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A Model Study of Dissolved Oxygen Change by Waste Water Discharge in the River. Choi,
Kyoung -Sik*, Dong-Gwon Sung! and Tae—-Keun Kim? (Dept. of watershed management,
EMC, 'Dept. of Civil Eng., Chonbuk National University, 2Dept. of Environ. Eng., Chongju

University)

Urbanization and population increase result in the construction of STPs (Sewage
Treatment Plants). Discharge from STPs greatly influences on the water quality in
the stream which receives discharges. The decision of STP location should be
considered with the discharge capacity of STP and self-purification of river in the
water quality perspectively. In this study, a change of dissolved oxygen (DO) in a
river being affected by STP discharge was simulated by the STELLA model.
Minimum DO was 4.98 ppm in 42.6 km downstream of STP. Approximately, it takes 8
days to recover the DO by the self-purification and this location is 340 km down-
stream from the STP. If the model run for the consideration of the self-purification
without phytoplankton algorithms, minimum DO was 4.92 ppm. It took 0.25 day
longer to be the minimum DO than that with the phytoplankton functions. Without
the phytoplankton algorithm, it took 11ldays to recover the DO. This proves the im-
portance of phytoplankton in the self-purification processes. Additionally, the effect
of adjacent STP discharge should be considered in the construction of new STP.
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Table 1. The information of waste water discharge and
water quality in Congaree River.

Waste water

Parameters River value

discharge
River depth (m) 1.524 -
River Width (m) 66.14 -
Flow (m3/sec) 46.2 35
Temp (°C) - 27
DO (ppm) 7 5
BODu (ppm) 1.75 43.8
Organic N (ppm) 0.15 10
NH4-N (ppm) 0.13 20
NO3-NO:N (ppm) 0.02 0.2
TP (ppm) 0.146 1.8
Secchi disk depth (m) 0.52 -
Phytoplankton (ppm) 3.98x 1073 -
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Fig. 1. Schematic of each components in STELLA Model.
Decayl = kqyx BOD
o DO =DO+dtx (—DO_NO,—DO_NH,;—Decay2-Rearation-Sediment-Respiration-+O_pro)

o BOD =BOD+dt x (-Decay1)

DO NO;=a6x0x2 DO _NH;=a5x0x_1
Sediment=SOD/Depth
O_pro=0_prod x Growth x A Conversion

o NHs=NHs+dt x (-Ox14Load N—O Uptake)

Decay?2 = kq x BOD
Respiration =A_Res x O_Uptake

Rearation =k, x OxDep

Ox1=NHsxB1 Load N=B3xOrgaN O Uptake =Growth x FractionA x NConv

u] NOz = N02+dt X (OXl—OXZ)
o NO3z=NO3+dt x (Ox1-0x2)
o OrgaN = OrgaN+dt x (-LoadN)

Ox2=N02xB2

o Phytoplankton = Phytoplankton+dt x (Growth-Sink-A Res)
Sink = Ksink x Phytoplankton

Growth = Kgr x Phytoplankton
A Res =P x Phytoplankton x A Conversion
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A: runoff, B : pollutant concentration in river,
C: discharge volume, D : pollutant concentration in
the waste water discharge
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Table 2. Coefficients for the temperature correction.
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Table 3. The changes of each outputs.

Rate coefficient Value
BOD decay 1.047
Reaeration 1.024
Ammonia decay 1.047
Nitrite decay 1.047
Algal growth 1.047
Algal respiration 1.047

Azt A7 BOD DO NHs NO, NO; Org-N
day km (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
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ki=f(t, Ci) ko=f(ti+1/2h, Ci+1/2hky) (14)
ks=f (ti-+1/2h, Ci+1/2hks) ka=Tf(ti+1/2h, Ci+hks)

dCi -
FTRAR h=7774 ki=71€7] 343

) = He) AYAtL —g_— A B2 o] A3kglet. Table 1]
2ako] 3.5mdsecd 7L &3
4944 A]2] BOD, DO, NH4, NO3, Org—-N % Chlorophyll
a 7% =+x A 2% o83l AAE ZH3} 4.7 ppm,
6.86 ppm, 1.52 ppm, 0.138 ppm, 0.841 ppmo.& e}t

0 0 470 6.86 1.516 0.000 0.138 0.841
0.25 106 424 596 1381 0.116 0.212 0.785
05 213 3.82 540 1247 0.147 0.300 0.732
0.75 319 345 509 1121 0.148 0.497 0.684
1 426 3.11 498 1.000 0.138 0.631 0.638
15 639 253 508 0.762 0.111 0.809 0.556
2 85.2 2.05 542 0.510 0.080 0.795 0.484
3 127.8 136 6.23 0.133 0.025 0.303 0.367
4 170.4 090 6.65 0.041 0.007 0.061 0.279
5 213.0 0.60 6.82 0.033 0.004 0.018 0.212
6 2556 0.39 6.91 0.023 0.003 0.010 0.161
7 298.2 0.26 6.96 0.020 0.003 0.008 0.122
8 340.8 0.17 7.00 0.017 0.002 0.008 0.093
9 3834 0.11 7.03 0.014 0.002 0.008 0.070
10 426.0 0.08 7.05 0.012 0.002 0.008 0.053
12 511.1 0.03 7.07 0.087 0.001 0.008 0.031

Fig. 2. Prediction of each components in the STELLA
model.
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Table 4. The change of outputs without the consideration
of phytoplankton parts (Respiration, Sink and

Growth).
A7+ BOD DO NH, NO, OrgN
(day) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
0 4.70 6.86 1520 0 0.841

0.25 4.16 5.82 1.360 0.128 0.774
0.5 3.83 5.39 1.270 0.149 0.732
0.75 3.53 5.12 1.180 0.152 0.693
1 3.12 4.94 1.060 0.143 0.638
1.25 2.87 4.92 0.985 0.135 0.604
15 2.54 4.97 0.886 0.122 0.223
2 2.07 5.19 0.745 0.103 0.484

3 1.37 5.69 0.531 0.073 0.368
4 0.91 6.10 0.382 0.053 0.279
5 0.61 6.40 0.278 0.038 0.212
6 0.40 6.6 0.204 0.028 0.161
7 0.27 6.74 0.151 0.021 0.122
8 0.18 6.84 0.112 0.015 0.093
9 0.12 6.92 0.083 0.011 0.070
10 0.08 6.97 0.062 0.009 0.053
11 0.05 7.00 0.005 0.006 0.041
12 0.03 7.03 0.004 0.005 0.031
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Table 5. Sensitivity analysis for the DO
o] & o)1=l ==

R s R
+= 27 -2.7 0.27 0.5421
(°C) 2.7 -0.23 0.4618
3 1630 —-163 -0.14 0.2811
(m3/sec) ' 163 0.17 0.3413
i T -0.041 -0.01  0.0203
B & A 4= ' 0.041 -0.12 0.2439
reaeration 1653 —0.1653 -0.26 0.5284
B & A 5 ' 0.1653 0.19 0.3862
NH4 0524 —0.0524 0.04 0.0813
2 A 5 ' 0.0524 -0.16 0.3252
F71 A A& 02758 —0.02758 —-0.05 0.1016
B A4 ' 0.02758 —-0.07 0.1423
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