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We investigated the possibility of using effluents from a municipal sewage treatment plant (STP) as tracers a tracer
for hydrologic studies of rivers. The possibility was checked in a 12-km long reach downstream of Jeonju Municipal
Sewage Treatment Plant (JSTP). Time-series monitoring of the water chemistry reveals that chemical compositions
of the effluent from the JSTP are fluctuating within a relatively wide range during the sampling period. In addition,
the signals from the plant were observed at the downstream stations consecutively with increasing time lags, espe-
cially in concentrations of the conservative chemical parameters (concentrations for chloride and sulfate, total con-
centration of major cations, and electric conductivity). Based on this observation, we could estimate the stream flow
(Q), velocity (v), and dispersion coefficient (D). A 1-D nonreactive solute-transport model with automated opti-
mization schemes was used for this study. The values of Q, v, and D estimated from this study varied from 6.4 to
9.0 m%sec (at the downstream end of the reach), from 0.06 to 0.10 m/sec, and from 0.7 to 6.4 m%sec, respectively.
The results show that the effluent from a large-scaled municipal STP frequently provides good, multiple natural trac-
ers for hydrologic studies.
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Fig. 1. Study area and sampling sta-
tions. Open circles represent the time-
series monitoring stations, and solid cir-
cles the snapshot sample points. Roman

e
“ - "S numbers represent sub-reaches, for which
Jeonju Stream flow velocities and dispersion coefficients
were estimated in this study.
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Fig. 2. Chemical variation of JSTP effluent and response curves observed at downstream stations: chloride (a), sulfate (b), total cation (c), EC (d), alka-
linity (e), and nitrate (f).
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Table 1. Water analysis results and a comparison of the estimated discharges with the previous study (Kim et al., 2002). Numbers in
parenthesis are the model-sought, optimum concentrations to simulate the observed response curves (Fig. 2a-d).

Discharge (m*/sec)

Sample EC EC* < cation cr SO NO;~  Alkalinity

Point P (mS/em)  (mS/cm) (meg/L) (mg/L) (mg/L) (mg/L)  (meq/L) KE’Z“OS’Z;”‘ This study®
IS 707 0275  0.280(0.32) 2.03 16.1 194 94 0.963 312°  1.95-3.22
El 691 0247 0.252 1.70 9.7 16.4 1.8 0875 0.17° 0.0001
E2 760 0.349 0.36 2.66 19.4 26.8 15.5 1.23 0.14° 0.005
KS 843 0214  0218(025) 1.67 9.5 16.7 122 0.852 3.07°  0.65-1.43
HI 859 137 1.44 (1.64) 13.6 46.1 17.7 31.6 13.35 0.12° 0.13
SR1 677 0241 0.246 1.98 17.5 19.3 108  0.967 . 0.03
SR2 801 481  533(9.9-10.7) 51.2(111-120) 788 (737-799) 485(1293-1399) 441 4.99 0.07*  0.03-0.08
SR3  7.56 0.694 0.718 5.59 98.7 24.2 1.7 322 < 0.03°  0.001
HI 767 0345 0.353 3.34 353 20.5 15.1 1.64 - 0.0004
IS 741 0463 0.475(0.27-0.59) 3.36 (1.94-5.00) 30.5 (153-80.4) 33.7 (7.05-140) 31.6 2.50 - 0.93-1.69

*From each wastewater treatment plant (Samrye WTP and the WTP of The Hite a beer company).
®Directly measured.

‘Chemically estimated based on snapshot sampling

“Estimated from the response curves of the conservative chemicals (Fig. 2a-d)

Table 2. Model conditions used for Q, v, and D estimation. Only conservative chemical parameters (concentrations of chloride and sulfate, S
cation, and EC*) were used for this estimation.

PARAMETER MODEL CONDITION

- specified with the measured data (Fig. 2a-d for Cysre)
Cistn Qiste - Qysp data are from the database of the JSTP

- time varying

- specified with the measured value (Table 1)*
- constant over time

CJS, CEI, CE2, CSRI, CSRZ, CSRL CHJ, CKS, CHI, CIS

- set the model to seek the optimum values
Cis, Csra (subject to the optimization)
- assumed as time varying

- subject to the optimization

Qer, Qe2, Qsri, Qsrs, Qui, Qs

- constant over time

- subject to the optimization

Qss, Qks, Qsra, Qis . .
- time varying

- subject to the optimization

D,v L .
- assumed as constant over time in each sub-reach (Fig. 1)
- used as target parameters

Cy, Cwi, Cnz - time varying

- measured (Fig. 2a-d)

fEC* for JS, KS, and HI, and Zcation for HI were subject to the optimization
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o
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i
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Table 3. Root mean square errors expressed in percent’ with respect to the observed values.

CI SO;f™ Z cation EC Alk NO3
J 4.91 2.32 2.26 1.68 2.50 25.9
Ml 3.17 2.23 1.51 2.68 7.28 78.1

"6RMS=(1/n * Zp?)'?

where, p=[(C,-Cs)*2/(Co+C)]*100
C,=observed concentration
Cs=simulated concentration
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for SR2 (a) and IS (b), which are optimum for simulation of the
response curves.
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Fig. 5. Estimated discharges of various inflows (a), and those at the
downstream monitoring stations (b) (CMS=m?/sec).

Table 4. Estimated flow velocities and dispersion coefficients in each
sub-reach (See Fig. 1 for location of the sub-reaches).

Sub-reach Length (m) v (m/sec) D (m%/sec)
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[l 1900 0.100 24.1
v 850 0.100 64.3
\Y% 2950 0.069 12.2
VI 2250 0.102 12.2
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Fig. 7. Variations of A NOQ;, A alkalinity, and pH at downstream sta-
tions: J (a), M1 (b), and M2 (c).

Fig. 6. Simulated response curves superim-
posed on the observed ones: alkalinity (a)

Nov. 22 and nitrate (b).
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