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Chlorine Concentrations Before and During Research
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Chlorine Needed to Achieve Microbial Control
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Pilot-Scale Experiments for Microbial Control
IE+06 IE+06
~1E+05 {7 ~|E+05 -
E £
3 kY
S IE+04 |- 3 IE¥04 -
S k<
T 1E+03 | £ 1E+03 |
> I
g 3
§|E+oz 1  1E¥02
A 1E+01 - < E+01 -
IE+00 . : . IE+00
00 02 05 07 00 02 05 07
Chlorine Conc'n (mg/L) Chlorine Conc'n (mg/L)

/@IG)\ DEPARTMENT OF

Civil and
YY.J Environmental
N/ UNIVERSITY OF WISCONSIN-MADISO!

Influence of Unidirectional Flushing on Microbial
Quality in Area Served by Unit Well 10

Sample Period
Pre-Flush | 7-day Post-Flush | 30-day Post-Flush
Mean HPC (cfu/mL) 207 136 177
% samples o o o
HPC > 100 cfu/mL 28% 20% 20%
% samples o o o
HPC > 500 cfu/mL 12% 3% 3%
% samples o o o
HPC > 1000 cfumL | % 2% 0%

Unidirectional flushing produced similar results for chlorine residuals
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UNIDIRECTIONAL FLUSHING
STUDIES
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Suspension of Iron & Manganese Solids

Solids captured from flushing run when Solids captured from backwash of
hydrant was first opened (mostly iron pyrolusite filter (mostly iron but with
with some manganese) more manganese than photos on left)




Online Turbidity Monitoring

45 1
* Helped define magnitude of observed
. 4.0
turbidity events
X . 35 4 Example online turbidity profile:
* Coupled with customer complaint data: _ ™ Turbidity at 1150 Emerald Ave.
* Turbidity spikes higher than 2.5 ntu £ 30 September | - September 14,2009.
coincided with significant increase in £ 55 |
probability of complaints T '
. . =20 A
* Coupled with operations data:
* 60% of flushing runs produced spike L5 1
higher than 2.5 ntu along the main being 1o
flushed
* 40% of main breaks coincided with spike 057
higher than 2.5 ntu at a location within a 0.0 -
mile of the break 9/1/2009 9/5/2009 9/9/2009 9/13/2009

Date
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Iron Appearance in 5 Gallon Buckets




Flushing Operations | "%

(Can we save water and time?)
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Madison Water Utility
Example Uni-Directional

211 | 303 448! 805
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Does the entire system need
to be flushed annually?

How much water can be pumped into system before flushing needed?

0 50 100 Unit Well 8: 380 MG

Time (min) Unit Well 9: 291,000 MG

2013-present

STUDIES ON REDUCING ENERGY USE
AND COST OF ENERGY




VFD Example: Madison, Wisconsin — Well 15
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Estimated Savings from
VFD Installation at Unit Well 30

nmental Engineering
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1300 1.8 MGD at |,450 gpm: Operation Before VFD
%) 1200 1 1+ 98 kW input power reduction : IIZ)'88 MG? production
= o 110 595 kWh/day energy savings ?ePZV‘:eIO pumpf 13 hrs/d
§ * $65 per day cost savings 1Y gpm tor rs/day
<1000 | |+ $36/MG savings 330 kWh/MG * Booster pump
g Savings * 1,300 gpm for 24 hrs/day
=
ﬁ 900 1 y Operation After VFD
% 800 - 77 6% * 1.87 MGD production
2 * Deep well pump
= 700 | * 1,450 gpm for 21.5 hrs/day

* Booster pump
600 ' ' ' ' ' * 1,280 gpm for 24 hrs/day
0 500 1000 1500 2000 2500 3000
Flow (gpm)




Observed Energy Savings at Unit Well 30
2500 54%?.]” - Energy Use After VFD
2375 $60/day ($22,000/yr) * 3,440 kWh/day
—~ $37/MG e 172.5 kW On-peak demand
G .
S 2250 . . | 103 kW demand reduction || * 1,850 kWh/MG
= e, = . « $320/day ($117,000/yr)
Zoms e e e - $170MG
£2000 [ — . °
B Energy Use BeforeVFD . Lo et . .
= 1875 ||« 3,980 kWh/day ‘ be® ° e e 4. o« oy o te
& « 2755 kW On-peak demand L e T e
2170 1+ 2,130 kWh/MG . .
1625 ||+ $380/day ($139,000/yr) .
< $207/MG
1500
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Savings Over First 6 Months

VFD Operation: December 2016 — June 2017

Savings compared to
December 2015 — June 2016:

* 277 kWh/MG energy intensity savings

Savings compared to
June 2016 — November 2016

» 288 kWh/MG energy intensity savings

* $25.40/MG savings
* 94,550 kWh saved
* $8,660 saved

Note: this was done on the well with the highest expected savings and other wells will achieve lower savings

* $26.70/MG savings
* 97,940 kWh saved
* $9,090 saved




Current Student and Goals

* Adam Luthin
* Native of Belvidere, lllinois
* BS Mechanical Engineering, University of Minnesota, 2014
* Quality Engineer for Andersen Corp in New Jersey, 2014-2017
* Successfully hiked the Appalachian Trail in 2017
* Began MS Civil & Environmental Engineering in Fall 2017

* Goal: optimize pumping operations for minimum energy use (or
minimum energy costs) on a system-wide basis

/7013 DEPARTMENT OF
Civil and

Environmental Engineering

NIVERSITY OF WISCONSIN-MADISON

ul

N

\





<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


