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ABSTRACT

Juam Reservoir has provided domestic and industrial water of about 1,180,000ton per day to
Chollanam-do Province and Kwangju City. Its water quality has been gradually degraded,
which attributes to the increasing pollutant loads discharged from residences, animal farms,
restaurants and motels. Considerable quantities of pollutants from non-point sources, especial-
ly residential and agricultural runoffs, also have caused a gradual degradation of the quality.
A watershed water quality management partial ecosystem model is proposed for the compre-
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hensive water quality management of the lake. It can easily identify important components of
the water quality management and interrelationships between them. Application of GIS
(Geographical Information Systems) for database management of point and non-point sources
of the reservoir watershed was discussed. A spatial analysis of point and non-point sources, a
buffer zone examination of a specific distance from the shorelines of the lakes, calculations of
pollutant inputs into the reservoirs, and analyses of land uses of the watershed using remote

sensing data are also addressed.

KEY WORDS : WATER QUALITY MANAGEMENT PARTIAL ECOSYSTEM MODEL, GIS, POINT SOURCE,

NON-POINT SOURCE, DATABASE
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Figure 1. Water quality management partial ecosystem model for Juam Reservoir
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Jom FHLEEN F5AEE Ho F3 o A of o]2r, F I Atoldle EFEE] HX o

odd FAAE 43, s94%,

A, AT, Aol FUzY B MR BY QU 343

7bE (2, A, AT A7) M wiEHE LB E T A8E&F 640.0008/4&, dMze AE8F

A& Addte AYgez 7,

HedddlA 300.800E/4% T4 & 239 000E/94& Hdebd

AP e FEL Ao FY=H AMelHAYR =o) A - FFFGAC FFE Aol A
oA ez s FaEn Bl edd FAA PEIZFHL FH5G Atz ki FoHE
= 733}11 FAA, AFA G r FHHN T8 & A Al e] AR BEiel] o) glon] 1 A

Fo o3 egEde] -2 . A= -4 & FEEe AArErt 42 47 8km’, 14.5km®olth

21] BAAE drdBEyy gt A4 FarE (A, 1999).

o] 283 TAolAle|t}. Figure 1€ 712 & GISE A FAVEL A o2 CODE HEdta
g8t 9 Jodd 2 edd 94, 29 AUtk ZUle} TAFARAEL CODE 7[R
B3 H3#E dolEuol agtsly WEE AAT A9 189 Img/ 1, 4749 2952 3mg/ !

59 39 6mg/l olatz et Ut

Table 12 43 5 7o FHELE B
#oh. 1997¢ ®d CODe 1996 =80t 0.3mg/
o] 7k Aeioln, 19973 B BODE 1996

F4 e FOdoR YW FEs e HAL WHt 0.2mg/ ! 718 Heojm Uk ($
doz PAHE AR o|FolA Sltk, FUEFA 1999). 8A 343 A5y 229 42 *V‘% 2
o} it EFAle] BAE-E 7H2 563.4km?, 134.7km” 5 Fxet F2AQ *Q‘-’—hﬂﬁ 3 BFE Hgo]
S H Aok FUze] B4 F i R =S
Table 1. Average annual water quality near Juam % (algae) 7} A st @70l é‘ﬂ v A (FF
Dam dr 1997). #EAYY KA S ndtd ¢
IFAE %Eﬂ (w9 1), BAZRE(H9 2),
1992 1993 1994 1995 1996 1997 THAR 3), FUATYRIZTIRA (%
COD(mg/1) 23 2.5 23 24 23 26 4)ef 47 %ﬁﬁx TRstn, GArErAe =83
BOD(mg/¢) 1.1 1.7 19 15 1.1 1.3 94 (F4 5), AT LEETIRA(FS 6)9 2
A FAoZ TG,
Table 2. Units for wastewater discharge volume and pollutant loads
Pollutant load
Pollutant sources Wgstewater Unit oam 0ars
dlscharge BOD T-N T-P
. Urban 365 I /capita - day . 66
Populat ta-d
opuiation Rural 213! /capita - day g/capita - day 55 775 1.63
Cow 36 ! /head - day 104 16.3 2.2
L tock head - d
....... NSOk Swine  i2bijhead day YT gt s Trgm
Industrial wastewater
Indust b4 -
. discharge(m'/day) g/m ________ Yo AT s
Net pen 2 86 10.52 5.37
A 1t - d -
fanacult cewaypond . YA sa 5 098
Residence - 87.59 0.759 0.027
Land use Agriculture kg/km®- day 6.1 2.33 0.17
S Forest o B, 096 0.5 0013
Restaurants 3001 /m*- da g/m? - day 75 - -
Accommodation 300! /capita - day g /capita - day 60 - -
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Figure 2. Flow of GIS application
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Figure 2+ QIS o] £33 ?'5% ot} FAR
£ A Ebo] A (digitizer) 2 4&H 3 & Coverage®
28kl (ESRI, 1990), 7} FAZE Fr7l2ER
TM) HAAAR HES F =FG S ddct 44
d FAxd £425E YEstd FA4 T (themetic
map) & A A, LHY, edRstge FE
o f4A Hosxn ¥4 ¢ Elt UEF ol ~E
ArcViewd] A= 21989 Avenue(ESRI,
1996) 2 Zgdete a3t FALE sdo] &34
A58t -8 2A -2 G99 FUNEERAE
A5k, e RetEs AFo2 ANt = URE
st 2y *}%i}"ﬂ A2 A 220
@9l PC 2 Unix ARC/INFO% ArcView, 42t
EEAML MGEY TA(Image Analyst) (Intergraph,
1997)8 &&stct,

A@etro] o8 eFREF &I S Foid
Ldfe g 4 FAdRtR e Ao dAE A
ek HAb e, AR, sHd4e] FNENAT o
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Table 3. Spatial data
Spatial data Data type Description
- Watershed boundary arc Watershed boundary of reservoirs
- Rivers and Streams arc Rivers and streams flowing into reservoirs
’ Reservo¥rs . polygon Juam and Sangsa Reservoirs
- Reservoir protection area polygon
- Small watershed polygon Divisions of Juam and Sangsa watersheds
- Municipal area polygen Area of City, Gun, and Meyon
- Point sources
Restaurants point Location of restaurants
Accommodation point Location of motels and inns
Population point Center of residence(Ri)
Cow point Location of farm
Swine point Location of farm
Industry point Location of industrial buildings
Aquaculture point Location of aquaculture facilities
- Non-point
Land use polygon Area of residence, agriculture, and forest
- Treatment facilities
Wastewater treatment plant point Location of treatment plant
Septic tank point Location of septic tank
Table 4. Attribute data
Attribute data Unit Description
- Point Source
Restaurants m’ Area of each restaurant
Accommodation m’ Area of each motel and inn
Population Capita Inhabitants of Ri
Cow Head Number of cows of each farm
Swine Head Number of swine of each farm
Industry m’ Wastewater discharge volume
Aquaculture m’ Area of facilities
- Non-point Source
Land use m* Area of residence(Ri), agriculture, and forest
- Treatment facilities
Wastewater treatment plant m® Treatment volume
Septic tank m? Treatment volume

ArcView2l Calculatlon 715 ol &3k AF49
A9 (Table 2 F2)E F3lo 0}"““3%, BOD

28, $a4 To}at 59 Foby

& Al A%

Field® Record®l #< ZP%—Q—i g 3ot
ArcViewol X &7+ §H(spatial merging) 75 < ©|
43k Q1 Coverage®] Table® ARC/INFOoIA

238 #9 Coverage® TableZ
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Figure 3. Initial window of GIS database

23 % u@
1. Hogal Hy U 2R

(1) Mgsl

Table 59X FE3FAdE & 20,839
o], Atz FAldle TAJMT 50078 w&AT
1,023%e] AFstn itk a8 AL s&ue
Ho} £A| Agslsz BHsle B odRalEe
ARstgt #4359 GrrEFAd e ol A
7o) 24zt 33704, T4V A E A Sl m A
T el eax g o] A H glA] @& A Fe

Figure 4. Locations of animal farms, industrial
building, aquaculture facilities

A& vehliH, T3t AAtaFAY viA AT
€ 27+ 16,7508 (80.3%), 5.515%8(91.5%)°l &
3] ol oA el B2 A S4o] AlF
g dadoltt.

Agatd og e @retFe vl dY ol
g e ARt ol e Aol WFEHE T
Fo eFNFE AEY F FrEFSNFE M2
A}, Aol oA WHF FAL WRF
718% 4712 %ol BOD 20mg/ !, 34
15mg/ ¢, %9 3mg/ ! & H&3] LR} Fe
Arretsict. A gstad o Fgs4A2 BOD #F
2agke 941.44 kg/¥oln, FAEE 359.6kg/Y

wh o du lo

Table 5. Discharge volumes and poilutant loads from residential areas

Total Population Pollutant loads Discharge volume and Total pollutant
Wation (wastewater from untreated pollutant, loads from loads from domestic
popuia untreated) wastewater treatment plants water(kg/day)
Watershed
Pollutant No.of Pollutant
. 0.0 )
Urban Rural Urban Rural Dlsghafge __ loads(kg/day) treatment Lischarge loads(kg/day)  pop TN T-P
(m'/day) BOD TN T-P plants (m/day) BODT-N T-P
w1l - 7.839 - 6.792 14467 3736 526111 9 233.1 47 35 07 3783 56.1 11.8
; w2 - 8,107 - 6.629 1.412.0 364.6 514108 10 342.0 68 51 10 3714 565 118
YA w3 - 3927 - 3.095 659.2 170.2 24.0 50 6 2052 41 3.1 06 1743 271 56
w4 - 966 - 234 498 129 18 04 8 226.8 45 34 07 174 52 1.1

Total - 20.839 - 3.567.7 921.3 129.8 273 33 10071 201 161 3.0 94141449 303
Sangsa W5 5,007 - 4.664 - 1,702.4 3078 36.1. 7.6 5 205.2 41 31 06 3119 392 82
we - 1,023 - 851 181.3 468 66 14 2 45.0 09 07 01 477 173 15
Total 5,007 1,023 4,664 851 1,883.7 3546 427 9.0 7 250.2 50 38 0.7 3596 46.5 9.7

W1 Dongbok stream,

W2 Boseong River,
W4: Juam reservoir,

W3: Songkwang stream,
W5: Dojeong stream, W6: Sangsa reservoir
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(2) Hitm=

FHLgd 9FE Bol PlAE 29 HAY o F
Fohge BAsith. Table 694 FLEFA e
& 3,726, HA] 10,587F7} AL&Fo o852 R
B EA%E BOD Fatde 47 387.4kg/d.
332.4kg/Doltt. FAtZFANE £ 1,592, A
3.844%7F A& Feln, BOD ®3t#Fe 7174
165.5kg/¥. 120.7kg/dolt}. Figure 4914 £
29 §ro 5ell 271 ohr EXxET 9lon, HAE &
& 3ol Bo] EXsta Utk FHatw A Ho #3
HELS 29 A% SA/NR(TEF o)), Audd
(25~75%), o8tz A (10~25%F)2 ARSTF
EE TR, HAle s7kh 3 (T50F o147 4
A3 (180~750F), ol F32A A (50~ 1805)
2 7ESR 3lo] olE VIFL R FARE A
o F - A EFAlE & T5F o) AFgA A o]
PR, A T50%F o] AF§AIAH o] 47047t 1o
°|& AR&Ald S ool Egsit,

(3) Algh- utels 3% U ooEsie

FAarAde 14678 423 147 &eeiirt
o Az A dE 5670 AlB 5 Suked At
Aok ol stzrt AR )R] g g o o
Satarat el A9 2ol A ez Aels egyw
S neiste] Qg FatE S AESH T HolH 3
z8] Azl $4718L BOD 30mg/ | & A &3}
S G E3FE Askslnt

=8B e &5 %) 13(3) 1999

2ol BOD 33 F43FA7 399.3kg/
A, FALEFAI7Y 237 4kg/DE A G A BlEH =
247 A 43 9EE v Y}, Figure
5ol A 77t & 2lgo] Fel M A H
2 Gl diHon At 7 £ugiAE Tho)
Betx7t AR 5ol 9lo} Hel4e BOD Hago] F
43 2.1kg/Y, HAE 6.8kg/LE v & g}

(4) AHAmE=2 QkA|E

A WiEdLe 49 20 1&7) 92180
&8 o] ImY/22 AEelth FA4L f9 2
of 47447} glew FHA ] 7.877m?, BOD #3}
22 302.5kg/d o)tk (Figure 4 %),

2. B3 8 Y 25

9 Coveragest $144<]v|#] BH oz B3 &
70l & Coverage® FHAA 2t 4948 FAA, 4
A, e WA RSt o g Bl Aakst
At Table 7914 A=), Az Ade BOD
Fatge FAaFA 44 1,524, 1kg/Y,
624.1kg/Y, 397 4kg/4d, A3 A7} 324.0kg/
&, 137.3kg/¥. 97.0kg/Loltt. A4 Qe 54
o] Rojokslel WA A 9lon B8] gL 27
(algae)d74<9] @A (limiting factor) 2 283t
o Ao edRslare AA e AL HAghe B
gt&(background input) & Ao @A =2
A EAZE A geth FREFA 244 Rapare

FAA 13.2kg/d. BAA 238.4kg/UolH, E2

Table 6. Discharge volume and pollutant loads from farm wastes

Discharge volume and pollutant

loads from cows

Discharge volume and pollutant
loads from swine

Watershed No. of Discharge Pollutant No. of Discharge Pollutant
cows  (m3/day) Iogds(kg/day) swine (mr/day) loads(kg/day)
BOD T-N TP BOD N TP
Wl 507 18.3 52.7 8.3 1.1 2.578 32.2 80.9 144 49
w2 1,800 64.8 187.2 29.3 4.0 1,192 14.9 37.4 6.7 2.3
Juam W3 1,383 49.8 143.8 225 3.0 6.817 85.2 214.1 38.2 13.0
W4 36 1.3 3.7 0.6 0.1 - - - - -
................... Total 3,726 1342 3874 607 82 10587 1323 3324 593 20.2
W5 1,506 54.2 156.6 245 3.3 1,512 18.9 475 85 29
Sangsa W6 86 3.1 8.9 1.4 0.2 2,332 29.2 73.2 13.1 4.4
Total 1,592 57.3 165.5 259 3.5 3.844 48.1 120.7 216 7.3

W1: Dongbok stream, W2: Boseong River, W3: Songkwang stream,
W4: Juam reservoir, W5: Dojeong stream, W6: Sangsa reservoir
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Figure 5. Distribution of restaurants and accom-
modation(motels and inns)

yahare 277 0.4kg/%. AR 174 ke/Lol
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Figure 6. Reservoir protection area and 500-
meter-distance buffer zone from reser-
voir protection area

3. & 2 Hs YdE 2 7sIE
FAdz4AS F BOD H3H¥ v &L FAA

31.0%, A&t 19.2%, SAASF 14.7%. 3%
2 12.7%, 2% 8.1%, A8 8.1%, ¥H% 6.2%

o, AL FFE AAA 30.3%. AHE
29.0%. g3t 18.5%, F2HT 15.3%. 44
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Table 7. Total pollutant loads form Juam and Sangsa Reservoir watersheds

Point sources

Non-point sources

c 1o Pollutant
e s . Cows _ _ _ Total
(kg/9) Polulation and Restaurants Accommodation Industry Aquaculture Subtotal Residence Agriculture Forest Subtotal
Swine

BOD 9414 7198 3993 2.1 04 3025 23655 15241 624.1 3974 25456 4,911.1

(19.2%) (14.7%) (8.1%) (0.0%} 0.0%)  (6.2%) (48.2%)  (31.0%) (12.7%) (8.1%) (51.8%) (100%)

Juam N 1449 1200 R - R 40.6 306.5 13.2 238.4 2276 4792 784.7
(18.5%) (15.3%) (5.2%)  (39.0%) (1.7%)  (30.3%) (29.0%) (61.0%) (100%)

rp B3 WA ) 0.0 T 664 04 174 53 1 895

(33.9%) (31.7%) (0.0%)  (8.6%) {14.2%) (0.4%) (19.4%) (5.9%) (25.8%) (100%)

BOD 309.6 2862 2374 6.8 . - 890.0 324.0 137.3 97.0 5583 14483

(24.8%) (19.8%) (16.4%) {0.5%) 61.5%) (22.4%) (95%) {(6.7%) (38.5%) (100%)

a7y 85415 ) _ 94.0 28 524 555 1107 2047
(22.7%) (23.2%) (45.9%) (1.4%)  (25.6%) (27.1%) (54.1%) (100%)

rp 07 108 ) ) ) 205 01 38 13 52 257

(37.7%) (42.0%) (79.8%) 10.4%) (14.8%) (5.1%) (20.2%) (100%)

BOD 1.301.0 1.006.0 6367 8.9 04 3025 32555 1,848.1 761.4 4944 31039 6.359.4

(20.5%) (15.8%) (10.0%) (0.1%) (0.0%) (4.8%) (51.2%) (29.0%) (12.0%) (78%) (48.8%) (100%)

Total N 1914 1675 - - ~ 40.6 399 5 16.0 2908 283.1 589.91 9894
(19.3%) (16.9%) (4.1%) (40.4%) (1.6%) (29.4%) (28.6%) (59.6%) {100%)
T 40.0 392 B B 0.001 77 86.901 05 21.2 6.6 94.601 115.201

(34.7%) (34.0%) 0.0%) 6.7%) (75.4%) 04%) (184%) (5.7%) (24.6%) (100%)
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