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Abstract

The aim of this study is to evaluate the environmental impacts of irrigation facilities using a
Life Cycle Assessment tool and to compare two different types of water resources, dam and
pumping station suppling 78% of irrigation water in Korea. Study facilities, Idong reservoir and
Eunsan pumping station, are located in Ansung-Si, Gyeonggi—Do. Life cycle impact methodology
used in the study is Eco-indicator99(E) to assess the environmental impacts of 1 m' of
agricultural water supply. This case study is a preliminary work to evaluate environmental
impacts associated with water use in the boundary of the existing life cycle impact assessment
method. The functional unit for comparison can be defined as a 1.5 billion m’ to supply
irrigation water to the paddy field of 2,156 ha for 70 years. As a result of LCA of reservoir,
most of environmental impact is derived from the use of construction materials in the
construction stage like concrete and cement. Electricity consumption is a key issues of pumping
station in the operation stage due to the fossil fuel use. It can be said that dam seems to be a
more sustainable facility than the pumping station in the 70-year life cycle of this study
excluding ecological impacts, depending on geological condition in Korea, though there is no

consideration of land use and ecological impacts by inundation.
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Table 1. Function, functional unit and reference flow
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Fig. 1. System boundary for agricultural reservoir
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Fig. 2. Processes of agricultural reservoir and pumping station
(left : reservoir; right: pumping station)
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Table 2. Data category and input and output of the study facilities
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3. 234 2 nF

31 AFAESRA 2 497 27
A% mepAdvel Jzd FA% 9 4EEe 244 BAYFL 44D 545 gL A
FA 1M oA E5FF e 7 JIEFHE n A FHGES Ve o] A= Gy
FHEE G977 v27] vl A Blae ofn s ztA = XskA R, 54 3T ol vholdt
= BRI 4EE e AuHel 9@ wu btk Fig. 3¢ J1EAA3 nnAAe 11
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Table 3. Input and output Inventory of reservoir and pumping station
Input/output Materials name (Name in DB) Quantity(kg)
A=A =38 E(Concrete 1) 28,745,034
Input | A< (St 13 D 147,718
AlHE (Cement portland) 413,330
7 (St13 D 1,016
A (ECCS Steel sheet) 2,927
53 (Cooper ) 1,137
JEZ (Soil) 53,210,400
=) (Pitch pine ) 121,786
3+ (plywood) 46,034
A B (Steel wiredrawing and steel nails and spikes) 11,660
71+ (Diesel D) 620,683
£ &% (Lubricating oil, at plant RERS) 18,152
A ¥ (Electricity MV use in UCPTE S) 134,610kWh
Output | H# (Waste oil to special waste and emissions to treatment) 18,152
13 (Recycling ECCS steel B250) 4,861.39
& (Wooden poles to MWI U) 167,820
FF <32 E (Concrete D) 2,453,196
Input | 3 (GG15 I 202,251
HT (St13 D 40,130
T2]3+ (Casting, Bronze/CH S) 4,000
SUS (X10Cr13(mart 410) D 2,000
EE (Screwnacgube oridyctsm bolts) 1,587
H91E (Paint ETH S) 433
37+ (Fe360 D 165
#2 (Flat glass, coated, at palnt RAR S) 156
H3 (ECC steel sheet) 120
AF-EPDM (EPDM rubber ETH S) 93
A5F-SBR (SBR ) 49
& (Lubricating oil, at plant RERS) 15
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71+ (Diesel D 967
A2 (Electricity MV use in UCPTE S) 761,850kWh
25 (Pitch pine 1) 134,330
A (Steel wiredrawing and steel nails and spikes) 1,945
g (Plywood, outdoor use, at plant/RER S) 16,586
Output | HH (Waste oil to special waste and emissions to treatment) 15
23 (Recycling ECCS steel B250) 516
H & (Wooden poles to MWI U) 150,916
%5 7F-74 (GG15 I, X10Cr13(mart 410) I, GGG40 D) 332,300
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Fig. 3. Comparison of characterization result for refernce facilitie(reservoir) and pumping station
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Fig. 4. Characterization results by phase (construction, maintenance, and end of life)
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2o AFoA = deoly FH87, deoly s, dHolE ALY 5 HIEHEY dAd s
FTES st Table 4+ 4gdolHeol 484 AALAHNE, 7]EAIA Y Bl A| Az kA4
A7 Aye ZH7 889%, 89.6% = wAEHAT. TRV AL 99.99% = M| Eo R
dolH o o= EAI7F §le Aoz daEc) o/ dAAgF 7ot 7 Al G n
wolm 2 dlolE o]~ AdEFo] oF 1%HE Zo|7F ] Wil BrhAde] A4S Al
715 aK]le] d 4 Stk
Table 4. Completeness test result for input data

Irrigation facilitiy| Total input(No of flow) |Input connected to D/B(No of flow) | Completeness(%)

Dam

30,129,846kg (108)

30,129,478(96)

99.999 (88.9)

Pumping station

2,858,055kg (67)

2,858,028(60)

99.999 (89.6)

Table 5= 7l =®4 23S Uetdlc #ola, 7IEAA I RluAlde] Ao GFR7E (GLdA
FH) A% Fgs EdE 2249 7| =E Yt ]l Tableol A H= upel o] Ao 7]of &
7} 71 & 358 Z3a e E(Concrete )9} AWM E(Cement Portland)©] aL, %=l 7]l =7} 713+
e AN AL & 5 Ak
Table 5. Result of contribution analysis with single indicator
Dam Pumping station

No Process/material Contribution Process/material Contribution
1 | Concrete I 65.2 Electricity MV use in UCPTE S 90.3

2 | Cement (Portland) I 10.1 Concrete 1 4.2

3 | Diesel 1 8.2 Pitch pine I 2.6

4 | Energy gas | 3.8 Cement (Portland) I 0.6

5 | Pitch pine I 3.1 Bulk carrier 1 0.3

6 | Barge I 1.7 Steel 1 0.3

7 | Truck I 1.4 Energy gas | 0.2

8 | Energy oil 1 1.3 Scrap (alum.) I 0.2

9 | Electricity UCPTE gas 1 0.9 Plywood, outdoor useS 0.2

10 | Electricity UCPTE coal I 0.8 Crude oil 1 0.2
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Table 6. Sensitivity analysis for major inputs by impact categories

E (Pumping station)

Concrete

1.00

Electricity

1.00

E (Dam)

Cement

1.37

Concrete

1.00

Electricity

1.00

Elasticity of facilities

Material

Impact category

11 categories

Fossil fuel)

(Climate change, --,
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