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Development and Application of Multiple Box Water Quality
Model for Estuary Reservoirs
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Summary

A multiple box model which is suitable for the prediction of water quality in shallow lakes
with active mixing is a water quality model expected to be used widely in estuary reservoir.
In this study, a multiple box water quality model for estuary reservoirs (MBQER) was
developed and the applicability of the MBQER was tested by applying data obtained from
Asan-estuary reservoir.

The results of this study can be summarized as follows.

1. The MBQER, dynamic water quality model, was developed to estimate 10-day water
qualities of estuary reservoirs. For the proper analysis and the application of hydraulics
needed to build a model, lake hydraulics was simplified by condisering only hydrological
inflow and lake mixing currents. The box division in the MBQER is longitudinal one
dimension for upper and middle part, and two layers for lower part of the reservoir.

2. The methods of box division for the multiple box model were examined and applied
to Asan-estuary reservoir. For determining the number of boxes, Pe number .and Pk number
were used. In case of three boxes, the error by the model simplification would be estimated
about 5%. Therefore, in Asan reservoir, the proper number of boxes was three.

3. The MBQER was calibrated and verified using measured data in Asan-estuary reservoir
from 1986 to 1988. The Root Mean Squares(RMS) for the differences between measured
data and simulated results by the MBQER were 1.10°C for water temperature, 75.8mg/1 for
salinity, 0.082mg/1 for total-phosphorus showing good estimations.

4. Through the simulation of water temperature and salinity by the MBQER, the exchange
flow and the mixing coefficients for the estuary lake were determined. As a result of
simulation, the horizontal mixing coefficients in Asan-estuary reservoir were in the range
of 1.07X10° to 1.12X10° cnl/sec and vertical mixing coefficient was 2.90X 107! cnf/sec.
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Fig.1. General schematic figure of multiple box
model.
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Fig. 2. Schematic figure of 1-dimensional mul-
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Table-1. List of subroutines in the MBQER.

Name Function

QMBOX To compute hydrologic mass. transfer

WSHEX To compute water surface heat exchange .

BTHEX To compute bottom heat exchange

SALIN To compute salinity by boxes

TOTLP To compute total-phosphorus by boxes

CHDIM To make some data into dimension
CONFIR-CONTHR To compute capacity and surface area of boxes
SECFIR-SECSEC To compute section area between boxes
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Table-2. Annual heat budget ratio(HBR) of

some lakes.
Mean | Lake heat |Sediment heat |[HBR
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Table-3. Characteristics of Asan-reservoir.

Items Description
Watershed area 163,454 ha
Benefited area 14,415 ha
Full water surface area 2,800 ha
Total capacity 142X10° m
Flood water level +45 m
Management water level +25 m
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Table-4. Computation of Pe number during four years.
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Fig. 6. Segmentation and mass transfer system

of MBQER.

Year Inflow(Qin) Exchange flow(Qe) Peclet No. Remark
(10°m'Yr) (10°m'/Yr) (Pe)
1985 1,127 5% 365 0.62 Pe=Qin/Qe
1986 967 5% 365 0.53
1987 1,835 5% 365 1.00
1988 720 5% 365 0.39
Mean 1,162 1,825 0.64
Table-5. Computation of Pk number during four years.
Inflow Reaction BOX 1 BOX 2 BOX 3
Year (Qin) coeff. volume * volume * volume *
(Om¥day) | K (day) | Qe'md) | Pk | (10*m) | Pk | Qo'm) | Pk
1985 3,088 0.01 12,780 0.04 71,890 0.23 8,162 0.03
1986 2,649 0.01 12,780 0.05 71,890 0.27 8,162 0.03
1987 5,027 001 12,780 0.03 71,890 0.14 8,162 0.02
1988 1,973 0.01 12,780 0.06 71,890 0.36 8,162 0.04
‘Mean 3,184 0.01 12,780 0.05 71,890 0.25 8,162 0.03

*PK No.= (volume XK)/Qin
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Table-6. Computations of mixing coefficient from exchange flow.

Division Exchange flow(10°m’/day) Mixing Coefficient{cn'/sec)
QEXH1 QEXH2* QEXV KMXH1 KMXH2* KMXV
No.of Box=3 3000 — 3000 1.08X 10° — 2.90X10*
No.of Box=4 4000 9000 3000 1.07X10° | 112X10° | 290X 10!

* Do not exist in case that No. of box is three.

Table-7. RMS errors between measured and simulated water qualities.

Water Qualities
Run mode Year
Water-temp. Salinity Total-P
0 (mg/l) (mg/D
Calibration 1986-1987 1.30 639 0.079
Verification 1988 0.90 87.7 0.086
Mean 1.10 75.8 0.082
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Fig. 7. Comparison of measured and simulated

water qualities.
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Fig. 8.Sensitivity analysis for major parameters.
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Table-8. Sensitivity analysis for exchange flow.
Water Temperature
QEXH Rate * Rate Relative
QEXV Difference A AT Difference B Var. Ratio
(10°n’/d) (%) &) (%) B/A
1500
1500 -1500 -50.0 2.7 1.0 4.3 -0.086
3000
3000 0 0.0 1.7 0.0 0.0 —
4500 »
4500 -1500 -50.0 13 -04 -1.7 -0.034
Salinity
QEXH Rate ok Rate Relative
QEXV Difference A AS Difference B Var. Ratio
(10°m'/d) (%) (mg/1) (%) B/A
1500
1500 -1500 -50.0 24 12.0 5.6 -0.112
3000
3000 0 0.0 12 0.0 0.0 —
4500
4500 1500 50.0 9 30 14 -0.028

* Water temp. of box 1—Water temp. of box 3
** Qalinity of box 3— Salinity of box 1
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3. MBQER ## & 1986~1988(37Hd) iR 6.

tho] I AZAEE o] &3l By 2 4
29 3tgon, 2A%Y MBQERY 2% FtEE
9} HHES HE&T AR RMSEES KR 0.
10°C, B% 75.8mg/¢, 8% 0.082mg/e =X E Rl

o] dese Fuz ARE HAFAT, 7.
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