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Application of Continuous Stirred Tank Reactor Model for Water Quality Control
and Management in Wetland Treatment

T I RN I TR
Kim, Kyung Sub / Ahn, Taejin / Kim, Min Su

Abstract

Continuous stirred tank reactor(CSTR) model which can be applied to control and management of
the surface flow wetland is developed to simulate the water quality in this research. The model
solution is obtained from the optimization model using the least-squares and 4th-order Runge-Kutta
methods. The model is applied to simulate BOD and TSS in the wetland database of U.S. EPA, in
which the hydraulic and water quality data are enough and the number of pond is just one for simple
analysis of running results. The model is tested in two different cases, one constant volume case and
another constant volume and flow rate case considering only reaction term, mass flux term and both
reaction and mass flux terms respectively. It is found that the model simulates the real water quality
very well with both reaction and mass flux terms rather than only reaction term and the settling
velocity of TSS becomes 0.3~0.4 m/d. The model can be applied in wetlands treatment efficiently.

keywords : wetland, CSTR model, mass balance, optimization model, least-squares method
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Benton Cattail 0.25 15 333 44 0.1 374
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Cobalt 1 0.15 0.09 310 3 0 49

w0 “ "

o[ T o[ e -

% ® ®

g 1 g " - g "

10 10 \A\- 10

5 5 LI 5

0 0

1/18/88 5/17/88 9/14/88 1/12/89 5/12/89 9/9/89 1/7/90
date

(a) reaction rate only

1/18/88 5/17/88 9/14/88 1/12/89 5/12/89 9/9/89 1/7/90
date

(b) mass flux rate only

1/18/88 5/17/88 9/14/88 1/12/89 5/12/89 9/9/89
date

1/7/90

(c) reaction and mass flux rates

Fig. 1. BOD Concentration of Benton Cattail (constant volume)
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Fig. 2. BOD Concentration of Benton Cattail (constant volume & flow rate)

Table 2. Sensitivity Analysis of Benton Cattail

Measuring date k sensitivity J sensitivity

1983-03-31 0104 0.117

1988-06-30 0.308 0.366

1988-09-30 0.837 0.970

1988-12-31 0.065 0.086

1989-03-31 0.127 0.153

1989-06-30 0.034 0.041

1989-09-30 0.399 0.442
TS A7 £10% WAy Aatstd BODE= o] Aol HaoARE HA HFL A|Ho] dFE
o] WskE moteiglon], J7b krirk BOD o gk 7 O @Az v ER S RdT B
A= Aoz et tTable 2). A5 LS agste] Ao AT G5l 48
Benton Cattail %719 AZA9} AxbA 9] o] &, k= zlo] A Zom sepsgit. BOD AA|
O 24 Fe] - Table 33 2t} Fzo] AR Ao (BODa)®t BOD 52(BODow) ol A4 =S Fots}
oF AAH D o] IAT AL BFoA WSS EA 71 $1ste] AFH el dAg Aol tiste] BODa%t
Fob BAsEdS A 18 A9 oAk Ad % BODo & HlaLste] HYtHFig. 3). 1] Ho|xo]
S8 & rk AAHo R AH @ o] AAsHY (@9 A5 = eEHEEdT W BHEEY Ve 1L
&g 2 BAEEY RS ud¥ B¢ oA e o AL kg s YeldE A4

Table 3. Sum of the Squares of the Errors (Benton Cattail)

unit : (mg/L)?

Case Reaction rate only | Mass flux rate only | Reaction and mass flux rates
constant volume 1719.8 1669.8 914.6
constant volume & flow rate 1357.1 1133.8 683.1
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Fig. 3. Comparison between BOD Calculation(BODca) and Measurement(BODoy) in Benton Cattall

(constant volume)
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Fig. 4. BOD Concentration of Central Slough (constant volume)
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Fig. 5. BOD Concentration of Central Slough (constant volume & flow rate)
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Fig. 6. BOD Concentration of Cobalt 1 (constant volume)
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Fig. 7. BOD Concentration of Cobalt 1 (constant volume & flow rate)
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Table 4. Kinetics of BOD (constant volume)

Wetland Reaction rate(/d) Mass flux rate (g/m*d)
Benton Cattail 1.494 7.821
Central Slough 0.098 2.695
Cobalt 1 2.438(1.457) 35.391(5.894)
note : parenthesis means the constant volume & flow rate case
140 TSScal 32 TsScal ng TSScal
HEE- s : &
— = 50 =
3 ® ED 3 @
2 40 20 S 30
20 S ug 12 " fg
0 Sngnnfag Eangt 12/9/85 12/9/86 12/9/87 12/8/88 12/8/89 12/8/90 12/8/91 12/7/92 0 L =
1/18/88 5/17/88 9/14/88 1/12/89 5/12/89 9/9/89 1/7/90 6/13/83 10/11/83 2/8/84 6/7/84 10/5/84
date date date
(@) benton cattail (b) central slough (c) cobalt 1
Fig. 8. TSS Concentration (constant volume)
Table 5. TSS Settling Velocity
Wetland Settling velocity (m/d) Settling velocity (m/d)
(constant volume) (constant volume & flow rates)
Benton Cattail 0.391 0.391
Central Slough 0.312 0.394
Cobalt 1 0.371 0.352
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