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Abstract

The purpose of this study was development and application of a multiple box model for
long term prediction and control of water gquality in estuary reservoir. The model was com-
posed of one main model and two sub models for hydrology and water quality. Water qual-
ity constituents for modeling were temperature, chlorophyll-a, BOD, DO, N, and P. The
model had been applied to Asan regervoir, and the reservoir had been devided into three
boxes-two hoxes for a upper layer and one box for a lower layer-to represent stratification.
The model appeared satisfactory in representing long term trend of water quality vari-
ations by comparing measured and simulated results. According to the application of the
model to study alternatives for water quality improvement to deal with increase in future
pollution load, use of non-phosphorous detergent for chlorophyll-a, advanced sewage treat-
ment for BOD and T-N, reduction of livestock waste for T-P were evaluated as more effec-
tive ones than any others, respectively.
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¥ 1. Kinetic equations

Component Basic equation

Phytoplankton dA
T: (GR-DR-ST-DG) - A

GR=GRnax(20C) - AT) - A(L) - AN)
DR:DR‘ . 0}T—20+DR2

ST=S8V/Z
AT)=6T%
ALy= 2.718 b [ ( I, (~k - 2) L
=z exp L exp(—k. } eXP(T)]
DIN DIP
(N) =Min¢ s )
ANy =Mint R Kot DIP’
Nitrogen dN,
_dt—=aN *DR - A - fa-(kni(T)+Sw/Z) + Ny
dN;

=ay DR« A« (1-fy) +ka(T) + Ny
dt 1,000

- arkwe(T) - N;

s rn(T)/Z + f-an - GR - A

dN;
: R =kyno(T) - Ne-kns(T) - N
dN,
T=*an +GR-A - (1-a¢) +kna(T) - N;
Phosphorous dP,
T=ap *DR + A - fp~(ke(T) +Sp/2) - P,
ap: DR« A+ (1=fm) +kp(T) - P+ (T)/Z - f GR- A
—.——:a . . . - - - . ¥ = . -
dt P Pl Pl 1 1’000 Tp p—Op ]
BOD dB
T‘—t——;“ac DR+ A-k(T) - B-Ss/Z - B
DO dO

—E;—=k.(T)/Z * (0-0)+pB; - GR - A-B, - DR « A-ky(T) - B-3.43 « kpo(T) * ¥,

-1.14 « kns(T) « N;-SOD(T)/Z
k(T)=ki(20C) - 6%
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Ttems Descriptions Froe] YW EFFLE st LR
Watershed area 1,634.5ki AH §9, A §99, 3PS e FREY
Full water surface area 28.0kf AT, EXelg R 71EALS 8 FAASs v
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Flood water level +4.5m EXol&, 71&e] A4 ¥ 39 99 E, TS
Management water level +2.5m o] 3% & $£AE wFF £247$S aesty 4
Sea-dike length 2,564m 2319}

clevation 8.5m ¢ FUHA FFI £ 2 9

max. height 17m FEEE L 471N TR KB EE E RO

sluice gate longth) 105, Shulm gHsted AR K2&E T8 F AR

sill elevation —3.0m (10 gates) $280 LYRGFL A KBoIRsBe

—4.0m( 2 gates) A
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18| 9. Comparisons between observed and simulated values of chiorophyll-a, BOD, PO-P, T-P, NH;-N, T-

N in sach box

Ehgi2ith NH;-N, T-N& Ag&3d) & g2 U
Ebd 9 o §Holle o ¥ g YElol 4
BAEFAEN 4% gdgo] & Aoz e,

1988 el A4te 9¥ B +AENE BE,
Chlorophyll-a¢] 3% 4.44-40.95mg/m? BODx=
2.3-10.4ng/L. T-P9] 79 0.047-0.258mg/L, T-
Negl 2% 0.550-2.180mg/L2A A Halx
o] & Aoz AN
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VA stn Rl 2j#) 1991, 1996, 2001de] wh3}
Chlorophyll-a, BOD, T-N, T-P¥x9] <2431 8
HE 191d 9 BODe 24-261mg/L,
Chlorophyll-as= 3.12-88.40mg/m*, T-N& 0.588
-4.446mg/L, T-P¥ 0.036-0.583mg/L. ¥ # o)1,
19963 9] BODy 2.3-33.6mg/L, Chlorophyli-a
= 3.12-88.67mg/m®, T-N& 0.729-6.743mg/L,
T-P&  0.040-0.719mg/L. ¢ olm, 2001ddf
BOD ¥ 2.6-36.8mg/L, Chlorophyll-a& 3.12
-88.34mg/m*® T-N& 0.988-8.962mg/l., T-P=
0.044-1.134mg/L U912 3 AfFo] aA Yl
stk d&xe) FAEAHE BH &9} Hol 3
AH5Box DB Z4F o] YmAe AYE
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H 4. Comparison of treatment saiternatives for
water quality improvement in Asan. reger-
voir on the basis of 2001 year

Alternative®*

I I n I\ v
Chl-a | mg/m® | 17.75 | 18.57 | 17.62 | 18.46 | 21.07
BOD | »xg/L 9.0 9.0 10.0 9.9 9.4
T-P |mg/L |0.1900.179 | 0.192 0.180 0.160
T-N |mg/L | 2.654 | 2.244 | 2.947 | 2.672 | 2.281
*Alternative I : Traditional Sewage Treatment

Il . Advanced Sewage Treatment

W : Non-phosphorous Detergenﬁ

IV :10% Reduction of Livestock

Waste

V :20% Reduction of Livestock

Waste

Item| Unit

0.4 &

1987-1989d F¢ UFTALS @GFE £ 4
2y & 3% ATEAE A9 R A

(D) stMgdol #HAY 7 FFaed oMide
3 XY QXY 3 AsEol FUES
& NEF ol3te} £4& Jeplith

(2) 539 #AR0E AMME 39 FHW
B A8ty aFAC] 4FEgE viAE 290E
setate] G5 ALTACdA Y FAde] W3
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& FHE ot Atk ¥ AN g +4
E2Ye Shtsd Hey 2 g5Ee 33
FTEAR LYo 2 olfrle Y Hor WAL

@) FduE AdMe ) 2998 293
o2 gesiojorst §45Hd §7E £AL £
¥ U Ao By, £ Bgysie) 9
AEH N, PE EAI] 98 nxsieAg, 7
A e =9, Fdwlisrel g v BREUA Y3}
HAAHY AH, WA B FABAR &
Hel AL T A Fo 27 lojer & A
L2 BAEH, ol BEY W AL &Yoo)
a3d

2 &

A ! phytoplankton conc., ag chl-a/m?

N: : organic-N conc., ng/L

N :ammonia conc., mg/L

Ni ! nitrite conc., mg/L

N, ! nitrate conc., ng/L

P, ! organic-P conc., ng/L

P; : phosphate conc., mg/L

B : BOD conc., ng/L

O : DO conc., ng/L

Os : saturation DO conc., ng/L

GR : gross rate, 1/d
DR, : respiration rate, 1/d
DR, :rate of nonpredatory mortality, 1/d
DG :loss rate due to grazing, 1/d

ST ' settling rate of phytoplankton, 1/d

SV ! settling velocity of phytoplankton, m/d
Sm ”
Spr ” organic-P, m/d
Sg ” BOD, m /d

Io : light intensity at water surface, ly/d

organic-N m/d

Ix : optimum light intensity, ly/d

fa  : fraction of daylight

fvi fraction of org.-N to T-N produced by res-
piration and nonpredatory mortality of
phytoplankton

fp  : fraction of org.~P to T-P produced by res-
piration and nonpredatory mortality of
phytoplankton.

fw release adjustment factor of nitrogen.
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fr ” of phosphorus.

D : cone. of dissolved inorganic nitrogen, ng/L

De ”
ng/L

Kan : half-saturation constant for Dy, mg/L

Kme ” for Dip, mg/L

a; . ammonia preference factor

phosphorus,

@y ! nitrogen composition of phytoplankton bi-
omass, ng N/mg chl-a
@ . phophorus conposition of phytoplankton bi-
omass, mg P/mg chl-a
o :carbon conposition of phytoplankton bi-
omass, ng C/mg chl-a
B: : oxygen produced per unit of phytoplankton
biomass, mg O./ng chl-a
B oxygen
phytoplankton biomass, sg O,/ng chl-a
rn(T) : release rate of ammonia at TC, mg N/ni/d
re(T) ” phosphate at TC, mg P/nf
/d

k. ! extinction coeff., 1/m

consumed per unit of

ka1 ammonification rate of organic-N at TC,
1/d
kxz ! nitrification rate of ammonia at TC, 1/d
ki ” of nitrite at TC, 1/d
ke (T) : mineralization of organic-P at T, 1/d

ki(T) : BOD decay rate at TC, 1/d
ki(T) : surface transfer coeff. of oxygen, m/d
8,  temperature adjustment coeff.
SOD(T): sediment oxygen demand at TC, mg/L
t  :time
T : temperature, C

Z  : water depth, m
AdoEH
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