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GIS Application for Rural Water Quality Management
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ABSTRACT : A rural water quality management information system (RWQMIS) by integrating Geo-
graphic Information System (GIS) with the existing models (pollutants transport and river water quali-
ty) is described. A simple pollutant load model to calculate delivered pollutants to stream, Tank model
to generate daily runoff and QUAL2E model to predict river water quality, were incorporated into GIS.
The system was applied to 80km? watershed in Icheon Gun and Yongin Gun, Kyonggi Do. The spatial
distributions of produced pollutant load, discharged pollutant load, delivered ratio to the stream, and

the river water quality status for given sites were successfully generated.

oo R FHAAA A2 o) BAERT A

M B2 Aglel tgsty] sl WaR oz xeof P 3
Aol gh, o|ZRE oprHolxE AF o@L A
A 30ed Fore] AAAFE T ARFE 23 BRRAE 28 HATk

o] SAbe FHASoY FEE BAsieh AT = A Agds), A5 BN BWYHE 2
ANAZL T37e] Axts AL ZEFTH A7 B, 34 2L sgen Feso AL
2FYE oA A ZEe A ol B orshAl7)AL, FRANE T Fokd BlRe] A
27} olel e Aol AWstA =AU oleF =& g0 PUYY FRA7 FHT o, BAS
o HlELA ol&, A9 AUH v, F&e d oA FA AT EXAEAL HA Aztst

* 32222} 91 F AL (Korea Water Resources Corporation, 462 —1, Jeonim —Dong, Yusung —Gu, Taejon, Korea, 305—390, Tel.
(042)860—0320)
e 3= 95d s Ayy] 23 Post—Doc. A fle] o3l 58 E A%,

—147—



A dFEHT Aok ol FFEAE HAsH] 9
o S Agtnr A71AEE AR 5
WA slojop AR, FAAF o] e x
Z571 kel Aol gt v1Ee] Aa el gt
VNEEe 6H”°‘—re w37 oHE dAelrh
53 2P RE Ao Besty] AshM= &
737 Bt dAe] Ail AM7ro g Aok A
gAnE FAEHE SR Q8 7&e] EAYgE
off A% zA8Aele Aol BFEL :
220 AFE HAdrleo] FHEER 8}
A ¥R o3l FAARE FEAoR
2], ¥Astmat she 2] BAl2w (Geographic
Information System, GIS) o] 7N} 2 &o] AA
Z3g vIR e Tule] AR7IE, A 714, 8-
sherokoll M &ds| g lom, 1 {4
JHH D ok AP RA2E S S8 F
kR HECEAH, AHAY, &BHY
g;ﬂoﬂabzﬂﬂ 1-r o e, --X}L_ﬂ-e]

W3 Thpoie, 1 88

Pys
&4

3 ’

I

o
=BA (3]
L AR
=

5

,..
)

=]

uc)

o]
<&

4 23,
Ggpe), EXALTHE
W97} g lch
ajeb oo} g
IONE XN
A

3
L

1o, X

S T, EFLEEAE Ads
EM FE AE A A
A= 7_‘ 9_%9} B]—/lg)\l-%l— :g}ole} 7LA]
a3 dFe] a7sE uh olE AT ErEAM
AAH A2 o] 8% BFHH Aue] 7
Ao Mg Ro Algdh

£ A7 B2 v LRddAY oddd
3 ojo] mE shdFAe] & Ayt em s}
37] fiate] A2 BALE

0010%1:-53 m

SRR
Al ERAES FYARE

;(EI

7

o r

s}

-
A

23}

¢

L.

Tl

)\}-1‘]

Sy T T 6}i

CEEE Aus

[e]
g 59
HESR=H 3

o

%

LR A
St A B Al 82| TN
A2ge] e
B AZHS & £89014] LARNAE
dg =¥, FesuqEd SuF o5

28 9 foe oY ¥ el Fuve
A% AR sdoR FHE 9
svaEEEe 74E ogdory
4 OAE 99%AY R AYEE AV, ¥
ol 4

o oUHEE e

]P}lzs]— /‘-11_9_0:1 ;(]
A el HESOH 2L
T (BOD), F¥E

=

SHE O
3l
Ao 93t o AAHTE veh
il ’Z"%*(T N), ZA(T—-P)olth

?E'} TR FE o)A
-uH(1988) ol 2|5t

.J_Tl'gsllaai r

Kz

i

do
e

DEQh FulefolAl 2 A)E
DO, BOD, Chlorophyll—a,
org—N, NHa—N NO,—N, NO;—N, org—P, dis-
solved—P § 25 15709 S8 g5o] disle]
Zo] 7}58 QUALZERYS M skl
qel ¢4E Azt

2] @A=L Intergraphe] Z:9)v1(Eagle-
4050), Welgtko} # (Interpro2020) ¥ ESRI(Envi-
ronmental Systems Research Institute) ] ARC/
INFO(ver. 6.1.1) 5% AA3}o] tj =y
5 9 $4AEE TS egvehiby o gt
] o] & = ARC/
INFO&] JAele]el AML(Arc Macro Language
VE ARl AAAH o, Al2sle] ThefAAl=
ok ol FAE HPEEE SHth

Hol-
LS 1315t Fig.13 2ot

ir 9l

7358 AR = 3].230]]

o]
Ap-e19)

= O

&

“1e

5k Q)

WrddEe e 4ede 2 &

Al O

How
Aze] Ahd g =4

LeiEsiY DY
wal m‘ﬂwm%
o Wrold &

—148—



SELRY SlATTTCIE 2B GIS S8

Base maps = Subwatershed attribute data
e contour e population
e stream e livestocks
® |anduse ® industry
e watershed & subwatershed ® land use

boundary

3

Result maps from e Pollutant load model

pollutant load model

e generated by AML e produced pollutant loads
e joad distribution maps e discharged pollutant loads
for each subwatershed e discharge ratio to main stream
4

Surface runoff model

e TANK model modified
by Kim & Park(1988)

e convert poliutant concentration
units, kg/day into ppm

4
River water quality map <& River water quality model
® generated by AML e QUAL2E model by EPA(1985)
e water quality map e simulate BOD, T-N, T-P
displayed by spot e water quality results for

a given sites with TABLES
format in ARC/INFO

Fig. 1. Schematic diagram of Rural Water Quality Management Information System

(RWQMIS)
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Table 1. Produced pollutant load calculation

Poliutant source Caleutation
. Popuiation « Pollutant toad factor for
Domestic
waslewater / excrement
Livestock Head no. » Pollutant load factor for
feces / urine i
]
Industry Wastewater water = Concentration
i Land use Land use area * Pollutant ioad factor
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Table 2. Regression equations of Tank mo-
del parameters

Parameters Regression equation Remarks
alt = -0.00414 P + 0.169 P : Paddy area(%)
Runoft hole | a12 = -0.00175 F + 0.333 U : Upland area(%)
area a2 = 000657 U + 0.163 F : Forest area(%)
a3 = -0.000267 U + 0.00912 A : Area(km®)

h11 = 50
Height to | h12 = 16.68 In(A} + 242
runof hole | h2 = -0.0934 U + 2.0904

h =00
Initial storage g; : 88
depth .

3 = 43696 In(A) + 37.159

Note) Kim, H. Y., 1988, Simulating Daily Inflow and Release Rates
for Imgaton Reservoirs, Seoul Nat'l Unv., Ph. D. Thesis.
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Table 3. Layer design and its attribute

I
1

Layer - Feature | Aftribute 'Map scale!
o ! ; .
Contour . Line ! Elevation |
[ Stream | Lire Streamn name ‘
©1:25,000 ¢
Land use Polygon  Landuse type no.’

‘ Walershed boundary Polygon‘ Watershed no.
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Table 4. Systems for data construction

i T T -

Hardware Software Use i

]

\ i |

| Intergraph, Eagle 4050 //SCAN Scanning ;
‘Imergraph Interpro 2020 1/RAS32 Raster editing

I Intergraph, interpro 2020 I/VECMS Vectorizing
Sun Sparc 1+ ARC/INFO iEditing, Attribute input

|
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Table 5. Attribute data of each layer

| watershed boundary ‘ Sream | Land use
i- Walershed no. / area ;n Level ‘& Langd use type
| o Steam name| < paddy / upland /

5
[ ® No. of popuiation
t ® No. of Korean cow / forest / setiement /

mik cow / pig / chicken others >
o No. of textile / food /
beverage / other factory
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g 4 JEE AML =298 sk
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Table 6. Available data from maps and gen-
erated results from models

!iMao name l Extracted data | Model name I Generated data

| Subwatershed .E' No. of x?opulabon‘ . P'rod.w@ poliutant load
boundary {::o; : :vvaswck , Polutart load distribution for each

| . of factory sub watershed

I "o Atea for each "o Poliutant concentration

i tand use | g ce woe | TANK l

r * River siope “® Point-source poliution

i : | from TANK model
Cortiour QUALZE ‘}o River water quality for

L | oven sites ]
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Table 7. Produced poliutant mass unit from
rural domestic sewage

Source Water quality item Pﬂmitiye unl
(o/capita/day)
BOD 1.0
Wastewater T-N 1.0
T-P 04
BOD 180
Excrement T-N 9.0
| T-P 10




Table 8. Produced pollutant mass unit from

N

0

livestock
(unit : gMead/day}
item BOD T-N ' T-P
Class Feces | Urine | Feces | Urine | Feces | Urine
Korean cow| 3310 | 957 | 60.3 | 479 | 110 1.1
Milk cow | 3300 | 111.6 | 2520 | 58.1 145 1.3
Pig 1412 | 310 | 185 | 122 | 125 | 06
Chicken | 34 - 48 - 02 | -—_di
Omers | 1600 | - | 20 - 75 F -]

Table 9. Produced pollutant mass unit from
industrial wastewater

{unit © g/day/m®
ey ;

’ Faclory Type BoO | TN | TP |

Food 2210 | w4 . w0 |
\‘ Beverage 164.0 i 37.1 - 17.2 o i
{ Textie | w0 o na |
| Oters L 288.0 I 20 a5

Table 10. Produced pollutant mass unit
from landuse

(unit = kg/km?day)

1

Land use type BOD T-N | T-P W

Paddy 5.12 8.20 1.40

Upland 5.18 8.95 0.39

Forest 1.00 464 0.021

Settiement 87.60 10.05 0.55

Others 0.96 464 0.027
|
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oy AgA e AL, i
AT Aol Mo WEH Ao B}, ¥
kit A, Agtx, 2594, sABYen FFE

of Ao AMEA] dnbalel ‘ﬂﬁkﬂlﬂ%ﬂ BOD 65
%, T-N 7%, T—P 15% & 2& L

= Table 113 go] #@nad 2§57HAR),
Zx Aol BAF AETFAF/HBY), vl
Frte Rt Agsidch AjiAle Table 12

2
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Zol £xx o= Fig.3sh 2ok 19, 43 {90
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Table 11. Discharged pollutant mass unit
from livestock
(unit : kg/day)
ftlem Type A ‘ Type B | Tye C
cb BOD|T-N | T-P BOD|T-N | T-P |BOD| T-N | T-P
Korean cow | 1.65 383,088 4951359108957 4791 1.1

Milk cow | 2.0 |46.5|1.04|60.0 435128 1161581 1.3

~

T T
Pig 06297 |0.12|186] 9.1 i0.59 311,122 06

Table 12. Discharged pollutant mass unit
from industrial wastewater

(unit : g/m%day)

T - T ]

Factory type ‘ BOD J? T-N T-P |
N l B 1
| Food 200 | 18 | 738 |
T e s 563 | 345 J
[ Ohers | 200 | 3540 |

el FEES F(1994) 9 Ao =&
AH(15)~A(17) 9 T3 FAAE ARl e,
F9E fEE FEEY o Figdasd ¥ 33
[e]

e 7, 8¥ T 129 Aol
feludh 27 vehs

Y1=0.399708 X1—0.00465 X2+

0.374169 X3+ 10.67 +reveeernrrsrernorences 15
Y2=-0.15736 X1—0.00017 X2—
0.14932 X3+ 3177 ceveeerennrreeracccrecaanns (16)
Y3=10.82858 X1—0.1141 X2+
5517752 X34+ 307.62 «-vvereereeeneocnannenes an
714,

Y1,Y2,Y3 : BOD, T-N, T—-P2} F2E(%)
X1,X2,X3 1 #9984 (Km*), a75(11),

—154—



l2vaevae |
iro-r |

| v
iD
N LI

(a) T-N (b) T—P
Fig. 3. Spatial distribution of pollutant load(T-N, T-P) discharged at each subwatershed
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Fig. 4. Spatial distribution of pollutant load Fig. 5. Stream water quality(BOD) along the
(BOD) delivery ratio main stream
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and User’s Manual, U.S. EPA Kim, H. Y., 1988, Simulating Daily Inflow and
ESRI, 1990, Understanding GIS : The ARC/ Release Rates for Irrigation Reservoirs,
INFO Method, Environmental Systems Seoul Nat'l Univ., Ph. D. Thesis.

Research Institute, Inc., Redlands CA, USA
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