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1. Introduction 
 Japan has invested over 80 trillion yen in wastewater infrastructure.  Sewer 
length has reached above 380,000 km.  Some 2000 wastewater treatment plants are 
under operation.  In recent years, sewer cave-ins have been reported in increasing 
numbers.  It brings safety concerns among stakeholders.  Preventive maintenance 
and asset management are being cried out.  In this paper, statistical life data analysis 
of sewer is presented.  It enables local governments, which are wastewater operators, 
to project future investment needs for sewer rehabilitation and replacement. 
 
2. Method 
 Statistical life data analysis was conducted with 2-parameter Weibull 
distribution.  Weibull functions are shown in Table 1 for sewers at the age of t.  
 

Table 1 Weibull Distribution 
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In the case of sewers, death is defined by having them rehabilitated or replaced.  

Rehabilitated or replaced sewers get 50 year of useful life newly in the account book.  
To know the death rate, a questionnaire survey was conducted to all the local 



governments with sewer systems on August 2006. The questions were how many 
kilometers of sewers survived and died during FY 2005 by age and material.  The 
surveyed materials were concrete, clay, and PVC, which are the majority. 
 
3. Result & Discussion 

As of FY 2005 end, entire sewer length was 383,031 km.  Out of this, 342,290 
km, 89% of the total was analyzed, whose ages were identified and which agreed with 
any of the three materials.  Coefficient a and b resulted in 99.30 and 3.048 
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Figure 1 Survival Curve 

To know the applicability of the curve to the more aged sewers, the oldest brick 
sewer data from two municipalities, Tokyo and Kobe were plotted.  They are close to 
the approximation line.  This analysis ignores specific factors influencing lives of 
sewers such as quality of the works, sewer standard of the times and how well or badly 
each sewer has been maintained.  However, the curve is considered effective to 
project overall future investment needs if future investment decision is made similarly to 
the one in FY 2005. 
 
Reference 
Weibull distribution, http://en.wikipedia.org/wiki/Weibull_distribution 
 
*1 Asahi, Tsukuba City, 305-0804, JAPAN Email: matsumiya-y92ta@nilim.go.jp 

Tokyo (121, 15) 
Kobe (135, 4.8) 
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Cave-Ins Looming 

Number is increasing (5,000 cases/yr)
Big cities account for majority 
Some of their sewers are over 50 yrs
50 is expected life time for depreciation.

Pictures from TMG Web Site

Age Distribution 
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10-Step AM Plan Process
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Application to sewers is difficult.

From USEPA Advanced Asset Management Training Workshops 
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Entire sewer length 380,000km (= 13million spans)

1500 local governments provide sewer service

Each has 8700 spans on average.

Costly to assess numerous spans periodically

sewer pipe

manhole

Span 30m

Cost 
(Problem-1 of Conventional AMP) 

Effectiveness 
(Problem-2 of Conventional AMP)

Sewers get damaged by unexpected external force. 
Construction works of other utility pipes are typical.
Service not interrupted instantly by severe damage.
Later, damaged sewers cause cave-ins.
Assessments before damage cannot predict life.
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Technical difficulty
(Problem-3 of Conventional AMP)

Most sewers are small & needs CCTV. 
Picture qualities of now, past, future different.
Comparing between different times is misleading. 
Interpretation tend to differ from person to person.
Time series analysis is questionable

Frequency (CCTV + eye) is once/over 30 years.
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Tools NILIM Provide
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Survival Curve -Method
Similar to Human Life Expectancy Calculation
Unique approach as far as we know

Data
Questionnaire Survey to All
Death & Survival Lengths during FY 2005
Concrete, Clay & PVC chosen
Death means getting rehabilitated/replaced
R/R sewers get 50 year of new life

Analysis
2-parameter Weibull Distribution
342,290 km, 89% of all, 383,031km,  analyzed

Sewer Material by Age
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Survival Curve -Result
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Benefits of the Curve
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Benefits of the Curve
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Decay Curve
DC useful for LTMP.  Now collecting data from LGs.
Assessment protocols differ among LGs.
Data integration  for application to most situations.
Analyzing integration possibility.
Applying different protocols to same CCTV pictures. 

0%

20%

40%

60%

80%

100%

20 25 30 35 40 45 50 55

good

Poor

Fair

year

Tentative

Decayed Sewer Location Model 

Sewer spans numerous. Assessment needs efficiency.
Where to assess important. 
Model to predict where decayed sewer exists
Statistical model with regression analysis employed.
Dependent variable: results of condition assessment.
Independent variables:  age, diameter, material, etc
Problem: inventory and condition stored separately.
AM is not pervasive.
Problem-2: integration of different protocol data.

(Condition) = f (Inventory Data; Age, Diameter, Material…) 
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Cave-In Risk

Floods, back-ups, odors are risks too.
Focus on cave-ins as it is life threatening.
Damaged sewers neglected by budget lack
Need to prioritize which sewers addressed first
Prioritization based on criticality/risk
Our research helpful for LGs.

Loading Test for Aged Sewers
Cave-in Risk Reference -1 

An aged sewer being removed for replacement

Currently, collecting aged sewers
Appearance & remaining strength will be studied
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Experiment on Soil Infiltration
Cave-in Risk Reference -2 

Soil Infiltration & Cave-in                   Loosened soil on both sides of crack

Low chances for ruptured sewers to cause cave-ins
High chances for dislocation/openings to cave-ins
Soil infiltration leads to cave-ins
Intended to know the possibility of cave-ins
Parameters: Backfill soil, openings, groundwater level

For better sewer management

Long term planning
Downsizing policy restricts LTP.
LTP needed to spend wisely.
10 to 20 planning norm US, Australia, New Zealand.

Risk Based Management
Risk not considered schematically, but with intuition.
Sewer mains and laterals might be handled equally.
Avoid catastrophes while allowing inconveniences.
Thanks to USEPA trainings course & Mr. Albee.
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Thank you!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


