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End-use analysis of household water by metering
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Abstract

The purpose of this study is to investigate the trends and patterns of variou kind of water

uses in a household by metering in Korea.
Water use components are classified by toilet, washbowl, bathing, laundry, kitchen, etc. Flow
meters are installed in 146 household selected by sampling in all around Korea. The data are
gathered by web-based data collection system 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, etc. Reliable data are selected by upper fence method for
each observed water use component and statistical 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 ¢pcd to 169 {pcd 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¢pcd) is the first, and the second is
laundry water(30.8¢pcd), the third is kitchen(28.4¢pcd), the fourth is bathtub(24.7¢pcd), the
next is washbowl(15.44pcd). The results are compared with water uses in U.K. and U.S. As life
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. Especially, 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 establishing water demand forecasting
and conservation policy.

Keywords : houshold water, end-use, water use patternl’
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pcd(20%), ¥17]-& 38.50pcd(25%), 7IE}-& 13.50pcd(9%)= YEFRTE 714 o|
Al W78 ARERFo] THE W2 AoE yeigton, Wtk A& 5ol 7]
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548 Bl 7HAAd A EAEEA 7 xgE A& o] vt fARSHA WHEtEI S
Ao nolFE Aoty S 1985Wd A&l ZAME S ALESHT SHA R
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Agdaiol Aysher Zpgel el &, ARESE AAp Sk g e AETe B
wol gold A ol 4 vAE &40& F5E A

1. A &8
AFEEEA(2006)9] wEE A E%fr AR frEFElEeR 7hg8o] 2,9399 iy
(65.6%) 0. % 743 @, E}—S.— 826Mm'(18.4%), A& 612 m'(13.7%), £Z-&

= JdgE
1079 9km'(2.4%) <=o]t}, *g%"%—’? FolA 7H8 877 AR s vl 7H Folk Es)
3 7SI E FEAREE, AFEEEE, Ve o AR e wE AFE R, AFEHE
ol tiste] ZALE AbElE BA @vh 7HECA Y & AN AggFo] AL A
Jol LAZbel wel Frksk= FAlel o E4H] Y A AL, AFEA ] 54,
FEot e pHAEeY MY 5o WSkl weh debx]a o, dAet Zo] due
AbEFRFO = ol gt Wstacls F45 Wk ofHrh v, P 5 ARSd A e
%—}FQ] Fady, FEAAY] AAFE A = BHoE 8T 53] HEETY &=
1S5 240 A vfg o= A
L3 ATHAWWA, 1999;
Cochran and Cotton 1985; Denver Water, 2006). AAZ vl = T8 127
SAERE 100709 MEZHTE UdoR &5 AMEHS ASEALete] 72.5gpede] 9HEHE
A st o 74 Sz A =52Q gl Ags %5‘}04 9} 22.9gpcdE HoFst 4= ¢l
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S Ao o= o}OﬂE}(AWWA 1999). S-gugolA = T AR digh Z2AE 5§
7oz o]Folx gtov; HAd ugl Aol €zt }o OX}EOH ojEal, EHA7]
ARA o e AaE A= 13
AT A E EvEr 7HEe] 85 EANE ] did V2R E FREa AMEIE S
F25ka12F 2002\ 5F-E 20063 Abolo] A= 146 7HE YR e £ AFS S
AZGTE. AN TP R 7 5 ASARE g eR M8 £ A
AN E EFozZHN A, strmAlddd 88 & A= AAAE AAsta, 5 A
S5, G F7E & Tkl VM EF BEEALS oldstal FF AEA TS
A5 F A ARE AFstazr sk T3 ASAt5e 723 ALgEe] By A
HHA FA TE S R ARFS FAT F dv FEAH FodF BYS A
skarap skt
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@ 4] FoE BRE F 4 FUE A WA ARFEWOE BEATE APl
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Table 1 Sample design for selection of metering household

5% gsra | ot | ddzd | gAdTY
R Ao $5E A HTATE A9
EEA 593 7+ | 768 b+ | 125 7k | 71 M
FEFE0Y s
EP oA +2.5% | (A # +F 95%)

(2) Be7hr47
2000 11l AAE Q-8 F22Afel] o)k
= 1,123%7 03, o]l 5S FUYEH, X9 BRyxE

e AR ATHEE R AL FAL, 2001),

Table 2 Distribution of installed metering

1 9 EEICER e CED)
Zan FED. 950, 23D, =40 12.8%)
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AA T © ©
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FH(D), A1), ZE(2), 51, F2(D), oD, AR
X‘] E [e ] , ] N 3 ) y 1 y 3 .
et A%(3) Ae), 3431) 13(9.0%)
B 27, 242), 22©2), 293), 220 96.2%)
E - 3G9 A A8(31),4F(5), F(8), thA(8), FAHT), &4H3), 21H(3) | 65(46.2%)
Al 55 140

2.1.2 72574 & deolg+3
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ZF MW il FF5AE Fig 13 2ol Ay ffAleh FAaESAIA o] At <
2 SAAN=EE AA, AA ST (@S Ak S AE, 2001). 2 fFFAlOlA CDMA w219
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Upper fence method& ©]-&3lo] o] A& #| A3kt

2.2.2 Upper outer fence

Upper outer fencet B4 dlo]E]E24 (exploratory data analysis)oll A AFE-% & HWHH
A, ol Aksd g oFEAlFS AAY w AMEETE ARk o m A - YER
= AHE S (quartile) S o]-&st=dl SEF (fence):= ofg ¢} Zo] AYSHAAS ¢, 1993).

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

lower inner fence: Q1

IAHEA QD2 AR Y] 25%0l 33 == whs ofnlatm, 3AREHF(Q3)S AF=9 75%¢l
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Fig. 2 Classification of water end—use in household(www.h2ouse.net)

TolM = AR} T2 S AHEEAEE gl dEE =S5 96k
1y 85 w7185 (toilet), &85 (bathtub), ¥ -E(washbowl or facet) @ A3}

A, AAA Sl o] &H = }\]ﬂﬂ‘](kltchel’l)%“{‘, AE71el AZH AE-8<(laundry),
Y, @589 5985 55 LT G VEEFletec)2 TSI

Table 3 Purpose of end—use in household water

T & AH&A
H 7] 8-4(Toilet) FAA g e] Mo A AMEE = &5
£ % -8 <*(Bathtub) Sz AU 8o AMEE &
Al -8-=(Washbowl) SAY Aol A AFEE &5
434 §(Kitchen) zd, AAA Sl AEEHE &5
H]‘%%?(Laundry) A€ 7] (cloth washer)oll A Al&-5& &
71 eH&4(ete.) Hl e, sy, UV* oA AHRHE &
FF8&5(Total) 7ol AHEE T &

3.2 dold 323
B A8Y AAe Yk wE AFow U4 AT LI e,
dlolEl QAo 1440w 2 Fahe AASRI, oA F, AAEe] B

T8 A= AustA 544 gkel WaiM = Upper fence methoda— ojgst 7t ThEE
ol dAE AAGALE o) FA AARAEE S 0.5% 7 5.2%° AETF AAHALH, HF
Ao ® 543600719 AZARE o] &3] EARALS Fatglr)

Table 4 Results of filtering using upper fence method(total water)

o
A | GO VIE N ma | meed | wae | Ac | Ad
=T AASF 50,224 0 0.00 170.00 | 180.79 | 145.60 0 19,197.98
UFENCE1x}3EE | 49988 | 236 0.47 165.94 | 114.19 | 145.07 0 1,478.15
UFENCE22}H5 | 49971 | 253 0.50 165.84 | 113.98 | 145.02 0 1,478.15

873



5o
20 q |
ufence
1478.15 max 25
i 19.197.981
o
200 1400 2 17 1 ° o

500 3800 5000 6200 7400 8600 9800 11000 12200 13400 14600 15800 17000 18200

(a) Before filtering (b) After filtering
Fig. 3 Comparison of distribution of water use volume

3.3 7H4&9 &= AT 49

AR grel SEd Aol @ 2EARE T 87 2L EARNA Atgl JE

§59 A9, 190 19 AHgFe) aE Bdste 4 MY AssAE w2l 97 1)
ol Aol 1AHES, 5 dlolele) A7) 25%0 iFaE gkol BF 00 vebgn

P& TolA W78 Aol MY B Aoz Yeisten, Hdy, A8 S

of ZFE &S A AENETE AReA @i g WAE Aste] WEAS et
FEAATE 7 AA dEbstth FARE R NEARE S AR Alelel= mSA FEEA,
SUT, FEA @A Sol e Eo] o 13.4¢9] o7} wAF AT
Table 5 Basic statistics of end—use water in household
dlolels= | et | FEUAF | ARESS |3ARE | HeAls | A2k | Aot
(n) (mean) | (std) Qv (Q) (CV) (min) (max)
A-g 98,330 15.43 17.07 4.50 20.68 1.11 0.00 | 272.07
G285 94,153 24.73 25.13 6.25 35.33 1.02 0.00 | 331.63
AAWET | 88924 29.67 37.48 12.43 38.10 1.26 0.00 | 1054.13
8718 | 96,436 30.76 47.93 0.00 51.47 1.56 0.00 | 300.45
78 109,149 38.46 27.29 21.27 48.88 0.71 0.00 | 379.90
71 EHg5 25,955 13.50 58.48 0.00 9.88 4.33 0.00 | 4752.48
TEET 49,971 | 165.84 113.98 91.17 | 217.35 0.69 0.00 | 1478.15

331 7949 A8 499

FEFPE H4EF ST AV BEFHU4Lped), FEFHA56ped), oFtE
(159tped) 0.2 tebitth. BEFee] the FAGee] mste] Wi vehgizd, §5
AgFl UF B ARAE gEFge e Faadel vale] 53 285 AS
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Fig. 4 bomparison of water end—use amount different house type
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FTHETFe AEg7|oA AR E = AEET7 1 g o R wokth &30k Aol A 9
|FS 3 E8&57 B S5RY BA A E Ao, olelgt Aib= A A o] il
2 AYH = gt yetelA vElvs do® Aegsgo]l Ak AetE A 7
o A} B&3} ARl 7} Holwky] wiEo]tH(Bradley, 2004).

>

Table 6 Comparison of end—use water amount and ratio in household

U UK U.S.#% Korea
€ fpcd ratio(%) fpcd ratio(%) dpcd ratio(%)
Bathing 33 26 43 30 40 29
Toilet 44 34 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), ** by De Oreo et al.(2001)

Table 6= & ZAMANE "= =789 &5 SAREZ vlag Aot} 7|eh&
T AYstga, AYLFEwns AA s Aoy, ne] EAlL T £ 5 ALLH]E o]
guhebel 2 A S UEA S & T ATk vFdA e FHE A Ae] d3tko
=2 13 "IIA Rl 1605 AFE3F= low—tank bowl toilet2 high—tank squat toileto =
Agk & AHTZFE 602 AA e e |7]&77 AA Fo5 A2 BuEtHDe
Oreo et al.,, 2001). F=-2 "= f-2vtetol] vl FZFo] Ao, 53] ME&F ALEZ
o] A, M7] &5 AMSES wWked, ol AL AT ofye} 7|F JIFLE ohai v
H Bow F5Hh
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Fig. 7% 19854 A& Al 1,0009 7}& tid o= AR &858 AME=F Aol 5 AL
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7ted A= A SAHH kol dai A+ Upper fence methodE ©]&3te] Z 7F+EH =
o) AAE A AT o)X AAHNAS Bkl 0.50% 7 5.22%] AR AAEH A0,
HETH 02 543,600/ AS5ARE ol &t FTAREAS TPl

NAEFe] FAEE 71E 999 165.80pcdon, ZF &5 ALgESe AHg
15.40pcd(10%), &8 24.7¢pcd(16%), A AN-ES 29.7¢pcd(19%), AﬂEWlo
(pcd(20%), W7]€5 38.50pcd(25%), 71EFE 13.50pcd(9%) = YEFS:
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GE=2el(14]10ped) 202 Algo] Woton], GYEFuEle 7o =3

2 FaFge v&] 4 548 BT ol wEFHe A9 5

o] 7MY =2 A A-"A o 509 oo F, wdFo]l eHER 3t 9 &eh]
o] 2840 ALl FUHor AL Aog FHHET i AFAFTE Sk
FE A Qa7 FA4A Haste AES B, 53 WrE4, e,
71ebge] a7 Ee] FHEsiT)

71gEge] $2E AMERS v, G 7hg ) vjagk Ay, VERE gt A5 Al
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2 e BagTt 270014 400E zuﬂ Solyta, AEEFE 1704 Solwth A
gofrlo] AFatEHA 7Y & AMTW} A BatbEal & AE7| e B
o] ol A Fo] 4TS vFHE How FHHI.
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