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Abstract

Riverbank filtration is a natural process, using alluvial aquifers to remove contaminants and
pathogens in river water for the production of drinking water. Back analysis which minimizes the
objective function that is typically the sum of squares of the differences between the calculated and
measured quantities is used for the estimation of aquifer parameters. In this study, transmissivity is
back-analysed using the BFGS (Broyden-Fletcher-Goldfarb-Shanno) scheme for optimization. MOC is
used to obtain calculated groundwater level. The developed inverse model was applied to Dae-san,
Chang-won city where riverbank filtration is being undertaken. The model showed good convergence
behavior for different groundwater conditions. The performance of the model was better than a
widely-used commercial software package in terms of error between calculated and observed
groundwater level.
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Table 1. Hydraulic Conductivity(m/s) Estimated by Grain Size Analysis (S-ACisti, 2004)

Well No. Fine sand Medium sand Fine sand Sand/Gravel
DS1 3.3E-5 49E-4 1.5E-4 -
DS2 1.8E-4 34E-4 2.8E-4 56E-4
DS3 2.8E-4 - - 4.1E-3
DS4 3.0E-4 84E-4 4.0E-4 9.0E-2
DS5H 1.2E-4 56E-4 2.9E-4 -
DS6 1.9E-4 - - -
DS7 1.9E-4 6.8E-4 4.0E-4 -
DS8 1.6E-4 71E-4 3.0E-4 -
Min. 3.3E-5 34E-4 1.5E-4 56E-4
Max. 3.0E-4 8.4E-4 4.0E-4 9.0E-2
Median 1.8E-4 6.2E-4 29E-4 41E-3
Mean 1.8E-4 6.0E-4 3.0E-4 3.2E-2
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Table 2. Modeling Condition
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State of Flow

steady state

Pumping Period 2 years
Pumping Rate 2000m*/day

Thickness of Saturated Zone 38.5m
Level of Nakdong River 1.5m
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Table 3. Result of Back-Analysis: Data Before Riverbank Filtration

Observed Ground Before Back-Analysis After Back-Analysis
‘gil Water Level V&(f:;;lgflzzevil Relative “C’:;tlgrm;:i | Relative
(m) Error (%) Error (%)
(m) (m)
DS1 1.318 1.6692 26.6 1.5394 16.7
DS2 1.327 1.7210 296 1.5121 13.9
DS5 1.615 1.6229 04 1.5698 2.7
DS6 1.605 15721 2.0 1.6392 21
DS7 1.740 1.6383 5.8 1.5841 89
DS8 1.720 1.8407 7.0 1.7117 04
RMS error (m) 0.168 0.108

Table 4. Result of Back—Analysis: Data After Riverbank Fittration

ob d G 4 Before Back-Analysis After Back-Analysis

Serv Toun

No. | WeterLevel | CEOE Rewie | GRS | Relve
(m) Error (%) Error (%)

(m) (m)

DSI 1.230 1.0981 107 1.2733 3.5

DS2 1.238 1.3623 10.0 1.4253 15.1

DS5 1.617 1.5576 3.6 1.6233 0.3

DS6 1.608 0.8990 44.0 1.1594 27.8

DS7 2.280 1.9161 159 2.0211 11.3

DS8 2.538 1.9480 23.2 2.1629 14.7

RMS error(m) 0.330 0.220
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Fig. 7. Convergence of Transmissivity:
Data After Riverbank Filtration
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Table 5. Comparison with Modeling Condition

Tnal‘ErroIr)rg/g:i;};od & PES This Study
State of Flow steady state steady state
Pumping Period 2 years 2 years
Pumping Rate 2,000m*/day 2,000m°/day
Thickness of Saturated Zone 38.5m 38.5m
Level of Nakdong River 1.5m 1.5m
Area 39,130m” 2,000m”
Cell Size about 50m 20m
Layers 4 1
Table 6. Comparison with Other Back-Analysis
Well Observed Trial-Error Method | MODFOLW 2000 | Result of This Study
Ground Water Level
No. (m) (m) PES process {m) (m)
DS1 1.318 1.461 1.451 1.5394
DS2 1.327 1.453 1.402 15121
DS3 1.335 1.490 1.458
DS54 1.468 1.487 1471 -
DS5 1615 1.506 1.498 1.5698
DS6 1.605 1.509 1.497 1.6392
DS7 1.740 1.560 1.550 1.5841
DS8 1.720 1.551 1.548 1.7117
RMSE (0.1183 0.1143 0.108
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