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Abstract

The purpose of this study is to investigate the trends and patterns of various kind of water uses in a household by metering in
Korea. Water use components are classified by toilet, washbowl, bathing, laundry, kitchen, miscellaneous. Flow meters are
installed in 140 household selected by sampling in @l around Korea. The data are gathered by web-based data collection sys-
tem from the year 2002 to 2006, considering pre-investigated data such as occupation, revenue, family members, housing
types, age, floor area, water saving devices, education, miscellaneous. Reliable data are selected by upper fence method for
each observed water use component and stetistical characteristics are estimated for each residential type to determine liter per
capita per day. Estimated domestic per capita day show an indoor water use with the range from 150 Ipcd to 169 Ipcd for each
housing type as the order of high rise apartment, multi-house, and single house. As the order of consuming amount among
water use components, it is investigated that toilet (38.5 Ipcd) is the first, and the second is laundry water (30.8 Ipcd), the third
is kitchen (28.4 Ipcd), the fourth is bathtub (24.7 Ipcd), the next is washbowl (15.4 Ipcd). The results are compared with water
usesin U.K. and U.S. Aslife style has been changed into western style, pattern of water use in Korea is tend to be similar with
the U.S. water use pattern. Compared with the surveying results by Bradley, on 1985. Thirty liter of total use increased with the
advancement of economic level, and a little change of water use pattern can be found. Especialy, toilet water take almost half
part of total water use and laundry water shows lowest as 11% in surveying at the year of 1985. But, this study shows that 39
liter, 28% of toilet water, has been decreased by the spread of saving devices and campaign. It is supposed that the spread large
sized laundry machine make by-hand laundry has been decreased and water use increased. Unit water amount of each end-use
in household can be applied to design factor for water and wastewater facilities, and it play a role as information in estab-
lishing water demand forecasting and conservation policy.
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Table 1. Installation sites for metering water uses of household

Province Installation sites (No.) Percentage

Gangwon Gangneung(1), Wonju(1), Chuncheon(1), Hongcheon(1) 4(2.8%)
Goyang(1), Gwacheon(1), Gwangmyeong(1), Gwangju(1), Gunpo(1), Bucheon(3),

Gyeonggi Bupyeong(1), Bundang(3), Seongnam(2), Suwon(4), Siheung(1), Ansan(7), Anseong(1), 34(25.5%)
Anyang(1), Yongin(2), Uijeongbu(1), Pyeongtaek(2), Pocheon(1)
Gyeongsan(1), Gyeongju(1), Gumi(2), Gimhag(1), Miryang(1), Sancheong(1), Andong(2),

Gyeongsang Changwon(1), Chilgok(1), Pohang(3), Haman(1) 15(10.3%)

Gwangyang(1), Gunsan(1), Mokpo(2), Yeosu(1), Wanju(1), Iksan(1), Jangseong(1),

Jeolla Jeonju(3), Jeongeup(1), Hwasun(1) 13(9.0%)
Chungcheong Gongju(1), Geumsan(2), Cheonan(2), Cheongwon(3), Cheongju(1) 9(6.2%)
Metropolitan Seoul(31), Gwangju(5), Daegu(8), Dagjeon(8), Busan(7), Ulsan(3), Incheon(3) 65(46.2%)

Sum 55 140
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Fig. 1 Apparatus for metering in household
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Fig. 2 Web-based data collection system

Determination
of Qutlier

iltering
Comparison of
Measured value vs Qutlie

Estabilishment
of Data set

;

Statistical analysis

END

Fig. 3 Process of statistic analysis

2.2 HiolE| He|

BAEA A ARE e 3, S A=H
(detasetys W= IS ALE*]2](data processing)al
THBerthouex and Brown, 1994). 53] SAuolE|E &
A5E o]&dhs A5 ASTIAY L - BSX] T B
<1 dolgel gk dHE Zjle] RE=A] RbE]ojof
AL £ 9 54 Tl wet ZddlolE e} v
oJHE Fehke 7ol thkshH, SAIAE Y E2ol wt
243t Filtering 7= 28314 FckFig. 3 3x).

~
A )

O:

o
=

221 op3A|e] i gl AA

o] (outlier == maverick)?h ZAR] tido] H= B3
ol S3kA] edetial ool @ AEE AP Fes
ol & Eoixl #EHS AR @=SAS], 1997). A
BE4A o] BEAET ofF de] WolA e uE
B3] 2] (discordant observation), S GE A
oAl FET. oJ2d oPdAlE ABEA A

2AE 7HIAL e BEARE BEAS] ATt
< Afole S/ AvEAY =SS A T
AT, T FEAE] AT BAY ARl we A
0] e o3 WHES F-88kA] X3kt Tl o]

o
([ HE

N
o
it

Z

12
r

%2848 5B - 20084 9A

3t PHES T At 7]1x3k Zl0]7] wiitel] H4-s}t
==

B Ao Me R4 (life andysis) 5ol 8] o]&H=
Upper fence methodsS ©]8-31 o1& A AT

2.2.2 Upper outer fence

Upper outer fence= ©A1Z dlo]¥ ¥4 (exploratory
data anaysig)ollX AMEEE WO 2A, ol ARl Uigh
[OFEAES AT o AR IR o= AR ™
oM Yeu= ARE14(quartile)s o]-83s=dl 2ElE] (fence)
= oo} ol AogthEe- €], 1993).

lower inner fence: Q1 — 1.5*IQR
upper inner fence: Q3 + 1.5*IQR
lower outer fence: Q1 — 3*IQR
upper outer fence: Q3 + 3*IQR

R QLS Aol 25%0) gse 7ke orlshd,
AT QIS #159] 7%l = gholoh ARES A
2Hinter quartile range, IQR)E= 3AREY =9} ARG
22 oulsit}. BEoldX|(mild outlier)= Inner fence <}
Outer fence Atole] AZEkS ow|alH, S0l /dX] (extreme
outliery= Outer fence 5122 Hloju= 312 9u|sit].

2 AFelxe 7HE SRS B2 &S SAREA
Z8317] flete] STPIAAE AR AAEIOH, o]
= AAAE 2] oF 94.8~99.5%) sHFsISIT).

slal Qlom, FXHAR] TRl o] FAlE SFFEEE, A
ARG, AlEE<e, 7IEREE P E T

Fig. 4= v]=o] AubAQl wselo] e} 7 Jod
Fsle 785 &5 FES "otk 784
455 A Au(indoory &=} 212 (outdoory &= T3}
a1, Ae<= 82 (bath), FAHkitchen), AlEH(laundry), 2t
a1 B A5k (garage/basement) 82 A3l Aol8<
= A9 (landscaping), 97 2 23 (pool/spa), M= (patio)
o)X AREslE 87E UseTH(Table 2 3=).

Fig. 4 Classification of water end-use in household
(Www.h2ouse.net)

- 597 -



Table 2. Classification of water end-use in household
(www.h2ouse.net)
Item Classification End-uses
Bathtub Toilet, Showerhead, Facet, Bathtub
Kitchen Facet, Dishwasher
Indoor Laundry Facet, Clothes washer
Patio Outdoor cleaning, Cooling mister,
Pool & Spa
Landscaping Lawn, Garden
QOutdoor
Pool & Spa. Pool & Spa
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Table 3. Results of filtering using upper fence method (total water)

tﬁtc?.l remg\(/)éc? fdata ra’rnact)l\?aIOf(%) Mean STF Median Min. Max.
After removal of negativevalug 50,224 0 0.00 170.00 180.79 145.60 19,197.98
Ist UPENCE 49,988 236 0.47 165.94 114.19 145.07 1,478.15
2nd UPENCE 49,971 253 0.50 165.84 113.98 145.02 1,478.15

Table 4. Basic statistics of end-use water in household

No. Mean STD L Q(Léast”e 3(?(‘523‘“'9 \C/gr‘?f;ig; Min. Max.
Washbowl 98,330 1543 17.07 450 20.68 111 0.00 272.07
Bathtub 94,153 24.73 25.13 6.25 35.33 1.02 0.00 331.63
Kitchen 88,924 29.67 37.48 12.43 38.10 1.26 0.00 1054.13
Laundry 96,436 30.76 47.93 0.00 51.47 1.56 0.00 300.45
Toilet 109,149 38.46 27.29 21.27 48.88 0.71 0.00 379.90
Miscel. 25,955 13.50 58.48 0.00 9.88 4.33 0.00 4752.48
Total 49,971 165.84 113.98 91.17 217.35 0.69 0.00 1478.15
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Fig. 5 Comparison of frequency histogram for water use volume (total water)
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Table 5. Comparison of end-use water amount and ratio in
household

U.K* U.S** Korea
Ipcd |ratio(%)| Ipcd |ratio(%)| Ipcd |ratio(%)
Bathing 33 26 43 30 40 29
Toilet 44 K% 30 21 39 28
Laundry | 15 12 35 24 31 23
Kitchen 36 28 35 25 28 20
Total 128 100 143 100 138 100

*by Hodges (1998)
**py De Oreo et al.(2001)
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