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Data Analysis of First Leak Time of Water Pipeline

Myung Hwan Na-Sang Min Ham

Department of Statistics, Chonnam National University

Abstract

In this paper, we analyze statistically the data set of first leak time of water pipeline.
We classify first the leak time data by pipe type, location, diameter of pipe and, length
of pipe. We perform the analysis of variance to indicate that there are significant
difference of mean of the time between levels of the factor and also compare the
distribution of levels using the multiple box-plot. When there are the difference of the
mean, we perform the least significant test to find out what levels of the facor has a

different mean.
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3.1 Pipeline A5 9] typed &4

B gt AFEE wFehs S4eA WdE pipert W@ Aol wel 3 AWM pipert
Al N 7| Sdhe] Qe ARE ol gotel AREAS ATk doix AR sto]

type Z FRC, AC, RCY 3=FolH, Z typeEE H WA nA4AH g9 F= v
<3 2> Zrh
¥ 2> Pipe Type® first leak time(¥+$]: day)
Pipe Type Frist Leak Time A=S
FRC 5341 --- 5642 14
AC 11793 --- 5387 56
RC 8704 --- 9297 1061
HA, FFAIZke] B2 E Fefetr] flste] FAIted tid e AAI"EES Y A3t

<a¥ 1>o]t},
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Boxplot of Time by type
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g% 1>& BW 37FA typeol ik E3Eof| zto]lE Holil glow 71 xol= AC$® RCE
S " RC% FRC oA e & xfolE Holal gt} T3k EolstAlE RC typedr #=
2 oA E Holu 9o RC, AC, FRC 2 2 frist leak time°o] & A& & & Ak
Pipe®] typed & frist leak time°o] EAF o & 93 xlo]7} YA Lolr 7] 35t H
AHEA S AASke] A ek Flo] <3 3>o|th
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<3 3> Pipe9 Type¥ ANOVA Table

L9 AFF AHE A F F value P value
g 1,172,057,563 2 586,028,781 89.62 <.0001
2=t 7,317,296,938 1,119 6,539,139

Total 489,354,501 1,121

<HE 3> BAHEA AE BY, typeEE FFAINY Fo3 AolE YEE FAFRS
89.6201M, o] EA ] Pgt(P-value)el 0.001Eth o} webx F955F 1%A pipe?l
type & frist leak timeol ¢ g zol7b ASS & F7F vk =g oW typeol A
o) gk zfol7b A=A Lotr ] 98 HAroA HAMLSD)S AAg A3 RC, AC, FRC &
F HMZ 2o]E ®ola glow RCS FRC 7+ Aol7t 74 Ad Ao wola gt}

<3 4> LSD #7384

Difference
type Between 95% Confidence
Comparison Means Limits
RC - AC 2359.0 1670.9  3047.0
RC - FRC 8080.1 6730.2  9429.9
FRC - AC 5721.1 -7220.4 -4221.9




218 / 45§ Pipelines] 4 Az B4

ek A pipe®] typedl W& FEAIME Az folg zelrk 9lew I A7) =4 FRC,
AC, RC=YS ¢ & vk ofF £42 7 B8 E frist leak timeol] w3 24 Wyl
22 wZel 7hE Be AEE kA Jdow, 7P =2 frist leak times 7HAl= RC
Typel & #2415 2 A3

3.2 Pipeline®] Wl 9o ma B4

RC Type® % 8 3o $1xe] wld s glo] A A, B, -, HE TN A2F
A8 grh AelE ARE <& 5>9 2k

<3 5> RC type? pipeline "4 ¢ X w}E frist leak time

(H$1: day)
9 X Frist Leak Time AEF
AA] 9 | 9958 9304 9297 8733 8968 --- 9723 8479 11481 12381 8478 18
BA4 | 12755 15655 12389 14998 --- 13940 12900 13282 13429 12816 52
CAIY | 4310 3966 4695 12197 11857 --- 11424 15453 15753 11456 15872 136
DAY | 14002 15083 15508 12186 --- 12093 13289 14019 15001 15006 379
Ex9 | 13627 13527 10129 11976 --- 11991 11647 12444 12041 1056 4100 81
FAIS | 13636 13536 12142 12342 --- 15047 13648 15502 12843 13233 290
GAS | 12441 10315 10911 12080 --- 12078 12150 12577 12427 12890 101
HA 9 | 9906 12799 12364 12393 4

A Wz Aok QEA @Y sl BAb BAS shel <E 6>% 2 An: At
! o}

P-value7} 0.001 2.t} 22 gto =z o] 3 1%l A A= 2o 7} 3l

<3 6> Location®] 23 ANOVA Table

89l A F 3 A= oA F F value P value
=3 1316643307 6 219440551 43.34 <.0001
=F 316172449 1050 5063021

Total 6632815756 1056

L3 Az om 3 Aol7t l=A B fla LSDAAE S AAsHAT
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<E 7> LSD #AA A

Difference
lot Between 95% Confidence
Comparison Means Limits
F-D 546.2 201.7 390.7
F-B 1638.9 974.0 2303.8
F-G 1814.3 1304.2 2324.4
A-G -2631.3 -3760.9 -1501.7
A-C -1793.2 -2900.6 -635.8
A-E -15754 -2726.0 -424.9
O A3dE BH B-C-E °] 349 % B-G-H ©] 3 A9 k2 zkol7t gl whd U
AGEe AR Aok gt AL L F7b ATk W@ Holsk YEA ok §ste]
G2 19s 1882 B-C-E A9¥ B-G-H A 99 frist leak time A& H]528 A&
& F AR BAYO] o] F FEY FAS & F A} I F A o] 7HF #2 frist
leak time¥& & 4= Qo AX o] 7bF Srefrist leak time Y& & & AoH SojHoz:=
D Aol ofF wE2 frist leak time®] ©] A7} BHH L glo] A% S deE Favt
Atk ol g Apol= g AAN HEH fAl Lot B 5 =t A DIA S HE
Adwt £ ¢ % frist leak timeS 7FA 2 & AL & = 2
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A7 wWE pipe AE= <FE 8>3 Zt}.
¥ 8> Pipeo] Z Aol W frist leak time (@9l: day)
Pipe Dia Frist Leak Time AEF

250 15032 14702 10679 11050 13597 11
300 13495 9211 --- 12617 12427 12890 420
375 12720 9836 --- 10911 12150 12577 234
450 12709 13565 --- 13559 11109 12211 189
525 11977 11004 --- 9723 8479 11481 108
600 11859 12364 --- 12393 14549 15748 40
675 11763 12187 --- 11813 10693 10686 14

of AR 9N WA BAS AAFte] <E 9>3} 2e AIHE A2 5 YUtk P-valuert 94
00001 ®th #He o o AR EF fo £F 1%0A Aol webA ol vk A
o & ek
<3 9> Pipe9 #AdA 729 ANOVA Table
89l A &3 P A F F value P value
=y 739576708 6 123262785
2=} 5644660552 1009 5594312 22.03 <0001
Total 6384237260 1015
2ol & H7] 93te] LSD A4S o+ 2y Aol 300 ¢ A57F vhE A5 HFRY
frist leak time©] & =}o]|E Holal Yo A o] 67521 A= 27ke] xlol& Holal YTt
<& 10> LSD #AA Az
Difference
diameter Between 95% Confidence
Comparison Means Limits
dia_300 - dia_450 1758.4 1351.9 2165.0
dia_300 - dia_375 1833.8 1455.2 22124
dia_300 - dia_675 2352.9 1091.9 3613.8
dia_675 - dia_b2b -906.0 -2224.4 412.4
dia_675 - dia_450 -594.4 -1880.0 691.1
dia_675 - dia_375 -519.1 -1796.1 7579
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3.4 Piped] ZAold w& B

Zolo] g molx 2EE F 10058 100074 10708 F3roz <& 11>3 2 Azolt),
Pipe©] Zelol whe} xtol7h =7k dolry] gla) EAHEA S st <E 12>0] RAakEA 9
Atol™ P-value #°] 0.0001%.t} 2Fo} 1% 9] G0l Zolol walA] frist leak time2

Aozt e & F Ak

ol

<3 11> Pipe Zolo] W& frist lake time

(9] @ day)
pipe length Frist Leak Time Awg
100 14193 14662 13980 14375 --- 16085 16161 15508 12427 12890 120
200 12364 12393 15940 12186 --- 12093 11626 12617 12441 10315 62
900 15502 13135 13494 23494 --- 9518 11042 11763 13214 12219 96
1000 16100 13589 15778 16512 --- 12909 15835 12835 13721 13518 60




222 / =8 Pipelined] +431% AHE

ol
He
=

<3t 12> Pipe length ANOVA Table

29l A F 3 A4E | ATAF F value P value
23 3040204384 8 33780049 6.49 <0.0001
=f 180280759 803 5205829

Total 4484301196 812

pipe Aolo] thsto] frist leak timeo] oJw gk xto]7} h+=A LSD HAA S sttt A
ZAol7} 900 Q1 7d-9-2F 400 91 79 frist leak time ©] T}2 Zo]E9] frist leak time 7}
g zolE Hola om AWk Hog A RE Hold uste] M2 ZFA frist
leak time°] z}o]l& Holil Ut}

AN
PR

<% 13> LSD #AA A3

Difference
lenth Between 95% Confidence

Comparison Means Limits

1.900 - 1400 282.8 -362.0 9275
1.900 - 1_100 695.5 822  1308.8 xx
1.900 - 1_800 7475 -146.3  1641.3
1.200 - 1.800 -1291.0 —-2246.7  -335.2 wwx
1.200 - 1.600 -904.4 -1719.0 —-89.9 sk
1.200 - 1_300 -817.8 -1494.0 -141.6 s#xx

ofefjo] thFdA1HE S B pipe Aolol tigte] dA F FAMUF glo] nF EE Sha
gom Zol7t 3002 A XL frist leak timedA] 2L o] AAE RHola ¢t} 4Ho] AA
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Boxplot of time by length
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