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ABSTRACT

Agriculture reservoirs need a systematic approach that can control water purity and water improvement. The area
under study, Bunam Lake exceeds the agricultural water standard level due to contamination from the upper stream.
When the Taean Enterprise City was planned, the water quality improvement plan was applied to minimize the envi-
ronmental change. However, in order to continuously maintain the water quality in the Bunam Lake, it was essential
to apply the Total Pollution Load Management System (TPLMs). In order to achieve the targeted water quality in the
Bunam Lake, standard flow rates and targeted water quality levels were applied to obtain the loading capacity which
is as follows : BOD 1,891.2 kg/d, T-N 1,945.7 kg/d, T-P 131.7 kg/d. Also, the regional development load was calculated
as, BOD 1,083.6 kg/d, T-N 942.2 kg/d, T-P 61.8 kg/d, which is required to be deceased :- by BOD 378.4 kg/d, T-N
198.9 kg/d, T-P 31.6 kg/d in order to safely achieve the targeted water quality in the Bunam Lake.

Keywords: agriculture reservoir, TPLMs, loading capacity, reduction plan, Bunam Lake
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Table 1. Scenarios for improvement of water quality6)
Watershed Reservoir
Scenario Enterprise city plan External plan (reservoir) Internal plan
Point source  Nonpoint source  Point source  Nonpoint source Dredging  Removal of Algae
Scenario 1 O O O
Scenario 2 O O O O
Scenario 3 O O O O O
Scenario 4 O O O O O O
Table 2. Reduction plan of pollution load (Unit: kg/d)
Items BOD T-N T-P Period
Enterprise city Point source 79.5 16.8 3.1 2015
load Non point source 55.1 534 3.7 2015
Watershed -
Watershed  Point source 20.6 92 109 2015
load Non point source 223.3 36.3 15 2015
. Internal Dredging 692 863 153 2007-2010
Reservoir
load Removal of Algae - - - 2015

*Enterprise city plan: Point source(HANT, Reuse), Nonpoint source(Apparatus, Storage)
External plan(reservoir): Point source(Taean sewage pipeline 98,820 m, Chipyeng RCST 330 m¥d, 1,330 m)
Nonpoint source(Nonpoint treatment Taean 4 site, Seosan 2 site, Wetland 1 site)
Internal plan(reservoir): Dredging, Removal of Algae(20,000 m¥d, Reach 4, 5)
*RCST: Rural Community Sewage Treatment plant
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Table 3. Results of water model in the Bunam Lake®

BOD T-N T-P
Items
mg/l Calibration rate mg/l Calibration rate mg/l Calibration rate
Simulated 4.2 4.33 0.368
Reach 1 11.4% -3.4% -17.0%
Measured 4.7 4.19 0.315
Simulated 42 343 0.184
Reach 2 -13.7% -36.4% 6.9%
Measured 3.7 2.51 0.198
Simulated 4.1 243 0.16
Reach 3 2.2% 5.9% -0.9%
Measured 4.2 2.58 0.159
Simulated 3.7 1.55 0.094
Reach 4 -16.5% 29.2% 13.1%
Measured 3.1 2.18 0.108
Simulated 4.0 2.69 0.213
Reach 5 -5.7% -2.8% -6.5%
Measured 3.8 2.62 0.200
Table 4. The effect of the development plan on water quality® (Unit: mg/l)
COD T-N T-P
Items Increasing Increasing Increasing
@ @ rate (%) @ @ rate (%) © @ rate (%)
Reach 1 11.34 11.86 4.65 4.49 4.72 5.19 0.380 0.386 1.67
Reach 2 9.09 9.97 9.67 3.39 343 0.92 0.168 0.168 0.13
Reach 3 9.36 10.00 6.83 2.89 2.84 -1.62 0.136 0.140 2.87
Reach 4 7.35 7.54 2.49 2.36 2.36 0.05 0.081 0.081 -0.24
Reach 5 10.97 12.89 17.52 3.00 291 -2.99 0.187 0.163 -12.51

* (D Natural increase/decrease, (20 Natural+Development plan
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Table 5. Scenarios of the estimate water quality results” (Unit: mg/l)
Scenario Items Reach 1 Reach 2 Reach 3 Reach 4 Reach 5
COD 11.86 7.24 7.57 6.53 9.50
Scenario 1 T-N 4.72 2.35 244 2.28 2.74
T-P 0.386 0.075 0.035 0.032 0.063
COD 11.70 6.17 5.05 4.49 7.58
Scenario 2 T-N 4.73 2.31 248 271 2.74
T-P 0.386 0.059 0.027 0.022 0.059
COD 10.75 5.85 4.94 441 6.63
Scenario 3 T-N 4.40 2.24 2.49 271 2.76
T-P 0.303 0.050 0.026 0.022 0.055
COD 10.75 5.85 4.94 4.39 6.63
Scenario 4 T-N 4.40 224 2.49 2.70 2.76
T-P 0.303 0.050 0.026 0.022 0.055
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Table 6. Target water quality in this study (Unit: mg/I)
Items Reach 1 Reach 2 Reach 3 Reach 4 Reach 5
COD 10.75 5.85 4.94 4.39 6.63
T-N 4.40 2.24 2.49 2.70 2.76
T-P 0.303 0.050 0.026 0.022 0.055
Water quality standard N.E 11 11T 11 v
* : Available, N.E : Standard excess
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Table 7. TPLMs in the Bunam Lake watershed (Unit: kg/d)
Items Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Sum

Total pollution load (T))

BOD 819.4 365.5 71.7 57.1 2144 1,528.1

T-N 552.8 259.7 92.7 794 204.0 1,188.6

T-P 52.8 239 7.1 6.5 149 105.1
Loading capacity (L)

BOD 1,850.2 16.9 5.6 4.6 139 1,891.2

T-N 1,900.8 16.3 7.0 7.1 14.6 1,945.7

T-P 130.9 04 0.1 0.1 0.3 131.7
Natural increase/decrease load (Ny/Np)

BOD 148.6 6.0 1.8 0.3 0.1 156.8

T-N 33.6 34 1.0 0.1 -0.7 37.4

T-P 44 04 0.1 0.0 -0.1 4.9
Development plan load (Dp)

BOD 0 1389 0 59 40.5 185.3

T-N 0 26.2 2 6.6 12.8 43.6

T-P 0 -0.4 -0.3 04 0.5 03
Established pollutant load (E;)

BOD 670.8 220.6 69.9 50.9 173.8 1,186.0

T-N 519.2 289.3 91.7 86.1 216.1 1,202.4

T-P 484 239 7.0 6.9 15.3 101.4
Final established pollutant load (FE;)

BOD 572.5 79.6 69.9 -6.2 919 807.6

T-N 433.8 201.8 91.7 73.2 203.1 1,003.5

T-P 30.4 16.8 7.0 49 10.8 69.8
Regional development load (R;)

BOD 1,277.7 -62.7 -64.3 10.8 -71.9 1,083.6

T-N 1,467.0 -185.5 -84.7 -66.1 -188.5 9422

T-P 100.5 -16.4 -6.9 -4.8 -10.5 61.8
Target reduction load (Tg)

BOD 98.3 141.0 0.0 57.1 81.9 378.4

T-N 85.4 87.5 0.0 12.9 13.0 198.9

T-P 18.0 7.1 0.0 2.0 4.5 31.6
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Table 8. The effect of secure environmental capacity on pollution reduction

o -

o]gal

(Unit: kg/d)

. Generation load
Pollution source

Discharge load (After reduction)

Case 1: D+@+® Case 2: D+@+B8+@

BOD T-N T-P BOD T-N T-P BOD T-N T-P
Watershed
Enterprise city load 3,083 801 83 230 167 16 230 167 16
Watershed load 6,015 2,071 426 910 816 52 910 816 52
Reservoir
Internal load 773 920 161 773 920 161 81 57 8
Total 9,871 3,792 670 1,913 1,903 229 1,221 1,040 76

* (D Established sewage treatment, (2) Enterprise city plan, (3 External plan(RCST, Nonpoint), @ Reservoir(Internal plan, Dredging)
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Fig. 8. Effect of pollution load reduction for secure environmental capacity.
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