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Application and Development of Methodology for Calculation of
Water Footprint in Infrastructure: Focused on Expressway System
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Abstract

In this study, a water footprint methodology that reflects the characteristics of domestic water resources, was devel-
oped and calculated the water footprint for expressway system as an infrastructure. Water footprint characterization
factors were developed for groundwater and surface water in six representative watersheds which are Han River
Basin, Nakdong River Basin, Geum River Basin, Seomjin River Basin, Youngsan River Basin, and Jejudo. Three
different water footprint methodologies, Boulay’s methodology, Korea Ministry of Environment methodology, this
study methodology were compared in an actual construction case of expressway. As the results, the water footprint
of 1 km and 4 lane expressway with Boulay and MOE methodology showed 58,804 m® H,Oeq, 42,036 m’ H,Oeq,
respectively throughout whole life cycle. However, 9,478 m® H,Oeq. of water footprint was calculated by using
this study methodology. This difference is mainly due to a developed regional characterization factor, and its related
water consumption coefficient of the construction materials.

Keywords: Water footprint, Expressway, Infrastructure, LCA, Water management
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Table 1_ Characteristics of Water Footprint Impact Assessment Methodologies
Variable Hoekstra(2011) Boulay(2011) Berger(2014) Korea Ministry of Env. (2017)
Availability Availability Availability Ground Water

Characterization
Factor (CF) of
Water Footprint

- 20% of Availability

Consumption
- Industrial Water
: 5% of Industrial

- Sum of 9 months

Consumption
- Ground Water
: Ratio of Consumption of

- Sum of Surface Water,
Outflow of Ground
Water and Stored Dam
and Lake

Surface Water
Rain Water

Classification of Input and Output

AsIsI:sE:Znt Water Intake Ground Water Consumption Classification of
- Tap Water - Surface Water - Water Consumption Standardization on
1 5% of Tap : Ratio of Consumption of Pollution of Water Quality
Water Intake Surface Water
Monthly Data from Annual Data from Annual Data from Almost Use of
Used Data

FAO*

WaterGAP Model

WaterGAP2 Model

Boulay’s Classification Factor

Characteristics

Focused on Agriculture
and Food

Classification of 8 areas
which are Water Quality and
Status on Pollution of Water
Quality each Country as
Classification Factor

Difficulty on Calculation of
Stored Dam and Lake

Classification of Input Water and
Output Water as Classification
Factor

Classification of Classification Factor
each Area** which is “Clean Area”,
“Ga Area”, “Na Area” and ‘Specific
Area” as Output

Almost Use of Boulay’s
Classification Factor

Source: Hoekstra, Chapagain, Aldaya and Mekonnen 2011; Boulay, Bulle, Bayart and Deschenes et al. 2011; Berger, Ruud, Eisner and
Bach et al. 2014; Ministry of Environment 2017.

Note: FAO: Food and Agriculture Organization of the United Nations.

**Area: Area regulated in Table No. 13 of Enforcement Rule of Law on Water Quality and Aquatic Ecosystem.
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WCF, = <A 1>

WCF : Characterization Factor of Surface Water for
Water Footprint in j Watershed
W.5 : Amount of Annual Available Surface Water in
j Watershed (m’/yr)
W, : Amount of Annual Surface Water Intake in j
Watershed (m*/yr)
G : Consumption Coefficient of j Watershed, which is
the Value Subtracted Product and Vapor among

Total Emission of Industrial Water

WCF,, = <Al 2>

WCF, : Characterization Factor of Ground Water for
Water Footprint in j Watershed
W.q : Amount of Annual Available Ground Water in
j Watershed (m’/yr)
W.e : Amount of Annual Ground Water Intake in j
Watershed (m/yr)
G : Consumption Coefficient of j Watershed

Iw,

e, Tj

I,

e, Tj

"

c= 4 <Al 3>

G : Consumption Coefficient of j Watershed

IW.;; : Sum of the Amount of Water included in Product
and Evaporation among Amount of Industrial
Water Emissions in j Watershed (m/yr)

IW.;; : Amount of Industrial Water Emissions in j

Watershed (m*/yr)
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Table 2_ Basic Data of Surface Water and Ground Water

Variable Reference
Amount of Annual Available Water W.sG | Average Long-term Outflow from WAMIS
Amount of Anmual Water Intake Wi AVT:rage Usage of Agricultural Water, Industrial Water and
’ Drinking Water from WAMIS
Amount of Annual Available Ground Water WG Developable Ground Water from WAMIS
Amount of Annual Ground Water Intake Wigi Average Usage of Ground Water from GIMS
Amq f Annual Available W Wa,SGj
Amount of Annual Available Surface Water W.s ount o Annual Avat a. e Water (Wa,SG)) .
’ - Amount of Annual Available Ground Water(Wa,Gj)
Amount of Annual Water Intake (Wi,SGj)
Amy f Annual Surface Water Intak Wis;
ount ot Annuat surlace Water Intake il - Amount of Annual Available Ground Water Intake (Wa,Gj)
Sum of the Amount of Water Included in Product and W Average Emissions Status of Industrial Water from “Generation
Evaporation among Amount of Industrial Water Emissions 9| and Treatment of Industrial Wastewater”
. o Average Emissions Status of Industrial Water
Amount of Industrial Water Emissions W,

from “Generation and Treatment of Industrial Wastewater”

Table 3 _Basic Data of Each Watershed to Calculate Characterization Factor

Variable Amount of Water(10® m’/yr)
Han River Nakdong River Geum River Seomjin River | Youngsan River Jejudo

Wasoi 24,633,698 12,997,624 6,407,265 3,488,842 2,110,818 2,164,289

Wisc 4,362,936 4,755,102 2,366,548 974,312 1,360,379 480,614

Wegi 4951711 3,584,247 2,091,918 1,075,612 555,150 730,400

Wig; 886,920 882,408 819,096 273,891 354274 230,571

Wy 19,681,987 9,413,376 4,315,348 2,413,330 1,555,669 1,433,889

Wi 3,476,016 3,873,694 1,547,453 700,422 1,006,105 250,043
IWer(10° e’/ 7,019 5,046 2,380 2,673 1,197 35
[Weo(107 /) 5970 4,132 1,451 31 1,109 26

Source: WAMIS 2021; GIMS 2021; Ministry of Environment and National Institute of Environmental Reserch 2018-2020.
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WCEs, tan iver = (3,476,016X10°m’/yr X 0.149)
+ 19,681,987X10°m’/yr = 0.026

Table 4 _ Characterization Factor Each Watershed

Variable Han River Nakdong River Geum River Seomjin River | Youngsan River Jejudo
IW. (10" m’/d) 7,019 5,046 2,380 2,673 1,197 35
W, 0i(10° m’/d) 5,970 4,132 1,451 31 1,109 26

G 0.149 0.181 0.390 0.988 0.074 0.258
WCFg; 0.027 0.045 0.153 0.252 0.047 0.081
Wagi 4,951,711 3,584,247 2,091,918 1,075,612 555,150 730,400
Wig; 886,920 882,408 819,096 273,891 354,274 230,571
WCF; 0.026 0.075 0.140 0.287 0.048 0.045
W.s; 19,681,987 9,413,376 4,315,348 2,413,330 1,555,669 1,433,889

Wi 3,476,016 3,873,694 1,547,453 700,422 1,006,105 250,043

Note: G, WCFg and WCF; were calculated by equation 1~3.
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Table 5 _ Characteristics of CTA Water Footprint Impact Assessment Methodologies

Variable Boulay

MOE Method of this Study

Classification of Ground Water,
Surface Water and Rain Water
(lassification of 8 Areas which are
Water Quality and Status on
Pollution of Water Quality each
Country as Classification Factor

h .
aracterization 9.56E-01
Factor

CF of Surface Water :
CF of Ground Water :

5.10E-01
1.11E-02

Classification of Input Water and Output Water

Classification of Input Water

- Industrial Water and Drinking Water Intake Basin :
CF is 9.56E-01

- Self Intake : Ground Woater, Surface Water :

* Surface Water is followed with  Classification of
Output Water

Classification of Output Water :
- Clean Area, “Ga Area”,
- CF : 6.50E-01

(assification of Ground
Water and Surface Water
S| Gaffcaton of 6 Watershods
in Korea : Han River, Nakdong
River, Geum River, Seomjin
River, Youngsan River and
Jejudo

“Na Area” and “Specific Area”*

Note: *Area Regulated in Table No. 13 of Enforcement Rule of Law on Water Quality and Aquatic Ecosystem.

Table 6 _ Water Consumption Coefficient of High Density Polyethylene(HDPE) Production

Boulay MOE This Study
Classification Unit| LCI
CF Wate.r CF Wate-r CF Wate.r
Footprint Footprint Footprint
Water, Cooling,
Raw | Unspecified Natural In Water m* | 2.91E-02 | 5.10E-01 | 1.49E-02 | 9.56E-01 | 4.74E-04 | 7.50E-02 | 2.19E-03
Origin
I .
pue Raw | Water, Salt, Sole In Water m’ | 3.55E-07 | 5.10E-01 | 1.81E-07 | 9.5GE-01 | 3.40E-07 | 7.50E-02 | 2.6GE-08
Water, U ified
Raw | | oreb DOSPEAUCT )y Warer | mf | 2.21E-03 | 5.10E-01 | 1.13E-03 | 9.56E-01 | 2.11E-03 | 7.50E-02 | 1.66E-04
Natural Origin
(continued)
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Table 6 _Water Consumption Coefficient of High Density Polyethylene(HDPE) Production (continued)

Boulay MOE This Study
Classification Unit| LCI
CF Wate‘r CF \Vate.r CF \Wate.r
Footprint Footprint Footprint
Raw | Water, Salt, Ocean In Water m’ | 1.31E-04 - - 9.56E-01 | 1.26E-04 - -
Raw | Water, Well, in Ground In Water m’ | 1.23E-04 | 1.11E-02 | 1.37E-06 | 1.00E+00 | 1.23E-04 | 4.50E-02 | 5.52E-06
Raw Water, River In Water m’ | 9.79E-04 | 5.10E-01 | 5.00E-04 | 9.56E-01 | 9.37E-04 | 7.50E-02 | 7.34E-05
Input | Raw Water, Lake In Water m’ | 2.31E-07 | 5.10E-01 | 1.18E-07 | 9.56E-01 | 2.21E-07 | 7.50E-02 | 1.73E-08
Water, Turbine Use,
Raw | oo WP TSI Water | P | 1.59E-02 | 5.10E-01 | 8.11E-03 | - - | 7.508-02 | 1.19E-03
Unspecified Natural Origin
Total ’ | 4.85E-02 2.46E-02 3.77E-03 3.62E-03
Air Water Unspecified ’ | 1.20E-02 - - - -
Non-urban Air or
Ai W m' | 7.78E-07 - - - -
: arer from High Stacks
Air Water Utban Air Close| /1) gepo6| - - - -
to Ground
Lower
S here + x x
Out | Ajr Water rraosphere ' |5.67E-15 - - 0.59E-01 | 2.27E-03 - -
put Upper
Troposphere
Water Water Unspecified m' |3.65E-02 | 9.56E-01 | 1.8GE-02 7.50E-02 | 2.74E-03
Water Water Ground Water | m’ | 4.93E-07 - - 4.50E-02 | 2.22E-08
Water Water Surface Water | m’ |3.39E-06 | 9.56E-01 | 1.73E-06 7.50E-02 | 2.54E-07
Water Water Ocean m’ | 2.58E-08 - - - -
Total m’ | 4.85E-02 1.86E-02 2.27E-03 2.74E-03
Input - Output m | 1.12E-05 5.98E-03 1.50E-03 8.84E-03
Agolle EQ4ot W7 SUUoR Ak, Agsleint. MiESE T LA DBE A8 A%
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Figure 1_ Assessment Process of Water Footprint in
Expressway System

C ™
Selecting Figure 2_ System Boundary of Express Infrastructure
Target Road
Material
Selecting Scope Production
Collecting Data Construction
Calculating Data Operation and
Maintenance

Calculating
Water Footprint Demolition and
\_ Y, Disposal

Table 7 _Case of Expressway in this Study

Distance(km)
Expressway
Total Tunnel Bridge
No X. Construction Works Area of Pusan’s Surburb Circulation Expressway 4.06 1.32 1.41
Source: KEC 2010.
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4, THAE Y dlolg A
1) RERH A

<A 4>0]] Urehd 4140 oJ8f 2 B IR ARG
AR AR B ANIETE FEE 2

Qg ASAdE] A FIEE Folol Aol

[]matemul(p'roduution)._1.k' = Qk XQUM

<Al 4>
Usnciaipracioni: Amount of Used Material and Consumed
Energy of j in the Works of k (ton, m?’,
kWh)
Q. Quantity of Works of k (Unit)
i Used Material and Consumed Energy of j on
Breakdown Cost in the Works of k (Ton/Unit,
m*/Unit, kWh/Unit and etc)

VR0 oAl <4 5>, <A 6>2] 114

< ol8ste] 2t FFERE APsISiT). £, 18] 4
2k

xF, <A 5>

Uvm,j,k = Qk XY:H,QL XEVL,] <£1' 6>
U..: Amount of Consumed Energy of j by using
Construction Equipment of m in the Works of

k L, kWh)



Q. Quantity of Works of k (Unit)
Q.: Work Quantity per Hour by Using Construction
Equipment of m in the Works of k (Unit/hr)
T.o: Working Hour of Construction Equipment of m
per Work Quantity in the Works of k (Unit/hr)
F.;: Amount of Used Material and Consumed Energy
of j per Hour by using Construction Equipment

(L/hr)

3) 2
TEFE T 9250 A W], S 5 A
B W), S 0] ARE o|gsio] Azt AgF
2 ulolet 5, st LG7he Fate] Agatact

4) QX|IBAEH

DERES FARSSP] 9160 Al A
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A A ] SRR <4 7>9] 1HAE ol
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&% Qgoe Uieo] APgsielrt
olmat|

U,

material

by

[Laction) i < WC> WCF,
S

J

/, =
WE, i,material ([ [ uction)

<Al 7>

WE macerial, energy(productiony: Amount of Water Consumed to
Produce Material and Epergy of j (m*~H,Oeq)
Urnaeerial(productionyic Amount of Used Material and Consumed
Energy to Construct Infrastructure
(Expressway) of i (kg, m® and etc)
WGC: Water Consumption Coefficient, Unit Amount of
Water Consumed to Produce Material and Energy
of j (m*-H,Oeqg/kg, m’, and etc)
Si: Length of Infrastructure(Expressway) of i (km)

WCE.: Characterization Factor in Watershed of ¢

2) ANSEHA

AR HlF] 2LHATE o
FO= o] Asilrh
W, = 22 sicmsrin X WEX WO,z g,

S

J

W, construction: Amount of Water Consumed to Constuct
Infrastructure of i (m*-H,Oeq)
Uj construceion: Amount of Used Material and Consumed
Energy of j to Construct Infrastructure of
i (kg, m’ and etc)

WC: Water Consumption Coefficient, Unit Amount of
Water Consumed to Produce Material and Energy
of j (m-H.Oeq/kg, m’, and etc)

Si: Length of Infrastructure of i (km)

WCF,.: Characterization Factor in Watershed of ¢



WF. _ 2 U Jvi,operation < WC] X WCF,

/L operation 5

<Al 9>

W, gperacion: Amount of Water Consumed to operate
Infrastructure of i (m’-H,Oeq)
Ujoperacion:  Amount of Used Material and Consumed
Energy of j to operate Infrastructure of i (kg,
m’ and etc)

WG: Water Consumption Coefficient, Unit Amount of
Water Consumed to produce Material and Energy
of j (m*-H,Oeq/kg, m’, and etc)

Sii Length of Infrastructure of i (km)

WCEF,.: Characterization Factor in Watershed of ¢

4) SAIAE

Jo

ol

A HSTHA0] BHEAFRS. <] 10>9] AHAS o] &
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T @FOR Lol APgSisr

h
a
o

H1

>

YU X WC;x WCF,
WF = : :

i, maintenance S

<A1 10>

j

WE; maincenance: Amount of Water Consumed to Maintain
i (m*~H,Oeq.)

U;;: Amount of Used Material and Consumed Energy

of j to Maintain Infrastructure of i (kg, m® and etc)

WGC: Water Consumption Coefficient, Unit Water

Usage Consumed to Produce Material and
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Energy of j (m*-H,Oeq./kg, m’, and etc)
Sii Length of Infrastructure of i (km, m’ and etc)

WCEF.: Characterization Factor in Watershed of c

5) by

saze] A Fge] BEARL <4 11>0] 23
AEISITE, 2, AR AR, AFERhA, 2odehA),
§AESTA] B 4HRE QAslo] BUAE A

oict

w;

i~ lifecycle

=W

i—material,energy([ [ uction

W <4 11>

i— maintenance

W +

i— construction

w.

i— opertion

V. I4ZE0| BURE MY Zn

TEE ARl agh ZAES S ] 9o <Table
8>of] LiEpdll AAVIANA, DL E EBS(Event Break-
down System) TAE FRSIHTKRI=EZZAL 2010).
<Table 9>9] ()= WAME FAlIA AREE=
S WP, <Table 9>9] (b= L7 AR
BE Uehls Zo2 27t A yieolth. 4

Table 8 _ List of Design Data of Expressway

Main Data

* Working Design Report

* Breakdown Cost (Characteristic Number, Calculation Unit
Price, and etc)

* EBS (Event Breakdown System) File

Source: KEC 2010.
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o] 714 831.818¢, 917t 1.07, 032 H3PH
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Table 9 _Basic Data to Calculate the
Amount of Materials

(a) List of Construction Works
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TAHOR <Table 11> (2] FAPE ikt

<Table 11> (b2 LIt -4t Abzel vehd A4

Zha) o] ZFAAIZH} A8 H] A7 o R] AR RS
Folo] A5t A4 ] ARgo 2 Qg A
<Table 11> (b)oll HERH 61,381¢/hrS ZrATF

1

pu

1 =2 O

=

Q2! 93.73m/hr 2 L 654.89/n0] Fc} whbA
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v Al AL Q] A7

a,
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El= 2ot
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Table 11 _Basic Data to Calculate Amount of
Consumed Energy by Construction Equipment

(a) List of Construction Works

AGAEFE o711
A9 pgpo R WHsH

<Table 11> (a)°]] YEFH 2F4eF 2,916m*S Ho}
, <Table 12>0f] YERH 1294212 443t 4= Q17|
ole} FUrt W o2 zHzko] Ao

o

Construction Works Quantity Unit
Temporary facility 0 Construction Works Quantity Unit
Heam and Earth Plate 0 Ground Breaking and Cutting 0
. 3
Quantity of Steel and Transportation 13.16 ton Soil 2916 m
(b) Breakdown Cost (b) Breakdown Cost
Cost of Material Ground Cutting
H-Pile (300%300%10%15) ]3)2 tonz(?ulldozer
= m
0 13.16 * 1.07 * 831.818%0.3 = 3,513,898.6
= 25 E = 045
Source: KEC 2010. F =077
Ul = 40 m/min
Table 10 _ Example of Calculated Amount of Materials U2 = 43 m/min
Ql =55
Works Material | QUA0HtY CM = D/Ul + D/U2 + 025 = 1.22 min
(ton) Q = 60 * QI * F * E/CM = 93.73 m’/hr
i : *hr = 354.
Dralnafgé and Heam & |Cost of Steel and 4 Cost: 33,257/Q m’/hr - 354.8
Retaining Farth Place | Transvortation H-Pile 4.22 Labor Fee: 20,561/Q m’/hr = 219.3
Walls Works b Cost of Material: 61,381/Q m’/hr = 654.8
Source: KEC 2010. Source: KEC 2010.
Table 12 _Example of Calculated Amount of Consumed Energy Using Construction Equipment
Works Quantity | Unit | Con. Machine Spec. Working time | Unit | Unit Quan. (L) [ Quan. (L)
Ground cutting | Soil 2,916 m’ Bulldozer 32 ton 31.11 hr 41.6 1,294.20
Source: KEC 2010
QIEtA[MEY| SUXE AR L 2 XM n&255 FHC2 15
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4) SA|EALH]

FeA = vV, A, 71=T

o]z 2l xqeﬂ Ag =o] &
RECh 2 oA <Table 13>0 Ugd 712

e HgsIeck

FREEZZAL 2015; 20162 53

AR OB NERL o] GRSl I, AVdEA

Table 13 _ Consumed Energy in Operation Stage

So] FE, 1
Fol Be BYTS 1

"Eﬁ

T Blge] 7V &

7 29

oL, ARBE FELS
E(2017a; 2017b)Q] T2 H4AA 2 IR 1

A BAES olgstart

ARG op2BE o] Aot S F

sjo] Hj7)E0] o HE S| AgRRE AT F, of

ATE 0] W0l 2 35t0n/mS F5H] %16}9";2
TS <Table 14> VFERASILE. o R|3ke
EE—J A ) B S | eI R=

—

=3r

=)

i)

ZF B4t

a1

X Consumed Quantity (Unit/yr) .
Energy Unit 2015 Q2 016 Average Using Source
Kerosene L 50 44 47 * Boiler : Branch, Business Office
LPG kg 4 5 5 * Restaurant
. * Emergency Generator : Branch, Business Office
Light Fuel L 166,023 164,170 165,096 « Facility : Car and Machine
Gasoline L 2,397 1,556 1,977 * Facility : Patrol Car
* Construction for Branch and Business Office
Electricity kWh 7,382,959 8,235,548 7,809,254 * Street Lights, CCTV, AVC, VDS, VMS, Electricity
Room in Tunnel, Tunnel Lights

Source: KEC 2015; 2016.

Table 14 _ Amount of Construction Material of Each Work in Maintenance Stage

Classification Class. of Standard Construction Working Thickness Qt'n Density Qt'n
of con. estimate Material Quantity () (m) (') (ton/m’) (ton)
Surface
Sk Seal 1,230. 0.006 8 1 4
Repair in | Treatment e Asphalt for ,230,733 7,385 7,35
Pavement Overlay Asphalt Overlay Outer Layer 924,970 0.070 462 2.35 3,700
Re- Asphalt Overl -
of Road PRt veray (AP 323,045 0.070 6 517
pavement after_Cutting
Source: KEC 2015; 2016.
Table 15 _ Consumed Fuel Quantity of Each Work in Maintenance Stage
Classificati Class. of Standard of] Construction Working Fuel Unit Consumed | Consumed Fuel
assication Con. Estimate Machine Time (hr) ue Fuel (L/hr) Quantity (L)
Slurry Seal Machine 1,969 23.4 46,079
Slurry Seal
Reoair i Excavator 1,969 15.3 30,129
P pait 1 ; Surface Grinding Machine 8951 Light 52,7 471715
t .
AVEIERt O T eatment +Road Breaker of 2m ’ Fuel oil ’
Road Surface Flatness Work -
Tire Loader 8,951 3.5 31,328
Sprinkler Truck 8,951 9.3 83,244
(continued)
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Table 15 _ Consumed Fuel

Quantity of Each Work in Maintenance Stage (continued)

Classification Class. of Standard Construction Working Fuel Unit Consumed | Consumed Fuel
of Con. Estimate Machine Time (hr) u Fuel (L/hr) Quantity (L)
Plate Compacter 3428 Gasoline 1.0 3,428
Recovery Hand-guided
4 8 2.2 108,58
for Small-sized Vibration Roller 933 Light 287
Pavement Tire Excavator 49,358 Fuel oil 5.6 276,404
Recovery Truck 49,358 2.9 143,138
for Plate Compacter 3,428 Gasoline 1 3,428
Small-sized E Motorized 82963 23 189,205
Pavement mergency Vibration Roller ’ Light - ’
Recovery Work .
. Excavator+Breaker 82,263 Fuel oil 11.6 954,253
for Small-sized
Truck 82,263 29 238,563
Roads G for Go
utter for Concrete
82,26 Gasoli .6 460,674
and Asph alt 3 sone >
Asphalt Finisher 3,700 13.0 48,098
Macadam Roll 3,700 3 34,409
Asphalt acja am < Light ?
Overlay Tire Roller 3,700 . 8.0 29,599
Overlay Fuel oil
Tandem Roller 3,700 11.2 41,439
Sprinkler Truck 3,700 12.9 47,728
Road Breaker 517 52.7 27,239
Tire Loader 517 3.5 1,809
Asphalt Asphalt Finisher 517 . 13.0 6,719
Re- Light
Overlay Macadam Roller 517 . 9.3 4,807
pavement . - Fuel oil
after Cutting Tire Roller 517 8.0 4,135
Tandem Roller 517 11.2 5,789
Sprinkler Truck 517 12.9 6,668

Source: KEC 2015; 2016.
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Figure 3 _Water Footprint in Material Production Stage

Figure 5_Water Footprint in Operation Stage
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Figure 4 _Water Footprint in Construction Stage
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Figure 6 _Water Footprint in Maintenance Stage

Figure 7 _ Water Footprint througout Whole Life Cycle

Water Footprint in Maintenance Stage
(m? H,0 eq./20yrs-km)

270 263
138 123

S&T RSP Overlay

Repavement Total

WBoulay WMOE MThisstudy

Water Footprint througout Whole Life Cycle of Expressway
(m? H,0 eq. /km)

58,804
45,071
2,03

32426

9478

7,204
5,961 3,906 o 5125 4,135 1,114 1648

1570 356

Material Production Construction Operation Maintenance Total

B Boulsy WMOE B This study

4,135m'H,Oeq., 788m’H,Oeq. 22 UERGT F8 ¢
2R A THE 25 A7l ottt 2R

AH[Zo] 7FF =4 Vet
4) RX|EHA

FAELEA ] A2 <Table 14>2] 24 A}
LT} <Table 15>9] 7A4374H] AFg0 2 Qg ofu
Z]/\a]ak AH|AGE o] gdle] <4 10>2 e}
AP
<Figure 6>-2 oA A BAH]AlTL} 24
717y 208 F3t 3, 9 HSARe ZF ZARE 8
H7|7HS Wieo] A Bdix= Avjolct. 1
AEg FAESEP] S5l GARSTA L] Bk
2 Boulay HE, 45 9E 2 QI ES O

)

LK

r

2, 7 1,648m'H.Oeq., 1,570m'H.Oeq., 256m’
H.Oeq. 02 UERTE 8 doloz Q7] 2]
o] 71 =4 I%E}‘iﬂﬂi Te0 & 2T, mHAe,
AMEPGO 8 LT

5) T Hotix7|

<Figure 7> A} BAY, A1F, £ % A RS

QUIELA[HEL

m'H.Oeq., 42,036m’H.Oeq., 9,478m3HzOeq.2§ L}Et
ok BAR 7ol Al 7HA] B BT AR A
AN 71 A Uetsteh 24 g R 2le)rt
Wshs A9 EAeRIAe 8= FFE7HY
HEo] wet th27] mhzoloh

=t
=

IS
]

u CRER
%@%7}%@% 7ﬂm~w2u4, TEREE o
2 7} W29 Bouay SR, TR WHE} Y]
T BAE Sastrt

S by, S 1A DBE AMEHEE B}
ap el wel Bu A}t Yeht
o). ol R SAselet 240) 2
AHASE SR W] ol thd) e 4
olrhe 242 ofmjstel, W7k 2ol wel whEEo] A
9= WA 4 oIrks 2L omig) 2L A7
2 2P| ShA ol g2 F SR ool
Ac}. oleiet Hol 27} ws1o] Al¢] B e

| SURT AR Y Y N DATCE FAo= 19



VL ZE

2 ATl Shfe] S2b S e 2
= ghYES st Jelu 2 ay
WET 7129 VY BEEe BT PHEd

Boulay MPHE, T1e)3 el oot €
B upaEe Agsle] 142w A o] o
o Thste] HliL A1, £ ol St 2t

ol

F

X

ol
3 9, B 7oA Setele B Ao
p=PSkee Hhﬂ ‘__Tr,]-l—_ o] sy =27

= g7 ¥, v, HEd A
7, B, AT 67l frH R FEsto] 43t
QRS Adsigict. 11 At WEES] Sl sl
o] EAsIoItz ZFz} 0.027, 0.045, 0.153, 0.252,
0.047, 0.081, A ES9] EASRRIZZ 22 0.026,
0.075, 0.140, 0.287, 0.048, 0.0455 Z=Z5Ir}. 2[5t
0] EASRRIALE 7HAIs g Alslkraad, 4

HIARE, A#pe 7HAESS) A E-FT, &

HAE o853t Alslret A #4-0] E4J1eIxt
7F O Y92 AskrFeait A EpFeE, Fe
o 2 HiEEE vee Uedis 28] 9o
= U

T+ ¥4, Boulay "HHE, EF YHE, & AT
HES A 1&=E A4 ARlel 2185t 1km, &
5 42HA9] 71599 B APslch 1
At A AoliF7] EEA=0] 242} 58,804m™H.Oeq,,

T

=7F A%

o

20 =ZE¢T HM[1093(2021. 6)

42,036m*H.Oeq., 9,478m'H,Oeq. 2, WHEH
e Helon, 53] 2|9 E4RIZAE 4
ATHREANA =7 HAE A8 B YRIES 2h
olE

Hrt

ot

Jea = 2 R 3RS EfehY, % a5
E, MEEE, |, 3, IS iR 24 Aol
FAEE o AE A 9, 29y =7 3d A
A ol 2= 7] H-8o] BI=A] E a5,

—_

. AT S BAIAR, heep://www. wamis.go.kr/

WAMIS. htep://www.wamis.go.kr/

=712 BANE. heep://www.gims.go.kr/

GIMS. http://www.gims.go.kr/

TEWER 20172 EEESPT AlE ZFETSE.
Ministry of Land, Infrastructure and Transport (MOLIT).
2017a. Road Repair Status. Sejong: MOLIT.
__.2017b. 2017 A BEEAL A SRS
Ministry of Land, Infrastructure and Transport (MOLIT).
2017b. Standard Construction Estimate. Sejong: MOLIT.
9. 2011, Water foorprine 714 018 71A1e] 4
A9 495 APO] T AFHIEE FAl0R), At
=g, skt

Kim Wooram. 2011. A Siudy on the Evaluation of Water
Consumption in  Electvic  Appliances Using Water  Footpring:
Focusing on washing machine. M.S. diss., Inha University.
7178 738 AR 2013, & Eqlo] thet Aold £ uixp
= el B AT deRAEAE 35, 118



827-834.
Kim Junbeum, Kang Hun and Shin Sangmin. 2013. A study
about regional water footprint of rice production in
agriculture industry. Journal of Korean Society of Environmental
Engineers 35, no.11: 827-834.

7. HAA. 2017, HAA AlTE EE 5 A5E 59 7]
Ul @ UgIE
Ministry of Government Legislation (MOLEG). 2017. Table
5 Boundary of standard durable years and Standard durable years

AN

of buildings and etc. on enforcement vegulations of conporation tax
act.

8. fadh A8, A, AN, AT 2009. F=0] FA

= 7P A dEeAdehRl=Ed 429, 1%
911-920.
Yoo Seunghwan, Choi Jinyong, Kim Taegon, Im Jeongbin
and Chun Changhoo. 2009. Estimation of crop virtual water
in Korea. Jour. of Korea Water Resources Association 42, no.11:
911-920.

9. IFZZFAL 2010. HE A A&

Korea Expressway Corporation (KEC). 2010. Internal Design
data.

10. . 2015, UF ¢ A=
Korea Expressway Corporation (KEC). 2015. Internal
Operation data.

11. . 2016 W 29 A=,

Korea Expressway Corporation (KEC). 2016. Internal
Operation data.

12 974, 2017, SAHABARSAL. AlE B
Ministry of Environment (MOE). 2017. Environmental
product declaration certification operational regulation.
Sejong: MOE.

13. . 2018. 2018 =50 AT A2, AlF: F5.
Ministry of Environment and National Institute of
Environmental Reserch. 2018. Generation and Treatment of
Industrial Wastewater in 2018. Sejong: MOE.

4. . 2019. 2019 Atm|o] AT} X2). AlE: 73
Ministry of Environment and National Institute of
Environmental Reserch. 2019. Generation and Treatment of
Industrial Wastewater in 2019. Sejong: MOE.

15. S5, SHEETEHA. 2020. 2020 ATHA-] BT A
o Al R

16.

17.

18.

19.

20.
21.

22.

23

24.

25.

Ministry of Environment and National Institute of
Environmental Reserch. 2020. Generation and Treatment of
Industrial Wastewater in 2020. Sejong: MOE.

Arpke, A. and Hutzler, N. 2006. Domestic water use in the
United States: A life cycle approach. J. Ind. Ecol. 10, no.1-2:
169-184.

Berger, M., Ruud van der Ent., Eisner, S., Bach, V. and
Finkbeiner, M. 2014. Water accounting and vulnerability
evaluation: Considering atmospheric evaporation recycling
and the risk of freshwater depletion in water footprinting.
Environ. Sci. and Tech. 48, n0.8: 4521-4528. https://doi.org/
10.1021/es404994¢

Boulay, A. M., Bulle, C., Bayart, J. B., Deschenes, L. and
Margni, M. 2011. Regional characterization of freshwater use
in LCA: Modeling direct impacts on human health. Environ.
Sci. and Tech. 45, 00.20: 8948-8957. https://doi.org/10.1021/
es1030883

Cabeza, L. F., Rincon, L., Vilarino, V., Perez, G. and Castell.
A. 2014. Life cycle assessment (LCA) and life cycle energy
analysis (LCEA) of buildings and the building sector: A
review. Renew. Sustain. Energy Rev. 29: 394-416.
Ecoinvent 3.3. http://www.ecoinvent.org/

Hocekstra, A. Y. and Hung, P. Q. 2002. Virtual water trade:
A quantification of water flows between nations in relation
to international crop trade. Value of Water Research Report
Series, No.11. Delft: THE Delft.

Hoekstra, A. Y., Chapagain, A. K., Aldaya, M. M. and
Mekonnen, M. M. 2011. The Water Footprint Assessment
Manual: Setting the global standard. Earthscan.

ISO. 2014. ISO 14046 : Envi [ Management - Water
Footprint - Principles, Requivements and Guidelines. Geneva:
1SO.

OECD. 2012. OECD Environment Outlook to 2015. Paris:
OECD.

PAL 2003. The Security Demographic: Population and civil
conflict after the cold war. Washington, DC: Population Action

International.



ED

1.

T 9l

I~
=

2021. 4. 26.

=.
o AAF 2 2021, 6.

Z}ol.
=4
A 3

H5: 2021. 4. 12.
=

oRE)S

. A=
T
« AR A
=

Aol

=
e

o]l ZAA 58,804m'H.Oeq., 42,036m'H,Oeq. 02

2

gl
oy
o
Bo

G

o

0

-

S o]

Tl

Bl
gl

ot & @7

9

2

=1p
=

oI5

9,478mH,Oeq. 2 UEFLOH, of2ft Zjo]

A e] Ear AR

=

o

>

[e]
LE

A

13ek. 1213 Boulay W

[e]

e
=

stof 7

A fH0z 8

O

ECREL D

°

A4S 7]

35}

ZH
ZH

8

=

o

1 4

14

Zloltt. &=L ofeje]

Pakdc

[e]
o=

2531 0] B

1
+— Al

ol
M
et
0
o
Tl

].

T+

Aol 7

ol
i
o
%
iy
T4
s

i

3}

=]
=

=

olo

ol 2t

)

ffl sl 28

<]

QlmatA| el

s
2

1o

e
olJ
i
E
mf

0
ol

23t

O 2 Boulay HH

=z
Le

1km 7]

22 ZEAT H1097(2021, 6)



