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A Economic Feasibility Study on Environmental Ecology Flow Supply Plan using Agricultural Reservoir
- Focused on Dongbok River -
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ABSTRACT

The environmental ecological flow (EEF) of stream or river will be designated according to the enforcement of the Water Environment Preservation
Act. Previous researches by Ministry of Environment have proposed agricultural reservoirs as alternative resources to secure river flow where
multi-purpose dam does not exist. However, agricultural reservoirs are constructed for the supply of agricultural water, and in fact, there is not a
sufficient amount of water to be supplied to rivers as EEF. Therefore, this study examines the economic feasibility of securing EEF through the
remodeling or construction of agricultural reservoirs. We investigated water balance of reservoir through simulation of three types of water supply
demands such as agricultural water, agricultural water and river maintenance flow, and agricultural water and environmental ecology flow. The
economics analysis was conducted on water supply demands and corresponding remodeling or construction of reservoirs. As a result, it was found that
the method of securing through heightening existing reservoir enhancement is economically feasible. However, it was not possible to secure all the
amount of the EEF due to the size limitation of existing reservoirs or constrain of the watershed for newly built reservoir. Therefore, in order to secure
all of the EEF, the utilization of other alternatives as well as agricultural reservoirs should be considered. This study demonstrated the method of
economical feasibility study of securing river maintenace flow and EEF using agricultural reservoirs and other considerations.
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Set goal

+ Required river maintenance flow

» Required environmental ecology flow

Reservoir water balance simulation

+ Agricultural water + River maintenance flow

« Agricultural water + Environmental ecology flow

« Agricultural water

Agricultural reservoir enhancement plan

» Heightening existing reservoir

Construction of new reservoir

r

Adjust size of
reservoir

Economic analysis

Determination of optimum reservoir storage

Fig. 1 Flow chart of study process
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Table 1 River Maintenance flow and environmental ecology flow of Dongbok River
Affluent flow Ordinary flow Drought flow
(the 95™ high flow) (the 185™ high folw) (the 355™ high flow)
1.7 m*/s 1.1 m*/s 0.7 m'/s
(River Maintenance Flow)
mean shortage daily maximum shortage daily minimum shortage mean required flow
0.079 m*/s 0.220 m*/s 0.080 m'/s 0.141 m*/s
{Environmental Ecology Flow)
mean shortage daily maximum shortage daily minimum shortage mean required flow
0.980 m*/s 3.000 m*/s 0.080 m'/s 2.020 m’/s
Table 2 Agricultural Reservoir within Dongbok River Basin
Name Location Basin Area (ha) Effective Management Agenc
Storage Capacity (10° m) < SRy
Jeollanam—do Hwasun—gun
1. Yoochun wasun=gun 1,225 1755 KRC
Dongbok—myeon Yoochun—ri
Jeollanam—do Hwasun—gun «
2. Wondong wasu gu_ 270 164
Nam—myeon Wondong-ri
Jeollanam—do Hwasun—gun
3. Naeri 9 285 920
Nam—myeon Nae-—ri
Jeollanam—do Hwasun—gun
4. Wonjin W u 9“ 37 9 Hwasun—gun
Nam—myeon Wonjin—ri
Jeollanam—do Hwasun—gun «
5. Sasu wasungu 85 15
Nam—-myeon Sasu-—ri
Jeollanam—do Hwasun—gun
6. Jusan g 57 12
Nam—myeon Jusan-—ri
Jeollanam—do Hwasun—gun .
7. Gasu 9 86 270
Nam—-myeon Gasu-—ri

Dongbok Dam

11
Mt. Mudeung

[a]
$s]
[a4
[=]
Bn - Legend
— | Dongbokriver
A Target Point
] Reservoir
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Fig. 2 Dongbok river and agricultural reservoirs located at study area
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Table 4 HOMWRS input data for existing reservoir

Division Yoochun reservoir Remarks
Benefit area 287 ha
Basin area 1,225 ha
Weather station Gwangiju
Rainfall data 1967~2016 (50years)
Infiltration rate 5 mm/day
Waterway loss 15%
Landuse of watershed Rice field 3%, Upland 5%, Forest 88%
Ponding depth Maximum : 80 mm, Minimum 20 mm
Table 5 HOMWRS input data for new reservoir construction
Division (tentative name) Sinyool reservoir Remarks
Benefit area 250 ha
Basin area 1,200 ha
Weather station Gwangju

Rainfall data

1967~2016 (50years)

Infiltration rate

5 mm/day

Waterway loss

15%

Landuse of watershed

Rice field 3%, Upland 5%, Forest 88%

Ponding depth

Maximum : 80 mm, Minimum 20 mm
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Fig, 3 Mean annual runoff

Fig. 4 Reservoir storage (annual min)

Table 6 Specification of heightening existing reservoir for river maintenance flow

Reservoir size
Required DWL EWL Additional Additional
Water quantity (m*/day) (m) (m) capacity height
(10° m) (m)
20% 2,436 1817 4 -
) ) 40% 4,873 183.1 339 1.4
m:i:g’n;zclvigw 60% 7,309 166.5 184.9 845 3.2
80% 9,746 187.5 1,620 5.8
100% 12,182 190.6 2,754 8.9

* DWL: Dead Water Level, FWL:

Full Water Level
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Fig. 6 Reservoir water surface elevation
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Table 7 Specification of heightening existing reservoir for environmental ecology flow

R ired Reservoir size
equire — : — .
Water quantity (1*/day) DWL FWL Add|t|ona3l c;'apacny Additional height
(m) (m) (10° ) (m)
2% 3,491 182.3 134 0.6
4% 6,981 1847 776 3.0
Ratio to Envi tal
@ 'Oeé’olo;r/"ﬁg;e” o e 10,472 166.5 188.4 1.943 6.7
8% 13,962 193.4 3,883 1.7
10% 17,453 199.3 6,628 17.6

* DWL: Dead Water Level, FWL: Full Water Level
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Table 8 Specification of new reservoir for river maintenance flow
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Reservoir size

KUl DWL FWL Effecti it Height

: ective capacity eig

Water quantity m’/da

{r/day) (m) (m) (10° ) (m)

20% 2.436 180.1 1,403 15.6

40% 4,873 181.6 1729 17.1

Ratio o ri
o fo iver 60% 7.300 166.5 183.5 2199 19.0
maintenance flow

80% 9,746 185.9 2 896 2.4

100% 12,182 189 1 3,037 246

* DWL: Dead Water Level, FWL: Full Water Level
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Fig. 7 Water Supply

Table 9 Specification of new reservoir for environmental ecology flow

Fig, 8 Reservoir water surface elevation

Required DWL FWLReservcl)Eifrf:cijiie capacity Height
Water quantity (m*/day) (m) (m) (10° ) (m)
2% 3,491 180.7 1,554 16.2
Ratio to 4% 6,981 183.3 2,127 18.8
Environmental 6% 10,472 166.5 186.9 3,174 22.4
ecology flow 8% 13,962 191.8 4,952 27.3
10% 17,453 197.5 7,475 33.0
* DWL: Dead Water Level, FWL: Full Water Level
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Table 10 Economic analysis of heightenging existing reservoir for river maintenance flow

Alo] 22| o],
F7h A4 32767 ' Busto] B A
MO 7| AGA|HCE 208 2 FHE 2Qu1§S
o= BN IRARRT M BB

0|8 QAL 103 m S
42k 5031

& 2369

4,176 m'S.

Ri
Required Cost Benefit ) ) ver
Water quantity (n/day) (106 won) (106 won) B/C ratio maintenance flow
ety (10° m*/yr)
20% 2,436 1,446 1,529 1.02 414
40% 4,873 3,716 4,049 1.09 1,142
Ratio to ri
atlo fo river 60% 7.309 7.144 7.021 0.98 1,980
maintenance flow
80% 9,746 12,395 10,163 0.82 2,881
100% 12,182 20,078 12,650 0.63 3,813
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Fig. 9 B/C of heightening existing reservoir for river maintenance flow

Table 11 Economic analysis of heightening existing reservoir for environmental ecology flow

) . Environmental
Required Cost Benefit )
Water quantity (m¢/day) (10® won) (10® won) E/S TR ecology flow
m/aay (10° w/yr)
2% 3,491 2,325 11,859 5.10 721
Ratio to 4% 6,981 6.675 15,436 2.31 1,863
Environmental 6% 10,472 14,582 20,049 1.37 3,164
ecology flow 8% 13,962 27.726 24,839 0.90 4515
10% 17,453 46,324 30,807 0.67 5,851
50,000 10%
/ B/C=0.67
S 40,000
f 8% )/
> B/C=0+
= il
= 30,000 6%
o B/C=1.37
bt 4% :
£ 20,000 97 BfC=231 '
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@ I
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Fig. 10 B/C of heightening existing reservoir for environmental ecology flow
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Table 12 Economic analysis for construction of new reservoir for river maintenance flow

River maintenance

Required Cost Benefit )
Water quantity (mf/day) (10° won) (10® won) B 3f|ow
(10° m?/yr)
20% 2 436 20,195 30,494 151 433
40% 4,873 23,065 32,736 1.42 1147
Ratio t i
mai:t;onaiclv?l:)w 60% 7,309 27,348 35,337 129 1,975
80% 9,746 33,722 38,154 1.13 2,872
100% 12,182 43,228 41,147 0.95 3,825
100%
45,000 B7/C=0.95
80%
40,000 B /a1 13

60% i
40% B/C=1.2
35.000 1-20% B/C=T.42
B/C=1.51 /
30,000 /
o /

Benefit and Cost(10% won)

20,000 -
95%(Q=11,573m3/day)
B/C=1.00
15,000
2,000 4,000 6,000 8,000 10,000 12,000

Supply Water Quantity (m3/day)
=—@—Cost =—Benefit

Fig. 11 B/C Ratio of construction of new reservoir for river maintenance flow

Table 13 Economic analysis of construction of new reservoir for environmental ecology flow

Required Cost Benefit . Environmental
Water quantity (m¢/day) (10° won) (10° won) B/C ratio ecolsogy flow
(10° m*/yr)

2% 3,491 21,467 39,250 1.83 731
Ratio to 4% 6,981 26,700 42,793 1.60 1,859
Environmental 6% 10,472 36,260 46,844 1.47 3,149
ecology flow 8% 13,962 52,496 51,191 0.98 4,533
10% 17,453 75,534 55,491 0.73 5,902
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Table 14 Comparison of feasible river maintenance flow and environmental ecology flow supply amount by using existing agricultural
reservoir or construction of new reservoir

= . Heightening existing reservoir Construction of new reservoir
equire
Supply Water . , Feasible Effective Feasible Effective
Type Water quantity Supply quantity | Storage Cost Supply quantity Storage Cost
(m*/day) 10° W 108 W
W wry) | 00w | OV o | ot | 10w
River
) 12,182 1,761 2,466 6,236 3,586 3,644 40,552

maintenance flow
Envi tal

nvironmenta 174,528 4176 5,031 23,614 4,392 4,741 50,569
ecology flow
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