.4 76.4 | 183.4 19.7 | 1.2 439.1
Zowa | 643.4 439.6 1,262.0 | 149.7 |53.2 |2,547.9
(&A) | 749.8 528.4 [1,338.9 | 166.4 |59.7 |2,843.2
£®3 | 3.9 13.0 65.1 7.7 - 117.7
WS#9 | EXAY | 46,9 14.0 67.3 8.6 | 0.6 137. 4
(&A) | 49.8 2.8 | 188.8 10.7 | 0.6 276.7
WS#10 | W% 13,5 11.7 41.7 2.8 - 69.7
3 A 3,472.1| 2,345.5 | 5,826.3 | 901.2 | 114.7 | 12,659.8

- 70 -




6. frful seiAld 9%

E ajo ool ABR] 72704 2,2923 ha, 94 37704 118 ha, 21K 79704 264
ha® % 1887042 Fe|AldE(2,675 ha)o] glon), T =¥3 =g ¥t ope} &
s3o] HE3 Holr)h, RHAJe} FALo LT fElAd AFI FR A4y Ade )
<3} Zrh

(E 3-17) B, T FejAl 48
FeEs FHPA (e | 9w | 4om
AT | AE T ST ez [ A | A | 5= | (ha) ’?L%‘

Bl | A=) | 104 | 79 | 25 |5181.5| 999.4 |4,182.1
o=z} | 38 8 30 | 136.8 | 90.8 | 46.0
gl - - - - - -
e | 1 - 1 - - -
B 89 | 38 | 51 | 7241 | 6721 | 52,0

RetA 15 15 - 113.7 113.7 -
B 33 55 52 3 136.8 136.8 -
ZIelAlAd| - - - | 1,838.1|1,838.1 -

AA 302 192 110 |8,131.0|3,850.9 | 4,280,1 | 10,435.0 | 77.9
G| Agr] | M4 36 8 |3,166.6| 422.6 |2,744.0
ok | 4] 29 12 37.6 323.5 48.1

e - - - - - -
e | - - - - - -
] 59 | 5l 8 | 169.7 | 169.7 -
AaqlA| 34 | 34 - | 6.3 | 6.3 -
g | u9e | u9 | - | 3339 | 3339 -
FEpA| - - - | 2,527.0 | 2,527.0 | -

&7 297 269 28 16,630.13,838.0|2,792.1|11,366.0 | 58.3

(RR) THF, 5ALTEFAH1997) TGLA7 IR ALY TAGL,
199710 : 152~155, 160~163.
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(¥ 3-18) B#EZ {oau F8 A4x] A

(RFPA], F8L)

SO AR B o B R K
A% |zl gn| o | ey | ) (| ey | oy | e |9
~

ok | FAg | 2eH ok | 30 | 156 | 27.7 | 4.2 | 14.8 | 110 | 1984

Al s (WA | 57.8 | 210 | 19.8 | 9.6 | 10.8 | 106 | 1945 | HH
24 A | 4P| 10 159 | 3.7 | 1.8 | 3.7 | 128 | 1949

Y| 23| 44| 105 | 226 | 13.6 | 3.1 | 57 | 210 | 1951

A k3 | ZA | 2489 | 1064 | 128.4 | 36.0 | 12.2 | 521 | 1978 | (F=)
Aol | B3| M| d¢1(293.7 | 744 | 177.4 | 26.7 | 19.7 | 260 | 1997

== HAIEY B 162 | 17.9 | 4.3 | 8.3 | 214 | 1945

A% Bl x| 406 | 36 | 11,0 | 11.4 8 350 | 1945

2 & A 2] 1054 | 557 | 48,5 | 45,0 | 55 | 750 | 1945

of¥ Ao | 3 52 46 | 1.5 | 85 54 | 1945
5234 HE SR 30 77 2.8 | 2.7 3 270 | 1972 |&lgh=|
) g7IFAL TR (AR, ), REAR(EA, S, 4%, AF, o)

T2, B, B4,

A4d FHAE W 2A}

1. &8 ¥&A3

HEYas fo A%9Y RERES sl 1%, YL 5 A
223E ol 22 9

Hog AAsiglrt. & 2AliAe

BB A (F534)

K

FHBEH &

- 72 -

MR Aol ko



T8 A Az 2AhlE-E e Rolch

Bl

ti¥t A& zApsiolen, (F 3-19

A= IR
28 Box

2% Box¥

~-AHE 100m
BAA A

AFE

O | H-4F 40m
O | 32-3tF 20m
O | BE-AHF 100m

JAN
O
X

X

O

96.8.25
81.5.29
96.11.2
01.6.17

72.6,12 1 72,12.8
95,6.13 | 96.6.22

01.1.11

96.1.9
96.2.1

96.1,12 | 96.9.25
80.7.14 180.12.10

4.5 181.11.10] 82.5.-

5.0
6.0
8.0
5.0
7.0
13.0 {95.12,28(96.12,30| O |X-AF 150m

12,0 | 89.6.29 | 90.8.12
8.5

18,5 | 94,3.15 |95,12.31
18,5 | 94,10.1 195,12, 31

10,9 | 81,2.21

10.0
11.5

4

A
10.0
9.0
13.0
13.0
18.0
22,0

N

!

F8 ml2 | 15.0

eF

J

3

49 ¥4 M

(¥ 3-19) K

<n
4
w®
o

70

€3

71

AYa | ¥4 H28 U9
| ¥ 7 AY| 14.0
oAl ¥ Y N
AR Ed A 43| 60.0

AR ¥ % AE

k.
2

WS#4 | &AM &

WS#3
WS#5

Ws#6

O | X-3}5F 52, 4m
3R 4]
AFH 4|

O

X
19

O
AN
O

92.4.6 |92,12.31
91.8.29 | 92.9.15
7.0 {97.11.27 01,6.26
91.8.29 | 92,9.15
91.8.29 | 92,9.15

6.0
8.0
9,0
9.0
-73 -

73.0

b

24

AZ | Ry 34 A2 40.0
SYa | By A 2AF 60,0
HoF IR A4 2| 22,0

SEE G Y EH w4 60.0
off G| B A ofd | 70.0

Ws#7
Ws#8
A




2. ¢EUE A

=

l

By A 49 RYE S sl AeHAE =¥, 48R Y
AR 5 3 Aol A3t EF, TolEHE 37 FHA A JlEF 115 AH
of dx]starh,

(X 3-20) 9A A2 2@ &9

P EPRE. &3 A4
WS#5 At iﬁﬁ' E(WL-M)
WS#6 S iiﬁ] i_i:_(WL—M)
WS#8 =%l i:ﬁ ii(WL—M)

3. FERAL

7h 71dRE
B Rl oyt 71RtEE Y REASA U JIPRIRS o &stdrt

L s+EHSAA

£ 799 2985S 9ol =%a, 483, A2 59 37 s o] wAE A4
A sz, =g Haot ¢HAY HeE Hste] 1Y 13 o] sttt $elAls
ot Al 2:9]A(WL-14 Data Logger, Global Water)® zure]] Mx|5}9lx, Staff ¢ ¥FE=
27 FA Goll FAsle] UHo| Ro|lrF ol em 2A/|42IAY 1FX] 2t vlasigct,

th 49 9 f¥ &3

o #HAHORE FQ 3P, APA|, =8, %*E AR (2F) Solth F4&3
S BN FeA) B30T RSt &gt Bl K-4A (BMF002, Valeport)
& olgstel I, REHHL Aol nlkel 12*‘?3 28 Bog FBae &38
At} FaAlols fdol ML B FHG #stel FAjol % MpEg At TAR
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42 FARD 1 G WFREOE WAl ol ghiTh Fale] U HPWHS Hxt
g O F0E R A0E FAHT, 1 700 BERES T PHOR 347
e A7} el oo A8 R3bs] G0 FAPAS WY B2 FH7R0E
5 PR(Weir)HoldE AFFUE FAHL FTINE o4l

OE BUNUOH, AEAR FYY ARsh vlastEch ER, Manning I o83t

(o]
un T
of Autslgion, 45 BHARY F3 NEE olgelel HAF-FVIN DATUE
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ey A R 5% 53
of | 2F | &A| sH | B ALE |59 |me 3 51,11145% w}e}
H Z]X‘ %7‘} gle Abch u],\;_]. Alc BT AT 73*}
{ ! A | WY | A | BE SEH AR WY | e | BT %

2 () | Gy | (w) é(;}m‘)‘ (m) | (m) | (m) %n (m) ﬂny (So)

WS#3 (419 51(99.1.19|29.55|97.882| - - 197.774| 100 |45.42(97.451| - - 10.0057

WS#4|AHx 41199.1,19(31.19]94, 829} - - |94.659] 100 | - - - - |0,0055

B 97,003
X 51(99.1,19(32.20|96. 4291 41,16 96, 720 | 96-080 | 100 |45.2395.972 - - |0.0059
x| 2 3(99,1,19(26.31|95.053| - - lo4.811] 100 |17.39]04.675| - - 0. 0087

ws#5| Al 23|99, 1,19(55.28|96.372| - - |96.369| 100 |18.92|96.349| 28.74 gg gi‘g 0.0019
A 2131(99.1.19|42. 83|93, 401| - - |93.361| 100 |34.28/93.284] 38.40 gggég 0.0015
Ar 51199, 1. 19]46.72|90. 245|180, 43 gii’;’g 90.216| 100 |33.43|89.960| - - |0.0036
A0b:1(99.1.19(54,14(96.301 | - - [96.391] 100 |53.97|96.382| - - 10,0001
e

27 99.1.10)57.73|97.957| - - lo7.062| 100 |24.41|96.466| - - o.0155

WS#6| 48-7(99.1.19(63.88/97.760| - - lo7.752| 100 |71.96|96.897|175.28 gg ggg 0. 0052
%-9F30(99.1,19(30,28(91,687 | 60,53 |02 00 |91.652| 100 |45.02(91.267| - - 10,0043
35}31(99.1.19(58,57|95.678| - - |95.648| 100 |58.55(95.578| - - |0.0009

47,5595, 580
132 S| - . . 55,95, _ _

- Z25:(99.1,19 95.866] 100 |0 20| oo ooy 0.0096
Al431199.1,19) - - |- - - 100 | - - - - -
w=uk99.1.19(36.47|97.262| - - 197.065| 100 |46.12|96.582] 59.27 ggggi’ 0.0082
AZ5(99.1.19|24.12]95.001| - ~ |94.731| 100 |48.62]94.500| - - |0, 0069

WS#8 .
4£9l99.1.19] - | - - . - Jwol -1 - - - -
297(99.1,19(51.10(96.617] - - |96.625| 100 |51.38|96.539] 36.16 ggggg 0,0008

WS#9| 2399 1,19 54, 39(96.910| - ~ |96.838| 100 |40,52|96.811| - - o,0010

(F) 1) B A He Z3ATETE EL.100 m 2 718319 &.
Al B A T RHOR PeRS g Buag TANR U
4
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afedl TF | @y o e -4 s Y P
L(m) b(m) | B(m) | W(m)

Wse3 | Nela | F4 #HME A9 100 1.5 | 1.0 | 1.5 - 3E 10m
Ay | T8 1% ¥ 89| 0.7 0.5 0.8 - | AE 4ln
AT ZA ¢E AT (28109 | 1.0 | 1.6 | 1.0 |3HE 29m

157 ARF | FA HH A 301 1.0 | 1.1 2.1 | 1.0 |3} 38
AR | B ¥R A (347 1.1 | 4.0 | 6.0 - | AE 180m
TR B4 A s4R [ 285] 0.8 | 0.9 | 1.4 | 1.0 |AF 47n

WS#e | AR | T4 HE 49369 1.0 | 1.2 | 2.4 | 0.7 |3 176m
2ot | ZA Hd e [57.4| 1.0 | 2.0 | 3.0 | 0.8 |AF 60m
=35 | Re ¥4 A4 (37.5] 08 | 1.0 | 1.5 | 1.0 |3} 59

158 Fo3 | B3 ¥4 A2 16.8] 09 | 1.0 | 1.5 | 1.0 |3} 36m

4, EOFRA}

7hZARE % AR

A} =EQY AAXNFL BAF, =(5HA]), BET FAF(UAF) 59 3
& ez sk SINEAE AR SR AV AAY =%, 28w, A
g 2070e] wH AT BT FUR(ULZ) 67] Aol viY 1~23 )
S8 2RAHY SHEA ZAAEE FUAR ANAHo] AEL A HolA) A3]
sigom, afeld Ha ] AHNLE 511, ZAMZE wiY 13] ol¥eR s,
EEQS SHHEA ZAX|Ho] QAT =old EE 1 on AEE AAY vk Ak £2
2 m AE EA BHAEE ARG

fd
N
Y
o
e!
e

ZAPES pH, EC, T-N, T-P 5& F8 ¥HOE 3l BYAEY B4 B3}
BAR(sYsleaTA, 1963)0] AESIA Eel ph EQT FR4e gg 152
343 HeldoA] pH meter(TOA HM-20S)8 ZA3lgion, AHliae Vanado—molybdate‘g,
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85914 Bray No. 29, AxejA AL Brucine®, ¢RUoe]AA AAAE Kjeldahl

Hog 2Aslolc]
5. FAHRA}

o ZANE W A2

SN A4ARES ARET ABEo] WhTol FYFE T 5, A4A|, £E,
ez SURUNE) © BB 508 58 LR sden, B, $49, 24
3 4 viY W 1, 282 PEsle] ARG AT

FANRE BoRAL)(2)0] A4siel 4T olse LEE RUHAN ENARE
Agsidon, +UAEE QuUokida, AU4 I HubEiseTRS o slaly
SO, 2 pH 2 O[SIE 2T THE 4T olsleld HVBYL. ZANEE sHA4E $9A
B 9N =, A%, AARE Tsll 207) ARelA AQdsigen, gL sHe
4 AaA Pl QAT = UOR s AAEY QMY EolN As7IEL viY
1~28) ABTh A4x] SAARE AEA, HA, FUA, A2 5 474 2PN

T 1~2% 3 sigict,

0 AEuE 3

FAXNEY] ML FHFRAYY(BAEA, 1993)of JIEsolh phe AN 717
(Orion Model 840)& ol83le] 2 &Asielon, 3ArtL eI A& 100 nl & #
sto] APIRELEo] F3to] FAsigle). HAAS} YRUok|AAE £LUARE 500 ol
3e1] 2t BEEF-AEHY SRR EAskolth HA2 $AUAE 500 L F #
3lo] 50 nL B %&% th& ascorbic acid reductiony o] 7)&3}e) BASIATE Fol&
(NOg", PO )& 0.45 ym ©18}e] §2] A-RoiA|(CF/C)E AME3l] e} kg 0|23 2niE
Y 9)(Sykam 4260, Germany)E o]-&3te] BEAMsjgic]
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T
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N4z Hes R92 6IS X275 2L D/B A E3;

A1 GIS =& 75

1. X 22=2% (Digital Elevation Model: DEM)

A SR (DEM) S thdA g AR Wi, 2 Azl Bd aEgia 7 A=k
#l°3(topology) HAE T glo], thd#|4e] 2|¥& FEY 4 Y= FX|AIRo|Th

=

3=

2 AolA LeT st AMPAR(ED, A}, Wik &

I

o] GISH A& A @15191&13121 FeN(FAAME)E 2T F, o]& Az|Eele] i
Bl FEfe] DEMOR AEATIE W @ FYxe] tigt g #e] AR EE 93¢
Y& ol&ste] DEME Azshe wWHo| glrh

AP EZRE DEME A/J517] dside A NGIS(F7} GIS)ollM &% WeHele] &
IAE(1/1000: 14,34959], 1/5000: 11.9855¢, 1/25000: 159%4)E Zex|ade &
stol AR HEsALL A3t PgAE slo) Fstoio} gith. o] A®E DXF(Data
Exchange Format) FEJZ Ho] 9lom, GIS AZEolE o]83}o] Qo) 2y (&42%
HEHR, WA, Topologyd)& AHol AME 7R Welyele] Awel| 7t g€y,
Thy HAPe2A, 2K - $ARoplA HlZ BE 71ett 28 ¥Hele X3RS UE)
218IA% TIN, LATTICEZ}E S AH 95k sjawe] DM Azt 4 gih

2L} NGISe] SaAM % 2o D ul=e] DMA(Defence of Mapping Agency)oA] 019
FAYNAZE o] &3lo] A|2et 3RZMA(BALE: 75mx95, 5m)e] FHFE DEM (1:250,000 &3

), © BHEFAA AT 127078 o3 DEM (1:50,000 FH4E), @ sU7HEA
(MET) s/ dT4 7%)71 1:50,000 FH o] el Az|x| 258 448 25nsj 5]
=3t DEM & okt Afgdo] 9lrh

B dFolrz wshe] DMAolA AF} - BE3t A28, BE 32 A9 Azl gt

B2 Egte] ASCIT HelE AAE o] gl H4x1Re| DEME MS-Windows 98- IDRISI
o] UM (Universal Transverse Mercator)-52N Z}EA|E wWHle] AFLsielchMin, X
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273163.6, Max. X: 295786.4, Min. Y: 4030983.0, Max. Y: 4052429.0).

O3 4,12 IDRISIONAN BB ZHHx|LE R9HAR clippingdt DEMZ HoiFiL it}
A7l A7) 2263 x 296@o|W, ¥ Al AJle VIR 76.4molth | DEEIE
0~787mo]tT},

Elevation (m)

M 00
M-
O 21- 50
] 51-150
EE 15 - 300
B 301 - 350
B3 351 - 500
M 500 - 600
B 500-

Discharge measurement locations

, , Meters
@ a ' Deogjeong e ———— Grid Nann

3,000.00

@ b Kwangcheon

" 4-1> ER7E G99 DEM

FESUIYoIN §Eol2 AT SU4E Uss Z4580] 27} Huf S0 Ui
£29) SUS BE EF0} J0] BE W ARE o|FolAr) olsh e EFe AFES
T @ AL HHPL SR mE AT 3

Z} shd2 AR 3 Mg Euslel I H8 WY FrE Roh =g Bl &

ﬂ,
%
1
ial

. 37t AEEE HeE wigY(drainage basin)oa}
shy, spEgeAe ang 71&0] Hrl, o] 49 A49(catchment basin)o)
s Fa2m, g shle] stESAl it A IeEdg fodFolgt i),

f92 AAE Qs 1Y 5H &, AFY Begel £4A Hek QU ulo

Qi)
o?é,
‘I'F
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A 92 AL Aok B4AE Dslolo} st ASEESAS BT AFVTHE AL
olelom, 3tAAH AP ARG eRe A UYL T A} BHA hoBRE HE
B EFAE K92 ZAZ ok B o fEAE Foe G- AulEiL o)

fFae
R Ree] 4 A oAt RUWE, RRA, AN, M, NRYH, AL,
spmsldatel Solc,

A4 FY0l dstel M) AdAA Weh & Fold S FoT Feisiw A4
o% ¥ u shhg WSt ol Hw, wdosE x| Feist olg B HE4
of 2 YU F& ATAEL B G Zolth ol B BHAN B 49

ABe AL B AR RS AFHN, AP BARE 42 L FUN Fo 54
E
b

S A% "Hrl ¥ 99 18R 2 {4 FESES UEA e, EE A¥Y 24
£ 233 JIEFelrh AU DEME o]§dte] ¥ - B DMLY A=EEE Y3}
s,
(X 4-1) 4 - 2% 23AF 128 A3 ()
BN .6 E 329 9 (m)
0~ 100~ | 200~ | 300~ | 400~ | 500~ | 600~ | 700~
HH R
100 200 300 | 400 500 600 700 800
w2 (kf) |190.16| 17.01 | 5.52 | 2,22 | 1.42 | 1.05 | 0.59 | 0.29

§£ 4-2) B4 - K8 A F IE B H]&(%)
0~ 100~ | 200~ | 300~ | 400~ | 500~ | 600~ | 700~
4= 7

100 | 200 300 | 400 | 500 | 600 | 700 | 800
Bwug(x)| 87.14 | 7.78 | 2.52 | 1.02 | 0.65 | 0.48 | 0.27 | 0.13
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400-500m
300-400m__ 0.65% 500-600m
1.02% 0.48%

200-300m 600-700m
2.52% 027%
100-200m 700-800m
7.78% _

0.13%

0-100m
B87.14%

(¥ 4-2> 1E F3En)

EHUHN 2 TR

Aspect (degree)

M 0- 5
B 6-10
11-20
£ 21-30
121 -150
151 -240
241 -300
301 -360

Meters

4,000.00

Grid @ Lt

Y 43 FRAHFAY YPEEE
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ot IR B
7HH 2] - BA | OB | B 5 (45| 0 | YA | A | BA
A (kef) 66.1 | 18.4 | 16.5 | 18.5 | 17.2 | 20.4 | 21.1 | 21.4 | 18.6
(¥ 4-4) B4 - B¥ 74X 8 BT U] &(%)
8- B e
7HE =) 2 BA 5 | F Tl EE | Od | EH ) A | BA
Hl-& (%) 30,3 84 | 7.6 | 85 ] 7.9 | 9.3 | 9.7 | 9.8 | 8.5
A 5 A X
8.53% %
9.82% - 30.29%
b A
9.69% |
L} ] =]
3: % s =
9.33% u= = =25 8.43%
7.88% 8.47% 7.56%

O 4-0 FF 2|
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stope (degree)

BOEENN

(2% 4-5> ZRIZEA Gl AAEELE

(R 4-5) B2 - 2y A ZApE A (k)

8 - BH AR}

ZHH R 3 10- 20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70
HA (k) 169.92 | 32.82 | 10.39 2.89 1.01 0.74
(F 4-6) Z4 - B8 THAT ZAL EF v&(%)

R 7 A}
k822 | 10- 20 | 20-30 30-40 40-50 50-60 60-70
He (%) 77.87 15.04 4.76 1.32 0.46 0.34
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40-50

o 5060
20-30 303243 0.46%/~ 6 349
4.76% L ___60-70

10~ 20 a2 0 %

15.04%

0-10
77.87%

<IH 4-6> AL 3]

@ SEAHRE

BEHEEE GRASSY r.watershedE AME3lo] w4 E(drainage map)& AAAZA|F|H
S, 2 A% 1 ~ 7ke] Bugke A B, Wt Axglel 19 gk AHE 1
AR o|(pits)§ Uehhir] ol A5kl sAskel 33 A$uAWE (adaptive box
filter) 24& AXA Brh, of WHE HYTE FAAZ} Fael 8a20e BT ¥
FBAZ 37 Aot Uel BANATE FHARESY BPAD ARt ol vH &

By ¥z F99] TERESE Y3, 4 Fo oYU} dFEA o4 A&
Helgh 4 gt wehr] & Ao Ggols ZEUe] EQA 48H A28 B
#517] ¢]3lo] r.watershed?] ZEVHE(accumulation map)E ©)€3lyct IENFIEL
% A7tE Fotel WEHE A 45 ANA Ushd Zolch olnl AR B v
JES BEVAED Mosle Eoug Besged, SR Be Axe wue
T ZEARE FHRES el 4-7>& olF o]gsle] shio] BF dAAY FTEA

1
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K33 47 FRDAREY SEARRE

2. EAnEE

2 AN ExNEEY 242 A4S T8t dEAE NS o8 E
298 EFAHL AA FZ5EERF(unsupervised classification)®} ZHEH-F(supervised
classification) 2 Upolzlth dutgeg RARERE WA Arlsle] EF/stas} she
BB 4 U 7} gHY FAFA, WSz FRA B BAYHA dAE 2 F, AEER
£ AAsle] HF FASE 2PeiA Hoh #2ole YARAREES AE £ e &
ZEole] WR QIsle] AMEAIZE A IAMAIE(training data)E AESPR 21E TAH
2l QA7 Aol ERIPFelN 71E AEE o|gHLh |

EREEFE F88 (clustering)ol2lal s, @AY BEEAE o8l £
% BAol thE o8 Y AL gAsHe ox1¥d L3 3(sequential clustering), %
A& 23} ISODATA W RGB 33} o] oit}, o] EFyHe BAzlyl vyt @ 712 2]

AxlkE sk ER7F WA, 2o 4 W WEL FIA FoBN Y EE5

..88_



Tt §F o8l AU RE HAE BASle] MY fARE BEENS
of ¥Algl= el o] ER7IYoe 7t 3 fAMdE Ak V3ol wiel Ha
Az, BPAPHYE, ol 9 Mahalanobis 3 Fo| Utk AF#RY ZE 474
ol 2lshd Hrfgeio] 7MY S8 EFAAE Urhle Ao® dexa gl

2 dFoldE 19919 109 229o] HEH u|2e] Landsat T™M SAMR}E(path:115/
row:34, date: 22/10/91)%} ==a}A9] SPOT Panchromatic 9AAIR}E(path:304/ row:277,
date: 15/11/97)& 43l Rule] Ex|pE-& M3t Landsat TME A2 84
7t 30x30m2A, FYPA o] AT B EEFol= AT o], 10x10m8] SNEE 2
SPOT Panchromatic %BAME §4d3le] )T E 3FAH enhancement)A|# E-Asteich 13
4.12% Landsat TMS] 2, 3, 4MCSE aPdslo] A3 TRAHRL S ExjujEtolr}
TS 93 7etRA e ti7|REE AX ¥, ER-MapperE o[ &3] wAlALE AdwE),
2o BRE AN BMAzte] eldd g AF3l] #1510 1:50,000 2|24
oA Exo]@4RE AH tAElo|Y(digitizing)dte] AP AWzA] @ FAARA

rr

bl

(X 4-7) EX|¥]EEF A3 (k9] @ %)
e
E Al FAXA] = wut 24}
i
Hl-& 0.69 43,36 2.59 34,11 10.93 7.46
Fdg=
x}o] - 6.70 0.05 -12.28 4.85 -
vl | 13.34 29.65 21.07 22.07 0 13.87
2%
x}o] - 20,43 -18. 40 -0.24 15.78 -
AR | vl& - 50. 08 2.64 21.83 15,78 -
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276000 230000 284000 288000

4048000 4048000
4044000 = 4044000
4040000 k2040000
4036000 4036000
4032000 4032000
276000 280000 284000 288000

A Scale
W B o s ™ el Kilometers

5 0

<1E 4-8) ER A A Y] Landsat T™™
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4044000

4040000

4036000

4032000

276000 280000 234000 288000

276000 280000 284000 288000

N
Scale

W E P . ——]

5 0

<a# 4-9> ER 7HE 2] 2] SPOT Panchromatic
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4040000

4036000

4032000

Kilometers



270000 288000 306000 324000

i | (] i [

Landsat TM

4050000 < - 4050000

4032000 =

- 4032000

4014000 =

= 4014000

3996000 =

= 3996000

T T Y ———
270000 288000 306000 324000
N

Scale
W E e et g — Kilometers
20 0

S

{12! 4-10> Landsat TM3Z} SPOT Panchromatic 3%
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275000 280000 285000

4047500 + 4047500
4045000 4045000
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1970's the averge wind velocity 1970's the amount of rainfall
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tod HES] o] 20~26%2A IF-E FEFEOIRR Hado] AM MESS U BYR
oh AHTia @ 4= gtk 2E|a Bol B weE] o] wigel 24 dadel A
HoR gy Eguel] I3 JYEE @4z dF §8d 4 olvh tiRE wisEE o
FE 383k dornz xdamay, wrt ‘%4-3%\—‘:— @& Aoishd FYHS Foul 2 EH
22 qslo] EqAe] TR Az 82vll dekdo]l WATT BN =EY pRLo)
I Zo] wi&EA Hrh 2ol ] AERSo] WA HE £84 ALt g o2
o] wigEH Aol A7 FAte} viio] Eqixlel] F4Y JUARI ohY wiEdrh. {4
= A B2 543 ANgA] F4E S99 F uhEl #8d mXe 4%l Art
3PolAl o] F8te frake oML Rt AolMe] HAez qlste feldTh U
Aup Aol FEG Roolde Mol BIHA o2 RES /MA3EE ZeAES E

BY AT oo A} wiEHcl

ol
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shHolLt T4d £ARAE AW A SlsiMe fo APl @A FHY
FALYE WHE vorste 2t Foidel iRt FFHA Brsh dFPElejof & Flojrh
53] 2] vzl B9 o] A A HH 60x oldE AL ded, =oEFH
o] JPEL Fote N A Bl YL vH £ QRER xoN FYuHeEELS
f- &Y P fE dFUEe] iEt YA Fot WA o] Foixop & Zlojr}, okg
2 FFEEA HguE A EL] SR v REHER ZeRAS LAY oM
ARAEAL] F&54, @velR Lude BAELY voto] HAMSHA 23=HE A7l
th

AL At FBA AN FHEH <B7IF

Adatele] RYES RES HA - A oA, Astee] #@e, vigdt A8 #4
5, Blad dFY FHAE PP vt 2 $ARAM EAE o]8317] s AR
& SAMNLE AR AE, sHde f& - 24 ddelu e HH F 294
EfAle] Avizt & nxs AE wE 5 g Hoh 58] g Aol o AEREH
of7lefl SR Aol WAL FAE B FY, R U 248 YR 7 E

o%

Ak EZ 2 of® RUse vE 5o W Bk 5 FVIES Asleld] 8%
& B3lA RebdaAde] Hrh oley TRLTHE A0 EFolFS vEA EY A
o Hl&E Ast F wof oM FBE mAA Bt EY T EFo] £AE BN
sH-Roll 2557 wlEo] o2 QI B2 SFHY +BHS TSt PSS UE

UA fich weby el wdske A vR, Bk F EE2 ZAUCIAN A3
2 West otk FAlo] spaolel §EUAE 913 ola) s $Bee ¥AY Wt gk
TARAY BAZ -4, e F9-A9 AANE AiorE AV ¥ 4 gl

Lo 2 A ] glojA 28

ofg] 712 49 el AeiAol Qoixe] WA <f AA LeiA Aol Siof
A AgAQ ¢l 271x] 2T} gl ol £BA B Sl 23N tiedsiAet, 2
2 ELYAE AeiAY wutA, U A & Agie] A Attt Aol & viehd
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th of7]ellAs Aol lojA BefAle] EXwH, B3] Lot Ao thst] slggitt

7k AL KA/ fE
Aol glojM Axe] B AL, A4 - AshEdel I3 =z, @A, L
ol J3lA fEHch
- A2 0 AeAY] rAE(LaugE) o] A ES Hel] TH)ol oA
th7]ol  EAthe daE 2%ske A8 UUTh AeAcld Y FUHELEN F

o 45 AHBAN  AAE DALY B ohle B4 AHEU] HNE G

oh #4Fel BREel Qb AABEE olANTIE WA FU. 44U geHEte] sl
b3

o $Yolx TS ML Uk eY Fo AABAY AUNEI} BY#EC] i

o B3] Aatolo] F7sHe Falol] tiRel 4897} Uels AelAcN Yaskol Flel

o A3} R0} At ¢ ThAEl2AY] Al fole YA YR} $4te] gl
Bt opAZA e EEH Aol wWrh. "o BEUFY TUARANA AEE Aaedast
HI|zZolA optEtdA HaTtAR Fof JlAElR ti7|Fol WEEE Zojul ¢RUo}
ke MEEe o €RT A7 BEdellM 717 whEe] Uil sAAelME 1 ¢
o] 42 Zlew gwA rh

o 72 1 A fEde BEYFY ATt Bof d3f &3, Aol fEEHe ZEI
At FE4Fole AU ol Alolof oe] BUo] PgEo] QAT dutHog L

st

L BgFelA dae] Feust

FEol EAske A4 thF-E2 f7ehdsolth Doyt AEo] AAF AH o83t
7] SfslAE R7lEdes BEQUAES] 28l O3] FrlefUAR WBEA] ¢hom QHTL
ESF Fleldas ¢Eolel 4, opditeld4 W Axteldart glrt. fU1ES 23
of st f7leldAy P4 YRVoleIEAR HIHAY Ex nAEY] 28-S oA
#HFH o2 Aidejd4rt Hrh
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F7V el L — dRYolelda — (opaAtefd ) — Hitejda

AglEge] EXst: folefdArt FrisEe RS Ade] Wk BU3E A o
7b Tt f1Eshe A= vk €W, ddzie] RUREs days ARG AsF

=)
i
TS o2 AT

>

ui

bl /e

Atglo] glojA] <o) ¢#E dMe] T3}, A - AslE o] AT /Y E A FEA{E
T REo] slrh AeiAde] SlolME AHE - BEY EY - A& I ez A
R dae] &% 51, #ite] e ¥R FA) Yrh

Q Ent ohe} Ze), UEF, nlavg 5o v 43 Fo FEES 94 ¥
ot} oluf mjulal &Y UFEX UMY Fhel ulehd  Ao]E Uehdch axe] &
= Ao utel Sddsty] wiEel A0 glojA muide] o EX= B¥Folth
AN O 2 Q12 JFIAE|RA Y ofFo] Q7] wiEe] MYHA &S Yile FPole =0l
PR 7L Eof ol Tl
o B4 Behed

A2 gt BSHERCZAM R efAel] FYERIRE ol 23 RARTtE Z3hEzlel

m[o
ol
r

3haEo] Zslshe ofo] witla A %3 A4 $U-URRY o|5F J4F 44
S $HE T do] goll AEF ol WAL Q18] sEE ¥l FUlEe Ik B
$= glrt |

o &

A2 el o3t EHRASLY UAE wiet PAHEAL Foll F-AEo] AR F2EA,
Aot AFEH] FEEs F2e WA drh wekd iR d2 B FHE th
Mgl 28] F+, olgdHrt

2. Aol gloixd EdcH

A&y vt Zo] AAEfS] FYULS AR HeZAE HHT AR &3}, 2



ALt o2t AAYENE TARA A, olgsHs A stHole] FEuiHoIU BACHo]
AsHA Eol A f8elAe] Ariel GG ulxE= A& A & £ gk ER oA =3
L 5o Aeids viEch EY, BAEEY wEER Aovh Uehdtl uwlehd, =
22 Z47pe] EAeH 7)o AR sk Zlo] Fasith

=olA Aa w89 WSS Ay Ak Akt Alolg urhdth ¢4 dae
=ole] FUL HLH, B AR olelef HIE, BAESIE FAHL BRIl
2, fdh 3R vEiAla, %, AEREE gtk T, QY Afole uivlsty
B, HE, Halo] glo] Aot AT sE g sHRIch olu) im0 glojA Qg el Hele
AtASEN Y} vlasiM ¢gEHOZ Il =of AN ulEY

Ha 9ok
Y = v&E + (HAAa3H) + Zp - ZAstER « @RS
& = % « (€3, 3ah) + AR + A Fa)&
() o] H ol WUASIR] e BFEE Uehdr],

w=oAl o] WHETIFE TR ujie] BH4, EURF(AET), BEUshR(Bd3)em

Lol Azsl & et ol
o EHpo] 23 HRZTIF

FEHpFo]  FEF] e YLAUMENX-N),  PRUo|AA(NHA-N),  el4telQ
(PO4-P) o] RBrlehgie xRt 4250 24480 Fasol 47uds, f7lHee
EosiRich ® dae 3, 9, faksed o3 dizlFoe] stag wWstg sivlE ¢
thoolnl W&F, FIWIMADE T Aol s, tinlFe AT RUEIRARA Aujel
FYUHCE BT o] YT uf 2Fol AT P E YA pHr} Boeid, ®9

F2 ATt gEUCLEA ke A= ¥R olvh, EHsFlM Frlske 2Fe
G JHHAL B o]RE RI1EY FF
Eldas Be] ATl Fiste] Bkl

o] YT QT E EWFEY £7)

ot E <lof tElME th7)15e] Tha



ol Eolole] BaFREEe Bok) Abraulkuole] BAl] o8 T & m~
len T8 4323 BYZoT Huch AUNYR(ANE)S A3tRe] 2Fo] o)
mlEol, 712 AsNA ArstFe] AE-g ol NO2-N, NO3-NE R NO2-N E
£ NO3-NE BE T A3 B71FRe] ol 1 WAHZASINE YA
o Aol YA N27t Ho} tiF|E o WEUTL EUEd Qold Riguss AFE
olU mAEe] Ao o8, Er|BlEo] NHA-NO.Z HTh T Boke| N Hl7} B 47)
Bol Exjsid, ul4ES A& Bajsld FAUEL WA PHuk THo| Y NH4-No]
U} NO3-NG 218) Erjefaae] $7]317} dojyie},

Q30 b RAHHEL 256 F4EAT, S253  Byjbyre Souaa)
o B, HeUE W gvh EQURs SeHoEA EAe] o] Lokt
Sobjolo] B4, WyAElsl Bl ©W PO4-PE LolLolAn EorEEolsE wash
e AFAE 53} 4T WS Ushiy] tlEe] o5 Uxje] FUI= 4AE sx
oItk Ews] WS WFnlRoll el N3HEo] B A Eoold PO4-PE] FHio]
A,

L et 2(ellA et o]

HEFY (R GRUONEA)E E¢FY AAIHEFY 28-S wold Adlejda
2 IRt plRoldee Hulul JHEEke] TR g FreidaE ngEe] 23
EAE AL TS dELolIAE HAuh HFH o2 N03-NoB Hrl

A vt o] EFgol=e] U FOo7 st glrh oluf AAtel&(N03- )%
B3PS wal 7] el Bgelle 2ol FAEA] g=th Bty e gk &
of AAta(Ca(N03)2)5el d& BAdshdA galEol gt o] @& 77t Jod B
Fol gelEo] slFon Suth FaAld: AXFEF ML FEHTL E ol
N =3 FET gdo] BAHD gich Eodo] AMH A A I 28 woly
thi71R P&t P FRolE Aol glojA WERY £ AMFFALT £ HAHE
FoE 97| wiEe], EYF Holu dFulEat AfiM BaFd 1A= olFsh o
€th o] wEel EHGEFI B2 A4t waedd o3 EodAle) Helg f&sh, o
olglol= A8l Fajgnt sl '

- 124 -



AH2dE AR e

wollMe] &% &3 U E5A S0 ARSH AEA = 1995 5ol AP elAtge]
¢l FeRE A nigw BAle] PA|A| o, AlFEAL HA|AFuel e 1] Y
g Abgstgler 1 9AE <I¥ 5-D Zth AIUERS I BAAF vz
oA 8] wiEAIATL wfpR el AL, Bl wfgstde] dAR ] wjgako] wl
AH L ol glrh EF dF FYHES Sule2 B&olH, wieAA Ex wieAidY 3t
FodstEe fUEos Fof Qloh

ARG L <7 5-2>004 Hi il o] HA|R|u 27] E5(R1~12, L1~12)
SR ER &5 4R 52 TU AAHEL 127,959 o ojth Z BEE 19x|7} &
W 100 m oF A 50m ¢ 2 1270 WR|Y] =0% FAEo| glom, o]EZ AAY 29
wol Mol X171 0.15 moll E2fsht Wk 1.2 m TR AJYRE xjols} otk Eg A
AU H 9 A=) wletE I 3,907 n ojm, Z} WAPH AriEaE <7
3.2-2>0f \iEpd wie} Zth

3 7t E5d Exle 4T Fely A7 P Aot AAHoRE =R, E
2, =5 Wt 5y 27 uleid oty xjo|7t it} E¥, AJUIXALEY BE =
ol 24 W g $1810) YolFelst obd PVC pipeE o]-88t 17]0]4re] 2] ulj4=go] A
#|%o] glc}.

Mo
vy
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B_H‘
R-1 L-1
(299.675) (299.829)
| R-2 M L-= H|
(299.675) (299.829)
13 R-3 i L3 14
(299.549) (299.318)
5 R-4 s L4 5
(299.153) (298.747)
c T R-5 L5
(298.867) (298.174)
2 R-6 wy L—6 =3
B (296.747) (297.961)
2 R R-7 L7 R
B (208.728) || (207.8%) N
5 R-8 5 L8 X
(296.663) (297.65%)
. R-9 s L9 5
298.609 l 297.416
g o ol ! ) (c97.416)
-R-10 L-10
L& (298.322) (297.044)
A0 i ——4
V.o TR R—11 L-11
g of (297.787) (296.778)
R-12 L-12
(297510) (095.922)
— 0} :
2 ‘ ( H 14 = Bl 4= x| 71 (
.
<a® 5-2> AP EAY] WUA|EE I Arjgs




AH3E AlHEY W SHAA
1 AEEd

oMY RE54H FUEHY EATAE 24P f3iMe AEEES AA )
Tolole FoE Wehlert A3, AN #EAde] A W #est Helsly, JARtRY
o] g8 FAE AAslofof At & Ao ALY AIPEAL 19954 5o ZFAH
g7l $8d HeEe AT uiEH HAlel fx|stn dlon, Fiwls, Jpgsie W A
dulrERE Gug A 42 APHY $E23 wUAvlelrh. & A¥e| A8 17 B
o AEEY 1YL AH 100 n & ¥ 50 m 24 WA 5,000 n° o]t

2. ZFAA

AFERo] AAH AEEE Z9Y S8 A% 84 12, =M 8T 5S4
T AZIA W elAd 12, SURE FHS] 2% o] FWPA 1%, BF4TS
4517 A% BEPA 12, 23 oA 232 olFste JPEAY ¥E HH] 4

sto} EgE Y] 425 A7} AAsic

A
2 Ao AMEH ARRZE 22 WAo|BE X A|7to] Fol Z9ATe] Wil wlE
$2930) WA UshbA ot oleiyt A& Taslol MU} Uy Beate #3371 4
st goj7h AxE AJEREAe] MG §4E do $VAE Axslgich. 19999 59 1d
By 108 3147R)e ohg Al Aed godsE 27| 98A(Tilting siphon rainfall
recorder, Casella Ltd., UK), 2000 3% 18Q%e] 109 317K CAHA] &4 2}7)
¥ ARE

+ P

Al
A (Integrated rainfall logging system, Casella Ltd.,, UK)& &gt L&

U 291A 2 ol
Hollveir) = 11 WA Eojie) 4538 23] 98 A% wese P e
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3o sHEARol AdAstadch dlole €1 R A& WEAII, gl AL FA
UESF F 30 cn 9] Apgslol(rectangular weir) 2 A¥fslglon, HHt w47} o[ Fold
g UEE Wy =uie Bt ofzb yhA Adx]sigct. o] slojele A 40 cm 9] stilling
wellS H-2slod ol 217149 A(0T-1502, OTA Co., Japan)& Ax|3lglom, 1999 5
o 197 99 309 7iA] W 2000 49 195 99 3097IA] +9E FA3Ch

th HFLA

=olNe] AFFE FF87] flstod A 10 cm, Zo] 90 cm 2] ofAYHE =of 60 cm

Zol2 midY thHy 9% wFol7H B A9 Y2 ¥ dAE 9l Mg B A
Fog Agsiglrt.

—ut

el FEPA
wollAe] FUFE &3] #18ted AF 10 cm, Zo] 90 cm & o}AUHFE =of 60 cm
EE AT ohE 4% wEEel7M &8 A 92 T dAbE 9 WM HERE
2 S I IREL BT UL Adsiich

ol Borg 237

Eof8e) X3 HU(IRROMETER, USA)-& tha-d Mepy] o] £2xo] 9= Aeg JPE
o] AglolE HHE 21% Aotk 1999dole AlHEAL 4x]Fe] 30, 50, 70, 90 cm &
Zol2, 2000 =0l 1A 90 cm Zlolo] midyt Thy H-E FAtelE 23 sHlch

A4 AEERLS 9

B AR 2819949 119~19959 58)7F 988 =Edo2 FAgust &
W ERE 4 Bt EEAMEKN P r K =11 ¢ 8 7 kg/10a)2] 2~3ulo] 3|t o)
o] Eefulgst AuH RAoR ARl A2t T AR Y JedH U vE
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AHHFE CE 5. 150 UERD ue} Zth 1999dEels 54 2246 =7o|& 31 WeE
Al ¥, 59 2546 AMAE 15X30 cm, 157 324 JA0lE AAlstych. AlEEA
o] AuiESL EAEHolN, nlaA & A7]Q) 1049 2de] s I 77k
Al]Eke 54 22900 Rujy] ZIM[(ZIE)E 7.6 kg N/10a, 2.9 kg P/10a, 323 2.9 kg
K/10ag HZAul(ZBRIE)SIG2n, 64 15do] Hdu)(4BEIE)E 2.8 kg N/10ag, 7
o 30 P (BIE)E 1.8 kg N/10ad Aulstylrt, v|Fs7]d Sl +8F H3
Y =EQ0 A3 ¥ FelolZ FUTL o] E8l 20001 39 22¢0] 1A} =]
F U uhE, 549 2090 23} =ZolE Aol

20004 =0l 59 2090 =ZolE slil @ A2 ¥, 6% 240l o]okg AlAIEHTh
NI AuEE U $E] A A= 19995} T}, e g Auake 64 24
of Rujy] 7Ju](ZAE)E 8.4 kg N/10a, 3.1 kg P/10a L8]3L 3.1 kg K/10aE AZAu]
(ZBMIC)stEon, 64 14U FAN(HBER)E 2.8 kg N/10ag, 79 23] 4n|(HE
JE)E 2.8 kg N/10ag& AlR]sliTh,

Mo

(E 5-1) B|EAH] W F=TH

Fertilization and
Year Date 'e 1o L. Remark
agricultural activity

May 22, 1999 | 2x}732 4 7|u] Al¥]| 76 kg N ha™, 29 kg P05 ha™

Year-1 | My 25, 1999 27 2jA] A 8] 156X30 cm, 3&/15
(1999) Jun 15, 1999 | E-&n) 28 kg N ha™

Jul 30, 1999 | 2=n] 18 kg N ha™

Oct 2, 1999 | +%

Mar 22, 2000 | 1x}7%-&

May 20, 2000 | 2x}72-& @ 7]¥] A|¥]| 84 kg N ha™, 31 kg P:0s ha
Year-2 | Jun 2, 2000 =27 A A2 15%X30 cm, 3E/1F
(2000) | Jun 14, 2000 | ¥ 28 kg N ha™

Jul 23, 2000 | 4=1) 28 kg N ha™
Oct 10, 2000 | <%

2. uie} &

Ehle Yele AE A EE O tlen 86 AR(%FL), =70l U wige 5



olg] 7K ale] osle] Wsly] wiie] FUT +EHOE B £ vl AREY 2
wHIEe] B4ty AelE 2A1817] st A - whio] 100mX50me] WAE 10 m 2 W
Ao g A, I 2He thsled 19974 5¥ 10¥0] $FEUE A=Y 1 A
3}, AJBER] 667) A Ho) tht Arhd wlebES A 298240 m, Ht) 298,381 n 2
B 298,340 m ojglem, HUhEA 0.141 m, EFQA 0.0036 m, 23 FIFWEI=
0.0287 m & UEIWIT]

w=oll A2 B bt FelZh FAstAl o7] whEe] #ixultt viac) o7 g4
oM =2 AW =55 wel 20 m W 80 m 2|Fe] x|of Hx|F 27)2] =49 EE &
sl @418 &6k, F AR PR BrUoR st <2y 5-3>

Suol M ABYR IS Vsl ARY B8 ohls), 29§34 =olueg 3
AREHE AYSHE 290 AR Wrh $E 24 FUT BA2 kolNE A A
o1F UERIY) mlBe] & aleldE 5] 482l 2Pe HAW T BEGS Uehialn,

=131 -



20 [ — ]
6 | U e 1999
—+— 2000
§ 12 |
Pl
<+
o °
4
O S — )
5/1 6/1 7/1 8/1 9/1 10/1
AlZH(d)
¥ 5-3> = Weeale] W3 (19999, 20009)
200 T e
160 —4:—199—9»
—— 2000
5 120
%0
W 80
40
®
O —
5/1 6/1 7/1 8/1 9/1 10/1
Az ()

Y 5-4> 5 2AL] W} (1999¢, 20004)
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BFEE AEEAU AAE 2 RAZ AT ARE AMESigch 19999 54 14
9% 309U71A] 5704zt 1,029.6 mm & Z-paro] J1BEQlom, Al dfukS 9d 23
116.8 mm/day ©]4l3, Hu] A8k 79 239 07:00~08:002] 46.8 mm/hr <iTh,
3, 200020l 59 195E 949 3047 57047 1,213.6 mn o] Z-9aFo] 71 EEY
o, Hr] 432 99 139¢] 97.2 ma/day o], Hrul A9ek 84 31Y 14:00~

=]
-7

4
o

15:002] 26.6 mm/hr %iT}.

uh AR
1999 ol= ARERS] BFE fYFod FUFE FFsiolen, w ArpAmict
bucketingg Fsto] & RA3IATh WA, 20009 BFE &5 F3& 3%

& 4 e ARE AAsl WisE S48t

1:]- .,Té*al:

Eelolt AVEE UBT BEAS AXSH] Astel 20 on W 25 o) Belrgpow
A7) A =E491E zPsIGon, FolAe 7182 v 6dnkct AAskc

2 AEEYo] AAY o] $ABAL YoJHRAL P = 0.1 m, YoIHE B = 0.6 1,
WolBFE b = 0.3 m F, b/B = 0.50 A$E Task HBINE That Zo| Lizhd

4 gtk
Q (L/s) = 894.3(0.592+0,11H) X (0. 01H+0. 001)"° 0<H<25 cm  (5-1)

71N fETY 0k ARG S Y APold, YFSF HE 0<H<25 cn 9
ARZAL VLT Pk B APoJNE 543 B (1)AE ALsldon, dRSET
of gt §E4TE Q = atb HEfS] X420 Uehld 4] (2)9 Zth

Q (L/s) = 0.57390" "% (0<H<25 cm) (5-2)
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=9ole] WFeFet AEH fFErgale WAe <OY 5-53 Zam, o 4

2)of FaslaL ek

80 —
70
80
S
E 4
i =
30 Q= 05739 H 463 //
20 o
10 "
0 boa Y

<3 55> WRAEF FEUAY BA
A5d =2 o3 54 £4
L AR

MY EQAEE QAR AHERY 47) Ao R 1 cn F=F AAT vhe
A2ste} FAF 2 o ME TAAA EHARE ARES}GIcL

E%**liﬂl BHe oA (2084, 1983)0] sIEsidth. B pHe B9
FHr &S 1:58 AT detlofr] pH meter(TOA HM-208) 2 Fgsiglom, R71&
& walkley-black®], %¢1-& vanado-molybdate®, & ¢14h bray No.2 WHOg HA3]
ol Aate A A bruciney], UBUolEfHAL} F-4E kjeldah'H 22 FASIITY
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3. =EQY oy 54

2 AJgEAe] B z|Atu]AlYokE(Jisan Silt loam, Sil : fine loamy, mixed
mesic family of Fiuventic Haplaguepts) B4 =¥k o33}y EAML (¥ 5-2)3 Z
t},

1999 59 195 949 304712} 2000 5UHE 9472 s B¢t o 23 A
B =EQ &k PR AVE eisiE zalst Azke ol gk ay
5-6, 28 5.7, 1. 5.8

pHE 5.79~6.712] M S B 6,23 UehJalsd], Al7]EE ojatzr|of yitis} 3
A F7lshe ZAolddrt f71Ee #uke 2.14~2.92%42 M2 HF 2.44%2 LEhigd
th FAA] L 891.7~1,360.5 mg/kg o] HHE B 1,113.7 mg/kg, LR olelA
AE 17.3~114.3 mg/kg o] MR HF 70,7 mgrkg, L) HrefRAE 26.2~37.3
mg/kg ] HZ B 28.5 mg/kg & LVERIGTE =EY] Eashe AAUF Frejds
t F84Y o 1.72~1.75%0 E3}513, 98% ojAto]l FUIElAAR Ex|3ly] wiBel FH
2:0] Fgroll W3] YR ole) WA} Hate U afo] YA Uepd Aog AzHc A
AL AR olokzIle] FUstalrlrl el &3 f-& W HEL] JUPEA Ffubo)
S7VBPHA M AJ3] ZrAashe Zgroldit).

28] §3E2 213.5~311.7 mg/kg o HYT W 334.1 ng/kg, )3
21.3~39.5 mg/kg & AR B 30.9 ng/kg & UEhigich $2 gl =EGE Qake
Feot ZAUH Helel lito] ol Exfste, U4 Fe-PE TSI Fet AYH Qito] A
A 508 Hol EopolAl oBAo] e Aoy duA Itk £ ZAINE Qe 3

G AlH] Foll o7t FUIBISlE W 2 W glol dAsHAl A= ATk

4
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(R 5-2) =EQY |33}y B

Chemical properties

Particle size fraction (g

<2® 5-6> =E4F pHet 7182 HPust

- 136 -

100g™)
Organic matter (g 100g™) 2,32 Sand  25.0
pH (1:5) 5. 89 Silt 56.9
Total-N (mg kg™) 889.3 Clay 18.1
Total-P (mg kg™) 284, 2
CEC (cmol’ kg™) 9.6
Exchangeable cations (cmol+ kg™)
Ca 3.2
Mg 2.1
Na 0.1
K 0.6
} I e E— e B
! —&—pH
|0 Lo mater 1 ¢
2
6 37
3 g
4 2 2
)
s}
2 11
O I SN N IS (S RN SN DUy SNSRI SRS SAPUUR SRR SN EDSp MU SR I 747,71_;”._.. [ S— 0
99/5/1 99/7/1 99/9/1 00/6/1 00/8/1
Date (day)




2000 - 4 180
777 —.— Total-N
1600 | —e— Nitrate-N {120 ¥
£
je)]
> 1200 Lo &
g z
. :
g 8w 160 _:
° 7
Q
®
400 30 Z
0 SR NN P R E—) ) I NS AN S DR R 1 1 1. i1 i1 4 L} O
99/5/1 99/7/ 1 99/9/1 00/6/1 00/ 8/1
Date (Day)
[ — . .
<Y 5- =EYF AL s
500 [ — — @
400 } 140
2 300 30 g
2 g
T %
o []
5 200 20 £
- e}
. —a—TotalP | I
+Qrtho—P
0 SN U PN 3 i 1. 1 i 1 1. i) t I L | B L L | I YR - 0
99/5/1 99/7/1 99/9/1 00/6/1 00/8/1
Date (Day)
(2% 5-8 =EYF Aty s
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AH6d oM 7 - EUsle 72T SRPSE] APE TNt
1 Az

B AEE 2 m o Aol AR winirt 229 Zelold Aol 24810
4T o]3le] 2R RUSHAM EHARE ARESSlrh. AUl AEe i 3~43 F= ¥
2] B oA EeldAIN(22)0l Ae3te] 4T oJste] LEE RAsh
A BHARR AMESGlT, fEee B A0 dx BF AEERY Solf&Tol
N Belolgeg7)(24)0] A4 4T olste] LEE HUSAN BHARE AHgsHATh
BErE AR B8 23He] whdE 4] AHAM ABFEIIE 083t 22T
Thy Z¥3to] 4T o]3le] 22 Hushis EMAIRR AMEslTh

2, By

2, Wi, fEgr 4 FrE I £UARY B4 FUIRAEH(BEA,
1993)0] 7]&sloitl. H--E%(suspended solids)2 A& 1000nLE 3|3}o] fe]4d-Roix]
Mg, pHet ECe @Al 7171(0rion Model 840)E ol-3tol Y FAsiglen, ¥y
A4 QIS AR 1000lE #3te] AT LE ol £oto] EMsigic}t. Fd49 ¢R
Uoleldas $£4AE 500ulE #8te] 27 FUFR-ALY SR XK
tl £Ql& £ZAAE 500nLE 2|3} H0mLE %=3t TRS ascorbic acid reduction'dol

71&8te] £ 3telrt.

3. =ollA /- 2UH

fr

R ]

B4

2 A7 dYYeol FYHIL AE =olA f - EYFe SUAES PR wEy
o} fatslRkg Boslaal soich. WNbEeg =olw ook Ao MR of 50% of 3
SHIRIF AMIEAL, 64 F - SkeFo] RENR OF 25%, UmA] 26% = 7Y kel )
2 Au[¥ch d77)2e) 19999 595E 20006 9€7HA] =ojM & - EUEE $HANES
PYEHY TP UHE 2R Ak chet Zrh
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7h 7%

1999'd 5% 178 94 309 7HA]t 2000 59 1956 9 30UTHAIE g2 Al
o] Ul 395 RPEEY AUPE EEHE AR Azke o gt <ad

29 5-10, 28 5-11>

pH 4.93~7.602) HlE B 6.678 vehiglon, 6°FE ozt Jositiy) 84 of
T dAshs H3E Hol For). AV|AEEE 10.1~42.2 pS/cm o] MeE B 21.8
pS/en & VERNSICE ECO Al7PE wWidk= pHe AR ZA¥olglon, AxHog et
o] WTF ECH ol WA Uehteul ol Aol 3l o JA] o] EHely of
71 @24 Eo] HAEAY e ALE AlgHrl

2249 L 0.14~3.29 mg/L o] HYE WF 1.56 mg/L, YR olejAAE 0.08~
2.44 mg/Le) YT WF 0.94 mg/L, 2|3 AarefAAE 0.03~1.01 mg/L o] M2 ¥
7 0.38 mg/L & UERRSTH

0] gk ABVATD~0.06 ng/L o M B 0.02 g/l 2A WAIBE A
A 7Bk A%E Uehglen, 2a712 5t 7He3A2 A&EA] dolch

\
]

pH
£~
EC (us/em

O NN Y S U WO O O N U N A Oy Y 1O U U O T I T S Y S Y N A A I T N I Y I 3 0
99/5/3 99/7/23 00/5/10 00/6/26 00/8/19 00/9/9
Date (Day)

(1Y 5-9> B$F phe} Ecel
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4.0 “‘ 4.0

35 - : —a— Total-N - 1 85

—e— Nitrate—N =

—m— Ammonia—N £

< T
g z
7 :
5 <
e 7
L

@

£

99/5/3 99/7/23 00/5/10 00/6/26 00/8/19 00/9/9
Date {Day)

<O# 5-10> 793 dode ggus

- e —————————

0.07 — S -

0.06 L . : : [“*"‘“’“Total"P;l

0.05

0.04

0.03

Total-P {mg/L

0.02

0.01

0 3 m " ) N DR U O AU Y U DUy P U WU Y N O U Y W S N T U N W T S O O N A Yty N O N U OO SR N I S I |
99/5/3 99/7/23 00/5/10 00/6/26 00/8/19 00/9/9
Date {Day)

(37 5-11> 9% Akl gakH s

L A
1999 5¢FE] 9d7ix|ef 2000 5UHE] 9¥A] HEI7 FO AEEFog [{YH
BATSe] EAshe G EL AVE G AR Azxe oe o G
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5-12, 1% 5.13, %Y 5.1

pH= 6.65~8.558] 9|2 W 7.25, 2|1 AVAEEE 59.2~130.6 xS/cm & ¥

AEHE SEHN EQOTHE HAHO
e A9, Az € Al7lof u}
L 7}

g} TREA UehiA Hch pHet ECE ZA9-REE FH 53A §E47) WSR 499

AR sl ol¥xT|et HFTRAITIel 4zt WMHIL Vet # 1 ylole dFA

S8 BF 99.7 pS/cm & UEjgr) shgs
TREE 4% 57 € RIES €ReA ged 2

A= ek
B AL QAL 7.59~12.78 ng/L &) HHE BF 8.39 mg/L & UEhjo] 5984
& 123.8~196.4 mg/L 9] g9l

47129 8,0 mg/L E <7+ Az 9o} HeERL
IHENE T AA

2 %t 163.2 mg/Ll & VBRI, BRI FH welM 2

A iAol ozt A Uikt # 3 el 48Y FeE vehialcth

24, dRUollda W Hieldae] TaRS A2 0.96~13.13 mg/L(Y

mg/L), 0.33~2.56 mg/L(E+ 0.89 mg/L) % 0.37~10.06 mg/L(HF 3.19 mg/L) & ¥

flglen, 53] AT BANGLE FH =oi GUELY AT L FEYO] U8 oY

5 4.3

2710 g Velsich
33Uy ¥ ZEYANT~0.140 ng/L ¢
o] HEAmL R Uetyict,

Helg W 0,08 mg/L & Lehjelon,

Ortho- Phosphatew A& vff-&

- 141 -



EC (us/em)

Nitrate-N, Ammonia—N (mg/1

— —— = 150
8 | 1120
6 r 1 90
T
G
4 r 1 60
2 30
O L L L L 1 L —l o 1 P | S [ N S 0
99/5/23 99/ 6/ 11 99/8/13 00/ 5/16 00/ 711 00/8/11
Date (Day)
(¥ 5-12> @A4F pHet ECR] W3}
D0 T e e e e s e O]
—a—Tolal-N
15 —e— Nitrate-N 15
r —&— Ammonia—N
g
z 10 + 10
8
(o]
'_
ST {5
0 - 0
99/5/23 99/6/11 99/8/13 00/5/16 00/7/1 00/ 8/ 11

Date {Day)

<O¥ 5-13> WhsE 4y wgis
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0.20 — -- 0.10
—o—Ortho-P i

J 2
g 0.12 1 0.06 g
n. %
g 2
o 0.08 4004 £
— @]

0.04 1 0.02

0.00 '~ -k 0.00

99/5/ 23 99/6/11 99/8/13 00/5/16 00/7/1 00/8/11
Date (Day)
<3d 5-14> #AFF i i
th =&

22 QEAl7]A 19999 5UFE 9479} 2000 SUKE 9¥rlR] BT BY =
=5o] SR B3PdEe] AZPE dapdstE 2R Azl e 2l (ad 5-15,
5.16, 5.17, 5.18>

pHE 6.34~7.422) W92 B 6,93, 183 AV|HESE 43.2~374.3 xS/cm &) ¥
12 B 174.3 pS/cn & Vel F84) UHL 0.70~15.90 mg/L &) MR B
- 5.63 mg/L, ¢RUole|dAE 0,24~11.69 ng/L & ¥eE HF 3,74 mg/L 22|32 &
- A 0,07~8.65 ng/L 9 H.ﬂ%li%& 1.42 mg/L & UERfgIh Aage] P
HIZATH] X710 F7IsHTtzt 4ol 23 ARfE 4 2ES] YVEL Fr¥el U
A AR Zashe

219 Ture ASTANTE~0.27 ng/L & WYE BF 0.11 mg/L B Ve L 7
] AlulFe] daFog ZIslorizl AAp ashe ZAoldrh. EF JHEAE A 2AY)
b B AEEA ookth AuE Qabauge] Awatol wkE Alduiel] Eokgel F2EA
L olg] 7hA] Bzl ot E&EEe] I fepisul AA Uehd Ao Azidcth

Fhe, bR ATA QP Ere] ek 6.4~13.0 mg/l o) H9E Velch

7oyt
el

p

S
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10 — o ————1 500
g8 1 400
6 | 1300 §
& 3
O
4 4 200 w
2 r 100
0 IR [ Y EPY I S | I W (U VIO USRS [ S DUNN U S [ R —— O
99/5/15 99/7/15 99/9/15 00/7/1 00/8/30
Date (Day)
<23 5-15) =83F pHel ECS] W3}
20 —- e e 20
—4— Total-N
16 —e— Nitrate~N 116 =
—m— Ammonia-N g
- z
é 12 + 12 .‘E“
z ;
E 8 B 8 <t"
= z
I
©
=
4 r 4 Z
0 - - 1 L SRR N S WU P W = == s O
99/5/15 99/7/15 99/9/15 00/7/1 00/8/30

Date (Day)

(Y 5-16) =EF ALY s
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0.4 e - e

—

Euﬁw Total—P—J

©
w

Total-P {(mg/L,
[e)
N

0.1 (

0.0 VRS S [ U [ PR U DU U NSISDNG BN ENS Y GHV U GH— B it Y I ——
99/5/15 99/7/15 99/9/15 00/7/1 00/8/30
Date (Day)
IR 5-17 =EF JAkde] ks
20 - - e — e
| | —*—CoD|
2 12
g
()
S s
4
0 | S S PO S 1 1. Il 1 3 3 R S DR NN SN SN SUNP S
99/5/15 99/7/15 99/9/15 00/7/1 00/8/30
L Date (Day)
<7 5-18 =E%F HIH k4 o7y ek
gl f-&F

19994 5UNE 9U7bAIe} 2000 5URE 9UrkA] APEAAM FEH FELIN &
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Aot 21F iR A8 YEstE AR F3ke ka3t 2ok <34 5-19, 5.20,
5.21, 5.22)

2342 pHE 6,30~7.352] M2 E BH 6.89F Lehjoch A7ER ojgtxr|e HF
39A 7o) pHrt BRSHAl S7ske ARE Ueided ol wEQ AME f4nige]
MR 2 Al =B plyl ASHAAU, AFTEAT Zpol o HHE afEd
Ao HojAr}

ANREEE 40,.2~328.44S/cn2] HWE BF 72.24S/cnd Ve, ¥%7|T
Z HlE AMAI 5Y SR 64 AeriAY G E AAVIA A Uehd
RE At A BT AP Uehiglch olet Zo] 54 shkeFE 64 eyl EC
b A Uehd A2 ANEIR o] 7|70 FA| nlgAIRke] 70%(7]8] 50%, TEW] 20%)
& Ao ulEAR 93le] EC7t wolglom, 74 ol ¥ Zpdl A REe 7}
W $EA R JYE F4% FUIE st OV 24y e etk

240 TS 2 34~18.10mg/Le] HYE FF 5.87mg/l, UYRUole)UAE 1,09~
13.17ng/Le] ¥$|E HF 3.38mg/L, LE|al AxtelAAE 0.62~6, 36mg/Le] HeE B
1,60mg/LE VIERAGICE Aae) $3 R A7) &, 7], UM B 4] AH]A]
Jloll F7181glci7l Bal Ak A¥olgltl. & RaleAs 7Y o Fox RFFYIIEY
(BAA, 1993)0llA AL e wEETF $44 V€A 1.0ng/LE BE 2AM]7]0]
A z3BEA e AR eyt

HEEAL 109.4~475. Tog/Le] HE B 185 lmg/LE UEiglEd d571dde
A2l th¥-Eo] 100~150mg/L BEE AT HHH, W]Be7|0F 12 ZLBFLE Ul
Eokso]l AWM I BTyl FASA FrbsHe AFeldrh FAY L 0.10~
0.25mg/Le] W$IZ HF 0.15mg/LE LEpigen] 7Iv] AlRlF Hap Frisiclst 64 sk
o]f fntelA Zadhe AYolgith TEl JHEAPAARE RAT U AEFA Ui
54843 59 N1EXE 0.100ng/LolsH VR EN7EY, 1993)2 AHsjA e, & &
MNE FEFE BE A7A o] JEXE 2slyr). =l FEH &7 sk
B fYEH saro] TR sdpo] BMEe 1 BRI AR, fE4F dUdE
2] glako] &2 W BAIN|Z|ZHE AFsl] fEo] WAL wole A VAl nigtHsiA] &
gt BAlE oY = 3 H2E RojIrt

s}l ALA @ 23S 5 18~17.34 mg/L o] WS W 8.67 mg/L F gl A7

N

- 146 -



M2 ol A7 FIBlIT AAl Aashe Z¥oldeh ok Z¥E HYF XES

#7182 A AR Qsle] I Ho| FUhsI] WEe R gntEolct

10— — — 500
8 4 400
6 300 g
5 3
4 {200 @
2 100
0 1 L 1 | I L 1 il 1 VR Y IS U O RS R [ § i L A R S | 1. i 1 i L 1k 0
99/5/4 99/7/28 99/8/26 00/7/14 00/ 9/1
Date (Day)
<19 5-19> |-&4F pHe} ECO] W3}
20 e e e
—a—Total-N
16 —e—Nitrate—N 116 =
—u— Ammonia-N E
- T
E’ 12 112 8
z E
o <C
’9 8 8 %
o)
o]
E
4 i 14 %
0 ‘»,I N Y U A I Ny I N S P S 1 1 1 L L § S R o | it i 1 1 1 1 L 1 |} O
99/5/ 4 99/7/28 99/8/26 00/7/14 00/9/1
Date (Day)
<I¥ 5-200 FETF A4HY W
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0.4
L 03 ¢ —&— Total-P
d
£
5 0.2
=
[e]
—

01 r

O' 0 R I Y Y Y F | 1 Il L 1 1 L 1 Lol 1 L { R DR S [y | 1 L1 | R S | | S W N 1 | N N Y E

90/5/4 99/7/28 90/8/26 00/7/14 00/9/1
Date (Day)
(¥ 5-21> §-&4F AN ek

20 500

16 4 400
I 12 300 3
g g
= E

w

8 8 4200 @

4 100

O Lt i L L ) I 1 L 1 1 1 1 i1 11 1 Il 1 1. i S 3 1. Lol 1 L d1 L 1 IJ O

00/5/ 4 99/7/28 99/8/ 26 00/7/14 00/9/1
Date (Day)

(1Y 522> §E4F 002 $5 apd
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e

odis717kel 1999 5H5E 967X 2} 2000 58 KB 9€7IA] /1S TIHLE A
o] vjdY EFEN A2 AULR o|F¥ WE4F HUYEY Al7[E FpENE 24}
3 Azk= okt 2ol (3§ 5-23, 5.24, 5.25)

pHi 6.79~7.622] HIE HF 7.21, 23 AJ/AEEL 285~508 4S/cm 2] W9
2 W 368 pS/em & VERGITE ECe ZIBIAIHIF 10 ~157d)] 71 wqdTizt A} 3t
A3H= Z¥olglont, pie HEFZ477el N gltirt Aal Zaske ZF¥olodrh

FAL2 ek 2,46~5.69 mg/L 2] HHE H 3.86 mg/L, YR oEfULE 0.02~
1.31 mg/L &) W8 BF 0.51 mg/L, 23 AAEjAAL 1,.15~4.76 mg/L o] W&
B 2.73 mg/L & UrRAgich AU g A¥HegiE Ayl o4 sEl
Zashe Agolden, olgtxrlol /M BA UElHtl EQOERE Aileldil 3igol
o 273 Bok4EY 2gAi} hydraulic gradient) #HAe] w2 tfFo]%(convective
transport)of &3] MPe|lu g F}p-gro] ArtefAAe] Gl 7HF AA Hoidhe QUL
2 odA grh Yo g EQORRE Ry B AT Fuatakel wlsted
7930l W wf dojuin, Aalefrie] £ et o HEE ZuA SEEHTiL
o= o)t

Fde] T 0.01~0.03 mg/L o] W2 B 0.02 mg/L, 7HEAHAE A Ty
o] AEIANTLE ekl olyxIld AFEF FUY Tl A vehd 22 AM|
A Qardn|Re 487t M8 HAAL Bt 3t Hal kil ARG dye Uk
7] 2]l AeE RojAr}

(o]
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pH

——EC

0 Lt e e el { SR S N AU

99/6/10 99/8/10 00/6/10 00/8/10
Date (Day)

6 —e— Nitrate—-N

Total-N (mg/L.
F=S

0o “+—i—r—

99/6/10 99/8/10 00/6/10 00/8/10
Date (Day)

S NS QS UV SO0 Y DO Y SO .

<33 5-24) AF4F A4 sz

- 150 -

| 600

—a—Tolal-N

~——Ammonia—N|

1 800

3
/

EC (us/cm

400

200

,16

p-N
Nitrate-N, Ammonia-N (mg/|




0.03

0.02

Total-P (mg/L

0.01

O.w [ . 1 -l 1 [ t 1 1 1o ' 1 - e oL
99/6/10 99/8/10 00/6/10 00/8/10
i Date (Day)

<Ay 5-25> AF4F Qatde] ¥arws
A7d ¥ B4R 24

=oll M 8] Epx] WAL vhe A(4)2 o] FHE AT,

D(t) = D(t-1) + P(t) + I(t) - O(t) - E(t) - F(t) (5-3)

o714, De dBEd @A, PE 29 1= WSy, 0= &4 EE ZuUalk
8|3l Fe A5 sy, #zxl te 4 vehds oot 199949 549 19445 94
30971x1 9t 2000 54 1U5E 949 30U7IA] ZAIAL AlBEACE F - EHUH B S

<E 5-3>0] Yehjalcy

(o]
1 9%

19999 54 1478 99 30U7kA] 77t Feb 2AL oA el iRl 7
545 2R Ade ke gl 19994 59 Awolle BB Ave 7Y 9%
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wol HA(EH®)S FUY 4] Aol JHE ddler, 59 e U Z9H2 96.0 m
2 odz} vt 493 vehigich Auks 6% 1696 AlRBle] 949 24Ue FEE
Lo, o] 29gRTt A3 AR A&ECh $ER deAVE =i Y & &
qlo] e 6, 7, 8ol LRl AL 664.7 mm B UZSHEL 64.5% 93 ZUpE o
43¢olgitt, 53], 94t 10¥Ato] 2704 FY] AL 268.8 mn & LtEhiglcl,
2000 59 19RE 949 30471A] G717 B 2AL iR el iRl et e
EXE 2R A7 the Ztl 59 Aeole 32.7 mE JhRol ALEchl, 644 %
93k 2556 mn & LERNACE Anks 64 8del AlFsle] 74 18¥el FREU=H, o
28UEA o i8] 2992} uedt Agoltt FEA GwAlT|R A BY - &Ye
26, 7, 8¥o] U3l Z-9ar 887.1 mm B WAk 73%2 Ueiyth A% 34
o ZAAYe] U7l Z-9ake 19999 7 1030 mm, 2| 20008 F-Pole o

1214 mm & 7983 VER|SIC].

A

&

2. NrY

2ge] Ago] Wy 5 FF3te] EAY AHYE goly, 22243 el -
g WA W GHEAY AAZ HE AKBHE Al st WEE I8 o
th & AgEAe] WAL APTYo] AT Ro2HE o 2 km ARAHY HAF
ROl siEshs & 3HdY AUR2HE &4RE =4 §E sl AME3AL itk

H Al710E FASE APEFeR fUY W2 199932 ¢ 566 wn, 23
2000149] Aol oF 413 mn 2 Uetith =ZolE 913 54 skeol of 40~145 mn 2
WATE SHUEE 913 64 2ol oF 50 mn 8] BALE, 7Y FF TSI AH
old H] FFE 18 oF 40~70 mn 8] FAFE FFSElch ALAv|RL LUu AME
213 BAAI ol Zeatel wot xSl WAE ShAl Yslrl. 64 skeiE 74 se7hA|
€ AuPE A WAL o) FolA|A] gigten, T Hlole AAFUFE B3k F=

A7t sizich
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3. &Y

1999 5UBE 97|t 2000 5UNE] 9UIIA] BT o AURAS o
5ol A% fr&, ¥ B WE & &, 2Ea U4l AU bR 5
et drke vhadt Zrh @%71 B¢ AEAMRE 19999 153], 2000 1338 ZAE
Aom, ¥ FE5E 19999 701 mn, 20009 710 mm E UERRTE =olA BY § - &9
ol W Adky|te] A2z}l EPe AFE ¥ $54952 19999 70 mm, 20004 53 mm

olglal, Wrlet WA (HBHER)E 13 A9 wieEEoR AT REFYLS
1999\ 93 mm, 2000 138 mm & L}E}UiTY,

4. SHAY

TS AEAIE Agshed oy $£HOKE) BN MNEY ASAE, Jdes
4 227 Tl wel thEA vehA el & dYdMe FUIRE F3A R #
AZ GHHHLY FUF ARE o8tk F, AA FULL 0.6 xFUHA] Fuge
2 Abgstddrt. wldere B9 AEAus} ol Fox|A] 7] whiEe] g ¥ HwuF
wakgol glal, Ml ZHego] ol Fwukater AFEElA A st

BB/ & FAHLR AUEAANAY Fukatarg AR A2} 1999¢e] %9 551 mm,
2]32 20000l 682 mm 2 LIE}YITE,

rd

ﬂll

5 L_!T-“-_ ¥
B A% o7 2l SEolMol Lol BAAE S HE Ao ok W

wozi o] BEBe Boje HAU 2E, 24, B3 B, A, Askeel 5 ol
7 24lol whet Wl 2 XolE Uehd 4 g Ao delA k. 2 Ageld: =
el A=k 25k 915ld A7 10 cn, ‘o] 90 cn 2] FAUBG =0 60 on FES
B3 9% wawolzidl B A4Ye ¥ WS sk 4F 7100l AU 49 wskwe
17128 B AR shc,

Q57178 FUOT AVTYIN AB4BS AV A3} 1999W2) H$ 310 m, 2
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2|3 20000l 234 mm & LfElyiTh

(o]

ZA7|7 Bt f - 2YE BY 4 viddtd EAIE ALY A3 nERE fUeY
o] 1999\ 43.7 mm, 2000 1 mm & UERTh A3} A(1990)0] A

el QAT ol EFAE AN Ao}, 7292 808.6 mn, VALFL 715.4 mn, FF
2re 318.0 mm, -G48 1,060 mm, 8|3 ZUAS 668 mnE AAEA] o8 44
2ol 552.0 mm Gk Ragh wl glom, o]} #(1995)71 W ks H& EAE
A3
. 422 500 mn B VIEREOM, AALER] ¢ Eo oo] oF 350 mm Slriil K1}
Qdrh olgt Zo] 7z AR dFANT} AR AolstA e ded ol AR
FE4z, HFEANYY @ WA So] AEHE tiE2r] e Uehle ZAE 4}

At}

N

e
i

2}, 7h9-3re 1,513 mn, #ASHE 500 mm, JF4EL 552 mm, FUAERS 598

=]
=3
O

!
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(& 5-3) =olq E4A
: AN h) B 1 O 2 A Zulalak P AR=IF
(Year‘I/)ﬁgrlact)g/Day) (?11;5 \(;msr‘ 'n(‘méjnsr B—(%nm‘S © 731-113—,—
1999, 05.01~05.10 64.0 0.0 9.9 29.8 20.0
05.11~05.20 0.0 0.0 0.0 2.3 2.0
05, 21 ~05. 31 32.0 160.2 43.1 43.3 29.8
06,01 ~06.10 7.0 92.8 0.0 37.2 27.3
06.11~06, 20 82.1 54.9 13.3 39.5 33.0
06.21~06, 30 71.2 0.0 46. 4 39.8 23.8
07.01~07.10 83.8 0.0 55.8 41.1 16.4
07.11~07.20 7.2 56.9 23.1 50.4 17.5
07.21~07.31 194.6 39.3 213.2 48.3 18.4
08.01~08.10 80.6 0.0 56.3 47.7 15.9
08.11~08. 20 8.0 54,3 2.6 46.6 18.0
08. 21 ~08, 31 130.2 107.7 151.2 33.5 22.5
09.01~09.10 78.4 0.0 7.5 31.1 23.3
09.11~09.20 46.4 0.0 8.6 35.3 22.4
09.21~09.30 144.0 0.0 70.1 25.3 19.9
Total 1,030 566 701 551 310
2000, 05.01~05.10 8.6 0.0 0.0 1.2 1.0
05.11~05.20 7.2 21.8 0.0 11.6 2.0
05, 21 ~05. 31 23.8 10.9 0.0 34.4 22.0
06.01~06.10 113.4 63.5 32.9 47.3 19.5
06.11~06.20 13.8 34.0 30.3 51.4 20.9
06.21~06.30 128.4 17.8 11.0 36.9 19.9
07.01~07.10 44,6 22.9 15.7 54,4 16.9
07.11~07.20 53.6 0.6 18.5 56. 8 14.3
07.21~07.31 181.2 71.1 164.6 77.9 10.9
08.01~08.10 40.8 54.2 67.6 45.0 12.0
08.11~08, 20 86.0 38.9 84.5 44,3 11.3
08.21~08.31 220.8 62.2 131.2 61.7 15,1
09.01~09.10 70,4 15.3 24.3 60,7 21.4
09.11~09. 20 220.6 - 0.0 120.7 64.1 20.6
09.21~09.30 0.4 0.0 0.0 34.3 27.0
Total 1,214 413 710 682 234

A8 =ollX FLTEAL] E-FA e FEFIHY

wold bR BUSBE A KU, URA, SEAT ERY 4 Ao Heh)
208, Whdel WARA, 292} 2 WA AA0) e, A a07
3} 9% GPBAY B 20 UFAG Egsln, gEUl Halw YUS U Aad
N, AFEA, EFYelNg AR, 4uY Wnly 9F 291 §E40 f2EA
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2L AR} S&A0] ). ol Zol =B ol BEPdREY EA4RE og 7R
A7t AYHe} 9, AAHQ Bdoll}t dsefel 23] BASA A ciedsiAl Ul
W 4 gtk B 2aelds mogie QB $&3slYe Wik dol feAR
= o7k, sEhE, WASE OACE SET, FEARE AT fE50 9% 24Y

hg Este] Frisigich

=

1 44

7y, Hjg

19994 59 22¢do Ry Ju|(FAB) R 7.36 kg N/10a, 2.72 kg P/10a, 128]3L 2,72
kg K/10aE, 64 15¢o) HAu)(4BEIE)E 5.52 kg N/10a, 74 28Ue] u](HiE)=
3.68 kg N/10a, 1999d%e] ZA$ Aol Aud sp¥mlge] FP2 o] H¢ 122
kg N/ha 28] Q14 29 kg P/ha® UERJTE 2000958 3tsha]ge] AlW|akE 64 2ol
U] 78] (EIE)E 8.4 kg N/10a, 3.1 kg P/10a, 2|3l 3.1 kg K/10aE AZFA|n|(&
BEIE)sIon, 64 14%e] FAu|(HBIE)E 2.8 kg N/10a &, 79 23¢e] 4Hl(R
FE)E 2.8 kg N/10ag AMlstgith, AldEgo] AnE 3R] FHE H4 7 140
kg N/ha, Z2]3 914k 31 kg P/ha® LIElKiTE

o 1958 20009 949 30U7A] 270 71T B AEE Bl =EY
of 4% shpdEe] ek theat Utk AREY| el F294E AT ok Y
BIFEEE Eolo] 7ol o HAPEY FFFE AsIATh 1 2 m o]ste]
(PR e NEANHEY of2lgol glo] ZAlchdeld HAstyct. T A3t 199942
39 AL 28 kgsha, 18] %491 0.36 kg/ha B UERGEOH, 2000d0l= 34 20
kg/ha, J2|3 % 0.35 kg/ha 2 UERTh Zhpol &3 HepPdEe] 3ol 2lej7t vt
ERE 2L 7 Aoz el Z9aks 294 Ee] AR tley) ulEed Zos Almsh

o

ol @A

sholUt A4l 5 WALSLUE Bl sty 4o] tlEn, e SPHNE A7
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2 g 3 Ao} Tyol tiEA vrhdrl, dwiEeg $Ules shHout Ao
A GPEAL] HgAiels AL o], Azlole A uehdeh w aulelAgl o] WA
o] WL Aol INGTE YUELY $T7t Y& |Els Hheare] wWold RelElE
FGEAY Fo] AFY w0 olF AR AlgHTL
H AN B Aol sl AERACR RUH AFELY 4 F WAYS
Y ok ALY HEEES Folo sl Y WATE ITRERY ¥R
Whes EAY gyez Urpiglen, EAE 3R] Bdskol EARYSE 3
of BARA] &g FFaS AHgstglch
19999¢] 7% $84 35 kg/ha, 18| %< 0.57 kg/ha 2 UEREOH, 20006
$44 26 kg/ha, 28|31 ¢ 0,72 kg/ha & UERTE W2 8(1989)7) AVE AP
Ao Feke] 29.3 had] d=of YW B4 218,000 n’oRFE ) JYELL TFUL
ZAE Azl $44 7,02 kg/ha, £ 2,63 kg/ha 28 Hasledch W2} §(1989)8 A
BA} & AEIe /N2 WS L ARSI MR Aol BAR ZFHA v
A oHAA, 2 2AblA FhLE of 40 B wA ehd v, Qake] B9
su 3= WA Ushdeh sie} 8(1969)7 Aelol 2 =0 FRHE WALE B
ALY FTIFHE RARRE A} 25.4~68.2 kg/haZ T2 H37L 34 Ve, o
€ Whesel FELA s, BBt E HAvls ol dF fruEe]

7t 2R Zes HojAr,

r -]
flo

o
S5

:

fr
o 2

I
(E

7} &S

1999 547 20009 9¥7H] 7| He ARERM FEH FEFYE FFT
Th RE&57F HREY BaeEE Folol B EY A% APt

19998] %9 F-AE 52 kg/ha, 23 UL 1.1 kgsha & EREOM, 200040
v F44 48 kg/ha, 83 FUL 1.6 kg/ha 2 OELGTE AIZPEE 64 F&F] 7t
B woted ole ABEAE 640 FETF HULEY R woV] WEA ALE yhtt
#Hel.

FETE AN HPEYE VSR RAES AT A3l U] B¢ AN o
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34~43 %, ¢4k 3.8~5.3 %7} FEHIE Bl HAHH ALE Uehdth Ay =2
(1995)8] &FolA #7)% A W el U W A7 e sdulrel
2% JEAY fA#E AR A3, A 15 kg/ha, 4t 0,59 kg/ha, e 15.0
kg/ha olglon, fAES
FH A3 {(1988)= AVE YT Bew el 52341 29.3 ha § R ¥ Auijr| 2
Zob ojokEao] R-akrs A A FAAE 12.37 kg/ha, 28|53 F¢L 2,16 kg/ha
2 RuEgdck BIFA(1986) 1983dE 7|E0R dioN ATHAUD RN Jd=
A olFo] tiyt dpAe} dRFUZAL AEE AL =or] UELY & A
sty O AW AEFEL B8 244 14.3 kgshasyr, 22|30 E9 0,482 kg/ha/yr7}
SAE i stelrh 3 RE 5(1990)2 vlotE £oofA 11.6 ha & =& e
ForEde) REYE AR A, FH4L 45.7 kg/ha T2]5L E1E 8.72 kg/ha 2 LT}
WTHL stglem, O % H|9%7|7H227d) el A7 A4 52, Fldx 7t {EH
Ao g waslolct '

B zapdzet g7 A3 o) - o AXE vlas) B, 2 Al A4, Qi
aen Zele fEshgel AW A UEHth olot T Abe 2ARAPER HIEA
ok, Ay, A7, wAEs 2 A o3t AR Aol F AYHH PR s}
of GYEAL FEF o7t WY Aoz FAHFHYCL

l-ﬂ

A4 5.32%, A4t 0.01%, ez Ze 19.48% = UElklth E

U, HA5E

19993 544 20009 9¥7IA] Fe7(T B AMURA vidH EUE AMHUSR
ol 53t HEAYEY HREEARE AR A thE Zth

dorERe] WELAlRre a4 AY 9~12 kg/ha B WHEE 6o 1A A e
yth ole 54 B%g 9% JNI(FEIE) AN(KEIR)F =55 344 ¥l IA F7t
3He7) wiEQ AoE wighErh, FQe] BFESAHLL 0.04~0.05 kg/ha 2 Bom,
WY RE 597} 690 P EA Uehdth BIER(1986)S Q¥ UEAY 22 A48
o)A HESARS 2ARY Azjold FALE 11.34 kg/ha, D8] $UL 0.194 kg/ha
2 Uehgtia steleh. B 2AlAzie) BEA(1986)2 AXE wias) RE HA4 RS
& AR FEOIG OV F1Y HFEMIL & Al WA LElsiTh

ol AlH]E B Gg JIESR MR o JPEL SHES ARE 23, A
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22] A Ane] 6.4~9.8%, it AL AN

ik,

ot

¥2] 0,13~0.17%7} £A9 208 L]

3. ol A9 o] dxhe] o AN A

2 A7z T8 2AM =ollh Y 2Fstest EHATAS dofdl AAE 7xE s
of =ollx Ao} qle] dhe] o dRslRtE A Avke vtheat Lk

L a

(gte] : kgs/ha/year)

F&ol 2% HFgof o]t

A 3 =] - TESEAY HEEA B Y]
A ol EIES 3l

t. 0.04~0.

Hel2 s 2ok 48~52 [1.1~1.6] 9~12 05 E A7 Az} (1999 ~2000)
ANE AT 14 0.59 213} & (1995)
A= BAEF | 12.4 2.16 H>t R/ (1988)
A2 5=HEA 14.3 0.48 11.34 0.194 24 (1986)

AR n)etd 8| 457 8.72 FA (1994)

At =ollA 2] A2}
(A eh) 50 1.0 10 0.05 | oo siche] © o3 mapa

F&pol A% A SAE) #9732 (1995)2F W3} 7(1988)2] AFAfel u)s)
B AFola] of 4uf o] A UEldtom, <o) e & A3Axst A3t 2(1995)Y B
Hrhs o 2u) ol &2 ubd HIl $(1988)8) AzpErhs 28] whA Uehgth AFE4o)
o8t Aot Qlate] &Alare dEolN 7 Aot  Xol& Uehial egith

£ zask} A F) - 8 @7 AE was] BE, B 2N "a,
aela Zele] K&l Y] A Ueldth oo} e Aze ZAXYY HIEAE
B, AP, ANIALY]L A8 W e gt AR o] F AHBH0R sty o

FEHY FET Aot WAHGY) whEe® RojXrh ¥, 2 2(1995)¢ #3 |

-
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(1988)& nRsto] dolal ¥ dFEY AFAASS Fu7|TRE UYLRE sisiA
U 1d ol e A7t B¢ FE&Y A4 Y efRelRe AP AAE AAE
Jolch, 2o} & @ 7 Fe F5105 NRTE B Y AA 972
HolEE ojn A YA ALEI WA Ushd 4 9g Aoe wuETh wep, ¥
AT ATto] o8l jmollA] UAEE g} Qo] UThe] CUPSHOR REpo] R &4
2r2. A 50 kg/hasyear, ¢ 1.0 kg/ha/year olil, HEo] 2%t &aleke s 10
kg/ha/year, ¢l 0.05 kg/ha/year 2 3lo] ZAA Q] vty QW38 oR Ar4sle] A&
sloj= o Fevt §lg AR A7) H, ol9h T =olMe U] egdyatay 4t

2 3~5de] AX AU A7t destn, JePE] F, MR AMgY, Ay
H, AMATTER =olMe] FYE frEol e AAFA B ge] YT A&HoR
T3Eojof 3t o7 AlgHr)
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£ Foie 2E Uasheel B Eb Be2e 4U9E odue 3PS 9
B 7lZAREA AL 24 U BYARE Aesinh 94 2AU4E fUg s 4
V& A4g Ak ABATY 42 BURYS B3l 4918 FFs00H, o AHe

FE A B sl AY $EYE A sln.

Ao

b

sholAle) FERARE 19989 119€5E 2001¢ 997k S9U 9718 AQ¥ogHE
HEIE HUEE T XIS Ao Axslgen, 2AREL <aY 5.1-1>3 T
Th o714 Ws#13t Ws#2 o2 shdo| wdEo] oA 9a dF A EHA| G Falw4rl
e fUER vk & f9uelA Bl shde Fejst ddEe] g Afdogs
Ws#5, WS#6 W WS#8 -Hojolela B 4 glom, 90X F SRR 3y
2 AAl3todcl.

Jo
=2
fifo
ofn
u,
o r

<I¥ 6-1D RYPYSFE {9 +ERA A=
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2. FE AZAE W 29

shd 491228 @] $Usted Ws#s oY) AlRam(FaE), Ws#e Koo AFa U Ws#s
F9e =3 xHo] ¥} YPWUHY A WL-14 Datalogger(Global Water
Co., USA) 125 Ax3iglon], Zo|¥e ©4Ig fUEE P dAsiglct. +
A= T 308nict JEHEE sleli, 19999 3URE 2001d 947k $Asle] A7k
£ARE G, FHRZI $AF Hol 9 £¢) Data H4E wjY 13, {45
Ae PAZAN] FAIZ AAlstgth, 9, =% | FE RS AeR|Y YR 7Y
Wbl Hoy 20009 74 140 WS, A5 AP HAAGLE Q¥ £9)A
TREOE 2000 49 204HE 79 144714 AEF Ao, 74 140 Th] AAsIolTh

3. B AR

ZAN0FY B4 AR AR AHEE f3 BPUFLY VMRS o83t
ZA71Zel 1998 11945E 20019 8U7tA] REUZLY A= B4 19980
1,397.2 um, 1999YE4= 1,284.1 mm, 2000 1,515.4 mn, 2001'd 84 BA7EA] 2,000 wm
& vehiz glch 1999dxol el HEE THE Asl] vt ¥BI BT
1,274 mn R} & W Holglon, /17l 54 ~9Y Alolofi= 69.1% ¢l 887.5 mm
E uvehigch 283, 4 Hohe32 64 23¢9] 118.5 m ojglen, ThEoge 9
1092 103.0 mn, 84 2%2] 96.5 mm o)gTh. 2000d=8] YU Hrf 42 89 269
171.5 o o]glom, Theo2E 84 274 140.0 mm, 84 24 139.5 mn £ Uelych &
3] 84 20U ~84 274 Aolo] FFHo2 v 644.0 mm & 71 FIATE <F 5.1-1D&
Awde WAY|ZE TUW G A4S vehd Zoln, (IR 5.1-2>~<I% 5.1-5+
7 d=EE g BeEE UEhd Zojth
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e
i3
d“

FF (1998 ~2001)

(¢l ¢ mm)
Month
Year Total
1 7 8 9 10 11 | 12
1998 (29,9 263.0 {341.7 {150.3 [61.0 |29.3 |3.8 |1,397.2
1999 (7.9 98.0 1180.0 (2925 |169.0 |24.9 [25.8 |1,284.1
2000 (42,1 165.0 [701.5 [241.0 [48.0 [39.5 |32.1 (1,515.4
2001 |73.3 286.5 |170.0 763.7

72N 72 B -T2 B < A R | A N R VA N A
Date (day)

<3¥ 6-2) RYPUFHL A Z4(1998d)

II-. . ln 4 ‘.I.l IIJAM[AA.
A T/ A B A B [V A B L A R
Date {day}

g 6-3> B
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e Lol

VA2 TR 72 N VA SR Y2 I -V 72 B2 S A I VA I VA B 4
Date (day)

(2 6-4) RE#EL oI FF48H(20004)

200

’Elzo .......................................................................................

B T At EEIELLIS) LY || ER T IR

40 rL ....................................
e Ll

VA T4 N VA T VA T2 TR 72 B /A - 2 - 2 R (VA I A I P74
Date (day)

<% 6-5) REgPEs o ZaH2001d)

4, 9 9 FREF

7t 953
2oAat AR, ARD Y E3a AHe] AAH W-14 49 uolElRATRE 308
7Aog AW Azhd el vHE gt <23 5.1-6>%E (¥ 5. 1-71A
1999 394E] 20019 9€7kA] WS#5 fojel A, WS Foi9] 4B, Ws#s Y =
g3 AHoM FEE AE 434

o
A
[u
A
r [
»Y,
L,
hui
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! “"w]r Ty e 0
3 K L 100
c — E
F 2 1 200 #o
<+ i}.
~O
1 1 300
O e U S N DAY ML S S pu— 4m
99/1 9/5 0/9 00/1 00/5 00/9 01/1 01/5 01/9
AlZH ()
<A® 6-6> A1 A He] A 9]l (1999.3~2001. 8)
4 == ey 'I'l' g |vrr|-"*"rl I 1 b B b O A L --——— 0
m |r| T
3 r - 100
= »
i TR <
~o
1} JMMLJ 300
O L. SUDI ——— SO U OO N S 4a)
99/1 /5 99/9 00/1 00/5 00/9 0N 01/5 01/9
AlZH ()
<2 6-7> A8 A2 Uy 49]=x(1999.3~2001.8)
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4 '"TIWI ' IPI‘"MF'I"'H TN |
3 r . 4 100
EF 2 N0 : m i'ﬁO
i i B &
no
" 1 300
. A b S

/1 995 /9 00/1 /5 09 0/1 05 01/9
Al ()

<I¥ 6-8> =33 2He d¥ 4£9]54(1999.3~2001.8)

R sk RA R
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(E 6-2) +9-7% A T A28

AR B =%
2Asn| 8% 23T gw nges| %
@ | (n¥e) | T (i') wse) | P T | ey | PR
1.387 | 4.2321 | 947 | 0.998 | 0.2904 | 854 | 0.298 | 0.1153 | 57
1.192 | 0.5287 | Weir | 0.998 | 0.3446 | » | 0.420 | 1.7565 | Veir
1.158 | 11376 | » | 0.986 | 0.4081 | + | 0.824 | 5.7145 |
1.201 | 0.5287 | » | 1.471 | 6.0178 | + | 1.000 | 5.9179 | Manning
1.206 | 0.4022 |+ | 1.906 |16.7250 | ®¥% | 1.340 |11.6094|
1.387 | 4.7288 ” 1.756 |[11.7581 " 2.260 136.0962 ”
1.192 | 0.4514 | » | 1.576 | 9.0572 |
1,229 |0.8140 | » | 1.976 |20.3070|
1.535 | 6.7211 | H-®HY 1.826 |12,9146 "
1442 | 6.5333 | o+ | 1.726 |11.7808|
1674 |7.0584 | | 0.200 | 0.0001
1.553 | 6.7564 |
1.493 | 6.6476 |
2.210 119.1909 | Manning
0.700 | 0.1000 | »
c}, PSS9 -7 FAIA

EXE (¥ 6
ot
¢ XA
o ARN : Q
Q
o =8k 1

AollA, o &

Q=

&¥(m3/s),

0.3974 h5. 5544
0.5122 h5. 4505

1

6.1322 h2, 5086

hie 123,

glstel 7t AHOEHE 2AH A2
-95~¢37 6-11>0] UEhd nje} o] 74 xlztm 4

(R2 = 0.8234)
(R2 = 0,9934)

10.798 h2 - 13.149 h + 2.4427

(R2 = 0.8978)

~ 167 -

m)ojct,

(h < 1.875m)
(R2 = 0.9870)

(h > 1,875m)




3.0

y = 03974554
R*= 08234

2.5

(s/) R%

4RI -7 A

0.51@)(5‘4505

RZ

0.9934

y=

2 <

[
8 ®

(s/W) 88

3.0

1.0 1.5 20 25
289 (m)

0.5

0.0

<I¥ 6-10>

/

= 61322,{),6086
R® = 08978

y

50

(s/u) &

2.0 2.5 3.0

.5

1

1.0

0.5

0.0

2l (m)

S+
L]

o

<O¥ 6-11> =% A «
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7t odd /2

3HH2] AR HolM REFE RARBY] f18le) 37 ASAHAM K= AN AT
H £AEE WA 43S Asteen, oufe] VAR (X 6-3)o] Ul bl
Zol 43k FolM AR AL FE stk (O 6-12>& FHAY /ARYE Vel
W AT Gnin = 0, 1XFYHH (kn’)2] A BAE HolFa Yrh <IH 6-13>ol4
<Id 6-15571A] 3/ A8 U FdF3& 72 ¥4 vekd Zolch

(£ 6-3) &HE 7IARY 7HH3k

Ws#5 Al 5L 1978.5 0,1763 0,77 99. 4,27
Ws#6 A8 2535.8 0. 2904 0.99 "
WS#8 =30 1160.8 0.0632 0.47 99.7.2
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(F 6-4) 71ARZ AFE A% 53 4 AR

<O 6-12> FYHH 7ARgte] BA

0.1

0.0

0o

v T
1000 2000

T

T T
3000

Watershed area (ha)
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T
5000

T3 &3 Tank 23 vl (WL-14)
& A [FEA | 49 | 50 | 9% |5A+d| 992
(m’/s) (m’/s) (mm) (m’/s) H(m) Q(m’/s)
99,1.19 0.1970 0.0 0.0 0,310 -
99,3.27 | 0.1763 | 0.1386 0.96 0,2197 0.237 1.1197
99,5, 28 0, 5287 0.03 0.0069 1,192 4,7705
99,6.10 1.1376 0.0 0.0 1.158 5. 3408
99. 6. 28 0. 5287 1.33 0.3044 1.201 4, 8229
99,72 0.4022 0.21 0, 0481 1.206 5.2771
99,7, 22 0.4514 0.03 0. 0069 1,192 4, 8144
99.8.4 | 5.2901 | 5.9110 13.78 3.1542 1,387 8. 7505
99.9,.11 0.8140 11.78 2.6964 1,229 5. 6577
99.10.7 1, 8546 1,43 0.3273 0,691 1. 8021
99,11,27 0.2240 0.23 0, 0526 0. 330 0.6752
99,3.27 | 0.2904 0,84 0.2465 | 0,998 | 2.8495
99,5,28 | 0,3446 0.03 0.0088 0,998 2.8764
99.7.2 | 0.4081 0.17 0.0499 0. 986 2.6686
99,8.4 | 6.0178 12,36 3.6277 1.471 9.5445
99.1.19 1, 7565 0.0 0.0 0.420 -
99.3.27 | 0.1806 | 0,1711 1.23 0.1653 0. 461 0. 3368
99,5,28 | 0.0850 0.03 0, 0040 0.372 0.2599
+=%k3.099.6.10 | 0.1153 0.0 0.0 0. 298 0.3987
99.7.2 | 0,0632 0.17 0.0228 0.354 0.2637
99,8.4 5, 7145 17.27 2. 3211 0.824 0.2762
00.5.25 | 0.1420 0.0 0.0 0. 429 1. 0969
g 03 i * b
i
g o2 .




30 ‘qu'l'j'l‘ '“vuw'""r"ﬁ*ﬁr‘ AT l"'”’ 0
25 4100
—~ 20 1 200
) =
£ - £
#0 15 1 300 wWo
‘Klﬂl <+
oF - o
10 1 400
5 JJ 1 500
O b R e A RS e 1. [N 600
99/1 99/5 99/9 00/1 00/5 00/9 01/1 01/5 01/9
AlZE ()
<29 6-13> 233 A ¢d &% (1999.3~2001.8)
50 ~ - 100
—~ 40 F 200
) &
& E
o 30 r 300 W0
o <+
oF O
20 1 400
10 41 500
0 b N R A et l - -l 00
99/1 99/5 99/9 00/1 00/6 00/9 01/1 01/5 01/9
Al (d)

<O# 6-14> &8 AFe] od¥ §&3F (1999.3~2001.8)
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=

e

AAEIEI, ol& Helstd (F 6-5)9
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30 ']WV" MLANSRE R & T“‘TT"TTT m T 0
AR
— 20 4 200
2 S E
"E EmUT Y =
30 15 | 300 o
W —vé%j 4
b S R
0 o 4 400
5 1 500
0 S T v P —uf.l'.‘i'ﬁv,n_,,‘wv L 2 -1 600
99/1 99/5 99/9 00/1 00/5 00/9 01/1 01/5 01/9
Al ()
1 6-15) =37 2132 o 3&%F (1999.3~2001.8)
v o §&8
7t 2R A $9-FYPAZRE UBY FUREE o83t dE U WHE REE



AR gl =L
ARl
Ue oy (mn) FEY | FES | FEY | FEE | 2 | +ES
(mm) (%) (mm) (%) (mm) (%)
1 7.9 - - - - - -
2 9.5 - - - - - -
3 71.0 2.9 4.1 50. 8 71.5 61.7 86.9
4 88.5 3.9 4.4 69. 2 78.2 21.3 24,0
5 124.5 128.8 103.5 81.6 65. 6 41.6 33.4
1999 6 192.5 141.6 73.6 83.2 43.2 22. 4 11.6
7 98.0 112.3 114.6 82. 4 84.1 16.9 17.3
8 180.0 247 .4 137.5 229.9 | 127.7 18.9 10.5
9 292.5 145.5 49.8 146.2 50. 0 24,2 8.3
10 169.0 18.8 11.1 119.7 70.9 74.1 43.8
11 24.9 0.2 0.9 68.5 | 275.0 61.5 | 246.8
12 25.8 0.1 0.3 67.1 | 260.1 52.8 | 204.6
47 |1,284.1 801.5 62. 4 998. 6 77.8 395.3 30.8
1 42.1 0.3 0.7 75.2 | 178.6 73.2 | 173.9
2 3.2 0.1 3.0 57.7 | 1801.6 52.6 | 1644.2
3 7.0 0.3 3.8 54.7 | 781.1 55.0 | 785.8
4 35.0 5.8 16.7 61.4 | 175.3 60.7 | 173.4
5 53.5 57.6 107.7 47.0 87.9 137.4 | 256.8
2000 6 159.5 144.2 90. 4 36.8 23.1 166.7 | 104.5
7 155.0 156. 4 100.9 65. 1 42.0 68.5 44.2
8 701.5 254.6 36. 3 364. 6 52.0 - -
9 241.0 181.0 75.1 298.5 | 123.9 - -
10 46,0 4.4 9.5 37.1 80. 6 - -
11 39.5 0.1 0.2 32.8 83. 1 - -
12 32.1 0.1 0.2 44.8 | 139.5 - -
A7 1,515, 4 804.8 53.1 |1,175.7 77.6 614.2 40.5
1 73.3 0.1 0.1 44.8 61.1 - -
2 46.0 0.2 0.4 42.8 93.1 - -
3 15.9 0.2 1.4 42.4 | 266.8 - -
4 26.0 0.2 0.6 39.6 | 152.5 - -
5 17.0 0.7 3.8 38.5 | 226.2 - -
2001 6 129.0 65.1 50. 5 37.6 29,2 - -
7 286. 5 151.3 52.8 56.2 19.6 - -
8 170.0 113.4 66. 7 37.9 22.3 - -
g . - -
10 - -
11
12
A7 763.7 331.2 339.8
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2. Al 9 Y W

7}, Al @2

FANE ANE 2 A-Y 3L 4 20 cn HE Rold ZeloldANLI(24 el A
43519 Ice boxo] B3ty EY £AXNEZ YRUolil4, FAL, AL g
& 333)7] 91510] HZSO4E pHE 2 o3lE ZAY TR 4T olslollAl Rusiglom, 1 8t
o AERT ¥ 4 B $+AGFEAE Y 71Eselch

Ll B

FAHAANEZ pHe} ECE= # Ao A 7]7](EC, pH-Meter : Mettler-Toledo Ltd)E& ©]-&3}¢
A3 F3sidon, CoDe g LEY, $4490 YRV AAE Kjeldahl®, &2
A A B, Cu, Cd, Ni, ZInt HAEFHEAH(Varian spectr AA 400), NO3-,
Cl-, S042-, P04-3+= oA gntE 1] (Dionex, MIC-2001)& o]&3lo] EA3}aic]

3. sl Eel - 3y B4

HYEREIZ fUse Fou o A sl tiste 2 zAl7]|iel 1998 1145
Bl 20019 66712] 37de] A $EE S4E A3 okt 2t

7} &

$22 £ W] UG nxle FRY PEFY shlelrh ARIAY $2HE=
U7l &so] o8 dE WA o §EAAY BRo| YL FA HI $EFNEEY ¥F
of Zo] BelshAl o] BlMoIME ARARe WL, FAoME 4o 83l WEA}
g FA Hol $24%E P45 Hrh $2UFE RolA| U= wAH AALE ¥dshd
Aert ohE Azt EYsHH] RIEE SIEEA AY AehEEE wsie AFoge]
At2ol 5 A 98 SiAl Huh wiehd AFol @rIHNeE e &3 SREels
ST nlE Axygol dojut £z ddlo] =% .

FANE A F3Y B =& vhE gl 19989 % 1999de] ¢ I
1194578 2971 shd4e] B 22 10.1T, 34HE 547X B 14.6C, 647
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847kAl= 25.2C & YERHSITE

3hE, 1998 114978 2001 6¥7Hx]e] EMZAAE B, 2000 58719 19~34
Beto] 1999 T2 7|7t #2ET} yigton, Hid 5U 947 Y st B2 AL
2 Ul AA ZA 79 k] 222 1.0~34.8T &) He9s, Fd2 18.3C
& vehdoler, fPEE & AlolE uehiA] gttt <13 6-36).

U, 420] &5 (pH)
4% phe 290l S £AUE 3T 4 Qe WY shjoln 2FHo] sy Al
Hi gAbkag) ool 3A pigte] WBlEel ZRUWAS dHY 4 glon, TR w4

TYLE Qs I sl Aol whet pHr WEete A9 Ex AR AAEA ) W

REEETE FURE 314 £402%5EE 6.04~9.732] HE HF 7,528 UE}
ol B eI dXg AR A HoA derigdel 23l 9.0 o] eR o7t A L}
EltoL} At og A7jd 9 foEa I xjo|E UehfA| Qgten), HEFoZ Hilm)

F7F FYEE @F Aol A Uehhes 295 Agleh <2d 6-37.

th AR =E(EC)

ARes qslel AES] $EF o %S WA £ dE WIREES WHEE AR
A2} 70~5530 £S/cm o HHE HF 463 uS/em F VERocl R¥YELIERY A
7t H3, el dote} wAAM F2 FHE Sl fYolMs gutHeR 200~400 u
S/em o W91E UEhilont, oF sl flel ABI Al WsHl, wWs#2 E WSwd
o] @Rt Jhto] iAshe AAoA A Uelddth AZPEEE 48 ~6%0] A U
el ol £2% Aule] 3FE Buy] W RAel g &Y 35S Y EdE ARF
Ae1F wire} wRRo] AMIE BmlEe] G¥S W] wiEe Aeg FzpHr} <1y

Jeut gt A glo} EHoR dgaly] dAel FUS WAL &R FAt
AbEtel Ae|HA] o St RUEE Aol 3000~5000 pS/cm 2] W

Ehis AME lgich & 2ARY] F3 GeI2HE shde] {3t E2 BAR EC
7b OAIR A UERAL glom dF ZE Aroe HRYLR AT e £EFT
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BEE uA £ 9l FELE ZAECL

2t 3}sbAabA @ JeF(COD)

29 VANPEL S YA ARRANA HEAA Tof Q3= A e Alh
BOF AAKE COD7} E WS BEUGBUS FI5iL Bl 23 £ F8As)2] Hd
o] Hr}.

59 NABEELS 4T AN WEAA Do 2FEE A e da

PO AMY AL PYE FARE A 0.23~21.97 mg/l ¢ MR FF 3.58
mg/L & Uehiglch fod2e Al 83 Hbert o fdHE fodMe
8~12 ng/L o] H91E vehio] ool MMEI S AW £ et H3], Ws#l,
Ws#2 W Ws#4 fofo Al 6 mg/L olFE Uiehd wiE 1 uie} frojods ANAOR 4 me/L
o]3l8 Ueljolth. BatE LT &2 USH], WS#2 W WS#4 RS Y¥ Zabui4 Y
AYshert foEe] YA njd Zlog YdEd, AVHRE 3URE 4 FIks 7
SR A% §3A REEAV SR oY RYsle AT 5UYE 9U7Rle wA
UEIRTEZE 1149 ol Yol A3g vehla sledl ol Z9-f& H3F s8N
HEE 71BN FEEA] 89S U] "Ed Ao AZ4dct <a¥ 6-39. & 2t
fFqollM con7t A Lehd A2 &FE FATR|A wi&He STt AE BE
A 2 JEiE shdo] AR RAUEl 2 ¥¥E HA e AoE FHHCL

el .

B 2 A4sz Fvlol AT e duoes fguiiage] dojihs 2 o
P ALE uRY JFELl AUAA IHY HrlolM pANES F4T :
AFIA Bk WAESF ol 3 Pefol] webd e8] njxE Y] ThEAR o
ZolE o2 FFEW Are ozt Uehdrl. J3| el frleldas B £3
Hol EQi4 719 o] Hn o|HESHAN YA IE Fxol UEhiA E
.

28 Uzt 34 F£EBE JEME 1550l 0.2mg/L, 2, 35F°] A7 0.4ng/L,
0.6mg/L o|3t2 B3t YEdl, € A Qo BF o] JIEXE Ak AT A}
ool B AP FAA UL o] Alais) glem, ol Falwlrt AiE g REA]
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42 el Z WRE I 9] %}%*_—‘F:‘—.-_JOH BUE 714 Zog AR AP B 2AXE

0.17~34,96 mg/Le] HLZ B 3.79 mg/LE YVERZ 4
gith AlZIEEE 5H~7Ho FH4 o] TIE Ao B 2F EA Uiy of
€ 53A0l Al g st 2k 2e-REAEE Bl shEsRe dR g A
7) wjel Aog AAWT) Ao 544 WA vnA I Wsee, Wsh2, WSHI e
THE FHAY o] A #A Ut 2 A5 o] Fx7l X8 flEeE W
odxm, 2 zARXHelN shH4E AAde] P WEUS A3 JEHri= Hibys
W Aol o3 o AA G3E Un Y Jes AzHr)

FHHEE Fivee) AR ool W WS#3, WS#4 fdolAE o}F &A U}
U 0B Bl A Jojske Aow 2AIE YD, AYIARI} ¢a AR zE P4
ol Sl Ws#8 {9 AT 1 vie] foeNE BEHos A¥slerl = shHe
RF3tAEIZE B BAE B 3.5~5.0 mg/L o] WIS UEhigth -0 ape n|Y
7120l Bi3f Al A} FHAZRE F--FEE A KELE Al Aol o}
A& Aol ATt <27 6-40).

Y A4S AN AA(NOI-N) ot dEU ol A(NHA-N) ] el EFsl 2AlR)
Az} AatejdAE 0.04~17.09 mg/L &) WeE WF 2 28 mg/L & Uehjglon, omy
olefl A= 0,02~24.41 mg/L &) MR HF 1.16 mg/l & Vel 452 d5¥E
ol gl 114%E 34 rololls LIt 53] AuHo] FEEE uge] o3k
HlA AA ke YA gEUokeid 4] Hejhu) Aatehdse] Helst o wol A&EE
Ao oA gl £ ZAAAE o9 RARHA Uiyt 3 dEuole)dae] 3
P& 8lG%7)2o) izl A%7|Zbe] & UElgE] o)k FAA o] AMIE 94, $7t
A2 dRUolelY Htugst shdo] KUl I Hdo] A Uehd Rog FFHLL
Aeldas] Pw FAs0) EUoklUast SARY ABOE SAYES HSH3, WStho]A)
A veited, nlder| 7 477t & Aolzt Uehz] ¢glch

., elatgd
Tzt Helo] He FPUNE dov|n AEY EUAEY ArhudE doA )3
Hot FANES dodls JUURFT URHU A3 shtolrt
£~0,210 mg/L o] HeE BEF 0.032 mg/L
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§ UEhigth £ RaleAe 7PEsteel Hadsled] f4o] ofFolRi gl dF R
1 2802 A vehta glglott A2 oirEe] foollA 0.05mg/L o3& A3t
UGtk AlZIEZRE 2493} 3dof WS#2, WS#3 W WS#4 T UF FoolA A ueikled
£ 27 Sl Akt 718 4 deEFe] HEIL QASE BUY o) dAHA 4k
$8) feog J JYWE Ae® FZHch EF, u]Gs7]Tel Wt FE7IRtel
O ¥Rl & F¥E Uehhgrh sHgddate] RS 2ARE A o] AR
A A&E A okt 4R A¥set fUHE AMoAE wA VBTl sPiglA A
&5 7Mddate] B% AL thiR-gol WM ol RUY A¥shee] o3 I

=

L g g gl £ ZAAE ofo} vt ZYE vrhiddnt <3 6-41.

Ab ol

A8 FUE As) © BlelelA ol NBly 8 InSE WhEe] oldAYE
Zeg3he 2ol&F g0l BEE 1.63~282.12 mg/L o] T BF 37.95 ng/L &,

Haro] 22 5 0.7~346.3 mg/l &) HE B 29.87 mg/l & UERAUTE o] T
AANE M3 B9 wed AdF Ao ustl, Usr2 FogolM FRAHLE ofF A U
vl oA AeHel Y sEANFORE AZACH

oL 4 L¥EA

2 29 shEgold 2AY F8% R AEd F2459 ¥ Ino] 37
Z~0.134 mg/L & 3|8 BF 0.016 mg/L, Cut BAZ~0.055 mg/L o] ¥R 3
0.003 mg/L BAM JnjF& UeifZlou A cif-Ee ZAHolM AgEA] ¢fgkon,
Cd RE 2ARHOAN AEEA] ol d&Y EAlE A& ATIEA ok
0.5 ppm, 78] 0.02 ppm, 7}=+ 0.01 ppm of H|EIH 2 o slxfoly HEH F235%

P o A7} Bl 428 ohgich

r
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Date (day)

(1Y 6-43> RF Y3 F9u) ke z1 coD W3} (1998.11~2001. 6)
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Cu (mg/L

Zn (mg/L;

<2¥ 6-45) B
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" j&a
0.00 MU el R e St s
98/11
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98/11

99/2

[—e— ey

R Tr

99/2

99/5

99/7

Clm-nsdy

e ol 0

- EYD
Asm
- ZED

99/5

99/

GENY  —w—a§a

LT REF

1 ERE -k B}

L =] L1 W AE D

Riaa) v

00/9

99/9  00/2 00/5

Date (day)

B a1 TE LTI ST 2 T TRt
= yma Aam

[ ) N LET!

ke E YT e A RR

o (o Lo W R WA WY RO

00/9 00/2 00/5 0O/7 00/9
Date (day)

ol

1Ee] 28 Zn M3} (1998.11~2001.6)
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Ce—woNy R sEMY gAY 4SN®  —W—dRD  —e—ddiy
A F e URHY 2r YRD xR T ax@
G H4ER - ZUR e de— S R R D ) ——— AR = BYR
—— R R &R e Y 2B —%— D AT » &9
A BRE | —ew BB e
0.0010 F I T e T T T e e
0.0008 |
';é;o.oooe -
8 0.0004 r
0.0002
0.0000 A L3 10 IO IO N I IO RPSIP ST ‘—J
o8/11 99/2 99/5 99/7 99/9 00/2 OW/5 00/7 00/9 Ot/1 O1/5
Date (day}
L S

e F R - NENY T e 8UNY wEay K aEg T
4R e U oe— YBR X3m 43

. y¥a - B YD e 1 .I'] ‘e AR w281
- BE D e T FRY T 1 Urd —¥-NBR —¥--DAD

—m— B E

Ct {mg/L)

Te—aHNy
I
e 2R
- YD

<Y 6-47> RET4E §ou dhxe] 2FE chloride W3} (1998.11~2001.6)
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—e—Feayg  m-nENY k- suMw

HEMe T e ~e—udHy
—t— N2 dpEdY - -HEa xya axa
L WET Rt 4 ) S - AYHD St RN ER S BUD
—h- YR — W &R —h— =D ——NED —s—&ua
, —+—g2a e ZED
400 - - e - ity

S0: (mg/i)

Lo

98/11  99/2 99/5 9¥/7 99/9 O0/2 QO/5 OO/7  O0/9 O1/1 01/5
i Date (day)

<2 6-48> RY¥YrT S 312 MW sulfate ¥3} (1998,11~2001.6)
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AH3d geesu) A5
Logesd $8347
FAVEAYE RIBULH 7 AFe) $Ug 2esid A B, C D, B 5 U

ARE AdRsiglen, AYe 5AFM FAEE A F - 3HE TRl ATTlE A,

NEY U FARHE AASAC

1% 6-49> ¥ 3 AE 23] A F

2. B4 44

A

AYE 2 A7)

$AAYEEL £ pH, DO, BOD5, COD, SS, React-P, TP, TN, Chl-a % % 147)
YEOT AU, RS $UEH WHS standard methodd o] &31%.0H, cope)
2% WAl $A71%0] Yoyl WiEe] 2B YRTE Asel U WIPLLE AAsk
T, AATIE 9 1~288) ATHA ABY 4Ug AN, PSE olgslel A

X exE Ho E4lch

3. WX £AEA Z

22 AR Slo] St UxFe iR D08 2= whE W3, f71Ed &£
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=
—¥H—A —%—B —e—C ——D ——E
40 7
35
30
:('5 25
M
¢
10
5
0
99/3 09/6 99/7 99/9 00/ 4 00/6 00/8 01/3 01/6 01/8
Date (day)
ZAAE 199941 20004 2001
H %) 21 °C 15 °C 18 °C
(O¥ 6-500 B ©@eSufe] A AE =¥
L}, pH

phi= SR Qlof 33y - FESY S Ak AL W2 pHIS BAEY
ARE AV AL AL £ 9Tl dE Bol T4V} & pHEE A =Y, Al
APH Qo] §&F o] FPYHE T3

t}. DO

DO FARZA 52T ARZA f71BIU JEL B £ A4 4nshe B4 ¢

T 2dE Uehle 2 A&7 okl Afdielold D0 njdEe] f71EE EUe RN
AREH )73 Atafelolut AlEY] Yy gl i Friskeu Al HSE Wit
agt st At B9 2F7)et gt D0y AEFIe L2 J¥SE LA Hey 227

HETE D02 AF7|7F HoAlBE QibHoR shHel 9 ALH D09 sEF o3EHY
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DOEE XUt w2 Holrh, Doglel WA =W &Ei7]9 ITFol AS E ohet ¥4
FERZE B[R o3I EAshe, Z4e) A ARFo] FA4Fel HYE Al Fedt A¥A
qlo] 824 JEHE FRAI

D02 I’éﬂr%k% 7.26mg/LE S8 $ASA72(ng/L)S ABsHe obAAQ 7he Uk}
Uiz gleh D02l Fro] Holxl: ofFHE Smg/LEEL] P& 3
P o AoE JEyTh

15
12
9
£
g
[}
3
99/3 99/5 99/6 99/7 99/8 99/10 00/4 00/5 00/7 00/9 00/11 01/4 01/6 01/8 01/9
Date (day)
ZAMAE 19991 20001 20014
3 %) 7.21 7.43 7.12
<23 6-51> B3 whgufe] A HE Do
g}, CcoD

CODE F7I2dds IW3e VHOLEA AF7 7Pyt R7IEH 28 F71ES
BE ZICE CDe 5YETol HEshs T4 FAVEAMNE Bug/LolslR F AL

gtk TaoAe {U1ES Wed) RUE ISR ol TauY JYEU o3 44
B AEA FHAE (R84 CoD)ofl 23 T oA e] coD7t ZF e
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ppm

99/3 99/5 99/6 99/7 99/8 99/10 00/4 00/5 00/7 00/9 00/11 01/4 01/6 01/8 01/9
Date (day)

RAMAE 19993 20004 2001

SR 4.30 5. 41 4.24

<13 6-52> B3 wedule] x84y copd st

el B TatUsES 23AHe = QRO c0De FRFHE 4.65ng/L2 1)
HE FAPA7 S| AR Fhe Rola gt

o}, BODS

BODSE= A& UEME BE FoA 718 E3] A8EE BHOBAM, & 49 AR
RA7IEUTE BUske AFolrl. BODSE R71EC] 5ol HalE wl 4REHE 244
$& shedl, coDot Wel AR ST SU1EURDE Uehien, $E0)4 nA
=2 Aol 23l LolEl e RIIEUF] AAHOZ +F D0of HYH o2 Jkg ulA|y)

%5. 2

31A 233t 3MEolt]. BODZL 3 P-E85tH4ANR(FALATE ¢
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ppm

99/3 99/5 99/6 99/7 99/8 99/10 00/4 00/5 00/7 00/9 00/11 01/4 01/6 01/8 01/9

Date (day)
RAEE 19994 2000 20014
3 -] 5.77 3.37 4.32 B
<Y 6-53> R Iuje] 2|3 BoDWE
B}, SS(Suspended Solid)
S w30 $iE FHEAEHE Uehle FFolth  ss7t wod EBR 2R 3

FEAES Hasel £F A8 Pydel B vk Ey ERELF A oY
EAS0] Tanlteto] Ao T ULAS Zhiald ¥ v ohel ALHoz JYEH
o] &&o] dolu} FA 4ol ALy, FI|, {714 HAES ¢ S0D (sediment
oxygen demand)& F7IAA FAZL FAALZOR wiEo] Q18 £5& UMM =y
EAl Bo] 238 3344852 438 A0] 48 mich <Oy 6-50F B %4
£34FHIEA 150g/LE A BF 2381 Yt A2 el
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—— A ¥¥—-B @& C e [ =
160 _
140
120
100
& &0
Q
60
20
0
99/3 99/5 99/6 99/7 99/8 99/10 00/4 00/5 00/7 00/9 00/11 01/4 01/6 01/8 01/9
Date (day)
ZRAPA S 199941 2000 2001 )
2] 28 48 40
<13 6-54> R whaFafe] 2Ay ssw )
XA}, Chl-a
RE AEEE Chl-ag 73 Q0BT Chl-a 52 AEA 838 HAES e

Us A E2 AREHCL ulE shisdr|Eols XF o] QA RN Taofale] ookl

Carlson®] % SFAVENA]4=(TSI)ol 2]5PH 6.4 pg/LojAto]

_ _ 92.04— 0.68 InChl\ _
TSI(Chi) = 10 (6 v ) - 61.03

TSl 0~100 2.8 HAIEH, TSI 3k 400]5}~E— 1o orAtel, 40~502 Zof oFAkel, 500)

$& Fojofelg shEy 4 glr) y_eﬂt¥¢z°1 Chl-a2] BFILE 23,34 ug/LE 61,038

TSIAE LR glof w457} T agtelal s thehfa glch
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e A o ® C o E W
100
80
60
O
a
40
20
99/3 09/ 6 99/7 ‘99/9 00/ 4 00/6 00/9 01/3 01/6 01/8
Date (day)
L
RAUE 1999 2000 2001
L HEx) 23 23 22

<Y 6-55> B weIue] 2] chl-aWist

o}, TP(Total Phosphorus)

A2 sASAIE s FAIE oA ARt Tl Fookslola vy Ze3 Q4o
oh AEY $32Eo] URE she JRBE Y2} dlojn 2R Yo Loy Aas
A8 W& 7:200nk weld BEARAL 7MY AUFHE GRo) o3 AmiHEthe Leibig?)
a7l WX (Leibig's law of minimum)ell 2J3) FAATAAI AFE gitxoz A
&8 B¢ th7|24E fYo] §olsly] wigel o] FAATAAIL H7] 4Tk whepy T

£ Qah UReld AUEE g BAY + ookl Rens o

TPe] 7% FBAEEE 0.198mg/LE 4$A7|EQ 0.1ng/L Bl A2 2ufoldog &2
2 ot} o] Alele] 440 ALHoT FAUR FUHo] T RIS U}
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‘ —HA —%—B ® C ~—t—D ——E

030

£
g

015

000 b

99/3 99/6 99/7 99/9 00/4 00/6 00/9 01/3 01/6 01/8
Date (day)

ZAAE 199941 2000 20014
2] 0.19 0.18 0.19

<23 6-56> X8 w4z x| AW tPE

A}, TN{Nitrogen)

Ast AR Azt AFBlPAR shE4AT|Eols ZHE] A AR T4 F9
G3lol] FHFE T FLY dAlojth. fARA I A2 AF2Z Org-N-NHz-N—NOz-N
—NO3-NE Wste Aasl 23438& A& TIA] N03-N—NO;-N—-NHz-N—Np(714) o] HAHE A
A NAABER 7|38 Haltich. 53] FAERst B AzHE 52 NbEEE
Uehi cire] d4NRg AHshe sEAYY Z¢ WY AR71% B &2 NosgkE o
Ehg 102 otk T™NG Fh2 1999¢ol: wY&E A4 E(1ng/L)E AL 4MBE
Z238He &2 e Roltyl wieE 23 2R 8| go] syt I ofE £

ANEE REE I Holil glo] TP} tiEo] FgHe] 2o Hle Zog ytgr

—
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10

£
g
4 -
2
o . . ‘
99/3 99/6 99/7 99/9 00/4 00/6 00/9 01/3 01/6 01/8
Date (day)
ZAA R 1999y 2000 2001
X 3.72 1.72 2.48

(2% 6-56> R eI x|HE TNW 3}
A4d Qo 4 HE

1. Al dHAY

RYPSTY] £UL AT U Fabsrlrh WAHE] gt Vs#se} WS6 fojel AlRelel
2AE Aejo] 23] A H9HUckn B 4 itk webd WSHs W WsHe feel SHFA Mol
AR staEuAego] ¢ we] AAolop & Zolrh W, FHE AEW wsil,
WS#2, WS#3 AL Aol Sl Hibsvlol 93| rie] Ealwi4vl wAEEE 7 &4
E7ke] AR w4 P A el iRt BARCE ok ©91Y W3 fES JE F4)
Ao} Wgol oyt EAlu4e] RAYA WRE e wAso} & Felth,

HEERAL oodulZdo] At PelolA olwt shtel shAulg vlto R st 04
9g ASAL FEade AAlslel UNNEARE Fhsty] ofPeh whehd] A8 Ho

o SHOE fAUHE QPRSI ATAAE B 4ol ol FIA u B Sol

o
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F2E 4 9& Zolth. BEW Roe) shul, WYE, A, AFe 9L AH g &
AHe7iE Qs W) ool Mzsich whahd, nhERhlo] HAltA] 24g frsiel B
AZH ] YFE wdol WAsjoF & A0T AtgHr)

HEE 242 FUUL AHHM Aste FAlvlpoln, olF Az AHeltth= e
AHelol W2 A 5& 2T uf o8 Ao, I Ho@de Ty Here
B2l £Ag A ?"J*J*l%l TE QTh webM Hidule FEAA AT AFER
7€ FHadA|e] A A
HOE AAst she £AL NdATIL FAEEAN F8T {71A0EE Barshs 2o
HiA T Zlos Q] =Y FAuRhe] 4R EHibsvlel A3z W A
AAE FESIAL ofo] whE 2AMZE W AT Mujn)e] 9B Ruksls 5 4y
Aol x|ddo] 7Lk 1|3l HX SHeAAE AR Hrjsle] Hibw4E SHeAE R
S8 AAANF UFshs AasE oo} itk

o

=

2. 59

Ws#8 o Jheu) HAele} AFe) 2GS vl JBE4EE v wjBets o
Aol o F2 Aol ufie] A n°r°—1°ﬂ AA SEA 4o wiEse S
LERm, 2739 o] AFEH 1 0AEs M Hol7] whEe) olo] wE 44
gleido] njgiglojo & Ao g A7)

ZAFATENN Y LT AVAE VFoR g uf URE £ 73S wEsln 9l

L1} TP, TN, SSHo| 3A$A/RS 233} Qo)

UL 0.198mg/L2E 7124 0.1mg/Le] oF 15018, 2-Ak= 2 122mg/LOT 72X
Img/Le] oF 20}& UERHEE 0|8 Q3] Mg gz} o[Foix Qe & 4 rh

EFF SSE 37, 5mg/LOE 7|EX|Q)16mg/LE& 234815l Qlr),

ol FRY] AR TpollA dolihs AEAH Wz fUHE dYELY F7)
B 27430 H04Y HAA 9¥E vehiA =i A48 A9 584 2F



ofe] Wol TR AL N3] FABAL F7h HElINE FHol o4 & + ok ol
Qo) 4 AR A Aol 3 Falol met A2 A 8 Wobd ojshFol X|HH
QA e nA AOE Rk

ol%j7}4] D0, BOD, CODS) ol 71&Aol Thigsiolal TP, NS Z7l-HodostozRe)
TPy RoD0%7-B0DZ A el AT ) AFel Tahe Qo T 4 Yok SR o
HE B34S WAR Aol 4AE, SUNEE 2 MS £ 4 Ui BREC), 1y
EE o] Aee) 27 09Ng AINHOR Hsle] TAE §BAY 4 ok Wio] BA
oo} & Aog Bu},

o
<
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L2 zAbsglrt
1996 ~2000 1 =.0] K|}

SR R RS AS1V I 2 PR A

T.

[s)

=]

A, 7hE, Jelal Ex|o]d ¥R

|

ol ool AT, 7HRARS, Exo]§ ¥l gt A8

.

x| WEste] ARE BTt

Ad 7Y 29

+4 3}

BT FAQRE olgsielon,

LAY} 1A el WAE]

of thet ZA U102
2 U]

A

glal Exjolg

r

&
o

'

d A AME A

ok
=

o] 14.9%,

gglel. BE ©@eE 9 Jhed FdLe] A9

o) 7l o

B FolE B, 19968 FUF
adte 4%& Holal glou, defxe

28,173 o2 zAbE| gt

)3
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19961d2] 2,365 ollA 20008 =) 2,49

o]

[e]

5

z
2 Fuwe 2

A

A

o]

2000 €= K
54% of 7Wlg AF7t F

¥
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31, 74904 2000 ¢ll=
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. 7hE

By el o) A1 Alejol] o3t dlojEle JEWE o 29o] wol n)n3
Aol && 200045 RS FHT AESIGTE FoUolA o] Fojz]n Qi Fhee)
F AR 12,501melgem o] sl AT HHEE 3,429mpg], 34
1,182mfe], Fgt A 1,882npe] el HAl HEW 2,903niE], R Had
1,930m2|2 A thf-Fo] o] Aol g7t ALSH D gl ] S F Al&FES
7b 2,781nel gl REA] dEHolA 2, 106utel2 A8 ciEo] o] oo AMgE T
92w, 7|e} Aol AFEE R4 Aol olFojxn ggith HA Y AL & A
7t 135, 311 nte] e 34T BH-Folal 40, 672n}2], BHA] #&wolA 53,6970z,
B BaHolA 25,610me]7F AFSE D QYT B A9 F AMSF47) 617,026m12)1 %
ol B A8W 275,986nte], RYA] P2 267,885 nielE A t]REe] ol o
Aol A ARE L 2gict.

OB, oW AFAG &S HE, 9= BAY A 27.4% HEwo] 2324,

ool 15.4% 0|1, FHae HHW 75.7%, HAwo] 16.2%, HAle HEwo] 39.7%,
Hgol 30.1%, HAmo] 18.9% oln], B HEHo| 44, 7%, F4Ho| 43.4% & UElylTh
If T-2olA <O 7-5571xe FHE 715 ASeE vehd Zleltd
th Ex|o|&

1/25,000 A Lo} 2zt & - He) BANR ARE o]&3lo] HE el fou) Exlo| &

Mg 2A1 A2k ogat #rh ¥ WA 12,9447 ha o)glon, o] Iy =
3,207.1 ha, ¥ 2,208 ha, ¢loF 5 649,.8 ha, thz W 7|eb@=Ho] 1,879.8 ha® % %7
A wlgo] 41.8 %§ ARSI Qlrh. JRelM R dieh Zol BT FAFe) WAl
3,515.5 ha, RHA] Hame] wao] 3,860.7 ha 2 A tlHEY J5WE W AYYE
o] o] oA o] Fo|A|5L 95& VeI it

g, gl wE u&E HY, Fado]l HA foHAY 29.8% oluf, HA-Fo

T L.y

el

27.2%, 1|3 HEHo] 12.7%, Aol 12.0%, Pyl 11.7%2] ¢o& FAE] gl

Ro.8 eyt
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[e] T
Je=w el
Sl 7 0 M
| %97 [ #39 [17,273 [16,510 | 16,257 15,632 |14,996 | 16,134 |
Ty | 2,365 | 2,299 2,390 | 2,289 | 2,495 2,367
| ewm | e | 655 639 648 611 648
B g9 | 1,585 | 1,476 | 1,446 | 1,384 | 1,338 | 1,436
A [ dud [3,324 [ 321 | 3,191 | 3,088 | 3,04 | 3168
i oxw 11,798 | 1,742 | 1,745 | 1,702 | 1,630 | 1,723
A2m | 4,767 | 4,636 | 4,566 | 4,330 | 4,089 | 4,478
A 31,749 30,539 | 30,234 129,073 [28,173 | 29,954
(% 7-2) NaEAT SWE & DR(1996~20004)
}\] '1?‘]_.‘ %Dd . W%ﬂ_j?_’jﬁ V”*”M’"7;5];\:’%’17(1;} ;‘]‘H)iT - 7%%_ - 7:“
| ¥EE | wAE | 3429 | 120 40,672 | 28,604 72,825
| 7w | 1182 | 3 | 671 | 2,576 | 4,464
e 972 23 211 | 17,366 | 22,632 |
| #=d | ouse | 46 | 7519 | 5318 | 14,765
[ nHA | AW | 2,908 | 2,106 | 53,697 | 275,986 | 334,692 |
L 239 203 0 | 281 | 19291 | 22,365
M40 | 1,930 451 25,610 | 267,885 | 295,876
%A 12,501 | 2,781 | 135,311 | 617,026 | 767,619 |
(£ 7-3) H#EAF FHHE Ex]o]§ (1:25,000 X&)
A { Y R — ,W,,i;ﬂl:],;g; QE)V | 2 A BT
= u oot | o | 7 (#2])
T | w=e | 842.6 | 7004 |1,404.8 | 354.3 | 213.4 | 3,515.5 1.3
| 7w | sno [ osss | w81 | or0 | 816 | 1sma1 | -
%‘Eﬂ-"—"j 135,0 95,1 91.9 35.1 52.4 409.5 21.2
| m=w | 322 | 1918 | 809.0 | 617 | 1045 | 1,592 | -
(wea) | ®mEw | 4921 | 285.3 | 522.7 | 90.8 | 252.9 | 1,643.8 | 780.1 |
| ledd| o | 513 | 295 | 187 | 245 | 4529 | 159
| B4 | 9384 | 5956 |1,833.8 | 201.7 | 291.2 | 3,860.7 | 202.4
st A 3,207.1 |2,208.0 |5,649.8 859.3 |1,020.5 [12,944.7 |1,159.9
() AERE W52 WES BYY 44



20,000

15,000

)
i 10,000
3!

5,000

YU FyY 23y HIY H8Y 2HY Fau BHg TEd sty
Lo
&

Y 71> WATY gEE QAF O 7D WEFY WA B AKS

2,500

2,000

1,600

Fa(oi2l)

1,000

500

<% 7-3 FATY FWE A AR O 70 FATY FHE HRA| AE

300,000

5.000
250,000
4,000
200,000
z = 3,0
T 150,000 220
iR W
100,000 81 2,000
50,000 1,000

3§ 7-5> WAFY SR E ARS OF 7-6> WHFY FHE EXlE

2, &Rl

R wed oy 2894 4o R, s, Igln EXel§ ¥R (E
7-4), (& 7-5), (¥ 7-6)of LIepd ule} gt}
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7h A

R T foe) afed A7UHE A A, 20008 A AN 4o A7
718U WSH5 Gojo) & 8,70290lgl=T o] Feul AXelrl & 4,851 o F QlpuAA|Y
28 UEelytth m3E Ws#s 891 ASolE & 9,031Holgy o] 7Ry HH-Lo| 4,783
28 tjEKe A& xx]sl olgith

Fhe, AfeE AT &g B, WS#e fojo] MA o) 32.4%, WS#5 §Yo)
30, 2%0m], WS#8 G-odo] 12.2%, WSH7 wﬁo] 9.2%8) ¢o® YHJol TYH W#s U
WSe6 Fojo] Q77 we Ao Uehdeh <2y 77>

Ll 7hE

ARUHE J1EALS HBG B §h9) A ws#bolA] 1,9251f8], WS#60A] 4, 340m}
73 RS xsteia, ﬂ,i.zt° 29 Ws#1e] slure] 1,140m}e], WS#2Q) WHEe| 644n)
2], Ws#7e] AlgE] 139mje], WS#8e] FZg] 176mle]E ufF-Ho] o] A ollA ARRE AL gl
ort. =18 79 ws#3e] AHe] 21,990ufe], Ws#6e] W] 15,048uie|dlom AfoPd
FE YSH6o] 42,4428 1A &A UElth whel AL WS#l, WS#2, WS#3e] AZEEo] glo
m WS#22] WEElolAl 246,500mte], Ws#3e) AlFeoll 115,000mfel2 JHY wdch AF
7HA8] ZARRONA R &aldpo] 7 AfeER 2] tlEA o] RolR 1 Gl ZoE
Lietytet,

T, AFE AEALS Hl && B, o 7 ws6, Ws#b W WS#7 o] Ztzt A
A2 34.7%, 15.4% 2} 10.3%, AL Z$ Ws#l Foo] 53.1%, =AY ZA-$ Ws#6, WS#3
o WwS#7 -5-oo] 2} 30.6%, 25.6% 2 20.9%, The] A9 WS#sH WS#2 f-edo] 42.1% Y
25. 75 ARSIl Qlginh <33 7-8Y0ld (I 7-17RE 459 7% ASSEE U
Ehd Zojth

t}, Exjo|&

&fd B0l ARG HA, A thF-Ee YedEol W5, WS#6, WS# FofollA
olFoA L Y= AOoR Uelyrh. Ws#5 F99] Z-f = 619 ha, ¥ 438 ha, WS#6 2
= 879 ha, W 681 ha, 12| WS#8 -9-0I¢] AL = 660 ha, ¥ 416 has UEIgTE
M, Afd Exo]g WA PPuIEE Ry, FHIOl i WS#e o] FA
28.7%, F4vdo] Q= WS#8 H9jo] 22.2%, Ely 1A} WH-S Fo] TuH WS Y
2 Uelydth <9 7-12>
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(X 7-4) 2fF9d/eld 3 #HF (1996 ~2000)

AxdE 7 (B)
A e 1996 | 1997 | 1998 | 1999 | 2000 | o
WS#1 gt 1,311 1,221 1,196 1,182 1,115 1,205
ws#2 e 1,023 1,013 1,009 964 961 994
Ws#3 Ay 415 418 417 396 399 409
Al 575 569 569 546 539 560
WS#4 33 687 655 639 648 611 648
WS#5 212 5,549 5,309 5,255 5,085 4,851 5,210
kGl 302 288 271 255 250 273
] A (644) 611 572 540 522 578
XA (680) 633 616 602 584 623
2| A 506 499 502 494 487 498
o)A 145 133 131 122 121 130
Al 293 266 276 258 259 270
A 528 499 521 503 458 502
n}-& 893 902 960 912 1,170 967
WS#6 o ] 5,452 5,201 5,172 4,974 4,783 5,116
cha} 721 77 719 692 666 703
713 370 355 347 352 341 353
= 453 435 429 403 372 418
Ao 512 510 481 466 447 483
< 349 325 309 290 282 311
ti= 226 210 209 189 195 206
o 703 679 678 654 607 664
3} A 266 261 259 252 245 257
e 442 420 415 404 380 412 |
2.4 268 260 255 239 229 250
=3 189 180 172 155 148 169
7 370 355 345 334 336 348
WS#7 24 471 480 467 (440) 413 454
213 394 378 374 (347) 319 362
e 804 775 758 (719) 680 747
29}t 1,312 1,237 1,199 1,130 1,096 1,195
WS#8 A& 1,535 1, 484 1,462  [(1,368) 1,274 1,425
A 330 318 319 (306) 292 313
A A 391 372 374 (369) 363 374
o}¥ 378 368 356 (343) 329 355
Rbt 464 461 456 (438) 419 448
I 776 743 733 705 680 727
Ws#9 A2 1,022 999 1,012 997 950 996
3 A 31,749  |30,539 [30,234 |29,073 |28,173 29, 954
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(F 7-5) &l el 7&5AS ©% (1996~2000 B+t)

7t & (mie])
A 2y e iu:é }E}]z] = A A
Ws#1 3t 936 1,478 13,719 28,475 44,608
WS#2 Y 855 573 5,374 158, 309 165,111
Ws#3 Al 460 56 7,713 43, 500 51,729
= 652 0 26,891 45,702 73,245
WS#4 ! 972 23 4,271 17,366 22,632
WS#5 A7) 32 4 8 37 81
)3 184 20 145 28 377
H A 331 15 2,054 154 2,554
A+ 196 0 464 25 685
A A 363 1 48 79 491
o) 3 36 0 4 1,130 1,170
Al 406 0 86 922 1,414
3 165 34 268 240 707
n}-& 213 266 205 684
WS#6 ekl 104 57 450 618
chap 676 49 6,192 13,479 20, 396
7+ 182 22 1,719 0 1,923
U& 335 0 1,209 9 1,553
29 145 0 327 5 477
8 214 2 3,820 3,118 7,154
tfj 189 0 5,354 11,202 16, 745
Y 615 0 15, 251 28 15,894
314 215 13 310 18 556
2 388 0 162 79 629
A 520 0 1,263 12 1,795
Z73 198 34 1,908 0 2,140
71 561 0 3,876 5,209 9,646
| Ws#7 A& 248 222 11,452 17 11,939
' PUES 554 5 6,068 27,280 33,907
=g 254 1 6,618 37 6,910
20t 228 3 4,074 68 4,373
Ws#8 - 334 180 887 170,267 171,668
A 33 40 0 2,509 2,582
A A 164 1 57 47,093 47,315
of# 243 2 0 20, 658 20,903
AraL 101 0 529 24 654
g 165 0 2,853 19,200 22,218
WS#9 42 38 0 17 92 147
3 A 12,505 2,785 135, 314 617,026 767, 630
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(X 7-6) &fFd/2]d Ex]o]& =3 (1:25000 A Fx)

AT | — _E 0l & () 47
= o ok thA] 71 Et

WS#1 3k 76.3 27.4 201, 4 9.0 7.4 321.5
Ws#2 e 201, 7 116.3 193.8 28.4 63.4 603.6
WS#3 A 66,2 56. 6 90.9 22.1 84.6 320.4
A& 147.9 85. 0 36.6 31.3 97.5 398. 3

WS#4 ! 135.0 95,1 91,9 35.1 52.4 409.5
WS#5 Alz] 121.3 66.0 52.9 104, 2 29.0 373.4
o3 39.9 47.7 59. 8 11.0 2.7 1611

= A 70.7 16.8 198.8 39.7 2.1 328, 1

A8 69.6 19.2 100, 0 23.1 11.5 223.4

2| A 114.7 64.0 230, 3 27.1 5.3 4414

By 31.8 15,1 70.2 12.0 15.3 1444

A= 47.2 54,7 121.2 12,4 18.7 254,2

2 3 82.2 92.9 191.0 17.1 27.0 410.2

o} 42,0 61.8 115.4 28.4 15.3 262.9

WSH6 ekl 56.9 109, 6 136.8 60.0 45,6 408.9
gk 80.8 96.0 416.8 18.8 19.5 631.9

7} 32.5 50, 2 86.8 12.5 2.3 184.3

& 44,3 19,2 8.7 8.1 20. 4 100.7

A4t 77.3 24,8 36.4 13.1 6.4 158.0

L 4.9 38.7 53,8 10.9 3.9 152.2

o] 73.4 51.0 44,9 12.3 15.9 197.5

gl 86,7 99.5 124,1 18.0 1.7 330.0

3} A 45,0 11.5 58.3 7.4 1.1 123.3

3 125.4 32.8 462.1 25.6 54, 4 700. 3

24 55,9 44,0 185.3 7.4 32.4 325.0

&4 117,3 39,7 33.8 10.5 10.5 211.8

i 38.6 63.8 69.5 10,8 6.1 188.8

- Ws#H7 Al 133.1 84.8 78.9 25.6 36.3 358, 7
PES 79.7 51.7 197.3 18.8 2.7 350.2

Zal 141.1 84,7 294.8 24.6 12,9 558. 1

2ot 44.3 61.7 85.0 22.6 52.4 266.0

Ws#8 2 & 168.6 1153 49,2 49,2 115,1 497 .4
okl 44,6 81.8 723.3 23.6 38.8 912, 1

Bl 85.1 60. 1 259. 1 19.6 8.8 432.7

oF¥ 44,7 34.6 42.0 18.8 55. 4 195.5

Apar 241.5 82.6 189.2 21.5 21.2 556.0

Rk 75.8 42.0 127.2 15.2 13.8 274,0

Ws#9 47 23.1 9.3 132.3 3.5 10.7 178.9
3 A 3,184 [2,19.7.0 |5,517.5 855.8 1,009.8  |12,94.7

(2) 28 BHS 25982 E5 28
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WE#I WSH#H WS# WS# WSH# WSH# WS#H WS# WS#
Aol

]
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Y 7-7 ERE AT
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ESTEL
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A2A deteiol 23t AR e HF
1L eded 49

Zb QoA LA E LEEEL Mol FHor riofsii HFHols] wiRel ol
E4& 2F aeste] siMel Y 4] ghen, WA FEsian dv detts 2ARmitE O
Frol gold Bt ohjel T HAE UrhIL 917 wiEe] A & AdEdde d8AR
of wtel 2A FHE L2 glcth oy VA A LoPdET} uHHYolA TS "AsA
VRS gl o AR 9, BB W A48 5 ulgegdo] Ads¥d
& ol & 4 AV whgelel AZHTh whebAl A9 Fdol mizh ol ARIE
o] dEHOR HEA7)= A Hr} 3P g2 eHE A E A3l 24
SlrE APgehs Zlo] ulgl Y 2o FZHrh £ dolMe sullold &4 deslef o
8 Eud @ dpdzet @A Al gl dATEE vlal, At REEel foof
Ayt BdEE= AEE Ao H@3olrl.

=4 el g Zﬂ%ﬁk—tﬂ glo] Qlel o3t 2 HdTlE FARAYIIFUAYR
DA(BBA, 1994)E, EAclgo] e edutiels TR IeATY ] (1991)2] 9

JAF HARHE, JFEARSe] oidt eddvile AH1994)0] AAJY 22E A-gslolrh

X 7-7)

L)

rln

fd

O

—

(R 7-7) eh9] WA HF-31

T = R T-N T-P A} &
A PAAS % 7.75 1.63 | TREARVSUAY R A
(g/Q1 - ) H[A|7}8} | 7.75 1.63 A, 1994)
e 108. 2 12.1
v E PN 310.1 158 | i 1991)
(= .y | A 30.7 13,6
1= 4,8 0.2
() 2.330 0.170
B4 | BlE) | 2330 | 0070 ) gmwgsieta 242 (1991)
) =] 0.759 0.027
(kg/ka™ - &) | qlo} 0.550 | 0.013 | SLEF A
7] E} 0. 759 0.027

- 214 -



—

X 7-8) LEEH WA dUwHI(4)

2R 3 = BOD coD T-N T-p
e ~
(2/2)/9) N 49(1) 31(2) 7.75(1) 1.63(1)
712 Py 640(1) 530(2) 128(1) 72(1)
(2/5/Q) %] 125(1) 130(2) 20(1) 16(1)
= 71(1) 126(1) 2.5(3) -
=4 ) 51(1) 59(1) 43.0(3) -
(ke/kn'/ 1) alo} 9.6(1) 15(1) _ ;
(A1) (1) SUF/AALL, A FQ 3Pd 7] RZAF BN

T SUZFAH1997) FEAT SHASUAUAE AFBE G F=2A

2. BT deisel 27t Wy dRsY Ay

oLt #Poll 2¥ 2¢do] glort UMl eqiddo] ohrg mriyeA Attt E
T eadRsiEe] Aol Sloibe 92l 7 2delA R FIIE UAdFel, 4ol
A wYoR g FikE wigNsl Sh7] feEHe OIS fY Ee feielela
stof, oot ZE FIHE AYHOER RYUY S Foholzin Forh A shHe] o4
Hel B LUFEE FUY Zlo] folzhd Rl 2 2ddelAY 2o

it
e
ol
ftjo
>,

N

N,

o YO Uehie Zol7] vl 51 4474408 I8 AL Aol BA712A4A
Y 5ol 308 /21EE wewch

C@RAS WFSE Qo] AT AP T 1] WA 2@goRN 4B}
S9k Biol 28 WHHE 2& FUS} ANY UUSE A8} 4 499 AT4E T
sof Ausieln, JHael AL A% FRol wel WS cdBos Bud Uy
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de9l2 Hglo) 7 folol AE4E Felglem, deln Exolge] WE oPFS 3
E w U, ok VBl 5E FEE 7 Exelg Reld 49elS H8stel 4 2
Agelel BAEAS B3] AT

7b A |

A 1996 d8E 20009 B¢t RS GoolAe] ¢l ABF 2% FEH A&Ho
2 ZAstE AL Holn gtk AlFA|Goae] Qs Folw Audie A% as)
AR O FAE AR E3Y A0E oaHrt BAGRAEE &l BFIAE
BT Az, FAT FAGY Axlelet o] A7 FFH] QAL KA

Had AFelo] A7t FFH vk HFEA T AL Y=

ATt 47t SURe FAoln, IEl AL BF TAAYE U
BRI itk BT - FH-JI) e, 2eln gAY B9 AR siniet U
glof cif-Ee] A7t dAse] e FAolcl.

ey olFo] o3 A4l Qlate] gty e @RSl Al A} < 6.2-DF
Lo, FAE YHSY A9 A 45,637 kg/yr, Al 9,598 kg/yrE VERAAAL, o
ko] ARelo) A HAL 14,737 kg/yr, QAT 3,099 kg/yrE LEpRtem, FHF A
Qo= AL 14,473 k
A 6,697 kg/yr, Q4 1,408 keg/yrE Uehfglom o] ke up2eloM AL
2,736 kg/yr, AQlat 575 kg/yrZ UEMGTE BE¥a] HEH B9 HA4 8,960
kg/yr, HQAl 1,884 kg/yrE UERfLoW of Jedl siteleld HAA 3,408 ke/yr,

AQlat 716 kg/yr® ViElyiTh w3 REA] Fawe] #He HAA 12,666 ke/yr, Hal
2,663 kg/yr® UERjom ol skl AFZold BAL 4,029 ke/yr, A 847
kg/yrE VIEGICE

J

g/yr, HQIA 3,044 kg/yr2 UETh ¥4 FHY Bee A

=

L. 7+

A 8BS B (X 6-2~4(a), (b), (c), (d))s} Zonm, Toe F4T A3
watel, v&el, dddelet st gAe], R AR sinte], g, A4z, AF
ZojA R ARgsla olrh B4 AMSARE B BPA] dSwAN tiRielE AL
o] olFojx|il 9l & ¥ 7lE} KoMl Ha Mg AL olFolxx] ¢la girh. H|e
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AR AlElE ghee] ARSAElYl fARSHA o] Foixa glen, W2 HYA HEH 2dte|et
e, %‘Miel AFe], xAe, ofeloA tighE o FolxL gty FHEHLE ¥
S, A4, Hzls BHHA] BEFA iHER A}%Eh e W, 7HHRe d4addA
F2 ol o3 gl WATLE shHof 23t Ao} Qlate] fdthe] 0o
Azt (R 6-2~4)2F Zo], F9F F83 B AL 654,894 ke/yr,
kg/yrE& Uehfglon], AT I Z9w HEL 62,676 kg/yr, A 8,942
kg/yr& UEhSich B HEHe] Ao A4 1,438,185 kg/yr, HU4E 311,659
ke/yr& Uepiglom, = Bl Fawe 74

kg/yr& VrERASITH

slarg AN

e 2
rO
>
[\
—
[7=)
©
-t

[
N
B>
o
[ 0]
[F%]
[#))
QO
-3
=
o

~
e

_"S

L
r (od
¢ >
—
ol
=
o0
(=)
<O

th EX|o] &

SRR ) AHEH B, FAR G EAL EAo] Wol H EA|X Y wHH w9
E B A sigAe] fdEe] st W 34 FANE HUsi Y= AFelth
whelA o)g} ZH Ex|o]gof o3 dF o WA QAFH el A¥sleU I
of BAl oA shsABe] U FQ30th BY ©@eZ f98 T AEHE Exol&
HAHEE fEH o By Qob= of 43.6%, = 24.8%, U 17.1%E XR[3faL oo AHAW
Aol 14.5%0 g AN tiR], FFEA W FAEAR o&FHL gl AL
EAJo]-gofl 23 Ao} Qlite] Aty QERSIYE ZARY A (X 6-2~5) ¥ (E 7-9)
3 Zol, FET BHFY BF HA-4 17,517 keg/yr, A4 1,080 kg/yrE VERG2H
o] 7kl iltzlold AE4 2,446 kg/yr, HUAt 133 kg/yrE UETh 4T P
o) AE HAAL 7,114 kg/yr, B 428 kg/yrE Uehiglen o] 7heul AgelolA
HAAA 2,072 kegryr, HQ4E 125 kg/yrE UElHTh REA ABRe] 9o dda
8,614 kg/yr, AQAF 541 kg/yrE Jehjoon o] &y JYmelod HAA 3,348
kg/yr, Aolat 216 kg/yrE LIERYITE I BEA] HAHe] AL A4 18,094 kg/yr,
A4t 1,088 ke/yrS UERglen] of heul Ameloly A4 3,254 ke/yr, M4
214 kg/yr UERYITE
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(3 7-9) AT/ d o] 23 Yrhke] WA ¢E3I3F (1996~2000)

dey el (3) kel Rl ek(kg/yr)
Al |29 e B
1996 | 1997 | 1998 | 1999 | 2000 T-N T-P
FAFIHHS| AR | 5,549| 5,309 5255| 5,085| 4,851 | 5,210 14,737.2] 3,099.6
3 | 54521 5,201 | 5,172 4,974| 4,783| 5,116 14,473.0| 3,044.0
At 721 717 719 692 666 7031 1,988.6 418.2
718 370 355 347 352 341 353 998, 5 210.0
e 453 435 429 403 372 418] 1,183.5 248.9
+ 349 325 309 290 282 311 879.7 185.0
] 226 210 209 189 195 206 582, 2 122.4
BE) 703 679 678 654 607 664 | 1,878.9 395.2
Y 512 510 481 466 447 483| 1,366.9 287.5
o &8 302 288 271 255 250 273 772.8 162.5
wHA | (644) 611 572 540 522 578 | 1,634.5 343.8
AR (680) 633 616 602 584 623 1,762.3 370, 7
£9F! 1,312] 1,237| 1,199| 1,130| 1,096| 1,195| 3,379.8 710. 8
IR 506 499 502 494 487 498 | 1,407.6 296, 0
o) 3 145 133 131 122 121 130 368.9 77.6
A= 293 266 276 258 259 270 764.9 160.9
2 528 499 521 503 458 502 | 1,419.5 298.5
)2 893 902 960 912 | 1,170 967 | 2,736.5 575, 6
235hd A3 687 655 639 648 611 648 1,833.0 385.5
A | 3 266 261 259 252 245 257 725.9 152.7
32 442 420 415 404 380 412 1,166.0 245.2
oA 268 260 255 239 229 250 707. 8 148.9
=3 189 180 172 155 148 169 477.5 100. 4
7 370 355 345 334 336 348 984. 4 207.0
BEa)HEd| sk 1,311 1,221) 1,196] 1,182 1,115| 1,205 3,408.6 716.9
Ws 11,0231 1,013 1,009 964 961 994 | 2,811.8 591. 4
Ay 415 418 417 396 399 409| 1,157.0 243.3
= 575 569 569 546 539 560 | 1,583.0 332.9
Lxd| 24| 1022 999 | 1012 997 950 99 | 2,817.4 592.6
A 776 743 733 705 680 727| 2,057.6 432.8
AW A= | 1,535] 1,484 1,462 ((1,368)| 1,274| 1,425| 4,029.8 847.6
2l 471 480 467 | (440) 413 454 | 1,284.8 270.2
P E:] 394 378 374 | (347) 319 362 | 1,025.1 215.6
=] 804 775 758 | (719) 680 7471 2,113.6 444.5
A 330 318 319 | (306) 292 313 885.4 186, 2
A4 391 372 374 | (369) 363 374| 1,057.4 222 .4
ok& 378 368 356 | (343) 329 355| 1,003.6{ 211.1
A+ 464 461 456 | (438) 419 448 | 1,266.1 266, 3
gt A 31,749 | 30,539 | 30,234 | 29,073 | 28,173 | 29,953 | 84,731.1 |17,820.7
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(X 7-10(a)) BB /e]d 7h5(T-5)ol &

T
(1996 ~2000)
AFem (ijj gt @ (oje]) Hehe] F-sta (keg/yr)
Uy | 1996 | 1997 | 1998 | 1999 | 2000 | B T-N T-P
i Bk 57 37 12 21 | 31.8 | 1,253.9 140. 2
ahx 182 62 117 55 | 104.0 | 4,107.3 459.3
% Bt 706 664 736 596 | 675.5 |?26,677.5 | 2,983.3
713 244 131 210 142 | 181.8 | 7,177.9 802.7
ES 507 354 329 149 | 334.8 |13,220.3 | 1,478.4
ey 297 247 187 124 | 213.8 | 8,6441.6 944.0
th= 213 196 196 149 | 188.5 | 7,6444.4 832.5
Taw 804 599 582 475 | 615.0 124,288.2 2,716.1
Aot 189 90 106 193 | 144.5 | 5,706.7 638, 2
nf & 255 141 163 177 | 184.0 | 7,266.7 812.6
] 7| 332 263 415 314 | 331.0 [13,072.2 | 1,461.9
AR 211 238 234 211 87 | 196.2 | 7,748.5 866. 5
29k | 214 192 234 295 207 | 228.4 | 9,020.2 | 1,008.7
Z2ak KA | 421 432 444 274 243 | 362.8 |14,328.1 | 1,602.3
o)A 30 35 38 42 33 | 35.6 | 1,406.0 157,2
A | 532 5492 552 175 229 | 406.0 |16,034.2 | 1,793.1
i A3 | 148 150 156 202 167 | 164.6 | 6,500.5 727.0
nph2 | 143 246 258 230 188 | 213.0 | 8,412.0 940, 7
o3| A2 1,054 |1,090 |1,157 894 664 | 971.8 |38,379.3 | 4,292.0
A A | 245 250 255 179 148 | 215.4 | 8,506.8 951.3
B | 415 420 422 376 305 | 387.6 |15,307.5 | 1,711.8
el 568 587 599 481 366 | 520.2 |20,544.3 | 2,297.5
A | 226 245 269 156 94 | 198,0 | 7,819.6 874.5
e 780 547 355 (560.66 |22,142.4 | 2,476.2
R =E| shet [1,055 [1,074 | 1,076 540 | 936.3 |36,975.3 | 4,134.9 |
UE [ 910 923 938 649 | 855.0 |33,766.5 | 3,776.1
T Ay | 532 540 546 222 | 460.0 |18,166.8 | 2,031.6
REREI 735 741 410 | 651.8 |25,739.6 | 2,878.5 |
M| AA 33 35 39 45 38.0 | 1,500.7 167.8
i) 160 165 171 163 | 164.8 | 6,506.5 727.6
Aal AZ | 345 350 358 284 | 334.3 |13,200.5 | 1,476.2
A4 | 275 280 284 151 | 247.5 | 9,774.5 | 1,093.1
)4 | 599 589 603 423 | 553.5 |21,859.4 | 2,444.5
Z7) | 230 235 250 301 | 254.0 (10,031.2 | 1,121.8
BT 15 17 87 | 33.3 | 1,313.1 146.8
ekl 145 148 158 204 | 163.8 | 6,467.0 723.2
B ok | 220 | 221 | 230 299 | 242.5 | 9,577.1 | 1,071,0
ﬂ Ak 87 89 93 134 | 100.8 | 3,978.9 445.0
g A 12,500.6| 493,663.2 | 55,206.1 .

- 219 -



(¥ 7-10(b)) AT/ d 71E(dL)o] 23t dxhe] WA JRsle)
(1996 ~ 200041 )
4% 3 4 (ufe)) kgl F 81 ke/yr)
Al 51
i) | 1996 | 1997 | 1998 | 1999 | 2000 B T-N T-P
413 A 18 0 0 0 0 3.6 407.5 20.8
el 0 0 33 0 0 6.6 747.0 38.1
what 38 57 51 48.66 | 5,508.4 280.7
73 25 20 22 22.3 | 2,527.8 128.8
D 0 0 0 0 0 0 0,0 0.0
&8 0 10 0 0 0 2.0 226, 4 11.5
SE] 0 0 0 0 0 0 0.0 0.0
o7l 0 0 0 0 0 0 0.0 0.0
Y 0 0 0 0 0 0 0.0 0.0
uj & 15 24 19,5 | 2,207.1 112.5
H A 29 0 14,5 | 1,641.2 83.6
A 0 0 0 0 0 0 0.0 0.0
29t 0 0 15 0 0 3.0 339.6 17.3
a8k | 2] A 0 2 2 0 0 0.8 90.5 4.6
S 0 0 0 0 0 0 0.0 0.0
Al 0 0 0 0 0 0 0.0 0.0
EES 28 40 43 25 35 34,2 | 3,871.0 197.2
np2 0 0 0 0 0 0 0.0 0.0
231 | 34 22 23 23 28 18 22.8 | 2,580.7 131.5
A o3 A 10 10 12 0 32 12,8 | 1,448.8 73.8
23 0 0 0 0 0 0 0.0 0.0
24 0 0 0 0 0 0 0.0 0.0
il 25 25 30 40 48 33.6 3,803.1 193.8
7ha 0 0 0 0 0 0 0.0 0,0
B3 HM8 ) s 1,580 |1,588 | 1602 1,140 |1,477.5(167,233.1 | 8,520.7
W= | 540 546 560 644 | 572.5 | 64,799.3 | 3,301.6
K] 54 50 51 67 55.5 | 6,281,9 320. 1
e 0 0 0 0 0 0 0.0 0.0
oM | AN 0 0 0 0 0 0 0.0 0.0
24 0 0 0 0 0 0 0.0 0.0
ALl AE | 177 178 189 176 | 180.0 [20,373.6 | 1,038.1
Al | 245 250 252 139 | 221.5 | 25,070.8 | 1,277.4
] 15 10 0 0 0 5.0 | . 565.9 28.8
Z#) 5 0 0 0 0 1.0 113.2 5.8
Ao 32 35 40 54 40.3 4,555, 8 232.1
A 5 0 0 0 0 1.0 113.2 5.8
ofg 4 0 0 0 8 2.4 271.6 13.8
Ahat 1 0 0 0 0 0.2 22.6 1.2
3 A 2,781,3(314,800.1 {16,039.6
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(& 7-10(c)) yZF/e]d 71&(H=R])ol ¢

(1996 ~2000)

x5}

et

9 weed

Hotey

SRS s A (ntz]) dete] H-3tak(kg/yr)
Al 22| (89
vh) | 1996 | 1997 | 1998 | 1999 | 2000 o T-N T-P
B4 13 A 0 30 0 0 7.5 84.0 37.2
ol 29 47 73 77 56. 5 633.1 280.5
thal 4,886| 4,925 7,417| 7,539| 6,191.8] 69,381.7| 30,735.8]
713 479| 2,081, 1,635| 2,680| 1,718.8{ 19,259.5 8,531.9
= 1,372 1,336 1,104| 1,022| 1,208,5| 13,541.8 5,999.0
L8 3,170| 5,883 3,425| 2,800 3,819.5] 42,799.4] 18,960.0
E] 8,050 5,359| 3,367 | 4,641| 5,354.3] 59,997.0| 26,578.5
43 16,468|12,917( 16,571 | 15,048 | 15,251,0] 170,895.1| 75,706.0
PNy 367| 229/ 415 298 327.3 3,667.0/ 1,624.5
o & 86 138 152 205 145.3 1,627.6 721.0
w7 1,379| 2,454| 2,342 2,040 2,053.8| 23,013.3] 10,194.8
ArA 469 426 330 631 464.0 5,199.4 2,303.3
Lof 530| 4,171] 5,334 6,261 4,074.0] 45,651.2] 20,223.3
Zak A A 35 45 50 68 40 47.6 533. 4 236.3
tf A 2 2 2 10 4 4,0 44,8 19.9
A 0 0 0| 402 27 85. 8 961, 4 425.9
A3l 274 280 288 215 281 267.6 2,998.6/ 1,328.4
u}2: 336 | 340| 343] 237 75 266. 2 2,982.9] 1,321.4
S8} &A | 3,601 | 3,614| 3,738 4,380 | 6,021 | 4,270.8| 47,856.4] 21,200,3
A 317 352| 365 372 0 462 310.2 3,475.9] 1,539.8
24 177 186 191 58 200 162. 4 1,819.8 806, 2
22 11,250 1,258 1,322 1,535 950 | 1,263.0| 14,152.5] 6,269.5
2 | 2,144 2,154| 2,223] 1,793 1,225| 1,907.8| 21,377.9] 9,470.3
74 | 3,104 3,125 3,299 4,352 5,500 | 3,876.0| 43,432.5 19,240.5
R | "8 s)gt (16,314 (16,325] 16,535 5,700 | 13,718.5| 153,722.7 68,098.6
W2 | 4,410 4,426| 4,561 8,100 | 5,374.3| 60,221.7| 26,677.8
e | 7,430 7,440 7,452 8,530 | 7,713.0| 86,428.0| 38,287.3
x1 & (28, 445 |28, 541 | 28, 587 21,990 | 26,890.8| 301,324,3 133,485.7
M| &4 20 21 25 3 17.3 193.3 85,6
A | 2,900 | 2,985| 3,007 2,521 | 2,853.3| 31,955.3] 14,156.1
HA A2 | 1,156] 1,190] 1,200 0 886.5 9,933.7| 4,400.6
Al (12,245 (12,269 12,289 9,003 | 11,451.5| 128,319.8| 56,8452
2}A | 6,850 | 6,855| 6,868 3,700 | 6,068.3] 67,997.8] 30,122.8
23 | 7,005 7,100| 7,210 5,158 | 6,618.3] 74,160.8 32,853.0
44 0 0 of -0 0 0 0.0 0.0
kil 74 75 80 0 57.3 641.5 284,2
kil 0 0 0 0 0 0 0.0 0.0
A3 | 88| 710 714 2 528.5 5,922, 1 2,623.5_‘
3 A 135,311,3/1,516, 207. 2| 671,674,7.
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(% 7-10(d)) BATY/2E 715 (E)oll &3 sty
(1996 ~20004)

AR g (me) Lol st (ke/yr
Al (Y
W) | 1996 | 1997 | 1998 | 1999 | 2000 B T-N T-P
4133 A% 0 35 124 15 11 37.0 64.8 2.7
ad | 2,209 0 5 38 0 450, 4 789, 1 32.9
Ay [ 4,008] 12,300{ 12,000 20,000] 19,085 13,478.6 | 23,614.5 983.9
713 0 0 0 0 0 0 0.0 0.0
e 0 0 0 27 16 8.6 15.1 0.6
<< | 10,000 0 5,000 592 0| 3,118.4 | 5,463.4 227.6
tj= | 1,000 10,000 15,000 15,000] 15,010 11,202.0 | 19,625.9 817.7
B 15 24 0 60 40 27.8 48.7 2.0
24t 0 0 25 0 0 5.0 8.8 0.4
kil 41 0 0 0 97 27.6 48.4 2.0
7 680 0 0 22 70 154. 4 270.5 11.3
Ak 12 0 20 60 35 25. 4 44.5 1.9
20t 262 0 22 40 18 68. 4 119.8 5.0
I 241 154 0 0 0 79.0 138.4 5.8
oA | 3,200 2,451 0 0 0l 1,130.2 | 1,980.1 82.5
Az | 2,360 2,251 0 0 0 922.2 | 1,615.7 67.3
22 570 542 0 88 0 240.0 420,5 17.5
o} 425 362 2 85 150 204. 8 358. 8 15.0
&5 24 | 20, 451] 20,011} 19,000] 10,000 17,365.5 | 30,424.4 | 1,267.7
A 34 0 0 0 62 26 17.6 30.8 1.3
4 30 35 38 238 52 78.6 137.7 5.7
X 18 20 22 0 0 12.0 21.0 0.9
%3 0 0 0 0 0 0 0.0 0.0
7} | 5,3200 5,400 5,500 3,300 6,527 5,209.4 | 9,126.9 380. 3
BalidE) b | 22,451] 21,450 20,000 50,000 28,475.3 | 49,888.6 | 2,078.7
W (114, 521{122, 514[149, 700 246, 500/ 158, 308.8 |277,356.9 |11,556.5
219 | 44,500 44,000] 42,000 43,500.0 | 76,212.0 | 3,175.5
A& | 22,356 22,451 23,000 115,000| 45,701.8 | 80,069.5 | 3,336.2
21| &4 120 85 70 91,66 160.6 6.7
24 | 20,142| 19,241 18,216 19,199.66 | 33,637.8 | 1,401.6
R A2 [188,962(202,510[211, 500 78,097|170,267.3 |298,308.2 [12,429.5
A% 0 0 0 67 16.8 29.3 1.2
A& | 29,540] 29,581 30,000 20,000{ 27,280.3 | 47,795.0 | 1,991.5
&3] 0 0 0 146 36,5 63.9 2.7
e 0 0 0 10,034| 2,508.5 | 4,394.9 183.1
A | 74,521| 75,8000 8,000 30,050| 47,092.8 | 82,506.5 | 3,437.8
of#l | 29,758/ 29,854 3,000 20, 020; 20,658.0 | 36,192.8 | 1,508.0
Ara 0 0 0 97 24,3 42,5 1.8
3 A 617,024.6 |1,081,026.3| 45,042, 8
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(X 7-11) BFFYG/e]E Exjo]-&of 2Tt dete] WAL HF3H (T-N)
(%r$] ¢ ke/yr)

1= =¥ | 8 = ks Aok th=] 7€t &7
g BEE ] A% ]1,031,6 561, 3 106. 2 289, 1 80. 4 2,068, 6
- 483.9 932.1 274.6 166, 4 126.5 1,983.5

et 687.2 816, 4 836.7 52,2 54,1 2,446.6

743 276. 4 426.9 174.3 34.7 6.4 918.7

e 376, 7 163.3 17.5 22.5 56.6 636.6

+ 381.9 329.1 108, 0 30,2 10.8 860.0

E] 624.2 433.7 90, 1 34,1 44,1 1,226.2

B 737.3 846, 2 249, 1 49,9 4.7 1,887.2

Ry 657. 4 210,9 73.1 36.3 17.8 995, 5

Lkl 339.3 405, 7 120.0 30.5 7.5 903, 0

HA 601.3 142.9 399.1 110, 1 5.8 1,259, 2

AFA 591, 9 163.3 200, 8 64.1 31.9 1,052.0

2o 376.7 524, 7 170.6 62.7 145, 4 1,280.1
2ahd | %A 975, 5 544.3 462, 3 75,2 14,7 2,072.0
] 270, 4 128. 4 140.9 33.3 42.4 615. 4

Al 401, 4 465.2 243.3 34,4 51.9 1,196.2

e 699.1 790, 1 383. 4 47,4 74.9 1,994.9

o2 357.2 525, 6 231.7 78.8 42.4 1,235.7
o3bd | AE [],148.1 808, 8 184.5 97.4 145.4 2,384.2 |
Fed | 4 0 0 0 0 0 0
| EA 382.7 97.8 117.0 20.5 3,1 621.1
Ha [1,066.5 278.9 927.7 71,0 150.9 2,495.0

] 475, 4 374.2 372.0 20.5 89,9 1,332.0

3 997.6 337.6 67.9 29.1 29.1 1,461.3

7} 328, 3 542.6 1395 30,0 16.9 1,057,3

HAl| HEH | 3}t 648.9 233.0 404, 3 25.0 20.5 1,331.7
e | 1,715.4 989, | 389, 1 78.8 175.9 3,348.3

Alg 563.0 481, 4 182.5 61.3 234, 7 1,522.9

A& |1,257.8 722.9 73.5 86.8 270.5 2,411.5

e | &4 196.5 79.1 265, 6 9.7 29.7 580. 6
:Jfé 644.6 357.2 255, 4 42.2 38.3 1,337.7

Ham | A2 [1,433.9 980, 6 98,8 136.5 319.3 2,969, 1
A4 11,1319 721.2 158, 4 71.0 100, 7 2,183.2

] 677.8 439.7 396, 1 52,2 7.5 1,573.3

23] |1,200,0 720.3 591, 8 68,2 35,8 2,616.1

kil 379.3 695.7 1452.0 65.5 107.6 2,700, 1

kil 723.7 511.1 520, 1 54,4 24.4 1,833.7

okl 380, 2 294.3 84,3 52,2 153.7 964.7

A | 2,053, 8 702.5 379.8 59.6 58.8 3,254.5

3 A 27,274.8 | 18,778.1 | 11,342.0 | 2,383.8 | 2,831.0 | 6,2609.7
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(% 7-12) FAFYG/e)d EX|o]-&of 23 xte] UL K18 (T-P)
(%te] : keg/yr)
Al | 59 | e = By Aok ThA] 7\ e} 2A
AT | FAg ] AR 75.3 41,0 2.5 10.3 2.9 132.0
sl 35.3 68.0 6.5 5.9 4.5 120, 2
chat 50. 1 59.6 19.8 1.9 1.9 133.3
743 20.2 31,1 4.1 1.2 0.2 56. 8
S 27.5 11,9 0.4 0.8 2.0 42,6
S8 27.9 24,0 2.6 1.1 0.4 56. 0
o) 45.5 31.6 2.1 1.2 1.6 82,0 |
o3 53,8 61.7 5.9 1.8 0,2 123. 4
Aof 48,0 15, 4 1.7 1.3 0.6 67.0
of ¥ 24.8 29.6 2.8 1.1 0.3 58. 6
2 A 43,9 10,4 9.4 3.9 0.2 67.8
AA 43,2 11.9 4.7 2.3 1.1 63.2
-0} 27.5 38.3 4.0 2.2 5.2 77.2
23 | AA 71.2 39.7 10.9 2.7 0.5 125.0
o) A 19.7 9,4 3.3 1.2 1.5 3.1 |
Alg 29.3 33.9 5.8 1.2 1.8 72.0{
PES 51,0 57.6 9.1 1.7 2.7 122.1
o} 26. 1 38. 3 5.5 2.8 1.5 74,2
oatw | R 83.8 59,0 4.4 3.5 5.2 155.9
59| ¢A 0 0 0 0 0
A | A 27.9 7.1 2.8 0.7 0.1 38.6
A 77.8 20, 4 21,9 2.5 5. 4 128.0
24 34.7 27.3 8.8 0.7 3.2 74.7
Z34 72.8 24.6 1.6 1.0 1.0 101.0
% 24,0 39.6 3.3 1.1 0.6 68.6
ENIEEEIEETEIE 17.0 9.6 0.9 0.7 75.5
wUE | 125.2 72,2 9.2 2.8 6.2 215.6
Ay 41.1 35.1 4.3 2,2 8.3 91.0
A& 91.8 52.7 1.7 3.1 9.6 158.9
x| AN 14.3 5.8 6.3 0.3 1.1 27.8
24 47.0 26.1 6.0 1.5 1.4 82.0
x| EF | 104,86 71.5 2.3 4.8 11.3 194.5
S 82.6 52.6 3.7 2.5 3.6 145.0
4 49.5 32.1 9.4 1.9 0.3 93.2
= 87.6 52.6 14.0 2.4 1.3 |157.9
Aol 27,7 50. 8 34.3 2.3 3.8 118.9
A4 52.8 37.3 12.3 1.9 0.9 105.2
of# 27.7 21.5 2.0 1.9 5.5 58. 6
2z | 149.9 51,3 9.0 2.1 2.1 214.4
3 A 1,990.4 {1,370.0 268.0 84.7 100.7 | 3813.8
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gt PATAE Aol o3 WP AR S

AT, 7Hs W Exjolf Aol ofyt AT Ueke] QEReiaE B T-No AL
MEHO] 1,445,760 kg/yr 02 HA| Q@] 41.0%, Mol 914,358 kg/yrZ
25.7%, BAJ] 20.2%01114, oA os R HEwol 885.6 kg/yr/ha, 2P
301.5 kg/yr/ha, AW 236.8 kg/yr/had] €£08 71&ALSo] whe #HEHo] 713 Lot
t}.

T-P] Z-¢ A dxtg] ed¥sigke T-Nzk w|ssiAl HEdo| 314,085 kg/yrE
38.8%, HH-go] 230,500 kg/yrE 28.5%, YAmo] 161,561 kg/yrE 19.9% olglem, ¥
Ao s Rro HBEuo] 191.1 kg/yr/ha, 23PH 67.0 kg/yr/ha, FRL 65.6
kg/yr/ha®] ¢ F UEth

(R 7-13) S8 AA Lol T A ALGB(TN)

) chejH A vt

RET I g (ke/yr) o ]“?_f}ak

SR 715 Ex]o]-& aA % |(kg/yr/ha)
B3-S | 45,637.9 654,894,1 | 17,517.2 718,049.2 | 20.2 204, 3
Ja | 6,697.3 62,676.9 | 7,114.2 76,488. 4 2.1 50, 6
25} 1,833.0 119,240.8 | 2,384.2 123,458,0 3.5 301.5
ArZm | 4,061,5 173,147.5 | 6,966.7 184,175.7 5.2 118.9
Hga)|HEw | 8,960.3 | 1,438,185.5 | 8,614.4 |1,455,760.2 | 41.0 885, 6
x| 4,875.1 73,954.2 | 1,918.3 80,747.6 2.3 178.3
A | 12,666.0 883,597.3 | 18,094,7 914,358.0 | 25,7 236.8
& Al 84,731.2 | 3,405,696.2 |62,609,7 |3,6553,037.1 |100,0 274.5

(% 7-14) S8 AA Lol 23 WA e dR-s1% (T-P)

o] cle tl
a7 | am Ladd (ke/yr) §%§—?‘5 S
Q7 A& | Exolg | & A (%) | (ke/yr/ha)
AL | AAES | 9,598.7 |219,821.7 1,080.1 |230,500.5 28,5 65.6
23w | 1,408.6 8,942.0 428. 4 10,779.0 1.3 7.1
23 385,5 | 26,891, 4 - 155.9 | 27,432.8 3.4 67.0
Far 854.2 | 46,293.3 410,9 | 47,558, 4 5.9 30.7
BB | HWE | 1,884.6 |311,659.9 541.0 | 314,085.5 38.8 1911
238w | 1,025.3 | 16,545.4 109.8 | 17,680.5 2.2 39.0
Ham | 2,663.9 |[157,809,4 1,087.7 |161,561.0 19.9 41.8
3 A 17,820.9 |787,963.2 3,813.8 |809,597.9 |100,0 62.5
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(X 7-15) ALY gl A fuke] UARs

(grel ¢ kgsyr)

g a4 & Ex]o] & A

Al | 39 "
T-N T-P T-N T-P T-N T-P T-N T-P

Fadat g (417114, 737.2 (3,099, 6 1,810.2 200,9 [ 2,068.6 | 132.0 18,616.1| 3,432.5
33#(14,473.0(3,044,0 6,276.5 810.7(1,983,5| 120.2 22,733.0| 3,974.9
waH 1,988.6| 418.2 | 125,182.1 |34,983.8|2,446.6| 133.3 | 129,617.3] 35,535.3
13| 998.5| 210.0 | 28,965.1 | 9,463.4| 918.7] 56.8 30,882.4| 9,730.2
2| 1,183.5| 248,9 | 26,777.2 | 7,478.0| 636.6| 42.6 28,597.3| 7,769.6
$8| 879.7| 185.0 | 56,930.8 !20,143.2] 860.0| 56.0 58,670.6 | 20,3842
=] 582.2] 122.4 | 87,067.4 [28,228.8]1,226.2| 82.0 88,875.7| 28,4332
) 1,878,9| 395.2 | 195,232.0 [78,424.1(1,887.2| 123.4 | 198,998.0] 78,942.7
A9h 1,366,9) 287.5| 9,382.5| 2,263.0| 995.5| 67.0 11,744.9| 2,617.5
@l 772.8| 162.5 | 11,149.8 | 1,648.1| 903.0| 58.6 12,825.6| 1,869.3
A 1,634,5( 3438 | 37,997.2 [11,751.61,259.2| 67.8 40,890.8 | 12,163.1
Al 1,762.3| 370.7 | 12,9924 | 3,171.7|1,052.0| 63.2 15,806.7 | 3,605.5
£ 3,379.8| 710.8 | 55,130.8 |21,254.4|1,280.1| 77.2 59,790.7 | 22,042, 4
3k (=] 1,407.6| 296.0 | 15,090.4 | 1,849.0]2,072.0| 125.0 18,570.0| 2,270,0
il 368.9| 77.6 | 3,430.9 258.6| 615.41 35.1 4,415.2 372.3
A= 764.9] 160.9 | 18,611.3 | 2,286.3(1,196.2| 72,0 20,572.4| 2,519.2
A 1,419.5] 298.5 | 13,790.6 | 2,270.11,994.9| 122.1 17,205.0| 2,690.7
uhe| 2,736.5| 575.6 | 11,753.7 | 2,277.101,235.7| 74.2 15,726.0| 2,926.8
o5haA |2 1,833.0( 3855 | 119,240.8 |26,891.4|2,384.2| 155.9 | 123,458.0] 27,432.8
A (s1A|  725.9| 152.7 | 13,4624 | 2,566.2] 621.1| 38.6 14,809.3] 2,757.5
] 1,166.0| 245.2 | 17,265.0 | 2,523.7(2.495.0( 128.0 20,926.0( 2.897.0
oA 707.8| 148.9 | 34,717.8 | 8,567.9|1,332.0| 74.7 36,757.6| 8,791.4
Z#| 477.5| 100.4 | 33,000.5 |10,538.6|1,461.3| 101,0 34,939.3| 10,740,0
7} 984.4| 207.0 | 74,701.8 [22,096.9(1,057.3| 68.6 76,743.5| 22,372.6
R |=EA|sl| 3,408.6| 716.9 | 407,819.7 |82,833.0(1,331.7| 75.5 | 412,560.0]| 83,625, 4
U 2,811.8| 591.4 | 436,143.9 [45,312.0(3,348.3| 215.6 | 442,304.0] 46,119.0
29| 1,157.0] 243.3 | 187,088.7 [43,814.5]1,522.9| 91.0 | 189,768.5| 44,148.8
A1Z| 1,583.0| 332.9 | 407,133.3 [139,700.4| 2,411.5| 158.9 | 411,127.8] 140,192.2
oxd|xA| 2 817.4| 592.6 1,854,6 260,1| 580.6| 27.8 5,252, 7 880.5
223| 2,057.6/| 432.8 | 72,099.6 |16,285.3]1,337.7| 82.0 75,494.9 | 16,800, 0
MAW|ANZ| 4,029.8| 847.6 | 341,816.0 [19,344.412,969.1| 194.5 | 348,814,9| 20,386.4
Al 1,284.8| 270.2 | 163,194.5 |59,216.9|2,183.2| 145.0 | 166,662.5| 59,632.2
4| 1,025.1| 215.6 | 138,218.1 [34,587.6(1,573.3| 93.2 | 140,816.5| 34,896, 4
Z2 2,113.6| 444.5 | 84,369.2 |33,983.2}2,616.1| 157.9 89,098.9 | 34,585, 7
AMeol| 885.4| 186.2 | 10,263.8 562.1|2,700.1| 118.9 13,849, 3 867.2
AA| 1,057.4| 222.4 | 89,728.2 | 4,450.9(1,833.7| 105.2 92,619.3| 4,778.5
ok#ll 1,003.6| 211.1 | 46,041.5 | 2,592.9| 964.7! 58.6 48,009.9] 2,862.6
A2l 1,266.1| 266.3 | 9,966.1 | 3,071.4(3,254.5! 214.4 14,486.8| 3,552.1
g A 84,731.2 [17,820.9{3, 405, 696. 2{787, 963. 2|62, 6809, 7| 3,813.8 |3, 553,037, 2809, 537.9
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wQF 07k nEXl : =~ 300000 |- 8017 OIS WER| el e
b
. 2
- D o

AHAF ST T-Nkalyr)

(a) T-N (b) T-P
<39 7-16> S=E HA dvkg] dAgy-sie

3. v dcisidel o WAL Feler A

7t Q-
Re @l foju] Afd o] o3t Aty NIl 2ARY A= (E 7-16)
of Felg uie} Atk BY @4l §o& tIPoE g uf QFo] gt HA vty o
ANt AMAA 84,732 kg/yr, AQAL 17,821 kg/ha® ERITE o] 7k wS#p
US#6 Fodo] AFUET} gol Hxhe] @Rslero] A UEelda gldc) Ws#5el 7A-¢ A
A4 25,603 kg/yr, Helxt 5,384 kgryr, WS#6 AAL 27,413 kgr/yr, HolAb 5,765

LS W

kg/yrZ Ztz} Q1o 23t A dte] egHslure] 628 xA|st glddch <ad 7-13)

L 7h

S50 o3t AN Avre] Q@FIlere ML 3,405,696 kg/yr, HAb 787,963
kg/ha® UJEFRITE (R 7-17), (3 7-18) o] 7kl WS#l, WS#2, WS#3, WS#6, WS#8 -8
o4 IR &F4g5o] olFolxil gt UAR dutel ed¥siekel A Vet gl
Tl A4 Z-9 Ws#eolA 708,961 kg/yr, WS#3 -S-oolA 594,220 kg/yr, WS#8 -G-%iolA
569,915 kg/yr& ¢ A UERdTh QlAte] AL yS#e S-odojA 228,088 kg/yr, WS#3
oo A 183,514 kg/yr, WS#7 R-oollA 149,042 kg/yrZ % &A Lelxich et ol
o] Sluhg] o@BElo] 2 U T J1EALS Fejo] Wt 1 oro] THEA Ukhta gl
o8 Uelylty.
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74Zo] Tt AR iule] QAR &S BH T-NO A9 WS#6 o] A2
20.8%, WS#3 17, 4%, WSH8 16.7%, WS#7 12.9%0)m, T-Pe] ZA-Loli= T-N3} H|4=3}A WS#6
28.9%, WS#3 23.3%, WS#7 18.9%, WS#1 10.5%8] €02 UElth <1d 7-14)

th Exjo]&

Y @4l #9& thgeg siaS o Exolof 3t A deig] e felte Y

4 62,609 kg/yr, Helat 3,814 kg/ha® LIERGTh (R 7-19), ( E7-20) o] 7k&
Ws#e W WSH8 FoollA =eAbzt WSl olFolAL Y FAZ HTe] Qs
A Vel gt A4 HL WS#bolA] 12,397 keg/yr, WS#6olA 17,921 kg/yr,
Ws#8oll A 13,059 ke/yrZ ul9- A Ueltch il 79 WS#5eA] 750 ke/yr, WS#6e]
A 1,092 kg/yr, WS#BoIAM 774 kg/yr 2wl A UEbgeh Aash Qo] dvke] 4
Hatgko] 2 FoPHE =3t wo g ol gy efo] ulzl 1 ofo] tiEA Ul e A
0.8 ielyit

BEAlo] o] iRt &Gl dxte] QPRI ulE&E BH T-NO -9 Ws#6 Goo] HA
o] 28.6%, WS#8 20.9% WS#5 19.8%o|m, T-P2] 7ol T-N2} u|:3}lA WS#6 28.6%,
WS#8 20.3%, WS#5 19.7%2] o8 ey} <2 7-15>

B

gh, AR Hukeidel o3 W e dRstake] FH
Y el §9 AAE PSR & uf dute] e@Rslae HAA 3,553,037
kg/yr, AQlAt 809,597 kg/yrE UElyth (& 7-21) o] 7k Q7o 23t vke] 24
pojeke AAA 84,731 kesyr, AL 17,820 kg/yrs 27k Hx] Qghe) Q@wsiare
2.38% & 22098 XA Qdlrh. FABel ¥ duiel eqdRsiae Ada
3,405,696 kg/yr, W4t 787,963 kg/yr B 247} A3 Awke) 24yl 95.85% o}
97.33%& XX|slaL glglth. Exjolgo] 2J3t gty edRslaye AL 62,609 kg/yr, A
ol At 3,813 kg/yrE Zhzh AA] ko] 2 GH-sl8ke] 1.76% 2 0.47%F A}X|3}3L
A, 71E U EAol§ Ao tigh Afd TS @FE) HlEE B
£ WS#6 F-odo] HAY] 21.2%, WS#3 16.9%, WS#8 16.7xo|m, Trewzplow B
1283.2 kg/yr/ha, WS#3 836.1 kg/yr/ha, WS#2 732.8 kg/yr/had] &olt}, T-Pe 79 A
A vt Q.HBlEke T-Nab W3 A WS#E 29.0%, WS#3 22.8%, WS#7 18, 7%o|m, the)
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HAGOR K HEHo] 9]X3 Ws#l 3} WS#3 ool 22} 260.1 keg/yr/ha E 256.5
kg/yr/ha, 18]Il WSH#7 9¢] 98.6 kg/yr/had] 22 LElyt) <2¥ 7-16)

. Wl 245812 (kg/yr)
&5 (54)
s T-N T-P
WS#1 1,205 3,408.6 716.9
WS#2 994 2,811.8 591, 4
ws#3 969 2,741.1 576.5
ws#4 648 1,833.0 385.5
WS#5 9,051 25,603.0 5,384.9
WS#6 9,691 27,413. 4 5,765.7
Ws#7 2,758 7,801.7 1,640.9
Ws#8 3, 642 10,302.3 2,166.8
WS#9 996 2,817.4 592.6
g A 29, 954 84,732.4 17,821.1
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(& 7-17) 259 7ol tigh Qekel WAL @RI (T-N)
(k9] : keg/yr)

e Q- A 2] 121 & A
Ws#1 36,975.3 167,233.1 153,722.7 49,888.6 407,819.7
Ws#2 33,766.5 64,799.3 60,221.2 277,356.9 436,143.9
Ws#3 43,906.3 6,281.9 387,752.3 156,281.5 594, 222.0
Ws#4 38,379.3 2,580.7 47,856, 4 30, 424. 4 119,240. 8
Ws#5 76,022. 1 8,217.3 37,445, 4 4,941.7 126,626.5
r713#6 171,384.5 14,261.5 464,433.2 58,881.9 708, 961. 1
Ws#7 50, 685. 3 26,089. 5 316,129.6 48,008.1 440,912.5
WS#8 41,043, 1 25, 336. 8 48,4526 455, 082. 7 569, 915. 2
Ws#9 1,500.7 0.0 193.3 160.6 1,854.6
gk A 493, 663.2 314, 800.0 1,516,206, 7 1,081,026.5 3, 405,696.2

(F 7-18) &R Jh5ol thzt fte] YA AH3 (T-P)
kel ¢ keg/yr)

2 g g Eal A 2 & A
Ws#1 4,134.9 8,520.7 68,098. 6 2,078.7 82,833.0
WS#2 3,776.1 3,301.6 26,677. 8 11,556.5 45,312.0
Ws#3 4,910.0 320.1 171,773.0 6,511.7 183,514.8
Ws#4 4,292.0 131.5 - 21, 200. 3 1,267.7 26,891. 4
WS#5 8,501.5 418.7 16,588, 2 205.9 25,714.3
Ws#6 19,165.9 726.6 205, 742. 4 2,453.4 228, 088. 4
Ws#7 5,668, 1 1,329.3 140, 044. 4 2,000.3 149,042.1
Ws#8 4,589.8 1,290.9 21,464, 3 18,961.8 46,306. 9
Ws#9 167.8 0.0 85,6 6.7 260. 1
3 Al 55,206. 3 16,039.5 671,674.6 45,042.8 787,963.2
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(Z 7-19) &F9E EX]o]-&o] thzt Uxte] YF G F-31 (T-N)
(eh¢] ¢ kesyr)
289 = g Aok th 2] 7)€} & A
WS#1 648.9 233.0 404.3 25.0 20.5 13317 |
Ws#2 1,715. 4 989.1 389.1 78.8 175.9 3,348.3
WS#3 1,820.8 1,204.3 256.0 148.1 505, 2 3,934, 4
Ws#4 1,148.1 808. 8 184.5 97.4 145. 4 2,384.2
WS#5 5,267, 7 3,726.8 | 2,287.7 762.9 351.9 | 12,397.0
WS#6 7,475.5 | 5,789.07 | 3,447.5 597. 4 610.9 | 17,921.0
WSH7 3,386.4 2,405.9 | 1,316.9 254, 1 289, 4 7,652.7
WS#8 5,615. 5 3,541.4 | 2,790.4 410.4 702.1 | 13,059.8
Ws#9 196.5 79.1 265.6 9.7 29.7 580.6
| sr Al |27.274.8  |18.777.47  |11,342.0 |2.383.8 |2,831.0 | 62.609.7
(X 7-20) &R Ex]o]gol thgt Wxhe] WP A F-31 (T-P)
(k9] @ ke/yr)
&5 = L Yo} ch A 7V e} & A
Ws#1 47.3 17.0 9.6 0.9 0.7 75.5
Ws#2 125.2 72.2 9.2 2.8 6.2 215,86
WS#3 132.9 87.8 6.0 5.3 17.9 249.9
WS#4 83.8 59.0 4.4 3.5 52 155.9
WSHS 384.5 271.8 54,0 27.2 12.5 750.0
WS#6 545. 5 422.3 . 8.5 21.2 2.7 [1,092.2
Ws#7 247.2 175.6 31.1 9.0 0.4 473.3
WS#8 409.7 258.5 65.9 14.5 25.0 773.6
WS#9 14.3 5.8 6.3 0.3 1.1 27.8
3 A (1,994 (1,370.0 268.0 84.7 100.7  (3,813.8
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(¥ 7-21) &f9d AA deie] U shejd Ay WAl o ol ¥-sla)

T-N T-P
T B %JH‘%_}_%] o Rk L I o R A
TR (%) -3t TRt (%) 5t
(kg) (kg/yr/ha) (kg) (kg/yr/ha)
WS#1 412,560.0 11.6 1,283.2 83,625, 4 10.3 260.1
WS#2 | 442,304.0 12.5 732.8 46,119.0 5.7 76.4
WS#3 |  600,896.3 16.9 836.1 184,341.1 22.8 256.5
WS#4 123, 458.0 3.5 301.5 27,432.8 3.4 67.0
WS#5 164,627.6 4.6 63.3 31,849.4 3.9 12.3
WS#6 |  754,295.0 21.2 203, 2 234,946.1 29.0 63.3
WS#7 |  456,368.6 12.8 297.7 151,156. 6 18.7 98.6
Ws#8 593, 275. 0 16.7 206.9 49,246.8 6.1 17.2
WS#9 5,252.6 0.2 29.4 880.5 0.1 4.9
3+ A | 3,553,037.1 | 100.0 274.5 809,597, 7 100.0 62.5

8,000
3
E’ 6,000
&
nE
o 4,000
I
T
o
4 2,000
w
0
WSH# WSH#2 WSHI WSH#E WSHE WSH6 WSH WS#8 ws#
~f9Y
(a) T-N (b) T-P
=]

O™ 7-17> A9y ol ] wgEsied
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e Eo e ekl

WoH1T WaiZ WoIS Wi WaIS WoIs WaIT wWois WeiB
ES T

o B3l? w2 0HX D&

WO WoIZ WO Waid WS Wo#S WSHT weis Ware
2524

(a) T-N
K9 7-18> ARYE

(b) T-P
% Avkel wyet

o%

WS# WS#2 WS#3 WS# WS WS#6 WSH WS#8 WS

1,500
B ol 07|
=
S
&
W
0
5
T+
[
iy
w

WS# WS# WS# WS# WS# WS# WSH#H WS# WS

PCET 4R
(a) T-N (b) T-P

(AR 7-19> A8 Exo]-R dntey] wAsler

T-N(kg/yr)

W0
I
I+
F
oy
ol

800,000
uolF? 07k n&X| NS
600,000
400,000
200,000

WoH Woil2 WEH3 Word WoHS WSIE WBIT WeHs WSO

mol? o7t% mEA

|
WO WS WEHS WS4 WOIE WSS wWeH7 WaiB wais

AR g
(a) T-N (b) T-P

(2R 7-20> Afod M dxig] ARl
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AH3d sd #& L@FHY

1. SEAHE fr& AT

LEdoly uiEEe WA FsIge] £8 FAl(vater body)o] EEEH= 4 FERQ
ARt Ads] fleide WA el dFott 2ddd ATl FA LY 2ay
3E FlaL, 7)o frdES BHEE Bt FELANUE derh o71A,

F2E = 3 HRAEY LUV / WPLARRY
A3 = SSE BY oA¥sE / 1 ARARY canel
FEE = 99E X FUS = ANAF BT 0@NHY / YAoE Y

siEolMe uRalng AHsten glol 2 2 W $ARY AHY fo) £
o @old TN, T-PgEE Fohd 7 Holnel U Fslge AMeIN, oF WHE n
4 wesE fUHl S 45 ouvsigon gesiint dua eddd Yusiiol
Sja] A4HE WA L Rstt W mskgch

<Y 720004 <Y 7-24>71A]= 1999 olA] 20007kx] 8] 2@ Z2HAEY §& o
AE3FgI} TANK Byosie o2 f&33 SUARMAZE ofg3le AHH 45 9%
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L—Rainfall —eo— A X —a— A2 BN —a— =
50000 0
40000 300
o 30000 1 600 E
X =
z g
! &
¥ 20000 900 g
10000 1200
| |
! 0 o= I 1500
i 99/1 99/4 99/7 99/10 00/1 00/ 4 00/7 00/ 10

Date {month)

1 2000 ¢ - 300
|

! £
2 1500 600 =
a 8
! <€
= 1000 | 1800 @

1200

~)

99/1 99/4 99/7 99/10 00/1 00/ 4 00/7 00/10
Date {month)

1500

IR 7-22> AAZ, A8 Y =3y xHe] T-P §& odRs}a
(1999 ~20014)
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MMM Rainfall —e—WS#] —=—WS#2 —=— WS#3  ws#4
& WS3i#b WS #6 —u— WS#7 —a— WS#8 e WS #Q
50000 —T' 0
40000 1 300
o 30000 | : : 4 600 E
r) . —
=z K
[ £
= 20000 | : 4 900 «
i
10000 | 4 1200
R R e SR S > 1500
99/1 89/4 99/7 99/10 00/ 1 00/ 4 00/7 00/10
Date (month)

<R 7-23> A9 HFAEY TN /& LE-F3HE (1999~20014)

‘mmmmRainfall —e—WS# = WS#2 —— WS#3 WS #4
4 WS#5 WS#6 —%—WS#7 —e—WS#8 ——WS#9
2000 300
o 1500 60 £
o 5
F 1000 | Y900 5
o
500 1 1200
0 Lt g gt S e J 1500
99/1  99/4  99/7  99/10  00/1  00/4  00/7  00/10
Date {month)

<17 7-24> A8y ERALY T-P &2 QPHEF}E (1999~2001d)
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(% 7-22) 9 shdxHe 4¥E T-N R T-P & LG43t
(1999 ~200141)
T-N (kg/yr) T-P (kg/yr)
dx |«
Al 4B =8 Al S e =35
1999 | 1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
3 106, 0 3,249.6 680. 3 4.2 106, 2 82.2
4 166.8 7,483.0 435,1 1.0 19.9 4.2
5 7,739.0 | 11,018,1 | 1,277.7 25,0 18.4 1.6
6 6,158.0 5,354, 2 649. 4 35.8 15.3 1.5
7 6,834.6 5,221.9 313.8 35.2 22.8 1.0
8 | 159345 | 13,033.3 469.5 93.6 72.8 2.4
9 6,907, 3 9,168.8 733.0 77.4 155.0 4.5
10 1,077.9 8,792.0 | 2,039.8 7.6 66.0 3.5
11 11.8 5162.9 | 1,695.6 0.0 24.0 2.4
12 4.1 4,459.2 | 1,544.1 0.0 8.5 3.7
3t A 44,9400 | 72,943.0 | 9,838.4 279.7 508.9 106.9
2000 | 1 13.9 6,779.4 | 1,857.4 0.0 9.5 5.1
2 5.3 8,710.7 581.5 0.0 15.5 29.7
3 13.8 6,678.8 535. 1 0.1 30.6 72.1
4 278.3 8,472.9 790.9 2.5 42.9 62.2
5 3,931.2 3,148.2 | 2,023.6 61.7 46.1 97.9
6 5,417.5 1,690.5 | 4,069.8 129.7 46.2 101.5
7 5,789,0 6,055.3 | 1,198.4 1442 96. 1 55.9
8 3,713.5 | 19,444.0 0.0 131.5 562.5 0.0
9 | 11,325.6 | 29,316.3 0.0 69.3 161.9 0.0
10 330.3 6,651,8 0.0 1.1 14,7 0.0
11 5.4 4,545,2 0.0 0.0 8.3 0.0
12 3.1 | 13,216.9 0.0 0.0 51.1 0.0
3 Al 30,826.9 |114,710.1 | 11,0567 540, 1 1,085.3 424, 4
2001 | 1 3.9 | 12,848.8 0.0 0.0 49.5
2 13.6 7,279.8 0.0 0.0 24.0
3 16.5 8,153. 8 0.0 0.1 19.1
4 11.1 8,234, 3 0.0 0.1 14.1
5 47.5 7,986, 6 0.0 0.4 13,7
6 2,663.9 0.0 0.0 4.6
7 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0
5 Al 92.6 | 47,167.2 0.0 0.6 1250
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o T-N 82 odu3}ar (1999~2001)

o |4 Af¥ T-N (kg/yr) .
pul B
=8 werr | wse2 | ws#d | wswd | ws#5 | ws#s | wse7 | ws#s | wsw9
1999] 1 0.0 0.0 0.0 0.0 0.0 0.0] 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 17.0 47.7 155.3 629. 8 896.7 1837.5 161.4 506.8 50.0 4,302.1
4 28.0 80.8 326.9 999 5| 2,982.1 6162.5| 1455.7|1,019.6 93.2| 13,148.3
5 67.8 280.8 533.4| 1,804.0{ 3,963.6| 8175.5| 2463.6|1,775.0 150.61 19,214.3
8 476,0| 1,732.8] 2,175.3 3,769.3| 5,370.8| 9781.7| 1927.9| 4,258.1 381.3] 29,873.2
7 329.1 860.2| 1,478.1| 2,114,9| 2,973.3] 4660.3| 2883.4|1,819.9 222.9| 17,342.2
8 1,662.9) 2,628,7| 6,721.4| 10,898.4; 9,868.9| 18011.7| 12850.8 | 8,278.8 862.2| 71,783.8
g9 2,057.5| 3,309.2/ 2,997.0{ 2,393.1| 8,201,7| 16632.7] 15192.3 : 7,809.7 515.5| 59,108.8
10 529.5( 1,461.9 921.4| 1,118.1| 4,920.9 8766.4| 7472.0| 4,706.8 216.9| 30,113.9
11 93.6 237.7 143.4 203.8| 1,125.7 1559.91 1039.811,112.9 37.2 5,554.0
| 12 35.9 91.2 47.6 58.2 528.2 634.1 236.8 517.5 21.1 2,170.4
1}' 7&ﬂ 5,297.2{10,730.9] 15,499.9| 23,989.0 40,831.9| 76222.4| 45683.8 (31,805.0 | 2,550,9(252,611.1
2000! 1 9.7 25. 5 87.8 123.5 546.2 790. 4 343.0 520.1 47.5 2,493.7
| 2 0.6 1.5 4.5 8.4 69.8 121.9 26.4 23.7 0.9 257.7
3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.3
4 7.5 21.9 163.2 353.3 462.2| 1,276.3 264.9 484.0 23.5 3,056.9
5 10.9 31.7 110. 0 392.3 903.0 603.5 161.8 537.3 108.3 2,858.8
6 61.1 190.8 1,996.5 2,116.9] 1,904.1| 5,464.3| 1,654.5( 3,611.5| 1,688.0 18,687.8
7 92.3 281.7f 1,867.8] 3,308.3] 3,409.3| 9,349.4} 2,790.3 3,265.6 578.5| 24,943.1
8 6,876.5| 11,461,4| 8,386.5| 10,079,8| 20,254, 3; 25,271.2(11,706.6 (19,459.8 | 1,478.6114,974.7
F 9 2,821.2] 4,306.3{ 4,792.0; 7,038.2| 14,231.6{18,411.4| 7,207.4 (13,152.7 371.7( 72,332.6
10 203. 5 517.8| 1,105.4| 1,465.3] 3,303.2| 5,471.5| 2,115.21 2,671.6 99,01 16,952.5
11 109.3 298.0 554.5, 1,153.6| 2,208.6] 3,663.7| 1,213.8|1,708.5 51.7| 10,961.7
I 12 46.9 115.9 156.3 219.8 752.4{ 1,836.3 377.7 462.4 18.9 3,086.6
@- 7%] 10,239,717, 252, 2] 19,224, 9| 26,259, 4| 48,044.8] 72,259.9|27,861.6 |45,897.0 | 4,466.7 |271,506.2
2001 1 21.8 61.6 524.0 876.7| 1,467.9| 4,649.9] 1,004.0 939.5 66.9 9,612.3
2 9.0 24. 6 362.6 412.8 784.7 1,788.0 487.8 368.7 37.0 4,276.1
3 3.7 9.3 141.7 1683. 6 481.68| 1,161.7 247.7 224.5 14.6 2,448.3
4 1.1 2.9 44 2 59.3 77.4 181.0 57.9 34,7 5.1 463.6
5 0.8 2.3 34. 6 49.2 77.4 191.5 53.2 35.3 4.0 448. 4
6 39.1 118,11 1,735.6] 2,778.9| 4,914.4|13,089.8| 2,861.2] 2,243.9 169.5| 27,950.5
7 128.5 399.7| 5,497.2| 9,117.0| 14,339.7| 37,751, 5| 8,313.8 | 6,500.6 501.3| 82,549.2
}_v 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i}' 7-ﬂ 203.9 618.4| 8,340.0| 13,457, 4| 22,143.3| 58,813.3(13,025.4 |10, 348.3 798.4(127,748. 4
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(F 7-24) 288 - 8 T-P §& 95318 (1999~2001)
ol |9 AfF-9E T-P (kg/yr) N
% | & A
WS#1 | WS#2 | WS#3 | WS#4 WS#5 WS#6 WS#7 | WS#8 | WS#9

1993 1| 0.0 | 0.0 | 00 | 0.0 00 | 00| 00 00 00 0.0
| 2] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0
3] 6.2 7.5 6.1 6.6 | 19.7 34.5 | 13.0 | 39.8 | 0.7 134,0

41 9.9 | 12.6 38 41 | 12.9 13.7 | 11.7 54 | 0.5 74.5

51 7.7 | 17.5 5.2 6.5 | 15.0 175 | 12.8 | 11.9 | 0.7 95.0

6| 49 | 10.3 42 5.6 | 39.3 3.3 | 4.1 | 23.1 1.8 128.3

71 2.6 42 3.7 1.8 9.8 21,2 1.2 6.5 | 0.4 51.2

8| 11.9 | 10,9 | 18.1 7.6 | 42.9 | 106.9 49 | 323 | 1.4 236.8

9| 145 | 137 | 37.9 | 25.2 | 75.0 | 144.3 | 38.9 | 47.2 | 3.9 400.6

0] 2.8 6.2 | 14.4 | 12.8 | 40.5 56.6 | 29.0 | 18.0 | 1.9 182.2

1l o5 1.0 1.6 1.5 8.1 6.8 5.9 1.7 | 0.2 27.4

121 0.2 0.4 0.5 | 0.4 2.4 1.9 1.9 0.8 | 0.1 8.6

3 A | 60.8 | 84.2 | 956 | 72.1 |265.6 | 438.6 | 123.5 |186.8 | 11.5 |1,338.7
2000] 1| 3.5 1.0 0.9 0.9 2.5 2.3 26 | 09 | 02 17.8
21 0.2 0.2 0.0 0.1 0.3 0.2 0.1 0.2 | 0.0 1.4

3] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 00 | 0.0 0.0

4| 2.2 3.6 1.9 5.4 5.2 47 5.8 56 | 0.9 35.3

5 0.7 1.4 2.0 3.9 | 12.9 14,3 6.2 | 120 | 0.5 53.8

6| 3.1 5.1 | 14.8 | 10.0 | 35.5 61.5 | 24.7 | 61.9 | 8.1 224.7
70769 | 232 | 22.7 | 27.3 |112.8 | 132.4 | 51.5 | 107.6 | 7.6 492.0

8| 49.3 | 47.3 | 103.4 | 171.2 | 481.0 | 725.5 | 137.7 | 593.0 | 21.4 |2,329.9

9] 20.1 | 17.8 | 2.4 | 27.2 |[115.0 | 199.2 | 25.3 | 111.3 | 3.7 541,0

0] Lo 2.2 2.4 3.1 | 10.8 11.9 2.9 6.9 | 0.7 1.9

11| 0.5 1.3 1.3 1.8 4.7 6.1 1.5 33 | 0.5 21.1

(12| o2 0.5 1.1 1.0 | 11.0 10.1 2.9 5.4 | 04 32.6

3F A | 67.8 | 1067 | 171.9 | 251.9 | 791.8 |1,168.4 | 261.1 | 908.1 | 44.0 |3,791.5
2001] 1| 7.9 9.7 3.7 | 4.1 | 21.2 25.5 7.6 | 10.9 1.3 91.8
21 3.3 3.9 1.0 1.1 12 9.4 0.9 3.2 | 0.2 27.2

3| 1.3 1.5 0.4 0.4 28 60 | 0.5 22 | 0.1 15.4

4| 0.2 0.4 0.2 0.2 0.5 1.2 | 0.3 05 | 0.1 35

51 0.2 0.3 0.2 | 02 0.5 1.2 | 0.2 0.5 | 0.1 3.3
64144 | 221 7.6 | 8.8 | 34.6 84.9 | 12.7 | 29.4 | 2.8 817.1

71 109 | 29.7 | 23.9 | 289 |101.0 | 244.7 | 369 | 851 8.2 569. 3

8| 0.0 0.0 0.0 | 0.0 0.0 0.0 | 0.0 0.0 | 0.0 0.0

3| 0.0 0.0 0.0 | 0.0 0.0 0.0 | 0.0 0.0 | 0.0 0.0

3f A | 438.2 | 67.4 | 37.0 | 43.6 | 164.9 | 372.9 | 59.2 | 131.7 | 12.8 |1,327.7
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REers f9o] T-N & T-Po] tf3t & QdFeleE FAsh= AH8H Yol
T Y edRsI FHY §& QEFIRE FARYl viste wlasidict RYA|F
U deiiyes A W ¥Fstue ¥4 3,553,087 kg/yr, AU 809,597
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1969dofl A 19710l AA U, S EPASIA 7U3 SWMM(Storm Water Management Model)
2 T e ARE BARSle] gRAlERe] SR8 24317 ¢ls) U=k SWm 4.0
Versionof| A HEl&E= 4127 Jls3s& o Extran BlockollA] backwater, surcharging,
pressure flow®} looped connectiono] Uit WA} JRssiZr} 1994Wo] SWMM 4.3
Version®® ABH] gl S4BT, YRABE, ALIST Sl 45, 29,
LHE & o] sjMIkssln] P2} SWMM 4.4 Version7zhz] HAE ST

2. BHe] Yzt
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7} 713 AR

IDRISI S/WE FF4 ¢+ ZE E ARE Yl eNYEE st o 23 R
2S¢ F ootk REETLe) AuG 7

a3, A% 2 1,217, 8mmo] tiio)] 6-99 9Ulof HFE 2 rt. R HLI A

SAtEE 19999 34 ~10932} 2000 849 249 AT wHele] ZLalRE olgslglon,
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Aol AR AR E 5 fo 2Faet 6 Fool A A7 FAHAE A slo
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nio[n] ofF Afafe] £ stHo] At 5, 6, 8 ol FYHh RFY BAHY 28}
1991 FEZAR AL 19909 9¢ 114 YARE AFS A3 5Y FHaY /&y =
AR, £FE FEF ZARE R 5, 68 fool AXH AU\ FeA ARE ol-gstalnh

ol AR

FAAEE FY U FoAMA Fol W Fely @ WHE dothy] ¢lE) FriHow
3% Ans}t 2P 2L 9)8l] 20009 84 24%o) FHT A7hY ABE AMgEleTh
FAARE b5 EPAIA £ RE58 54& 4 UehFE Aol 33T ¥R ss,
COD, TN, TPoj thgl &4 2wE o|-&3}lch.

eh R W $24)

A& Ayl FAE digitizingdle] FRATE FAZA vector fileg B3}
k. olgA AEH vector filedt FHA|Fe| DIME FHAIA &AL AfH DEM
fileg 278l RYZAZRE VAT 4799 FA=Y ZZke] A(100m X 100m) o]
th3t HALEE LERYZ] whEel] A(8.1)2 ol ZHEEE ol§3 aFPE BF BAE
APgstaTh 2t £EH AR AF9E FARdA 27 2 AAMENE Adsiel 7319
t},

<&

- Sl'n1+Sz'n3+Sg'%3 cr +S,~-n,> .
S = n1+n2+n3+ . "+‘n;' (81)

o 7]A], S = Average slope
Si = Slop of the cell

ni = Number of cell containing slop Si

nf. f1o W3 W Exjol g

WAL ZFHXTE digitizing® vector fileo] 2J3] 4Hg dgr), Exlol&2l 7
T 18R GAEE ol 8oM WE BA] MBE FAARARE HaIsle] AL B
of et ARE WET] flsiM B i ELEo BEXNEEY &4 AR2HE
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M08 KR BES4EG 24310 A wHAo) tfgh v A Fodct 2232 Exo]
&8 HAE Y] HElA BA] BEEE o]83idrh. H4 w7 &L 1998 BA
ARE o83l Z} §oH JNEFSE Rl Ol B T4 o HALE ksl &)
71 WAHE A SIACHE 8-1). 2 99 E¥olA AMSEE ManningZEAS, F43]
9 - 7YY ZEAS, FHAY - BFeAYY #H AR 5 calibrations] 23|
A% stolch

(X 8-1) Designated area for livestock production per head (unit: m')

Dairy cow Poultry cow (area per head) Swine
(per 100

(per head)| 30 head 50 head 70 head 90 head head)

8.95 19. 74 18.72 17.4 17.12 427.5

Hh. 9 &

SEMEF oA A FEH F22 <O 8-1>3F Zo| it Ay A4fo 2 o
8l 48 T2= ZAo% JPYEitt H9Y L {& 5T FeE WYL £
T T8 dAlY o2l Fo| Tk K& Hrl Al&siA BaAele] =UsH
AH ARZE A7 el T Addel] 92 tidHeld 58 54& Al
Axpge] FelE vehd 4 gleBR (¥ 8- 22 AdAEe ole F9& A(5.1)
2 A(5.2)& ol&slo] Ay foe] Fog BAYU Wyt olrh

o (Ay—-AD
Sk = T . . . (8.2)

S (2-SK) e L e e e e e e e e e e e e e e e e e e e (8.3)

where, W = Subcatchment width
Sk = Skew factor, 0<Sk<]
A; = Area to one side of channel
A; = area to other side of channel

L = Length of main srainage channel
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ﬁlform rainfall intensity

IR

gutterflow E

{21% 8-1> Idealized subcatchment for SWMM

DIRECTIO
OF OVERLAND §

<23 8-2> Irregular subcatchment shape for width calculation,

MAIN DRAINAGE

CHANNEL

Al + A2 = A

218 ARE o]gslo] 2t HoE APYAFRE Felstd (X 8-2)¢ Ul
(¥ 8-2) Configuration Data of Subcatchment
Q.03 m HAoxZ | Azlz] | Alel | 3 A=) 7] Elo =2t R 5}
el Fha e | Fh e o T R Y B | R
1 306.0 7.3 16,4 | 775 0.2 5.9 0.1 0.11 -
2 402.5 11.9 21,4 175,71 0.2 2.7 10.6 | 0.06 -
3 458, 4 1.7 14,4 1 83.9] 0.3 1.4 3.1 | 0.09 -
4 638.2 5.9 16.6 | 79.8 | 1.5 2.2 4.1} 0.08 -
5 2696, 5 8.0 17.9 1 79.5 | 1.4 1.2 0.1 0.13 0.007
6 | 3727.83 6.9 19.3 [ 76.0 | 3.2 1.5 0.5 | 0.13 | 0.040
7 1368. 6 36.7 16.1 | 79.8 | 0.6 3.6 3.0 0.14 0.039
8 2910,5 37.6 17.6 | 77.8 1.4 3.2 3.5 0.17 0.010
9 263.3 13.8 10,5 | 85,7 0.6 3.3 0.0 | 0.21 -
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C1S% WASPSE @) 18 WA H4S BhBel ARA FAEA YAA felo|

th & §9E B} A WAR Al 1 SAE7IRRE A L8F3R0) T
HrERol vl g Aefolrt,

2. R ¢YAtw
7h st W R E

ol W #}He 22517 93] DEMS o]&3to] GIS Z21Q) Arc/Infol] GRID RXE

H,

=

a3 o]83lo] wjfE(flowdirection)®t FERA %(flowaccumulation)E FE3T
=g F&8 31H GRIDE WEQS, 31 Coverage W RE7-¥(segment) /8] Wl
th & Aol 72 F F¥H(nain segments)& T3t whebd 7708 olA(arcs)
ol i, ZZY ofzL Z T¥uirle] &49& dHsigch EY FARALE 5744

fu
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R237¥(boundary segments)oldg pAdste] 27t F3hH LYo f-&ukrt Q@)

©

desle ZAoR Fsiolrh. Atk GISelM & QA HE 7 Age 44 ol

10
(attribute table)o] &3] F4E=d o]RE Rdo] ${ELn WRE input ARE A}
L9y,

2&
l,,."'«.v,v‘ Boundary streams )

‘ Main streams

-] Main Segments ‘

[__] Boundary ‘ k

NEET

THH

1000 0 4000 Meters
[~ = e ]

DEM

land-use
Forest
B ud flat
T Paddy Field
[ Resevaoir
Sea 2
B Setflement
= Upland

B o6 - 7ha
[T No Data
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Flow accumulation
BEE 025 - 0.00 Std, Dev.

[::1 Mean

Pl dicon - 0.25 S1d. Dev.

1.00 - -0.75 $1d. Dav g

0,75 - -0.50 S1d. Dav, - 0.50 S1d. Dev,
-0.50 - -02§ Sid. Dav. + 0.75 Std. Dev.
-0.28+ 0.00 SUd. Dav. - 100 Std. Dev.
Mean
0.00 - 0.25 Std. Dev. - 1.25 Std. Dev,
0.28- 0.50 Std. Dav, - 1.50 Std. Dev,
0.50 - 0.75 §id. Dav. . 1,75 Std. Dev,

Bl 0.75 - 100 Sud. Dav.
100+ 125 Std. Dev. -2.00 Std. Dev.
1.2§- 150 Sid. Dav. - 2.25 5td. Dev.

= 1.50- 175 Sud, Dav. . 2.50 Std. Dev.
{.78- 200 Sud. Day.

M 2.00 - 225 Std. Dey. - 2.75 Std. Dev.
2,2§-25081d. Dev, - 3.00 Std. Dev.
2.80- 275814, Dav, - = 3 Std. Dev.

[ JNoData

<17 8-14> GIS ALE(DEM, EX|o|&E, 4R, TEFIE)

3. 2] ¥§

7). &Y AR

FARIET} BHH olFol 7 M(cell)ZRE AMEEE B FEIL Fololrh d4H
T FEPE F517] S8 A7) REEE 8 TANK EFE RStk nZiiee] R
AE 913lo] 30071 ZSAEE o] 83igE, & A MEHEYARS vl HFE}
o] U BFHE AL(REY RS ARstet. 223 £4 Tank B0l UYARE A
L= 9y % Ex o8& (&, U Yob)& landuse GridE B ArcView?| map
queryE ol83lo] ARE ¥HEsgch AFREI 7AREY Felve Ha A AdE
ol g3te} Z4Al HA £ Ho M ZPUAF DA (tine step) HUE 2gste] HA
ZAHE A™she W& ARESHT

o

U egFstEr Ahg
B oA ndY oeRsars AbEshy] 93l okt B 718 AN S 0831
GISe] #-g3}3ct,

Load(mass) = Concentration (mass/volume) X Volume of water (volume)
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Gridg 71223 Bdold olext ol MEALY, ¥ ATelAE ¥ celld] )
2 1565X15608 71X Slol fel2l HUULY ¥HBS AN o FHold A8H
7S Estimated Mean concentrations(EMC)2}il #ha, o]2L land-use gridE o]-&3}o
SAlolgaleld olre Agslel HANLY BekS Agsiit. AULRY BeE
1998W0) AT FUATEANLAY AYA(HA)E NZE BHRAE 2o AV

th

Accumulated BOD at outiet(mg/L)
[J21194

132833

[ 40256

[ 66488

64623

71816

147204

T Jw_amaini

Annual BOD Loading(mg/L)

15.000 | Bettelment

4.000 |upland

6.000 |Foress

§.000 | Forest

.000 jPaddy TFTield

1$5.000 | Bettlement

1.0660 {3ea

6.000 [Mud flat

w | | o jeou [ [ (|
-

0.000 |Resexvoix

<2d 8-15) &8 H JdHF BD 5%

t}. GISS} WASP5e] ¢4

GIS/WASP5S] A2 The RAIE9l Zo] RulojA UQg AnE GISoM yhEolFa
Simulation ZZE GISE B3] Iefjulst &¥o] 7/tedleE &9 Pre-Post Processing
}olt}, 017N *}%ﬂ*\_—“ AYALEE ArcViewo]A] HEOR|&= Tabled} CoveragesoR
A, ZEaHW ol ArcView-AvenueEA script® #ylalsia, Achiewﬂ]H

HE 78] AREAL QElHo]AE WEe] Attt
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ot Olsplay

Post-Frooessing

Modd input File Moddl outpu file

Processing

(% 8-16) GIS2) WASPS HIA S $13t RAIE(flow chart) U ArcView AMEA} QIEjmjo]A

RE gYxtgr} ¢4 ¥, F oHz ool ZiEo] A= WASPSE AsHH REdo
ARE 7 2YRIEE ArcViewd E3]A ol@ 712 3El(Table, Chart, Coverage)® 3hdl
of FAJHT,

Misiwin
o
10
N
o
CHAKHNH $2-55 %141

HAHAHAHOH - $7-Y

@

Vit

3

,.44
"
fotin}
1=}
g

BOD Loading {110 30day)

M Seqt
B seg3

mg/L B Seg7

- N W s 0N

920212223242526

012345667 891011121314151617181 27282830

Day

<23 8-17> Aroview AHER) QEISO|AS B4} mR) mejA} 2 (Teble, Chart)
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38 g 222 1w (CE-QUAL-W2)
1 mge) g 9 o

CE-QUAL-W2 EH2 Edinger®} Buchak(1975)ol] 2|3} 7Jt¥l LARM(Laterally Averaged
Reservoir Model) 0% Qe ghom H82) 482 AR Qb A47o] Hgs4e B
olglal, ALHA AL Tl AR Y AeirtA B et GLVHT(Generalized
Longitudinal - Vertical Hydrodynamics and Transport Model)®& ]2 Eglem US
Army Engineering Waterways Experiment Station(WES)&] 43 algorithmo] X 7}ejmA

CE-QUAL-W2 Rulo] utso]At} (Environmental and Hydraulic Laboratory, 1985)
2. BHle] 7]

CE-QUAL-W2 Rd& 2xjflolm] Z4o] F&of zpyarog Fodsirial 7133t
&l % 9@ £ SAERIL e Aa FL Ao Y mulojct. 7} 4
A FEe ouy AdE 2o 7He segment Zol2} layerd] FAIE vhstA
& 4 3e Aol ol URIMA RS HXF FAo= o] Jhedirt. EF o
B2 WRteA], WREY Aol 2iEe glow, 9], f% £&& o
5% 4 i, 3 algorithm QI4t¢A(P04-P), £FAEA(DO), ZRF(algae),
Labile DOM, Refractory DOM & 2170¢] $AslE o g FAERo] glr), 7z} 3}E 7t
URAel 4382 (F 8-3)3 rh
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(& 8-3) +2AAe HBHE

To
o c |
A %
water qualituy P> ! E 5 %
' Lo O :
constituents . e fg -z ;C ~g > % c o
5 S1€io25°¢'2 o 8(Elg = Y
9 O g % S 5L E p @D % Sio |8t
CElBIRlaialz 86 & 285232 ia
Tracer F L N N
S8 S T L o . b L
mwec o I LA R I
poM(t) . L L L F. D piDi s D !i
DOM(R) F ;D D D | |
Agae | & L M1l Y MR R P IR [ IS i
Edtritus Y DD iD, S ,
Ortho-P A P A GF ~ o A
Ammonia=N __ __} JA L L 1 (P JA L F D AL
Nitrate-N P R
Oxygen L DD RID D JF | D | X
Inorganic carbon P [ F X
Alkalinity | S
Sediment , D D} D D
Total iron ; Y
Surface ‘ § X X
Notes :SS = suspended solids, D = decay, decomposition, release
TDS = total dissolved solids, M = mortality
DOM = dissolved solids, R = respiration
S = settling (L) = labile, (R) = refractory
P = photosynthesis F = diffusion and advection
A = adsorption, Y = gettling, diffusion, advection
X = exchange at air/water interface
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(% 8-3) ol B Algae, @, A&, 73 D0 Fo] ThE £AUNET}e] AT 2L
e e Zo2 Ueh) otk olE Axke) gmelEg 2w the gk

7} B2 5553 (Inorganic Suspended Solids)
FARREAS UE, WY Fahg, Jea gYEAY o8l duE nAY] wiRel
TRl Fo3 dxtelrt. FIMEH EAREE FAL U FAEE WA Ho £29
B A "ok sl HEH F202 s JFELL BE - A Wyl
g mAA Brh JUEY vEs Ey 57 A B3 44Y Bl 9
erf. F2 U3 EES 27 S Atk FREY WAL A(8.4)% 2L

m BAEE (Y 8-18>3 Ut

22

filo
ne

71 A,

wss = settling velocity, m sec-1

i

@ss = suspended solids concentration, g m-3

Az = cell thickness, m

Suspended solids

settling

Other layers

settling

Bottom layers

{23 8-18> Internal flux for inorganic suspended solids
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Ll ZF(Algae)

CE-QUAL-W2i= 28E R#3M=y oo ©Y compartmentd ARREICE uwlgld o] el

F2F, 525 U 2R Ut ZFHole RAJl EvMsthE, d4ER, 2F 2L &E
AbA(D0) 7S] ¥ ARgo] tidt BolE sPgith. o] Edo)] ARG} ZFol oiyt wkgA
A(8.5)9 Zom BAlRE= (28 8-19>3} Uth
o0 w
aia = Kag(Da_- Kw'@a- Kae(Da_ Kam@a—- A;(D“ -+ - -(8.5)
714,
Az = cell thickness, m
Kag = algal growth rate, sec-1
Kar = algal dark respiration rate, sec-1
Kae = algal excretion rate, sec-1
Kam = algal mortality rate, sec-1
wa = algal settling rate, m sec-1
®Pa = algal concentration, g C m~3
mortality »  Detritus
excretion .
photosynthesis mortality » Labile DOM
Dissolved e photosynthesis
Oxygen g
t Inorganic
— setting Carbon
respiration
Nitrate/ ||
Other layers Nitrite
setting Ammonium
Sediment »| Phosphate

<% 8-19> Internal flux between algae and other compartment
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t}. @l (Phosphorus)

18 AEEUAE JHol ool 0T kAT SR sk wpRel 24eiAol
A T8I faolth W2 Bl AL AEYEYIEY HudAE AUste dYARE
e # $iti(Schindler, 1971 Schindler et al., 1973; Volleneider, 1968, 1976). <l
o] WSS A(8.6)3} o EMEE (1Y 8-20>3 Zth

o

N

00,
ot = (Kar'—Kag)ap®a + Kldomapy om$1dom + Kdt6ﬁ7 omd)dt

+ Krdom6p7 am@m’om + Ksapy am@s + Sodayomy omAs

Pp(wss@ss + wg + C’)FE¢FE)
4z

71,
Az = model cell thickness, m
As = sediment area, m2

Pp = adsorption coefficient, m3g-1

dp = stoichiometric coefficient for phosphorus

yom = temperature rate multiplier for organic matter decay

wi = settling velocities, m sec-1
Kar = algal dark respiration rate, sec-1
Kag = algal growth rate, sec-1

Kldom = labile DOM decay rate, sec-1

Kdt = detritus decay rate, sec-1-

Ks = sediment decay rate, sec-1

Sod = anaerobic sediment release rate, g m-3
Krdom = refractory DOM decay rate, sec-1
@rdom = refractout DOM decay rate, sec-1
@a = algal concentration, g m-3

@ ldom = labile DOM concentration, g m-3
@ddt = detritus concentration, g m-3

?s = organic sediment mass, g

- 277 -



@ss = inorganic suspended solids concentration, g m-3
@p = phosphorus concentration, g m-3

@FE = total iron concentration, g m-3

photosynthesis

Algae respiration

Detritus

decay Labile

v

Phosphate

DOM
anaerobic ggts&?uon/ | Refractory
release & DOM

y

Other layers

adsorption/
settling

A

Sediment

<% 8-20> Internal flux between phosphorus and other compartment

2f. ¢EUolAd A A (Ammonia-Nitrogen)

%‘ELPP‘S’Q**‘& Bt ool 2Folels) hige] ey AMgHTE W 7
H"°ll HEAl, dRVMIALE ZRAYLS AU GUEFRolth. YRy oldda v

AL ofel%} Q—rﬂ EAEE (29 8213 Zrh

0 @ nm

>3 K8 0 — Kogd N

) +K/dom N7 om@ldom
NHA+ @ jy

+ KrdomaNY om@rdom + Kdt§N7 om@dt + KS5N}’ om$s

t+ S ? oA st Knog? nos® vos— K ¥ v @ w - + < (8.7)
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4714,
Az = cell thickness, m
As = sediment area, m2
0N = stoichiometric coefficient for nitrogen
yom = temperature rate multiplier for organic matter decay
¥ NH4 = temperature rate multiplier for nitrification
7NO3 = temperature rate multiplier fér denitrification
Kar = algal dark respiration rate, sec-1
Kag = algal growth rate, sec-1
Kldom = labile DOM decay rate, sec-1
Krdom = refractory DOM decay rate, sec-1
Kdt = detritus decay rate, sec-1
Ks = sediment decay rate, sec-1
SNH4 = sediment ammonia release rate, g m-3
KNO3 = nitrate-nitrogen decay rate, sec-1
KNH4 = ammonia-nitrogen decay rate, sec-l
@ss = inorganic suspended solids concentration, g m-3
@ ldom = labile DOM concentration, g m-3
@ rdom = refractout DOM decay rate, sec-1
@Pa = algal concentration, g m-3
@ NH4
dNO3

ammonia-nitrogen concentration, g m-3

1

i

nitrate-nitrogen concentration, g m-3

@ = organic sediment mass, g
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photosynthesis
Al N .
e respiration Detritus
nitrification ! o ¢ decay Labile
Nitrate / Refractory
Nitrite anaerobic DOM
release

s |

<3¥ 8-21> Internal flux between ammonia-nitrogen and other compartment

o}, A xrgd A A (Nitrate-Nitrogen)

Aabd A Lol #3 compartmenti= MY Aset oA AAE Y & vehdrh of
AAAAL gRUoldAAcN ARAT Weks Aus} BHe 57 MBI}, 4
AEAAE 277 BIEE ¥ v Yoy FAd) el AgHr das 52 ARl
Qe AL ZolHold 2FE Ashe PEFolth. ofH FHe BRFE FUd E
23 AAE 7130l IAALS ok AL BelolA a#EA] odolr] wigel, &
ARAE & o] YRRzt Aanyo| 23k ZFAGLe] thsia AASHA siMEolof &
th o] Belo] A}gH iAol Tt WAL 21(8.8) om ENE:E <Y 8-22)
9} Zrl.

8 O nog
a;v = Ky 7 NP new— Knos 7 vs @ nog
—k 50 1~ @NH“_;_(D ........ (88)
g NV a D N OB .
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A7A,
7 NH4 = temperature rate multiplier for nitrification
yNO3 = temperature rate multiplier for denitrification
dn = stoichiometric coefficient for nitrogen
KNO3 = nitrification rate, sec-1
KNH4 = denitrification rate, sec-1
Kag = algal concentration, g m-3
@a = algal concentration, g m-3
ONH4 = ammonia-nitrogen concentration, g m-3

@ONO3 = nitrate-nitrogen concentration, g m-3

nitrification

photosynthesis Nitrate / denitrification
Nitrite

<% 8-22> Internal flux between nitrate + nitrite-nitrogen and other

compartment

b

A}, B&AtA(Dissolved Oxygen)
GEuaE SAEANN 1 298 24 29 shuolt), o] Rule)a )43} B
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4 3 BERE ERvth §Ruat 2R B o) ABven, 2R T

AdRUold AL, FAA(detritus) R EER7IE E3lo] &3] a7Hch
HeAE Tt Zon EAEE (¥ 8-22>3 YUrh

oQ
atDO = Kaga om@a - K(zra omd)a - KNH,|6 NH.,@NH4

- Kdt8 om? omd)dt - ng om 7 om@s - Sod7 omAs

- Kldoma om? omm ldom Kra om? om@ rdom + AktEO(@ ' DO~ ¢DO) :

7] A,
As = sediment surface area, m2

Akt

water surface area, m2

1

dom = oxygen stoichiometric coefficient for nitrification

& NH4

1

temperature rate multiplier for nitrification

7 NH4

temperature rate multiplier for nitrification

i

yom = temperature rate multiplier for organic matter decay

Kag = algal growth rate, sec-1

Krs = algal dark respiration rate, sec-1

Ka = ammonia decay(nitrification) rate, sec-1
Kdt = detritus decay rate, sec-1

Kldom = labile DOM decay rate, sec-1

Ks = sediment decay rate, sec-1

Sod = sediment oxygen demand, g m-2 sec-1

Eo

11

interfacial exchange rate for oxygen, m sec-1

Ca

i

algal concentration, g m-3

@ ldom = labile DOM concentration, g m-3
@rdom = refractory DOM concentration, g m-3
@dt = detritus concentration, g m-3

@NH4 = ammonia-nitrogen concentration, g m-3
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@D0 = dissolved oxygen concentration, g m-3

Os = sediment mass, g

@ ' D0 = saturation DO concentration, g m-3

! |
} Atmosphere | »  CBOD
S A o
Photosynthesis _
Algae rearation »  Detritus
" respiration
nitrification Dissolved decay Labile
Oxygen DOM
Refractory
DOM
Y
Nitrate /
Nitrite
»  Sediment

<1%l 8-23> Internal flux between DO and other compartment

3. 2d] qgl¥aig

REF= 3 79 main branchE o]FolA Q7 G (a8 g§-24>3 7t} AL
Mg J|E27 A 120 I 208 71831 et Zolof oigt

1

10km o]i1, 412 Bl

segment = 7701 =1 to 7)& 3}¢13, 4=Alo] t)gt layers Huoj 1370k = 1 to 13)&

1 layer® 1n¥ 3}9ith AHE & o/lE 242te] segment® SUHEE 2oz 3ot}
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ssgrentl= 1 2 3 4 5 6 7 [MP)
layerk= 1
2
3
4 |_h=1m
5
6
7
8
9
1¢
1
12
(] 13 [
Brarch 1

(1% 8-25) HyF £ By

gt 718] main branch & o]Fol#] 97 Fo& % §-24>9
Tl FARL lkm o]3, F42 BAENFEE JELE A I H3 WE
2) Zololl tjgt segment:= 77H(1 = 1 to 7)E 383, 4=l t)dtayers= Zt)
1370k = 1 to 13)E 1 layery 1m & 3}ic}.
3) AFe BN <Y 8-25>9f o] 22} segrent & HUHE A0 syt
4) FYFL BF F&ste 2o 7Pgsion)

[=]
5) M=o FUBE fle A= JHsAr

v BYd input A&
2 input AZE <IF 8-208) o] F 9/Y FUE FAHLE S, 29d¥3)
B, JIet 212E sk 7184 2182 dY¥niee vhea) gk

1) Control File
Control Filel REWE AAIZI=v] AMEE ofg] 71A] M4(A17h 914, 84, &,

718 58 A FE) & Eigit

- 284 -



2) Bathymetry File
Bathymetry File segment Zo], $¥He] H3, segment %], layerd o]
2813 #4249 celle) BRERS ERUC)
T2 Bathymetry Filed] 348 Lield Zolc},

Hongbo Reservoir bathymetry- seg : 7 , lay : 13

Segment length [DLX]

1000.0 2316,0 1951.0 1544,0 1924,0 1829.0 1000.0

Water surface elevation [ELWS]
9.0 9,0 9.0 9.0 9.0 9.0 9.0

Segment orientation [PHIO)

3.14 314 314 3,14 3.14 3.14 3.14

Layer height [H]

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0
1,0 1.0 1,0

Segment 1 - branch 1 upstream boundary

0. 0. 0. 0, 0. 0. 0, 0. 0. 0.
0. 0, 0.

Segment 2 - branch 1

0. 477, 177, 61, 24, 0. 0. 0. 0. 0.
0. 0. 0.

Segment 3 - branch 1

0. 762, 703, 508. 267, 44, 0. 0. 0. 0,
0. 0. Q.

Segment 4 - branch 1

0. 460, 329, 271, 193, 45, 0. 0. 0. 0.
0. 0. 0.

Segment 5 - branch 1

0, 1710, 901, 869, 771, 687,  bl2, 359, 275, 199,
120, 45, 0.

Segment 6 - byanch 1

0. 78. 78, 78. 78, 78. 78. 78. 78. 78,
78, 45, 0.
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Segment 7 - branch 1 downstream boundary
0. 0. 0. 0. 0. 0. 0. 0.
0. 0, 0.

3) Meteorologic File(7]A}¢1=})

7|42} 8 M Julian date(JDAY), 7JARE(TAIR), ©|&HLE(TDEW), Z4(WIND), =
%(PHI), 3 (CLOUD)ZEE Uiehim thaat 22 gaog A= elqlct

1999 Hongbo Reservoir meteorology

JDAY TAIR TDEW WIND PHI  CLOUD

0.1 -1.4 -6.3 2.1 3.14 9.
30.9 -1.4 -6,3 2.1 3.14 9.
31.0 0.6 -4.7 2.0 3.53 3.
58.9 0.6 -4,7 2.0 3,53 3.
59.0 5.7 -0.1 2.0 3,14 5,
89.9 57 -0.1 2.0 3.14 5.
90.0 10.7 3.4 1.8 3.53 8.
119.9 10.7 3.4 1.8 3.53 8.

4) Branch Inflow Constituent Concentration File

27 #UEEE UEY 4¥848% RAQI(PHOSPH),

= K3

NEISOEE PN

(AMMOUIU), “HAMdH4(NITRATE), BOD, ZFH(ALGAE)o|m That Zhe F4 o8 Eojgirh

1999 Hongbo Reservoir branch 1 inflow concentrations

JDAY PHOSPH AMMONIU NITRATE CBOD  ALGAE

30.5 0.009 0.036 0.535 10.4 0.8
105.0 0.007 0.288 0.329 8.5 0.4
1350 0.008 0.324 0.432 9.4 0.3
300.0 0.007 0.223 0.267 8.6 0.6
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4, 2ol H&

7h Bue] B3

CE-QUAL-W2RHoll A RAL EX|(water budget), 2%, 121 3 £AE BYS
AL st 2] Bt 7 A qUE she Ao] flolM HuE

Aof & 3 A2 dAe]7] wiEelrt. EFAle SUIINEFAIA &
o] 9] ARE o]§3le] BAAL, LT £E BAY Fo 2o A4S

oX,

kil 9l

rir

el A A (eddy viscosity), A (eddy diffusivity), chezyAl4,

shelteringZl4:, EfEAAS 5 Zohde] HAsidct 1 F 71 ZekA WHes

uf7/ 4= wind shelteringZls=olt} | o] g 7|4 E] ARAIZA F4lo] w

BE 3A Rolx glom, mifHsR RAH 2o Ak vhe3t Zth

[\ JREEEE 0 0 ;
4| —*Seg6 Smiated ,74 4| —+SegfSmidted| = __ a1 ! 222;5\';’ __7?_#
2| -8 G |7 2| ¥ g ey — A~ Bt ol ¥ L8
3 i £3 i 3 4
€y £t £ !
£ g5 %5 .
8'6 D'G " < 86
S| Drete/e | D6/ S Dteui®
i p
8 '; 8 8 I
. Y 9 .
9 : g
0 5 0 B ®» x » O 5 VB B D BB D g 5 9y 5 D B D
Tenperatue, C Termerature, C Tenperaire, C
0 —y 0 0 —
| 4 Sfi St G| eomeSwks ( p 0 | -+-SofiSwmded |y
) .m@mi o wssnoma [N .ggmm._pﬁ
| ¥ ontieaad) K b
4 3 7
£y { e [ c4 {
£ /. ' 25 ‘ | £5 —- b
go g %6
<8 06 S| Die:g/E
Die:8/ € D 3ty 7
.7 ' '8
8 8 9
9 S 0
0 5 0 B D B D - - 0 5 B B D B D
¢ S 0 13 il =5 Eil
Tavpadura C Terperaig C Tenpareure C
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0 0 0 [
4| S Smided b4 4| -t o6 waa 4| ~+ SofSmiad ‘
o B Sa:ﬁam\ed__ﬁL o wessosas [ Jn | 5| 1 w60 :¥:
) 3
-3 e
&, 4 ) { g4 |
= 7 £ 5 II
z [ | 5 1 < &
&5 5. &6 /
j Die:8/ € j; Che: /% | Qe/E
8 o fl 9
9 ‘ . .
9 -0
o 0 5 B B D B D

0 5 0 6 D B D
0 5 © 15 D p:d) D
Teyprea C Teparare.C Tenpretie C

(2% 8-26> BEA 9} RK|2) Seua

A4 ©4E 50 2 (VASPS)

EREBRE RIS

WASPS R¥-2 A4z, 3, SHE, 3o} GollAl Al olFzt BOD, DO 5 Fo 4HE
B, J2ln Rojoitle) BAY YEY BHELY oF, T vy BRI} shesid,
FAH ois] R4 (element) 2 FH(segnent ) EUO] THs¥ Box® EHLEA, 7} 24F
3hte] BoxE et QARURFILL o] B AT wiE WHE 13y 4 9o
2, dF ¥sfe BB B2 A TAY £Ause) £ Jheshd, W wet 1, 2
A E4o] 7hHsgt Boltl,

n)<- EPAY] Great Lake Program®] ¢-£E Di Toro %ol &3] g NUH £, 4 X9
8 H4g BT AEAE wiper 43 RS AX 2 WASP (Water Quality
Analysis Simulation Program)®2%-& A f32 A5E Eoshs DINHYDF-E3t 44874
w8 A% HEAEE Bk WASPH-ELE UHroith DYNHYDEH S 43Ry
FYE AT reYA dYtgd £91, f%, FY T2 AT EZLE MEHA R
m, WASPH-ES ThA] Hojok3} BOD, D0&] W3} F Rue £3o¢kg FAsH= EUTROR
Wit GAHUE, FE4 PAE 5ol AU HHOUS YASIE TXIEHOE A
itk Alej3td 22 m8e) EUTROSEHE Z& ¢jn|el yAsPAHRolel & 4 glom, I,
BOD 5 87he) 4ARRE BT 4 glom 16718 o@d 51 AAxAL T
o, TOSERE $AMINY $488 ABE BIU 4 Uk

+
¥
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2. 718 +UEY

7h EAFAA

FA]A 2golFe] Fo dolo] HE 24t 4%, L 7 EAZL A3kg o,
ool B AY, AH, ExolE, £E, 4 T BEAY ATt 27HI, oFEHE ¥
g 0 WgES T aes|Folol 7] dige] HaAfL B AINEE PEs] ¢
ALY AL whE oA FRIEE FUYERNY FAE A duRolo} i)

FACA edF ol iy AHYA L Hajat, oldal Halolg, el Eely, 3y
2, AEHA NP L I3 ZE B &Y ol AdiEolor Tk o)A x, yRRI}
TRl 93 z 2IE/F AR polgls o8 nshE maA o) ozt AYFPALS
21(8.10)2 Zth.

EToR
L2 (y,0-Luv.0

ox
+ at( E, ax)+ (E} 8y)+ x( E, az) ....... (8.10)

A7|M, C=LPBASE(mg/L EE g/ m®)
Ux, U,, U, =348 Uy O d94s &
Ex, E,, E,=%W%, 9% 2 a349% FuA%( mP/d)
Si=248 F3t&(e/ m®/d)
Sp=E3%F, A3+ 4 sp33t v7]E Ty AARE (of MP/d)

Sk=% =A%y wHyg;gold Y, Fold LWy (gf M’/d)
HaAAE o 2 Y FUOR HAYSL AHY 0%, Fo}, WH uiApHTE A

S8 WASPS R¥2 FAEPelE P9 4 olvh A HHew Fdsitia st
yo} zof] ZXA] FAAE #shd 4] 2 A(8.11)3} Zeo] J]&H 4 Qluh
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9 -0 (_ OCY L A(S, 4 SHFASe « « = -
at(AC)_ ax( U,AC+ E A ax)+A(SL+ Sp+ASk (8.11)

A7, A= A (n))olm, WA Al 74 FB £ A o) - FAAP (9
9 1%), F3la3(2%), HEAF(3)E vrhdeh of AugEA e Rostazt she 4

YYEe 40 YR A2 Y $AYRY VAL TYYTL

L}, ¥ 3} (Segmentation)

WASPSE.E - tia 4Al] EElH YL Urhl: ¥ (segment) 22 £Usle] A4S
A& Ausith, 7Y <OY 8-203 o] $AIE ¥, +HWYY B W vy, 44
& o83l 3 RYPOFE HA I 4 rh. #ANYY 4 FHUS v e 7
fYog EEY, FAUEEY v 7Y delA ArtHr

1) Surface {epilimnion layer, ¥53): 43

2) Subsurface (hypolimnion layer, Al4=3): 43
3) Upper bed (upper bentic layer, AR EZ): JINEFHE

4) Lower bed (lower benthic layer, AHAZ): SIAEAE
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<% 8-27> Model segmentation

ot =3
SRS £33 IF, AHeMY] 334 BF, I¥EY Ad, H3, AL B¢ W
el 6719 RS (flow field)& B3l 4 L FUAFE ozt g R 4 9l

on o]F $FolAY o]f3t Fahe vheat .

1) %ol A o]% (water column field
TE| R (DYNHYDS) & o]-&38kA] = 2% H&(V), /3(Q), $4(D), £2&(B)7 @
Al QUALZE B8 3} Zo) The AlE o] &3] Eygith

V=0aQ°?, D=c¢Q¢, B=ecQ ¢+« .. (8.12)

A71M, Af a, b, ¢, d, e, f& FEFZANIZNY HEFATL §F¥ ¢ §% 5
£e123AARI HHISAL Qg APl 4228 (DINDS)E Relslolol sl o] 29
DYNHYD52| ZA}2]|7} 4R 282 g},

2) FZollx 2] il (water column dispersion)

[a7F Halo]$2 Q410 SrAle) HalAy, WHHe wlglEhd sl T4, AeA|
oM F23 9IS ik
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3. Hod okl ¥ (Eutrophication Model, EUTRO5 Model)

7t B2y i

23219 AR 293 A5 SuaEY g2 B FPARY H - 2HHA FUS
ah=r} oleldt BEL <Oy 8-28Dol4 B Hi2} Zo] AEA ERAEY FHE FAHL
2 oy 7 Bojod} w4 ol Jof BH g dx 4L, dAlR, dYEF 5)Y A
3, B1ebA, Bajshd AIUAE TS, A Y o, a5 JUHFY EEL
4, BABRIES £ AR $ANSTY] AT LS B SARNE wiofsln, v
e Byxe ue} 69AR 2ot 7Hssith

{13 8-28> EUTRO5 R 2] RAE

T 2gsle £ At WA <39 8-29>2} Ut
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- growth

growth LIGHT o
\ 4 '
growth death
NH;, “ PHYT O C:N:P
settling
A 4

Sediment '

<1%l 8-29> Phytoplankton kinetics

0 C |4
8t4 Gn Cy— Dy Cy DS4 Cy
......... (8.13)
oA7|A, CpAEdEHAEUL

ditd o TAo AUYUYEAR ¢ A(P)S E43 JYUEHE Y + e
TR 24 WeR dyA vk ZauelA <o WEIRS NEY EYIAEL A, B
o) whE f7191e) At 71l e wE FU1de] A, el FUIAE o8y
259 44 Bolrh. gl AT ofo] BAR 2 EHEY WgAE Uehyd ol A
2t et

-ia

14
=Gu Cpapn— Dy Cq ayp— DS4 Cy ap
- (8.14)

7NN, a,= /& (mgP/mgC)
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aCB: T-20 . Vgg(]_* fHS)

ot Dy ap Cy— 04 = Xppe Cy i) Cy
C =
ANM, X pre= e HEAERIRAT s
Kmﬁc 7 o] 73 E = S B AL
k=R BO1 7] SE Eubg e SRS
- F7]<1(0P04)
- : Vel— )
ats.—_kgg@sngoXPRccs_ e C4d,,c—( K . P )C3
AN, fo, NERSHIAEQ ) A LB F o) )87 B =R BB

3) Ake] W

o7 Wole AAMUBol YETUIN UYL IS ABH EYARY A4E, 23
of T 71448 gEUol] 44 U AN S U ANEORe B olof mE
EX O R EE )
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mineralization

nitrification

N2_|

denitrification

settling

Y

" . —I
“V

settling

Sediment il‘

{12! 8-30> Nitrogen cycle

- ABY EYAE A4
0( Cy ay) |14
ﬁ*z Gy C4‘anc_ Dy Cy anc——DSi Cy @y - (8.17)
- fN1E4
dC e Vall—
dt7 =Dy Cyp ap fon— k0 q ZOXPRC Cr— 53(D L) Cq-(8.18)
- rEUoM WA
dC, T—20
ar Dy Cy @uell—= fom)t by 077 % Xppe Cqv v v v - (8.19)

T~20
— Gpn Py Cyoanc— ki 0 1 (

- A A
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dC,
dt

_ C
_ 2 6 _ _
=kt ( Kot Cs) Ci— Gu(l= Pym) Cy ape (8.21)

_ K
— kw6 5 EO(M’YQL—) c,

KNQ;+ CG

AABYols MBH BYAE D, YEUCL ARG, CBD, $EAA F 5 44

nitrification denitrification
> NO, o N, I
nitrification
death
> CBOD .
settling L
oxidation
Atmosphere
Sediment . ) —
... - § demand reaeration

<.8] 8-31> Oxygen balance

dCs _ T-2 _Cs
_dt = le C4 a o kDQD CS( KBOD+ CS) . '(822)
Va(l= /) Cs 5 32 poop I K )«
D 414 "V AT Kyt Cg )
~&& At

- 296 -



dCq -9 _ _ -2 _Cs
=tk,0, (C;— Ce)—kpbp @ Cs K zop+ Cs

dt
2 32 720 Ce _ 32 T-20 ~
- 1 14 k12612 ( K et CB)CG 12 klRHIR C4 (8.23)
-MSlO)D—F G, C4(—%~+%% anc(l— PNH3)>

]

W% E F‘_AV:J
V7,66
b =180
Ypstream A6,90] A0 B
intiows
Teibulasy Inflows \=14.653 9 | V218
¢ G | (e
Draributod tiutary —
inflow

A0 ADEBL | ARCEBI
2.

\
\ AB0 &% a3 | [ 1%
76 || woms |27l || Lass | [ A3
AROT || 1=1860
68 =
ACLET

<19 8-32> Zu EY By

o FEEEE 233 Zo] F 674 E4E 14 AHREoR TR o8 B

U2 <2y 8-33>3 7 Graphical representation® 2Hgsloir}
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{Z1#] 8-33> Graphical representation

U B4 44 2E A8 g¥AE
QU BR(EUTROS) & AW 98 QUARIES 10702 T4so] don nEw
489 $ARE 913 YUY A2 The 2ok

1) 288 U 2273 #o}(Model Identification and Simulation Control)
2o 380 Hel W o) - &Y Aojof A A& AA segmentd] - W ROJH 4AY
o] 4, RYNLTAZ EUNTLE Fol Y= Z}E%éi A¥9 72 oy Zh

- segment?] 4= ¢ TN ESLE 67 + AHEZ 171)

- ROsH= w42 4 1 87](Chl-a, NH3-N, NO3-N, Org-N, P0O4-P, Org-P,
CBOD, DO)

- B ¢ 145 1209 7HAlE 0.01day® 3SR P Wt
FAT 1204014 1508 74A]& 0.0025day 2, 15020)A 2504 71=lE 0.005day =
stgem T1FERE TlA] 0,01day® ¥

- SYAI A 30day
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2) ¥ 4=(Exchange Coefficients)

St Fakt Ao R Upolaley, £ dAFoME 67) B457e] £HEA
o 7 23 ARLSTY S aysignh SEAs B4Z01: Lo y]ukEAl)
A AFY FHREE ARRAE Foto] abgstalrl,

(E 8-4) Fat AXLE 913 segment ZHe] WA W B o|(EEat)

Segment thd & (o) S/4 7 0] (m)
1 - 2 2681.0 2300.0
2 - 3 2898.0 1440.0
3 - 4 3900.0 1750.0
4 - 6 5900.0 1800.0
5 - 6 5900. 0 2000.0
3 - 5 3900.0 1750.0

(X 8-5) A A4hE $13) segment 74e] w3 W S o) (42 #il)
Segment e A (m”) 47 0](m)
1 - 7 1113300 1,96
2 - 7 1514500 3. 43
3 - 7 2736300 2.44
4 - 7 1943300 3.69
5 - 7 1697200 ’ 5. 89
6 - 7 2079400 7.05

t}. A3 (Volumes)
& 7] HA3 Pef 5 V5 BRE JYste ARTOE WASPS RYL 439

PEE F5F, HTS AUS e AWsZeR 2EY 4 otk
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Segment Bottom Segment Segment Type Volume(m’)
1 7 X +E 2182068
2 7 x4 5194735
3 7 R 6676572
4 7 52 7170777
5 7 x+ZF 9996508
6 7 x4S 14659770
7 0 2 Ay S 12000000

2}, ZE(Flows)
HY3 H9L& (T3 8-302) Zo] WY Afdor FAEoglen, Xf{E F 5=
247ke] Segmento] RYUEE H2E itk olF A£F9 #529) #6o)N FYHE IES

branch 1(E£F)E3}3, 2HAF+ &Y #700A, 3HAF= £5Y #3304, 4HAFE 4
o] #80)4 AUEIH, SR FE= AFY #90A FUEE Ao )
ayxa A .
: Fa RN




J-Day HEF) | 2(XR%) | 3(AF) | 4RAF) | 5(AF)

0 0.157 0.005 0.005 0.112 0.015
10 0.167 0.006 0.008 0.138 0.016
91 0.749 0.055 0.001 0.256 0. 055
121 1. 227 0.091 0.005 0. 391 0.089
152 4.547 0.356 0.041 1.164 0.019
182 0.64 0.045 0.014 0.244 0.049
213 2.973 0.233 0.018 0.769 0.008
244 4.672 0. 364 0.018 1,231 0.029
274 1.814 0.136 0.016 0.564 0.031

n}, 7 A% % (Boundary Concentration)

Y ol de T Hote FUY PEYE sol AW YYAEToR 7 4
ol gt AR AT sEE dYsidth. 7 4 dolel 19994 BAYSLT &
oo} A fof vzt HEAEE 7EE Yo HFZuolE|s} gl Chl-a, OP, ON &2 -8
7o ARE o3l

g}, o) 7 4=(Parameters)

7} &7 5ol wiE izl wERE Ul 2] % dE¥RisdoRs, 14
A2 w4 3 Tt Pl TS 1 BY ARS RAVAT Aol Riel AP
ort.

(F 8-8) Reoj] A i

Plramerer | ANAE | 3 ! @ A
718 Eo] mE 2E ul+
3 | ™PSG lrkyp(STP) = TWPSG X TEPEN

4 | TMPEN Gl;tgﬂlcﬁ 5 47ﬁ3ﬁ§’§§}§;‘§§1};§”

L S Y ()
6| o oA 574l el B

8 | mw [ZZ], T80 E BE Ry g Az FEA (mgy/u - day)
9 |SoiD [73te) Bgol mE AUEY e TE &/~ day)

12 SODTA [AU] AtAQFeke] it =X A A4

v}, #}e}A Abg(Chemical Constants)
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= ATHRAAE off Wt $REA o2 VAR BAH ASE AAE T Y],
2 Tl o) M3 24 @ ThE Edo] UEH 18 5L 2

gL HAE 3] miANsE 3
A3l om, WASPS manualAte] 2717te AM&3leich.

Al A b8t (Time Functions)

B E slazt she A48 BFF B4E Azl wlel MEE & £ %Ue ARILLE F
2271%] Time Functiono] girh & R2ojrye Jul tlE Tdof AR 2z % UHE £d
of EH g F& HPIZ sl £, F F elEaluix], d2E&, FH

%, 7R 5
AYsiolom FAEAL, YRUSL §5E, it §&8 T2 2/ ARSIl
o}, Z71ZZA(Initial Conditions)

Azt 2AYF) TiY TYEY Helsh WEE JEFVS olgsigon, 272AL
WA Gt BEEA G PrlolBE Fu) T BaBol A8 3% RIL Bl A8
s},

(% 8-9) EUTRO5 simulationg $]% mi7Pd4 2831
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S-SR | [SC e 9 whel Manual | 383k
41 | 25 4HE, (day™) 2 2
Growth
42 Al 418] L XA AL 1.069 1
dlof #gk e Aefx}
43 i1 : Di Toro et al(1971) o]& | 2
2 @ Dick Smith’s{USGS) o]-&
Light
44 (Hf YA+5E (mg C/mole photons) 720 720
45 2229 214 A4 (mg Chl-a/m’) 0.017 0.017
ZF/3 % ol Wast Abe] HrEsiate
48 (Ly/d?ay © 0.025 0.025
279 A ool WSS
19 |BFFA BE 3 0.001 | 0.005
Nutrient
2FU) ol T Wg
57 (mg P/mg C) 0.025 0,025
2R Ao} vl v
58 (mg N/mg C) 0.25 0.25
50 [20°C 2F-o] YAEEE, (day™!) 0.125 0.125
51 (&< 518 LERAAS 1.045 1.045
Death =5 ZFo] 3 HAS A 8g
B8 zwel Apde, (day”) i
o 20T AUZN 259 o) 038 ooz | o
(day™)
11 |20°Col A 2] A3} vr-2-& (day’) 0.09-0.13 0.1
Ny | 12 [ 119 eER A 1.08 | 1.08
AFEEA] PEIE AL
13 (mg/ O/ 2 2
21 [20°Cof| A 2] &A3 W&, (day!) 0.09 0.15
NOs-N 22 Ak 212] -%E.‘i’_;gﬂ]ﬁk— 1.045 1.045
3 PUCUBA B Badl 2 0EE | o) | o,
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(® 8-9) EUTRO5 simulation ¢33t wisH<4 A2 AL)

TAYE | IsC A2 ol e Manual | %83k
9] |2 SyA L0 R75-8, (day-1) 0.075 0.075
92 |Ak4= 912] LERA AL 1.08 1.08
Org-0 20°C AU ZolA 7] A4 F3f &
93 0. 0004 -
(day™)
94 |Al= 942] LR A A9 1.08 -
POs-P | 57 |ZF N9 13} etA o) wlg, (mg P/mg C) 0.025 0.025
100 -8 #7198 #7138, (day’') 0.22 0.22
101 |AF4= 1002 SER A A S 1.08 1.08
Org-P 20°C AU ZolA f7]¢08] &3 g
102 0. 0004 -
(day™) i
103 |44 1028] SE=RAA S 1.08 -
81 |ZFUje] AtAe} B1A Q) ) 2.6667 2.67
0z 82 |20°C A fjo] |IE7] Al - -
83 | 828] EERAAS - -
71 [20°CollA] CBODOY &3t AtAA AL, (day') [0.16-0.21| 0.16
72 A4 7128 LERAAS 1. 050 1.05
20°C A 1L)=of|A] CBODo| 2J3} ArAA|AL,
73 0. 0004 -
CBOD (day_l)
74 | A 738 L RAA S 1.08 -
CBOD H3f Wh-gA] wix3} §&E44 &
75 0.5 0.5
(mg 02/L)

A5E Ta4E 2P| Bl

1. B&] A3

7}. DO
D02 Bo] AXE R BF 3A4A7SEE BESIL 9lov 2571 &2 oEH Dov}

Za3iTt AHe] Z7pHe $eluel AFELS MSPEYe] B4 F Ushly g &
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0 3 6 99 120 180
J-OAY

180 210 240 270 300

<13 8-35> WASPS

<2% 8-36> CE-QUAL-W2

L1}, BOD

BODIEZH WASPSRE3 o] ofE4o] D0o) 74 E Z718la ALHe) D0g Z71E BODY} 74

3te A& # vehd £ gich
BOD BOD
12 12 e e
10 1 10
8 -2 8 ——1
—— —.—2
é 6 __"_i ég ~— |~-a—3
4 —%—5 4 ——4,5
2 ——5 2 —#—8
0 0 M
883 8 g g E 3 g % ﬁ % § 0 30 60 9D 120 180 180 210 240 270 300
J-DAY J-DAY
(1% 8-37> WASP5 <13 8-38> CE-QUAL-W2
t}. PO4-P
AL sPAedrIRole BAES A AT TAo Rl nlf FR3 @40

th AE4 EYIE0] AR She Y i} dojm 2FY YR ey iy
Ao W& 15010tk mhetd AEEAS 7 AgEe FEo o8l AujBrhe Leibig?
24wl YA (Leibig's law of minumum)ol] 23] FAATIZ} A= ditxog 2
29 % th7125E o] Boldty] whie] lo] AAARIA} ¥Y] vy, g BY
WASPSEE o] 2|f-e] Felgro]l w& u] U FUlHe 4ikE Holaglol AFolAle

urdsls Aog Uela gt

AR
oI
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{13 8-39> WASPS <19 8-40> CE-QUAL-W2

g}, T-N
A2 LT 3 npZIAZ WASPSREO] Zh x| FoMe] oakE o & Ridshe 72

E Uehita glet,

NH;-N

ma/l

%88§§§§§§§§§?‘% 0 0 B0 D 10 50 180 210 240 270 300
J-DAY J-DaY
<718} 8-41> WASP5 <¥] 8-42> CE-QUAL-W2
NO3-N NO3—N
7 e e 7o e o e
6 ' B —q |——1
5 5 .2
< /5 X I\ 44 . o
23 €3 F—————— 4,5
2 T~ 2 ~%—5
1 o 1 — |—e—5
0 bme 0 —
"RBERB823R3858 SRS LD S PSP
J-DAY L J-DAY

{713 8-43> WASPS <Y 8-44> CE-QUAL-W2
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H6d Qof W AE
1. R

TR ol A SIMME o]-8-31o] 1999 3¢ ~1999d 104717 F-&%3 04 Halakg 4t
B slolth GIS, RSE SWMMe] Fof 9lof ojg&o] Sigle B 8x1ne] H53} 4 =
22 F&E BolsHA slolrh d B S Aol wE &Y e A2 U
Eittl. ole w2 o4 Folge] nHY Hel2 7ol A% &l 23t Folet w
cHech ofeidt AEE 54L& felute] ¢ B4e 2 iyt olrh sie] H# A
¢ 7EH £AARE ol83le] BYE BAY F FHA REFE oS3l 3L F
st WHoE RUEY] Mt ASARE o8ste] B3 AFE Ui, /T HS%F
A2 HEA Bgof 8] fFE AFIIAL Exo|ER oHEd FlRE A o
A gleich gy, |

l‘

2. ZapdRY

AU £2AE o)E3517] 95lo] CE-QUAL-W2 Z3zb WASPS R o|L3lo] £4ReE
AAIStolel. CE-QUAL-W2 R¥2 Zolaiat 44lyee] 21 Rddojch 2 sty 3N
gd R BUMedith RHUELIE BY Saufol WEeie Aol ik dAw
CE-QUAL-W2 EHoMw 1 WYz 27t olPA Eo] YEg FAlstn BoE sl ZAXA
8] QFV} g og ueHr] ofof wislo] WASPS B 1ol & ez ezt
CHA] A2 Bo7t sMsich ®RE CE-QUAL-W2 BB $ANURENE FHA0R i)
AR REReTE ilo] ok A o7l wle] $4E LEEE JckA] Aelrt A
deth 7 EEY Eol¥ Z1& W WASPSR¥Ho| CE-QUAL-W2EFRCE f-2itete] AdZ
£ \E BAL & Ueh) FE 2o mieigch uighd $ARAAY] JE BES
SWMM2} WASPSR B 0.2 BT,

or

o

Be ux
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ux‘-

A9 %

T35 pAvE Lz




2 5ol Aol AR AR T &5 09 7 2 AHsiee] F
5 $0& ¢ 2 X3 24 FoE Jdsjo] #d o A
7t AZSHA TIFEIAL Qlo] BEA Y AL BEHOR fA] - U 5] 413 tixo] Al
3] R7E5 glrh wEREL L] R SR AdxE A, A % v
Hegol BT EAStaL vt uleld, FERYM] FARAS $jsiMe SHEAM
o AR oulel o AAS] £ g aslolof Tt weld HoEAYE e 3
€ el napEd s AsMe B4 foue] Exold, et Age A,
LHEAz] T oY ¥R W TEo] Uiy AU A¥ AR Weshy, olF upy
o2 foe] g 9 FuY 44 5L F glojof AUk
wehd FEA2] 54 2T g4 $ABRY Ade] Basith whE £
P RE AP} Bx4AE KA 3 LARNAYE Al AEsedy O &
Aol glrh. Zelu}, H@eE FARYAYE A APl FHAIRATL Felof he AR
7h uig wTieha, ©@el fABAYE B Ko fj3) $AASELS o&3of she
2 AEH A2} W2 Aol HestA dct axAes FUAFAIL +AHAYE
ARY 5 UEF WY deHolAE APt BEE FAHE Aajle] FHEojor Y
He ot gk

™

AP Alarlo] thgt Q2 Srinivasan and Engel(1994)2 |3 .2.¢3 2= (AGNPS)
2 AP RAIAR ol AAPARAYA ARG Elslo] ANPSRHS] ¥R LY &
Aol gidte] wWE U AlEHolA 42417 W HlgY ZH4AE EESIYCL %8 Didan
and Yitayew(1999):2 ‘CropSyst’3t E&:g o|-&3to] FEA| ol Ex|o]-§3} 27 e
HERNEH £AE R 59 IS} ARgARIEIHo]AF Bolo] E4HA Rl
. BAF TS ol 4 AUEE sl AENFY £AVEE UESH: MY A

g E&819ck Chen et al. (1999)2 tiofdt EX,da} oo uld o
3H31E AAsl7] 9181o] GIS, Database, R Al&dlold Y, Hd Eislo]s,

L
% ko

C

B
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dH Rl AL RES IUY FUYAARRAE Ausislch Fuelhz A7t »
HBE 2 glont obxzix] AR Y tiEt AR Aol AAEA] ¢dokt.

B A7 BAHL wEFAE oE sk gl £AUE 9Isld f99] 7& 2
AFsleyg Ry gaedy fAAZEY A &go] JHeIteS sherl k. Iga B
WEe] 5ol AE DataBase® F&H3la1, W3 AR} QEIHo|AE JuUsiEE By
of thgh Mt z]alo] FHslo|w RS dY 4 glon Zzle] ¥l goldlEE 8}
£ Zolth

BT SARE A8 G 29 B 22 afehEd] B 2Fo| Jhedle
£ sl 224 de] He 2 489 EXo]& Helo] whE Simulationg A Aste]
©@rEe £ANNE AT AGE B0l &¥ele] W0l AP pAUFHE AU
T Q=g vk wiezee] 2Ae] whel gl eAASS Sinulationdle] Agrof wh

2414de] HEE &Y  UAEE shet] FHol gl

i

A2 @ sy T2 HA

1. AHg Z2aeH o]
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|6 _{0.536E+D1 0.550E +D1 0.606E+01 0.2127 f 4 Sogment
|7 §0.531E+01 D.519E+DY 0.561€+01 0.1996 | i
|8 {0.500E+01 0.291E+01 0.170E+01 0.1974 i =2
("9 J0S00Eem  0.206E40) 0159401 01942 ! € ¥ Segmert Mﬁgg”*g GRAPH i
10 J0502E+0  0.274E401 01676401 8.1727 v - s
7 2 - ) 1—' egmant
Y4 24 -rtfl'§ GRAPH - S
| [ [ [l T [T s] o5 of‘wgﬁ e ] melm| vl
D0/8ODS B serias iy
! g E ; W ‘Series #2
i 2y 4 5 RN L LRI R L R L R
LT i H
| wia|els |d (67 [ R OfF R 2IF | sl v (s
™ B seres w1
4 g : Ty e, W series 2
£ 2 3 4 5 8 7T 8 8 W Ot 2 W 14 15 6 7 18 18 20 H 1 0
TN [N () GeE a e 2RO L R T R N R Y B LY ST I R

<% 9-14> WASP5 Az} 34

gt 2z &9

A (TY 9-15>9 o] DataBase® F-Ho| EHEE MASIYI, FLAQM ZE 19
Sub EUE E¥oltke ZUIE wHEo] siMe] ¢ - &9 mlal3}, WASP5Y ¢ - £ ulyo]
AAHEE shoirt. o - &Y WAL <Y 9-16>3F Zo| AMgAI7E INPUT FILES} OUTPUT
FILE of ¢33 mlydwog 34
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cdat: , =loix
HEE210) B ORAD Y ME BEID | K |2 [ET
: WASPZ 11 WASPTN
A28 WASPR1H WASPTP
2T WASPZ 0t5
SWMME 3} WASPRTIE
SWMMZ 2H WASPRIE
14 SWMMR L2 WASPZ |
HOX SWMMZA 313 WASPQE2
SWMME Bt WASPQI3
SWMMZ D15 WASPRIE
SWMMTOTAL WASPRIE5
WASPZDH WASPBODS
WASPR It WASPDO
<] | M
<1¥ 9-15> FLAQUM Z 3} DataBase &
- =10 x|
| DHE BEE EIW BN EXD sewq Bl
LEH (=850 [l %W X |8
x| Pos
=W | SN EE
[=EUTRO5 678KE 28 T2
1B MESSFILE 21KB DAT I
] swmm §3KB OUT M
&) swmm 8KB HAE 2N
[F1SWMM44 173K 28 =20y
) wasp.EDF KB EDF I
I ) wasp 19KB INP I}
HEN i wasp.MSB KB MSB Ir
D m ] wasp 44KB OUT I
TEETne I wasp, TRN 16KB  TRN IHe
i 1 ] N2
(70 77 4B S EEE P

<28l 9-16) FLAQWM A3} whd A3}
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44 FLAQUMS] ~A ¥z 3§

2 dFelM FLAQUMS 4T H&2 WA Y P43 foo] £4HE 9% A4
20| HFY AR Wy fANE flsle) f9 wRedd oA g £
Aol mhE LgFstEe] WMIE BT £ A& iedE 23S FH0E HAsglc

LAY tMe2e §Y gl JME & 9%E vl EX0RERE 74 &7Y
e WA LA A WIE Simulationdlil, of7]A APH WAL ] H4Ey
2 fYEo] Iuhel njAle dBE FAIES sioich uleld, Exjo|&dFe] WAL
AR GeEeAZAEe AN & FEdeOdsdE AYste HYE APsEs T
th

AT 23] whE tHegs d@eId AF TPl 23 T4l R € FfLL
Fagol ALl EA3IA] Ut AT MR 2 B HeIu egsieke] s
Simulation¥ith whehd wiehE 2L B @eRule] £A7F wE erety U
HE ASE ¢ YRE vipE 22 A E shevl BE AIZY 4 givkal vt

hd
£ i

1Lddedd Hel

ThEdedd 2 9 U8 AR

2o AL A8 BEISZA0 19999 9¥ niA T wiele] LR E o834
on, A%l HMEE B 93] 1€ T2 g 3olck

459 AR A9 WAo] olSEE Exo|gUBE WSl oY By 27
& AABch Exol &R B, FAR, Fidsvlh 7R ERSlL, FEAY
3 W2 &S A3k dolks LEFslRel & dHE nAA] i s, VR
ERstalet

EX0] 3RS TSR FLAQWMY 82 2t &GE A=, FAR], #Fids719] vl
S5 HIAIIEA U RPFT} o7 Y ©EZ e@Rstere] HEE Sinulationdto]
=
(R 9-5)5 FEAYY Z &F9dE A Y B0 &R ARE FLAAME Rojsh=t|
71 Input Data® AM2-EgTl, |
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ooy FATA | EETE | BHA | AT [FAA UG HA | £ | 8
F Tha) | | & | | 0 | ()| A | A
306, 0 7.3 16.4 | 77.5 | 0.2 5.9 0.1 0.11 -
402.5 11.9 21.4 | 75.7| 0.2 2.7 10.6 | 0.06 -

458, 4 1.7 14.4 183.9, 0.3 1.4 3.1 0.09 -
638, 2 5.9 16.6 ;| 79.8 | 1.5 2.2 4.1 0.08 -
2696.5 8.0 179 | 79.5 | 1.4 1.2 0.1 0.13 | 0.007
3727.83 6.9 19.3 | 76.0 | 3.2 1.5 0.5 0.13 | 0.040
1368.6 36.7 16,1 [ 79.8 | 0.6 3.6 3.0 0.14 | 0.039
2910.5 37.6 17.6 1 77.8 | 1.4 3.2 3.5 0.17 | 0.010
263.3 13.8 10.5 | 85.7 | 0.6 3.3 0.0 0.21 -

[{olNe BRSNS NS RPN RICHE WU g

~

(a3 9-17D& oA 2z ulZ Simulationd 317) ¢33 FLAQUME] §¢l%-3}3
A spHo g BoA gale] &R Qe b A FEH EX|o]8¥HE 2HHA
AL AAFT] 2 2| Fol Ysh= Ex|o]&H&o] 100%7} F|4] & B-fole oF o

AR 7 WSS Slolrt.

3R] e s 1(Vaction 1,10 - (5] s 5 S == S 1] xt
- TRE) BEds FAMEM  RULSD SAAMQ EEwd) ) JRETET]

= . i
£ 2PN Q
E& =X 5 % SWRIMR Tt . w;@;%m a ol

-2y - . FSWMM INPUT SUMMARY e —
e [r— ] i i N e

SRRt

[#FRE" [ 1265156
[RERNF [ =77 | I I
v [#ATF [ 220ae LS | 176923 [T ooeez
g [# R 5 [ 77455 [ TRo%eT0.3 | 15.0461 [ 0,089
g [‘i’s’"il’"?;"“ | 112656 | 4155.7 G f BIRER)
9 . .
0 [
' E : AHAER R
1% — R
aa i [# 2R 7 | 0, 1606 | 0,0058 [ cozss f 0,804
| EER Ti4a | 0.0032 o [ oszis
@ FUE - - [FARR [ 077 | G014 I 6,035 | CAIES
INPUT FILE swmmane [#®HE | o774 SIS [oiEs [ G676
ourpuTLE[ swmmeit  osRALT 3 il i
| SWMM : M 2o i
oM e TSR we aRuA da0w  fes s ol Resss Daame 2wy JHa o

<AF 9-17> W e 2% we| 9
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v} FLAQUM 3-8
) 73|
AR o A 27 9ol Ytk EXo|§ul&F AR WAL ¥ wushd
A s A Fe WP AE Simulation BT (E 9-6) FAHHI [F&Yo] /E
W 1} 44 AFe) AE Uephdch 113} 4 2F edystare] Wk 27 106 ®
H ulge Aol TN ZH9: 0.050mg/L, 0.060mg/Lolil, TP 79 0.020mg/L,
0.018mg/L 2A3H5ic),

(X 9-6) A=A 2AAEE 2@ H31%

Y8 (%) PR COD(mg/L) TN(mg/L) TP(mg/L)
0 #1 27,397 40.772 1.534
#4 188,212 171,850 11,478

2 #1 27,387 40,762 1.530
#4 188. 206 171. 840 11,475

4 #1 27.378 40, 752 1,526
#4 188.190 171.820 11.471

6 #1 27. 369 40,742 1.522
#4 188,184 171,800 11.467

8 #1 27.360 40,732 1,518
#4 188.178 171.790 11, 464

10 #1 27.351 40.722 1.514
#4 188. 163 171.790 11. 460

12 #1 27. 341 40,712 1.510
#4 188,157 171.770 11,455

14 #1 27.332 40, 703 1. 506
#4 188. 151 171,770 11, 452

16 #1 27.323 40, 693 1.502
#4 188.145 171.770 11. 446

18 #1 27.306 40, 683 1,498
#4 188.139 171,760 11,444

20 #1 27,297 40,673 1.438
#4 188.113 171,750 11.439

277

ZAA T HES 289 o) BEthe X0l 8u&F FAX WAL 2wu Wt
A o X7 WA ¥aS Sinulation Bl (& 9-7)2 HwWA3} {E] A
g 13} 4 2R AZE vehdct, 1H3 44 2| F el Rstare] Hake 747 105 W
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A W)LY Zao] ™N ZA$E= 1.589mg/L, 2,000mg/Loli, TP ZH-$:= 0.095mg/L,
0.039mg/L 43Il AR Y] ZAgo] whd WHRCT WA dite] n|x|= ofslo] IA

LHELSITE

(£ 9-7) FAX] HLaEH 2QFo1Y

ZEA S (%) P3P COD(mg/L) TN(mg/L) TP(mg/L)
0 #1 29. 868 43. 854 1.729
#4 190. 336 175, 740 11,562
9 #1 29,611 43,536 1.710
#4 190,119 175. 340 11,553
4 #1 29,355 43.218 1.691
#4 189,900 174,950 11,546
[~ 5 #1 29,097 42,901 1.672
#4 189, 681 174. 540 11,538
8 #1 28. 840 42,582 1.653
#4 189. 463 174.150 11,530
10 #1 28.583 42,265 1.634
F #4 189,235 173.740 11,523
12 #1 28,325 41.945 1.615
#4 189,016 173. 350 11.514
14 #1 28.068 41,628 1.596
#4 188,787 172.950 11,507
16 #1 27.811 41,310 1.577
#4 188. 560 172,550 11,499
18 #1 27.554 40,992 1. 557
#4 188, 331 172,150 11,491
20 #1 . 27,297 40,673 1.438
#4 188.113 171,750 11.439
3) &4bs7t

HibE7t g A& &7 9o syt Exlo|gu]&F Hibsyl WA 2% Wyl
StHA 3l 2| Fe WARSlEES Sinulation 3t (& 9-8)2 Fouddzt F&Po] 7}
A E2 1 4l Afel ZE Uehdch 1HIE 40 AR ddedsr wiks 47 10%
HA W]&2] ZhAo] TN Z-$+= 220.430mg/L, 231.990mg/Lo|xL, TPS Z-S:= 6.910mg/L,
13.510mg/L Zta }ﬁt} BAAL FARA Y] Ao whE wstECl gl edRk uxj=
Aol WES] AA Vel (RI9-18>0)A 2} o] FAMeriel ulo] HISIA WAYR
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B

-

I LSS

0 5 10 156 20 26
HAS{%)

——X|F | —W—X|F 4

TP(mg/L)

0 5 10 15 20 25
U B(%)

[o—xF | X7 4]

{23 9-18) HAtev}

Hagd e HN-stY

(& 9-8) &F4bs7l UAEH QR

AL (%) 25 COD(mg/L) TN(mg/L) TP{mg/L)
0 #1 286, 653 447,138 14,177
#4 670, 548 613. 420 38,532

9 #1 257,234 401,169 12,991
#4 618,231 565. 580 35. 389

4 #1 228. 345 356, 046 11, 326
#4 566, 718 518, 440 32,306

6 #1 200, 025 311,885 9,918
#4 515.912 472,030 29,288

8 #1 172,373 268. 731 8. 446
#4 466. 031 426, 330 26. 955

10 #1 148, 246 226,708 7.267
#4 416,977 381,430 25,022

12 #1 122.227 185, 954 6.292
#4 368.813 337.420 22.243

14 #1 97.011 146, 636 6.142
#4 321.700 294, 340 19, 886

16 #1 72.293 109,031 4,398
#4 275, 748 252, 280 17.160

18 #1 48,765 73. 483 2.840
#4 231,136 211,370 15.217

20 #1 27.297 40,673 1.438
#4 188.113 171.750 11,439

L= M Sn-AR I B s
AFE ER0]EH]EE HIsle ¢ wANe sk ¥ A& FLAQWMS.E Simulation
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3 AT Hezy e@Fshge] WEke <2¥ 9-19, 20, 21> Ztl

<33 9-19+ ZHA| 10%, 205 ZaFo] o Weid 2@FslRe] HAE Uelle
Zolth (& 9-9)8 Bl ZUA ofF A3t dgol wlE @rdufe] 2oslak2 B3
2] Wzlo] A2 HR36x| 2L R eyt

(E 9-10)2 7% o] o H@eiu] e¢RsigoR Aoly} WAsiaL i, (¥
9-11)8] Hibe7} o] ulE BEIYe] LEFsHe] Aols WG T 8} nitR)
2 & HEE Yepla olrt

g
oZ,

okl

0 L N s - u

7 9/18 9/19 9/20 9721 9/22 9/23

9/19 9/20 9721 8/22

8/17

3/18 9/23

1—0—23’—‘&\(20‘%) - 2AXN(0 =+ 3AX(0% L*—%ﬂ&xl(m& ~o—JAA(10% —i—%‘&*XI(O‘}{T\

<O¥ 9-19> ZAA| el '@4E e fis

(F 9-9) B3] ZHagd

qE| SR | 27130 1Y B 2d ZB3d Aa4d F5d ZAaed A3t
ZARH0%) | 2.190 | 17.700 | 11.600 | 6,270 | 5.540 | 4.860 | 4.570
TN |7 2}(10%)| 2.190 | 17.700 | 11.600 | 6.270 | 5.540 | 4.860 | 4.570
73 2H20%) | 2.190 | 17.600 | 11.600 | 6.260 | 5.540 | 4.860 | 4.570
Z2H0%) | 0.109 | 1.996 | 1.456 | 0.354 | 0.042 | 0.012 | 0.002
TP |ZZH10%)| 0.109 | 1.996 | 1.456 | 0.354 | 0.042 | 0.012 | 0.002
Z2H(20%) | 0.109 | 1.996 | 1.456 | 0.354 | 0.042 | 0.012 | 0.002
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60 4
5 A
A 3‘—
32N NIVAN
Z % [\ E 7 \
10 / \-.. ]-'/' \\‘—-
0 o bbb 0 — — *
N7 9/18 819 9/20 9/21 9/22 9/23 917 9/18 9/18 9/20 8/21 9/22 9/23
e EAKRN e FAHX(0W - FHA(OR ——- FHR20% = FAHX(I0%  —a— FHR(09
g 9-200 FAA ZA4EE WEE 2d8se
(¥ 9-10) FAA] Z48E g3 2 J73}e
E | ZUHe | 2713 1Y AH2d Aah3d Aah4d Fabsd AAed A
ZA(0%) | 2.190 | 18.600 | 12.100 | 6.320 | 5.570 | 4.890 | 4.600
TN |2A(10%)| 2.190 | 18.100 | 11.800 | 6.290 | 5.550 | 4.870 | 4.580
27 (20%) | 2.190 | 17.700 | 11,700 | 6.270 | 5.540 | 4.860 | 4.570
Z7(0%) | 0.109 | 2.062 | 1.488 | 0.3543 | 0.042 | 0.012 | 0,002
TP |2A(10%)| 0.109 | 2.039 | 1.477 | 0.3542 | 0.042 | 0.012 | 0.002
Z7(20%) | 0.109 | 2.019 | 1.467 | 0.3542 | 0.042 | 0.012 | 0.002

- 336 -




] 1
300 A —— 16
S{EAY 2 A
I //\\\ i /}i\\
AN = e
° N7 I9/18I ‘9/19 9/20 9/21 9/22 9/23 ’ 917 9/18 9/19 9/20 9/21 9/22 9/23
—— ZN(20% —a— FHA(10% —h— ?#.‘&(0‘%)4\ —e— FAH20% —u— FHAH109% —— EAH0% ’\
<2 9-21> &Hibsrt A8 wed Qe
(3 9-11) Fibs7l Z44E8E @43 83
B FE | 23 1Y FA2d A3d A4 AH5Y A ed A
Z2H0%) | 2.190 | 140.00 | 71.500 | 13.200 | 9.750 | 8.300 | 7.810
TN |Z4H(10%)| 2.190 | 61.500 | 33.200 | 8.770 | 7.050 | 6.100 | 5.740
22H20%) | 2.190 | 27.500 | 16.400 | 6.830 | 5.880 | 5.140 | 4.830
Z2H0%) | 0.109 | 5.901 | 3.247 | 0.387 | 0.042 | 0.012 | 0.002
TP | Z4H(10%) | 0.109 | 3.777 | 2.268 | 0.369 | 0.042 | 0.012 | 0.002
ZAH20%) | 0.109 | 2.404 | 1.644 | 0.357 | 0.042 | 0.012 | 0.002
g}, A dy e

Yo BelE

Al wistel ol nXe 93E SimulationdlgiTh.

(R 9-12)0flM8} Zo] AT WEE EX0Gu]&E UAS

Abg7t o2 sl g ) 20%e] FiksTt

- 337 -

3l FEAHY 4 2f9E EAo|8H& S

tol& wl B3], FA,
Ex]o] gl &

(¢}

E'_

A

A A WL

%

]_0:1

AA

%

“Jo

o
=2



o= TN, TP BF 60%x0]d2) Z#4&E RAY, ©4E 2GFSIRE Hibe7te] Haof uf
2} 50%0] 48] ZH4&-g Holil glTh

(% 9-12) A7) 448 W43 29T
2Hag WA ESE ZhA vk (mg/L) (%) Yrd Q¢ H5a (ng/L) (%)
g
g ]
(%) &8 N TP & ™ TP
J_'_Er
0. 050 0. 020
732 x . .
cald (0.12) (1.30) 0.0 0.0
73 A
1| 2o 1.589 0.095 (0.00) (0. 00)
T (3.62) (5.49)
220, 430 6.910
A]’ * .
R (49.30) (48.74) 0.5 0.023
2 . .
10 FAR | 269) | (1.12)
S 0. 060 0.018 : :
S (0.03) (0.16)
2.000 0,039
o | zax . )
FAA (1.14) (0.34) ) 78.5 2.124
&7t
sapseyy| 231,990 13,510 (56.07) | (35.99)
wETH  (a7.82) (35.06)
0.099 0.096
2 2Rz ’ )
8 %=l (0.24) (6.26) AR 0.1 0.0
1| man | 318 0.291 ° (0.56) | (0.00)
T (7.25) (16.83)
; 406. 465 12.739
A} . .
Fibs 7t (90.90) (89.86) 0.9 0. 043
~ .
20 FAR 48y | (2.00)
22 0.100 0.039 :
° (0,086) (0,34)
3,990 0.123
4 | FAX ' ’
T @ (1.06) |, 12.5 | 3.479
471
aapsyy 241670 27.093 (80.36) | (58.96)
E7H (72, 00) (70.31)

olel Azt Zol & AP FLAAMS Bl & F98 WHOEF P BRI @
wstaizta] @ABtel Sinulationo] 7Rssith wetd Ex(olgHl8el MAe] BUHOE
oieau}gxla}g Yaso] mAs WHoUB AEE ojay 4 rkd 4 4
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}

rd
o
a

0, FHEAL A § SAANNEY BEY NS A9sher) B9l Bl B
2. W47HE 2% B

7y, e 23 2 W JE AR

MeZujold F3kg AMolshs e AUAzl, 2Fe A A8RE 5 og ZRUL
gt 2 FoA aleR ZFo] Y BFAIE ol &EoRH 43U £ULHUIE
Simulationdtgth Z¢Rele @772 S 7HAAL FLAQME B3l FYoeRE /% -
Halakg AE F dRRE URE dY Zuedy HEE ARt

38 9-22>= w4t E R3] whE Simulationg 3}7] $1%F FLAQUMY) 43l AHA
Ao&Re] g stwo] 2o 71715 Time StepE 106HA2 U}

o] mo] WEWS AN ddg AT,

il

Jo
IE. ~
%
=
Sl
>
1o
-

9 i T = wdind X
o mﬂ(E; ga&.é a&:xba(al smusm: SWHAMD SRYUD T}
- = Hoas
sg% 9 ‘% oL W |9
4 |aKE SHMM SWMMRTH ¢ wASPwa | ®i I
#FAL W[ S5 [ 1826000000 | 10650030 [ 13870000 [ Ima00
'
[(FEX & [ 13933 [389000000 | T4focood T [ 19960000 [ 663700 i
FER TFAT T TIETO T EIE0 - S TOTAL |
] | ki r— 4 i 00 B r“ i e '
[#R & [ 206703 [ 839300000 [ 5714000 [~ e3s30000 2760000 i
[#R & [ AT [ TiBaoatoa [ 12583000 21760000 | Ee%e00
WASP INPUT
[TI-0AY [ zan [ 251 | 254 | 257 | 260 [ 283 [ =06 | 268 | iz | 215 Dafault
[Time Step ™| 005001 [GH0TT[ 0007 {0001 [ 00001 | 6.007 ] 00oT [ To.0of [ gdai | 0,007 o= u,|'
- B O LR R XA
Dafault |
mm; GO [ aE [ 6T 0w [ oot 0025 | ODIs [ 0007 oo i
. 0o |
2E FLE :
INPUT FILE waspl.inp i
! OUTPUT FILE wasp .ot B8 wAsP INPUT K m WASP i m 4 i
car I oM W [SE1gax snue =200 PR mmi-toie M ek 4dn JREE: AW (M@0

<3y 9-22> wi2hE 23 we| Hd

1}, FLAQUM X &
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IR 9-23>8 W] BeARE ANT EeAZ B UAIRE WRHASH TP,
INe| 2 WEE Uehlz Qch SRS B2A U - 9 £93E nesel st BF
g 7ol H8g shith

WIASE KT 100 5O BoE 9 W ING AgelE A W} A 59
e oOzke) gawre Bath w100 Aol 4.35pmolA 4. 1lppnoE o
0.2ppne] 748 No|: glth TPe] ElAHQ2Re 58 Foli 0.3ppmolAl 0, 25ppmOE

i)
o 0, 05ppne} Z4AE Ko il

0 el L L L t L L Il

. 1 L 1

248 249 249 250 250 251 251 252 252 253 253 254 254

——0CMS ~—=— 0. 001CMS —4—0.,002CMS ——0.003CMS
—»—0.005CMS ——0.01CMS —+—0.02CMS —=—0.025CM3

<2yl 9-23> LFGRII T TN RiZ}

2.5

248 249 249 250 250 251 251 252 252 253 253 254 254

—e—(0CMS3 —=—0,001CMS —a—0.002CMS ——0.003CMS
—#%— 0. 005CMS —8—0.01CMS ——0.02CMS
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g 9-24> JAYH
L AR e
<28 9-25>2 )

HEE Uehya

T

73 Aol

olch. 0.035m3/s& 59 F¢b WHIL

2ol 2] 81 TPS] 3}

282

e

79715 5QEQ WRLTlel TP, MY T

u 4.35ppmoijA 4. 12ppmO 8 oF

0.2ppne] ZAE Ro|x glt},
12
1 0 - /’\
8 / \\\
6
) / \._—-.N-‘—l—

248 249 249 250 250 251 251 252 252 253 253 254 254
—— 0CMS —=—(0,01CMS —a—0.02CMS
——0.03CM8 -—%—0,035CMS ——0.038CMS
<73 9-25) 59U WFo 23 TS| 3}
TPe] 395 <28 10-130] LEhIIT) 0,035/ 5UBY BRAE 1 0. Ippmold

0.19ppm .8 ©F 0, 1ppme] ZI4AE RHo|xn

it

2.5

248 249 249 250 250

251 251 252 252 253 253 254 254

——(0CMS
—¢--0.03CMS

—=—0.01CMS8
—%— 0.035CMS8

—4—0.02CMS
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<% 9-26> 5 kol TPE W3}

oh w4z 23 B

Pasel N4E 280 T 4URNE EINTES QA3 RIS Pum,
24 ABADES UFSHe WHoE A slgich EOET TNE 0.19ppn3 0, 12ppn
o= 27l WY ) %Y ZAQAS HolT QT TP A 0.25pem3} 0. 19ppn
2 79A ARAZEL PR Wilol +Aaolo] te HH Ho Urlyh o)k
79 ML e SE0) WA WORE Nurl B u) W g YRS Zol, 22

B A% BFIE ART WA o g 04 B wske Ao wwdr)
A5d aoF W A

Hes AR REL YA BRLAE fA] 48 fABAYE A
AEINEE i 2 H3o] k. JEu, €43 £ABRAYE A gl FHA
Byt Heflop she AR} vl Wuisla, @l ABAY S s K] 93] ¢
FEWE o]§3lo} sl 5o FEHA A} W& ATo] WasA "ok FiFoR A
AR FARUAYE 2FY + ASF Held dEyolAE AFste HFE FAHE
Al&glo] F&Eojo & Hast gt

2 Q3 ©@aed 4P 220We [ Wte Ay A7 o FEHA e 5
/9L e @t $ARE sl 98 F&, edfsiR B gy 4
A Bre] dA &90] sHsdt Teadojr), & Zggle] 2189} ZA2M= DataBase®
TEE 3, Wy AMEA Qo] AE AFslRE Ruld tidt AxbAQ x|Ao] FE3jeE
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