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Quality Management System(FLAQUM) through
the Linkage of Watershed and Freshwater Lake
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Abstract

A freshwater lake water quality management system(FLAQUM) was developed to help regional manager
for the water quality of a rural basin. The integrated user interface system FLAQUM written in Visual Basic,
includes three subsystems such as a database management system, basin pollutant loads simulation model
using SWMM model and freshwater lake water quality simulation model using WASPS5 model.

Pollutant load simulation model was applied to simulate the discharge and pollutant loading from the
watershed, and freshwater lake water quality model was applied to analyze the changes in water quality with
respect to watershed pollutant loads, and this model could be used in planning to control watershed pollutant
source for water quality management. Database management system was constructed for all input and output
data processing, and it can be used to analyze statistical characteristics using constructed data. Results are
displayed both graph and text for convenience of user.

The results of FLAQUM application to Boryeong freshwater lake showed that the lake was in ecutrophic
condition. The major contribution of pollution comes from tributary No.1 and No.4, which have a large
number of livestock farms. Therefore, water quality management must be focused on appropriate management
of the livestock farming in the two breanchs.

Keywords : Freshwter lake, Water quality management, Pollutant loads control, User Interface system

«  Aulstm AR Tss

s AEUEE e

* Corresponding author. Tel.: +82-2-450-3753
fax: +82-2-444-0223
E-mail address: sunjoo(@konkuk.ac.kr

124



LM B

8 UgelMe £ AL EXol48Y F
e Hsl 19700 o] F HHARIS B3 HlvE
gto} KA|3letn Pdra s st gl ojg) #
o] ZAH: BF3e F9Y Rk AYd &
AR QA3 FHela] wA o
AHDZE F7o] 2457
o, 12 Qg $429 didol 448 FAz o
TH &,

gt HZ 2o FEADNME YA A
g2 Q% &5 29 FUt ¥ Sk F

Y£T 3L AT FWYY AL, $TAAY =
X 508 qdslel £4 o8 BAZ} Wzl oiF
93 Qo) $EAG £ BEHOT 44 - B
5] A% el BUE LFUT Yok FEH
e oddo] seldAe EHAoR A 9
2, 39 % sEede] 3gHoR Edsn Uk

kA, BEFGAMY FARAE HdaMe B
SAAS A% g o} FY B FAE 1
gstofo sty 1EER FoEAEES YR
3he B89 anA #AAEE Yl dA
T4 WY EXolg, 79 A ¢, LBEA
2l 59 od4e |3t 9 Fxo] gt MU A
B3l AEr} Qs of& ugoZ {99 €A
3 Zg FAL A28 § Jlofof drh 2Lt
G459 Bx4d 28 A8 £A49EFE AAs
FARYAY S FHPsR=dE G55y BelA
7} tolof sk AEIL uig Wdsty, A4S
$18t Simulation TS AFAQ a9} @
e He7 sk ofggo] dEsty itk wet
A Model®] thgt AEAQ A4l E5et @A)z}
| A&l g3 FABRE A A HA|
Aol Hosirty Atgd:
2 AFMe &Y 54
SWMM E& 3} WASPS 239 44
Fred FEAA S} T EE ER

[

2> o

2

Al

Journal of the Korean Society of Agricultural Engineers, 44 (6), 2002.11

AT FR Ade) nEULEE BEaAz
fA87) AF e dBaAT, s Vel
7} oleld i5e B SABAAY Sl 584

I Hve sENd| =230 7|12 0|2

SWMMe] AH-3Hg o,
SWMM< t]= EPA(Environmental Protection
Agency) oM | Rog 1971 Ag At
g2t Version 3% d£r297 7Fss) A3
#AE Version 4 (1988)7F AREH I Slth EA]
2 YubARl HEA] Aol AEsld FEFFH f
ETAL AF3 BYor 74 AP (event) @

ol2&

729

955 54 ¥ WASPS B¥S o839l
28 AFA, &4, 3, s Sel
%% BOD, DO 5 & #4%% 1
¥ dEI SAEAY o]F,
Fankgel] oigh 2o7t shsdith Al dis) 24
(element) 2 T (segment) ¥&o] 71538 Box
3 Byo2M Z R4F 39 BoxE HFEHe
AEgT o}, o] BYL A7k WE WIS
& , AF W3l 2E B2 AL
7o) FAMEe B4o] sigsid, Fao) u}
2, 32+ #4o] 7FE3t B¥olry,

2 479 @435 7445 B AN A
g 7S 93 Kim et al. (2002)70) A4% &
978 SWMME g943 4 E8 WASP59 ol
2g

=1
o -
of
o2
o
=
r o
i

o’E,_?L:H‘
i
2
1o
o,

=N ROfo oft nE

2. H7e TEE| AISAHHAARS] JHY

7k, ARBTIECIAIAG] THgt ALR2ol
43

3 FAwE ASARIALTE Mg

125



593 9458 IAR VIR B4 +AdS - vl ASFAIN 2L AL Q 4§

s -‘?— %U:} +d
TFollXe AFHY vlEE7tE ALY 90 7}
EEE gut PCE T2aHog A |HS
M-St 2233 doj= Visual Basicg AR
191, AR RO d% YA £8E A
g e R b g e

A 28719 (Object—Oriented  Programming
Method) & W¥#9] 7155 4, Be, 718 &+ 9
T 7RIS X3l glon, EEQIHFIAE AL
faiuz 7|89 S84 22139 X do] 7bEdtt

L. TS TEUZ| ARZAHHAIAHL] M

& A% WASPS5 28 |8 o|&3 A%
2y {499 Ay 9 AR 2yl 1Fat
59 29488 #Eldhe DBMS(DataBase Ma—
nagement System) 2 TAEo] ot @53 £4
B Al2E fUFeE 5y §99 7%
ZFH o ARENF S B 2R A4 2
Hol dF¥E DBMSY| Ty, +HHHE 4
# Ex|o]&u]&e] WA 7FeHTE TAHA
GFig. 1). #3495 2¥L {9 9_°3 etk
Edi2 9459 BOD, DO, T-P, T-Ne| &%}
£ 2¥FEE At DBMSE oA Yo =}
B TESHT oW, AT 3nd vrs
FAGZ A7 BF 75E 7 UEE sl 7|1E

g 35t 953

3oz Rygsse 37

G55 FABY AHEAHIA AR °°"«1 4 A8EY vt 8oldeF
299 fUFAF A5E A8 SWMM 28 ol o £AAYE g8 2¥849 x]]o1o1} w2 Atg
€ o] 8% fFUFetF dF 2Y, 959 —’F’él"il 298] Aol FtsteF
DBMS Construction Regional DB

Agricultural DB

SWMM Data Meteorological DB
WASPS5 Data Rainfall DB

Water Quality Simulation

- Fresh Water Lake Pollutant Load Simulation
- Water Quality Management Scenario Simulation

Runoff - Pollutant loads
Simulation SWMM Simulation
- Runoff Evaluation
- Pollutant Load Evaluation
- Preprocessing for WASPS Input
—~
Fresh W
resh Water Lake WASPS Simulation

= 1

@nt of User Inteﬂ@

Fresh Water Lake

Water Quality Management Scenario

4P (Operation) € |landuse Controt
Simulation

Simulation

~ Validity Confirm S~
stem Improveme

Fig. 1 Flow chart of freshwater lake water quality management system

126

st s 3882 A48 #H63, 2002



SEE P EE P
Al FARA AL FHE F RS sl D F3 FolE A5 Y
Fig. 4 & #4 Ha% 5% 2302 it

O &4% TEUR| ABAHHSIA| A ] 4 9| Simulation® &8 #FE AAE wpEs 4

Fig. 2 © 53 4% ARAHAIAY # Q3% Input Data’} DataBaseZ T5EH 31,
(FLAQUM : Freshwater Lake Water Quality AREAR7E ek Datadl EE 7hestEs ok
Management System) ] 27|13l depfv] o o fEUIE A8 #9 29 Ao @ 7
wrole 9, folrkg, fUFEE, 7495 B I LHRSEE A58 £ AES 4 &Y
T2 FAE Stk A EXol§u&e z&o] 75 Sl

a8l Fig. 3 & F9ARR FEATS] 94 Fig. 5 & #9%8t%e 43 sdos 7+ X§{

A3 gesdd 5 At d%s ool $1A H 0 Q%31%E Text, Graph, TotalZ Z2#E &
AP} Xﬁﬂﬁ{’{r—% A, frlvetgst 4 A% 4 91, DataBaseo THEHO EHARR
%% % f9 9 9l AA FARE # ARge] JFsdte A5 A 292 A% 4
& ol g gto® AMgHrh

m D) Beii FIVAD SLEMD SNAD EER)

AQ[E[A] 28]

® 22433 FLAQUM

73 #lo1a A

[N

W v -anaran k1% NEN.KE T )

Fig. 2 Start screen and menu of FLAQUM

alix

| Biil SNIAM STEOMO V6N Sa¥s alX

“5 2l LR a2 i

] RRIARTE WRAAI 2 RS AT AR 2

Fig. 3 Screen of Basin data

Journal of the Korean Society of Agricultural Engineers,

D SYE §Ris RURD JEMORD SEMAG SEEU

huiine s

5 DD BBAC RUNRD ALANE SINAD) SRNG)

EYEALIEAE ]

e | e

822 fY ¥UY e
et i | ety | ety | e ]
SEET] w7 0 EEC] -4

]

£

LYty

(S

B 22esy cRaPH
T rota egmsy

A aBAR
- L

o &
222 AY FHE GRNH
] s ][ ¥ [75)  fF  Bf Lol ] D] 7]
‘ P T L

Fig. 5 Results of pollutant loads

44 (6), 2002.11

127



93 9558 AAW AN ¥eE FAAS - D) AR AY AL D 4

THAE Y
Fig. 6 & 7445 23 sdog AA Data—
BaseZ 750 & ]ver“é" R R T
Simulation ZA¥<] %]J%* FLOW), el R R
(COD, TN, TP)¢] € FZ& yehdd, J-DAY
¢ Time Step ¥¥ F&& %Jé 71ESE 1039

Time Intervalg ZEE 3153, 734 glo] 4
st 7hsshd, FY=el wet Time Step#t
Z4o] g3}

Fig. 7 & F34d3E dy+= 3Hoz 24359
7} Segment® DO, BOD, T-N, T-P &% &
A = 9ok

R R
LR EE T =

I

¥ [T [ [ e
TN [T R R
(W W [ om [ Twar | e
rreT =wT
[\ T e T T
FRGRL-QATE 5]

ok, J SECES BESON ISR RO

SORAE - = . Lo
wwems [T

m" orn . 1 3
TETTT TR AT T e

Fig. 6 Input of water quality simulation

7 [ TRed N ER T R BNR R

Fig. 7 Results of water quality simulation

128

3. AN CHAMRY RI=

|, EE:‘ ::I-_r§ Oo:l
EHo AL g {9 BY BF4E {9
g v FAHY EY 36721 ~36° 24" 574
1267 28" ~ 126" 42" Aololl X8t Qick ¢4
T4 2 $4F, 23 24X JA&T e
o $9HAL 128,38 kmold, F 9 f2
AFL ok 25.3 kmoll €8t} 71FE= Monsoon
Fo] g ot o Folle T2uE AL
El Y= S i Rl
£ 30,4739 (96~'98)0]1, FAF AFEFE
¢ 10978 whal, A4 3,058 v, =X
102,182 ©ha), & 635,627 wieoltt? ERAY
< AT 2ol 44 B2AE st 19994
o SFEIROL, ofd Y3yt o)FoiR|m YA Y
= Aoy BAP52 AYS Table 13} 2t}
Simulationg $3t B35 TEEEL Z 67
o] B3I /Y AWESOR FESINY, BE
39 §9L Fig. 8 oA B uvis} o] 97)9] 4
FHog FA= glon NFE F 42 4T
o] Segmentell = ROE ). o]F 2f
o 58 6ol FYHE ZEE branch 1(EF) S
231, 29 AfFe &79 3, 4, 794, 3¥ AF

S

£ A9 1, 9914, 49 l%t 259 8ol £
e Aoz A 2 AR HUsH: #
- FolF Age wUReE 45 23 e o
F3kitk
Table 1 Characteristics of the freshwater lake
Items Unit | Specification | Remarks

Watershed area ha 14,180

Irrigation area ha 5145 Pull water

Reservoir capacity ha-m 2,410
Storage requirement |ha-m 1,963
Normal management | ha 821

* Rural Development Corporation, 1998, Integrated Ag-
ricultural Development Project in Hong-bo Area,

level
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Table 2 Designated area for livestock production per

head (Unit : ')
; Poultry cow (area per head) Swine
Dairy cow (e 10

(per el {3 ez | 50 e | 70 e | 90 e head)
8% | 107 | BT | U4 | 112 | 4275

$48 24, 0|2 713 T4 3 BHoE B4

of A 57k WA A Si3lth(Table 2).

Ch $EEZ|E 25 AL 2P

Auglee B3 dAsl Zo] $AAs A A0
AAGA G 442 AT FAbsTt So13c
=AU ), 879 29do] &)
AHE FAGE I AURL 1), $EAE
o] Mgtk 71l AT FAbs7E ZAs)
= AL IME F49%S ANsEH
(Table 3). Z Aol iz 79 294 Ao 9
Z ZAF(Table 5) 53 F3 71 2 d%S
0 2ARs7te FARXE FHGSES AAE
Augle T, Mo A4 A deols Exol4d
3= ZAR 9} FARETIE 20%, 40%, 60%E &

Table 3 Design of scenario for water quality mana-
gement (Unit : ha)

Scenario T Scenario I Scenario [
+60% | +40% | +20% | 0% | -20% | -40% |-60%

Land use

Residental

and 33651)294.45|252.38 | 21032 |168.26]1261984.10

*Ryu. jae hyun. 1993, livestock business administra-
tion, pp. 136~148

Livestock

Jand 3028834377 | 20466 | 24555 |196.44|147.33198.22
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Ay Agse Adelss Ag ol B Tawan] (o | | N e
Aglo]l Az UdFE +AL Y LR QA% 642433 | 46047 | 1515 1.09
AE F259 A4S F9o EXolge wetr 3 1,368.61 8918 5.76 0.36
gk uu—_q” Park

et al. (1997)?& A7
el WHEAFA ARHE nw_a et 4

ZARHN $AYR] o 2498 Aol A

458.42 1473 2.37 0.11
2,910.54 10.521 931 0.78
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Table 5 Change of freshwater lake T-N and T-P concentrations by the reduction rate of land use

, Reduction of T-N and T-P Reduction of T-N and T-P in the lake
Re‘tiufogc;" at the pollution sources (mg/L){%) (mg/L) (%)
B rbutary]  Identity T-N T-P Identity TN T-P
cultivated 0.002 0.001
land (0.12) (1.30) cultivated 0.000 0.000
4 residental 0.037 0.005 land (0,00) (0.00)
land (2.90) (4.59)
livestock 0.401 0.033
2 land (31.3) (30.04) residental 0183 0.018
cultivated 0.026 0.001 land (3.62) (2.71)
land (0.03) (0.16)
1 residental 0.420 0.015
land (5.25) (0.34) livestock 0.954 0.064
livestock 2.100 0.175 land (19.07) (16.99)
land (23.82) (25.06)
cultivated 0003 0.005
land (0.24) (4.26) cultivated 0.028 0.001
4 residental 0.067 0.015 land (0.56) (0.31)
land (5.25) (13.83)
livestock 0.665 0.059
40 land (52.01) (50.00) residental 0.242 0.013
cultivated 0.005 0.002 land (4.84) (3.5)
land (0.06) (0.34)
i residental 0.183 0.028
land (2.27) (1.06) livestock 2.468 0.101
livestock 3684 0332 land (49.36) (29.16)
land (46.03) (47.31)

A7 fF 9 29 il /M g &S 3, 40% 7ol 46.03%, 47.31%2 7#A&S

WEadch. 19 AFe By 953 2R
T-N 15.15 mg/L, T-P 1.09 mg/LE b,
8 Afdd sigsl= 49 AFE T-N 9.31
mg/L, T-P 1.09 mg/LE yebdith

Table 5 oA} 7o) 20%, 40%2] v|&2 EA|
o] $1] &S #A2aRE w FibsTPt 49 2449
2 253 £AY P 93 9% WXL FA
2], AFAELR GFE vAE AoF et
Aol gn| &0 ZrAe) BE A UnE £4
An 4 vAe YFo| 7 FE JEHAR)
Exjol4u &S Frlet AASth 1 AR
A% 20%9 FibsvhlEd FAxEgles Afele
T-N, T-P 7 23.82%, 25.06% ZA&L B3

132

Bt 253 29 FERE 7 AF FAsvhY
20%, 40% 744 T-N, T-P Z4Z 19.07%.
16.99%} 49.36%, 29.16%9 #A2&2 Holm
Ak FAAY HRAA L B 20%, 40% 2ol
23 4 5% v A& ZAags Holn 9t

ol’de A% FLAQUME B3 2 §99 244
oz2Rg geiule] £A7R AAEI dFo] 7t
F3lth EAo]gu]E&e] W7o dAdoz oz
E 853 9% nAE fEeERYH I4 &
A4 T AFE A5 F kA FANAY
ol M A3ksd A 9 AN A
g 91z 5 A =0 Helgt dadn
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mg/L, B304 021 mg/LE FYLF 324%
A71E 0.1 mg/LY 24 o] k& Hojm 9lom,
Auelede] g 299Y 60% Tiol AF
051 mg/l, 953 0.11 mg/LE FA7|F|
001 mgLE 208k A07 Jephgt}
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Fig. 11 Change of BOD concentration simulated by
scenario I,1II,H
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Fig. 12 Change of T-N concentration simulated by Fig. 13 Change of T-P concentration simulated by
scenarioc I,1,1I scenario I,1,H

Table 6 BOD, T-N and T-P concentration simulated by scenario I, II,Hl

BOD(mg/L) T-N(mg/L) T-P(mg/L)
Contral rate

(%) Branch Lake Branch Lake Branch Lake
ave. | Max | Min | Ave. | ave. | Max | Min | Ave. | ave. | Max | Min | Ave

+60 | 1136 | 2712 121 903 | 704| 1580 084| 701 276| 104 017} 032
I +40 997 | 2347 | 105| 782 601| 1366| 072 606| 242 097 016 030
+20 803 1903| 08| 634] 506| 1152] o062 511 | 217| 08| 0l4| 027
I 0 94311586 | 071| 528 | 502| 1019| 054| 453| 167| 069, 011 | 021
-20 4941224 | 072| 4144 308| 858| 046 381 125| 059] 010} 013
i -40 350 | 884 073} 307| 217| 520} 028| 231| 08| 052] 008 | 0l6
-60 236 | 564 | 067 207 139 213| 0I11| 09| 051}f 037| 006 0l1
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&g sl SWMM EY olg AR, ¢
39 FdEE H8] WASPS 2¥ o]&F A
£3l0 g eAgds J8 At #49
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&5 vAE EXo| 483 7] sk ¥4 2
3 5z 68 AFdY 1M ARG 8H A/
49 A F7} P w7sHA ukgEith 1 AFE
T-N 15.15 mg/L, T-P 1.09 mg/LE A1,
4 AFE 22} 9.31 mg/L, 0.78 mg/LE et
Jot Exjo|gu]&9 A HibssPE 19 29
4 9 @3 A s uzd 9% vA1
FAA, AFAA £02 S nFT FFE L2
Balgeld 74 AR Eabsrte] 20%, 40% %
of T-N, T-P ZZ} 19.07%, 16.99%%}
49.36%, 29.16%9 ZA&S Btk RIYSD
o FAAME 8 14 AFe 44 ARE FA
o2 FAXRSRAS vlEslolor B F 2FAY
Z2Rs71el gt g vldo] Wesirty wdEh
AuE ey o2 Az Z2¢A] ggde] g3 2
Asie] wl$ AA delgz, Avel 1A
A HEgssE BOD 9.43 mg/L, T-N 4.53
mg/L, T-P 021 mg/LE 34 ¥ 359 5U4
F FA7NES 2% 33, Al IS Al
g Al 019 3% T-N, T-P EF F
ooksl~Hodaksty Jehdth Aluele Mo Az
299 60% AojA] BOD 3.21 mg/L, T-N 0.95
mg/L, T-P 0.11 mg/LE ¥4 FA7=d ¢
zst= 2742 Jepddh 28499 60% A7t &
Aoz ofde £ dou Fisvke A&AA
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