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Impact Evaluation of Water Footprint on Stages of Drainage Works

ABSTRACT

Fresh water that can be used by a person of the total amount of water on the planet is increased because it is less than 0.01 % except
underground water, ice and snow, etc. water management response need. In order to protect and efficiently utilize water resources,
major countries are conducting water footprint studies that can quantitatively estimate the amount of water put into the operating phase
of the resource harvesting phase, mainly agriculture. Korea has also recently developed a number of policies in order to cope with water
shortages, and in the construction industry, as well as the need for basic research to support it has been emphasized. This study was
constructed DB up to the raw material harvesting step, the transport step, the production stage in order to estimate the water
consumption of resources to be put into the work process to target the drainage of the road. Water usage estimation method was utilized
the method presented in the Water Footprint Manual and the environmental score card certification guide, unit water usage each
drainage main method was calculated after estimating the water footprint considering the water character factor, indirect water and the
direct water, the water consumption factor of material input to each process. Brown asphalt, rebar, remicon of the drainage material
as a result of the water footprint calculation accounted for 97 % of the total. Drainage method is a culvert, a side channel, a culvert wing
wall, reinforced concrete open channel accounted for 92.2 % of the total. Drainage total step-by-step calculated water consumption and
water footprint was found in order of raw material harvesting step, transport stage, production stage. Water footprint each drainage
method or total drainage material calculated in this study can be used as a base data in the agricultural and construction sectors. In order
to increase the reliability of the analysis, it is believed that further overseas databases will be needed for continuous review and research.
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Fig. 1. Process of Study
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Table 1. Water Consumption Coefficient and Water Consumption Calculation Result of Drainage Materials (Environmental Product
Declaration for Certification, 2017)

Quantity Water consumption coefficient Water consumption (L)

Material name unit X

f E, Wil
Brown Asphalt 32113.2kg 7.56E-01 tonH,Oeq./kg 2.43E+07
Rebar 1133014kg 1.90E-02 tonH,Oeq./kg 2.15E+07
Remicon 25084.7 m? 5.44E-01 tonH,Oeq./m? 1.36E+07
V.R Tube 4852 m* 5.44E-01 tonH,Oeq./m? 2.64E+05
Plywood 46393.8 kg 6.47E-04 tonH,Oeq./kg 2.57E+05
Bolt 1624.9 kg 1.90E-02 tonHOeq./kg 2.49E+05
Elastic Sealant 752.7kg 8.59E-03 tonH,Oeq./kg 2.29E+05
Cement 138486 kg 1.17E-03 tonH,Oeq./kg 1.62E+05
Concrete Curing Agent 2765.4 kg 3.58E-02 tonH,Oeq./kg 9.90E+04
Backup Rod 5712kg 5.20E-03 tonH,Oeq./kg 8.61E+04
Ordinary Wire 2552.5kg 1.90E-02 tonH,Oeq./kg 4.85E+04
High Strength Polyethylene Tubes 47921.1 kg 5.20E-03 tonH,Oeq./kg 3.09E+04
Centrifugal Reinforced Concrete Pipe 4733 m? 5.44E-01 tonH,Oeq./m? 3.00E+04
PVC Index 2974.6 kg 4.65E-03 tonHOeq./kg 1.38E+04
Sealant 1586.4 kg 8.59E-03 tonH,Oeq./kg 1.36E+04
Vinyl 3681.6 kg 2.96E-03 tonH,Oeq./kg 1.09E+04
Dowel Bar 12054.4 kg 1.90E-02 tonH,Oeq./kg 6.47E+03
Drain Board 569.3 kg 9.55E-03 tonHOeq./kg 5.44E+03
Unrefined Grout 133125.7 kg 6.47E-04 tonH,Oeq./kg 2.97E+03
Diesel 60273.4 kg 4.57E-05 tonH,Oeq./kg 2.75E+03
Mixed Aggregate 16388.7 m? 1.53E-04 tonH,Oeq./m? 2.51E+03
Glue 173.5kg 8.59E-03 tonH,Oeq./kg 1.49E+03
Water Swelling Rubber Index Material 4389 kg 1.39E-03 tonH,Oeq./kg 1.09E+03
Prima 126.1 kg 8.59E-03 tonH,Oeq./kg 1.08E+03
Heavy Oil 1346.5 kg 4.80E-04 tonH,Oeq./kg 6.46E+02
Form Oil 1269 kg 8.59E-03 tonHOeq./kg 6.10E+02
Peeling Paint 182 kg 2.28E-02 tonH,Oeq./kg 4.15E+02
Gasoline 3839.5kg 7.51E-05 tonH,Oeq./kg 2.88E+02
Polyethylene Foam Insulation 299 kg 5.88E-03 tonH,Oeq./kg 1.76E+02
Sand 5.0m’ 1.71E-03 tonHOeq./m? 8.53E+00
Hose 0.246 kg 4.65E-03 tonH,Oeq./kg 1.14E+00

Application rate of LCI DB 68.89 %
Not application rate of LCI DB 31.11 %

Table 2. Sample of Water Footprint Calculation by Material

Quantity Water consumption coefficient | Water consumption IWCFc Total length Water footprint
Material name -
/ 5, .l 1WCE, P nE,
Diesel 60,273.4 kg 4.57 E-05 ton H,Oeq./kg 275E+03L 9.56 E-01 4,030 m 6.53 E-01 LH,Oeqg/m
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Fig. 2. Analysis of Water Consumption of Drainage Materials
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Table 3. Specimen of Water Footprint Calculation by Each Drainage
Drainage name Material name Water consumption | IWCFc¢ | Total length \2/5 t;zg)zg/)::)lt TOt?IlJV:Z?)ref:;:I;rim
Centrifugal Reinforced Concrete Pipe 4.59E+04L 9.56E-01 4030 m 1.09E+01
Cement 2.38E+02L 9.56E-01 4030 m 5.65E-02
Sand 5.02E-01L 9.56E-01 4030 m 1.19E-04 3.56E+02
Lateral drainage -
Remicon 1.19E+06L 9.56E-01 4030 m 2.82E+02
Diesel 1.84E+02L 9.56E-01 4030 m 4.37E-02
V.R tube 2.64E+05L 9.56E-01 4030 m 6.26E+01
Table 4. Water Consumption and Water Footprint Calculation Results by Each Drainage
Drainage works Total water consumption (L) Water footprint (LH,Oeqg/m) ranking
Culvert 3.87E+07 9.18E+03 1
Side ditch 7.31E+06 1.73E+03 2
Culvert wing wall 5.87E+06 1.39E+03 3
Reinforced concrete open channel 4.12E+06 9.76E+02 4
Drainage 1.59E+06 3.78E+02 5
Lateral drainage 1.50E+06 3.56E+02 6
Manhole 4.30E+05 1.02E+02 7
Drainage wing wall 3.41E+05 8.08E+01 8
Conduit 2.49E+05 5.92E+01 9
Longitudinal drainage 2.41E+05 5.72E+01 10
Dyke and manhole 2.38E+05 5.64E+01 11
Waterway protection 6.47E+04 1.53E+01 12
Waterway transter 2.96E+04 7.02E+00 13
total 6.07E+07 1.44E+04
Waterway transter | 5 o0 o0
Waterway protection | p o0
Dyke and manbole | o (o0 o
Longitudinal drainage | < -op o0
Conduit , 5 9y 101
Drainage wingwall | o (o0 o
Manhole ;4 goE+02
Lateral drainage _ 3 <o 0
Drainage - 3.78E+02
Reinforced concrete open channel ___ o0 o
Culvert Wing Wall o 130E+03
Sideditch 3 ——
Culvert 9.18E+03

0.00E+001.00E+032.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03 8.00E+03 9.00E+03 1.00E+04

Fig. 3. Comparison of the Water Footprint Results Each Drainage
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Table 5. Total Water Consumption and Water Footprint Calculation

Result
Totality drainage Total water | Total water .
works consumption (L)| footprint unit
Material collection stage| ~ 6.10E+07 1.45E+04 | LH,Oeq/m
Transportation stage 3.61E+05 8.56E+01 |LH,Oeq/ton*km
Process stage 3.69E+03 8.75E-01 LH,Oeq/m
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