Automating Collection System Maintenance

with Bar-Coding

Doug Hammond and Kenneth J. Horton

hen Melbourne’sWastewater Collections Department
(@ looked for processes toimprove, the maintenancework

ordersystemwasaprimecandidate. Maintenanceman-
agement, apaperwork nightmare, isscheduled by acomputer-
ized maintenance managementsystem.\Workordersareissued
based on manufacturer-recommended intervalsfor collection
systemequipment. The jobisnotdone until the paperwork s
complete.

Personnelareissuedworkorders, performthe maintenance,
and complete the paperwork by hand. The paperworkisthen
submitted tooffice personnel forentry intothe computer. Reduc-
ing dataentry and paperwork resultsincost reductionand
increaseinefficiency.

With avision of apaperlessofficeasagoal, the city began
workingwith Horton Engineering todevelopamethodtoauto-
mate theoperation. Intheinitial phase, the city purchased two
American MicrosystemsM2000barcode readersand Microbar, a
barcode printing software designed by American Microsystems.
Codesare nowbeingdeveloped todefine maintenance transac-
tionsand identify spare partsand inventory items. Afive step
process hasbeendefined tohandlework ordersfromcreationto
completion.

Theinitial phaseintroducesthe usertobarcodinganditsuse
inamaintenanceenvironmentwithexistingcomputer software.
Theautomationoftheworkorder systemhadseveralfocal points,
all related toimproving operational efficiency. Reducing data
entry, reducing computer keyboard time, andeliminating most
manual dataentrywerethe mainareasofinterest.

Preventive Maintenance

Melbourne'swastewater collectionsystemhas70liftstations,
eachassigneduptoeightlevelsofmaintenance. Threelevelsof
electricaland mechanical maintenance are currently scheduled
foreachliftstation.

Eachliftstation hasitsownstandardoperatingconditions,or
fingerprint. Whetheraliftstation servicesapublicschool oran
industrial complex, itissubject to peak operationsand low
operations. Maintenance should not coincide with peak
operations.

Melbournehascreated maintenance routesusingagolfcourse
layout. Onatypical golfcourse, after half of the course hasbeen
played, the playersfind themselvesback atthe clubhouse. Simi-
larly, the playersreturntothe clubhouse at the end of play. By
usingthesameformatwhendefiningamaintenanceroute, travel
timetothefirststationisreduced and theworkcrew returnsto
baseafterthelaststation. Theroutealsotakesintoconsideration
naturalbarrierssuchasrivers,canals,andstreets.

Preventive maintenance includes mechanical andelectrical
maintenance. Mechanical preventive maintenance isscheduled
on3-,10-,and18-monthintervals. Electrical preventive mainte-
nanceisperformedon 2-,8-,and 16-monthintervals.

Computer Data Entry Time
Administrative personnel usework ordersgenerated by Sta-
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tion Data, acomputerized maintenance managementsystemby
Horton Engineering, totrack and schedule preventive mainte-
nance. Station Dataisintegratedwith DataFlowSystems TAC 11
telemetry.

Reductionofthe paper trail wastheultimategoal. Itrequired
humaninteractiontocreateaworkorderandassignittoacrew.
Whenthe crewfinished, thework orderwascompleted by hand
toinclude mileage, timeonlocation,and partsused. The paper
workwas then submitted tocomputer operations. Only then
could the databe keyed intothe computer.

Default Values Reduce Data Entry

Areviewofworkordersrevealedseveral trends. Unlessextra
partswererequired, the mileage was constant for each station.
Timespenton locationwasafunction of the maintenance code
performed. Horton Engineering investigated methodsofassign-
ing defaultvalues tothese work order fields. If datawere not
entered, thedefaultvalueswereused.

Software and Database Enhancements

Extrafieldswereaddedtothesitedatabase for theexpanded
operations. Afield for labor timewas required in either the
maintenance code database or asafield attached tothe mainte-
nance level inthesitedatabase. Itwasdecided toput the default
labortime inboth andallowthe usertochoosewithaconfigura-
tionparameter.

Theoptiontotoggle dataentry mode between keyboard and
barcode entry mode wasadded. Thisgives backwardscompat-
ibility touserswithoutbarcode equipmentandafall-backmode
incaseofequipmentfailure.

Bar Code Hardware

Thereareseveral typesofbarcode scanners.An LEDwand
requiresdirectcontacttoreadabarcode. ACCD Scanner mustbe
within3inches, andfootprintislimited.Alaserbarcode reader
requiresexternal power supplyandoperatorsmustbeeducated
onusagetopreventeyedamage.

Theeasiestbarcode interface, called aPC keyboard wedge,
simulatesentryfromaPC keyboard. Normally additional soft-
wareisnotrequiredinthePC. Ifyouuseaserial portdevice,you
mustthen consider baud rate parity stop bits. Software maybe
required to transfer datafrom the COM portto the keyboard
buffer.

Creating User Interest and Excitement

Whenyougiveauserabarcode wand, it'slikegivingachild
acrayon—ifyoudon't provide the childwith acoloringbook at
thesametime, youmay findcrayondrawingsonthewall, floors,
andotherundesirableplaces.

Similarly, beforeinstallingabar code reader, be sure thereis
somethingworthscanning, likecustominventorytags, property
identifiernumbers,orcatalognumbers. Iflabelsarenotavailable
whenthewandisinstalled, youmayfindthe user scanningalot
of UPCand ISBN codes intoyour datafile. Cigarette packs,
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twinkles, and paperback books arecommontargetswhenvalid
labelsarenotavailable.

Usingabarcode reader shouldbefunandsimple,accurateand
easy. Iftheuser hastoscanalabel and thenenteraquantityvia
keyboard, itmaytake moreworkthanjustkeyboardinput. Labels
shouldbe readablewithasinglescan. Scanningshouldeliminate
atleastonedataentrystep.

Bar Code Formats

Thereareseveral formats. Ifyou deal with retail goods, UPC
may be agood choice. Because manufacturers putlabelson
everything, youwon'thavetoprintyourown.But UPCrestricts
youtoafixed lengthfield of only numbers. If you plantoscan
identifiersthatcontain lettersorspecial characters, CODE 390r
CODE 128willdothetrick.

Prefix, Suffix, Sequence

Whendesigningacustombarcode, theusercanencodealmost
anything. By usingaprefixandsuffixonthebarcode, theusercan
later identify theencoded information by simply glancingatthe
barcode. For instance, abarcode with the prefixand suffix set to
“W”and“F" respectively, may indicate that theencoded informa-
tionisaworkorder number performedonakFriday.

Many barcode printing packages can generate asequence of
numbers. Theuserassignsthebeginningnumberandtheending
numberandthesoftwarecreatesthesequence. By usingthe prefix
and suffixoptionswith thistool, the userwill find thatcreating
acustommenuisextremelysimple.

Additionally, whenthestringis prefaced with database com-
mand sequences, the user can add a new record, modify an
existing record, or performany database function normally ex-
ecuted through keyboard entry. Similarly, the user canhavea
suffixthatskipstotheappropriatefieldintherecordorclosesthe
record and goestothe next.

Aspect Ratio and Density

Todetermine howtallalabel shouldbe, youmustconsider the
aspectratio. The longer the code, the taller itshould be. Awand
isgrippedsimilartoamagic marker onawhiteboard. Scanning
motiontypicallyiseasiestwhenthewristremainsstationaryand
themotionisanarcfromtheelbow. Ifthelabel islongandskinny,
itwill requireadedicated effortto“stay withinthelines.”

Density measures howclose the barcode linesare printed. If
your labelsareprintedwithalaser printeryoucanchooseahigh
density. Iflabelsare printedwithadot matrixprinter, usealower
density.Attempting toprintahighdensity labelwithadotmatrix
printer may makethelabel unreadableor require multiplescans.

Widerbars/spacesinthebarcodeareeasiertointerpretandless
subjecttohostileconditionssuchasvoidsandspecksofdirt. For
the most effective and reliable scanning, implementwith the
lowestpossible density.*

Custom Menu Considerations

Quietareaiswhitespacethatareader requirestodeterminethe
startingandending pointofthebarcode. IfyouareusingaCCD
scanner, the label should be smaller thanthescannerhead. The
quietareashould be large enough thatonly one bar code is
readableatatime.

Protecting Reusable Labels

Bar-codesareprintedonadhesive labelsandaffixed tobinsand
shelvesforinventoryor sheetsof paper containing partnumbers
andquantities. Someofthesewillbe scanned multiple times.

Careshouldbetakentoprotectlabelsthatwillbeused multiple
times. Thisisveryimportantifacontactscannerisemployed. It's
notsomuchaproblemwithCCDor Laserscannersthatdon'tcome
incontactwithabarcode label. Use ofalaminate thatisnotclear
willintroducedistortion tothe protected page. Donotuse“Scotch
tape”andeconomical page protectorsthatappear frosted. Durable
page protectorsand clear packing tapeworkwell.

Human Readability

Thecontentsofthebarcode label should alwaysbe printedon
thelabel intext. Equipmentfailure caused by adirty scanner,
dirtylabelorelectronicsfailureshould not prevent the userfrom
recordingdata. Manualentrywillserveasabackupmeansofdata
gathering.

Duringthe project planning phase, there was thought of
placingauniqueidentification label ateach location. Scanning
the labelwouldverify thattheemployeesactuallyvisited thesite
and performed the maintenance. By notplacing readabletexton
the label, itwould be encoded.

However,scanningthe labelnormally printsthecontentstothe
handhelddevice. Itwasdecided toadd text, although eachsite’s
label hasacheck sumcharacter to provide some uniqueness.

Future of Project

The second phase of barcode integration into Melbourne’s
maintenance programwillcommenceshortly. Currently, thecity
isawaitingthearrival ofahand-held scannerunittobeusedasa
meansofon-sitedatacollection.

Portable Hardware Selection Process

ThecityhasapprovedthepurchaseofaCompSeeAPEX2hand-
heldbarcode unitforuseinthefieldtohandleeachoftheseparate
codes thatwould be used to generate barcodes for the mainte-
nancedepartment. Thisincludesalphanumericstringsinupper
and lower case. Italsohastobeabletoread ASCll characterssuch
aslinefeeds, carriage returns,andarrowkeys

IRichardB.Meyers, “Tencommandmentsofbarcoding,” Automatic
ID News, June1994

Doug Hammond is operations supervisor, lift station
maintenance for the city of Melbourne. Kenneth J. Horton,
P.E., is with Horton Engineering, Melbourne.

32 « MARCH 1997 FLORIDA WATER RESOURCES JOURNAL



Stopping Force Main Collapses and Establishing

Corrosion Control

Luis Aguiar, Armand J. LeBeau, and David B.

ccelerated internal corrosion degrading through the
% crownsof largediameter pipelinescan collapse sewers

and create havoc for public utilities. Aswith many
agencies, the Miami-Dade Waterand Sewer Department (WASD)
hasexperiencedsuchfailuresinlocalized wastewater transmis-
sionpipelinesandtreatmentplantconveyance systems. Unique
tothisproblemisthatthesefailureshavebeeninforcemainsand
full pipe conveyance systemsversus moretypical corrosionseen
ingravity interceptors. Toaddress the problem, WASD has
establishedathree-phase corrosion control program toidentify
locations of potential failure and todevelop effective solutions.

Background

TheWASDwastewater collectionsystemcoversaservicearea
ofapproximately 975 square mileswithin Dade County. WASD
operatesthreemajorfacilitieswithintheareathattreatanaverage
of about 315 MGD of wastewater. WASD also operatesand
maintainsover 940 wastewater pumpingstationsandapproxi-
mately 2,400 milesofgravity andforce mainpiping.

Pipeline corrosionisoftenseeningravity sewersor other
similar facilitieswhere the wastewater flows in openchannel
hydraulic conditions (i.e., the pipeline is not full). In these
conditions, hydrogensulfide (H,S) inthe wastewater off-gases
intotheair spaceabove the liquid (free) surface. Some H_Swill
absorbontothecrownofthe sewer,andinthe presence ofoxygen
(O,)andbacteria, sulfuricacid (H,SO,) will form. Theacid will
thenattack thepipelineinterior surface. Conversely, forcemain’s
aredesigned tooperate under full pipe flow conditions. Never-
theless, ifoxygenisconsistently present, then corrosive condi-
tionscanexistwithinforcemainsjustasingravity sewers.

Establishingthat O, is necessary for force main corrosion,
WASD needed todetermine how O, hadentered full pipe condi-
tions. Fivemechanismsofairentrainmentwere suspectedtobe
occurringintheforce maintransmissionsystem:
Aircanbeintroduced intotheforce mainatpumpingstations
through turbulence withinawetwell, vortex funneling, or
through pumpsealswhere negative pressuresexist. The oxy-
genentrainedbyanyofthesemechanismswillnormallyriseto
the pipecrownimmediately downstreamof the station. Fail-
ureswithinthe WASD systemattributed tothismechanism
haveoccurredtoa20-inchforce mainon March 16,1995and
toa54-inchforcemainin 1985, 1988,and March 1994.
Aswastewater flowsthroughaconveyance system, deposited
materialscreateanaerobicconditions, ultimately producing
carbondioxide(CO,), methane,andH,S. Entrainedaircreates
anidealsituationforH,SO, (acid) corrosion.

Whennegative pressuresexistinaforcemain,aircanenterat
suchhighpointsasairreleasevalves, vacuumbreakervalves,
and defective or compromised pipe.

Where gravity conditionsexist, air can enter from the dis-
chargeend of aforce mainand cause corrosion.Afailuredue
tothismechanismoccurredina48-inchforcemaininJanuary
1994 andagaininJune 1995.

Under certain conditions, dissolved oxygen may be intro-
duced toaforce main by high pressures. Pressure may be
reduced downstream causingsomeoxygentobe releasedand
added toanexistingcrownbubbleatahighpoint.
Pipejointsorother protrusionscaninterruptthesmooth flowof
wastewater ator nearthecrownofapipe. Ifsufficientdissolved

Williams
oxygenisinthewastewater, turbulence cancreateslightly
reduced pressure causing oxygentocomeoutofsolution.

Methodology
Todeterminehigh-riskareaswithinthe WASD system, athree-
phasecorrosioncontrol programwasinitiated:

Phasel

= Initial reviewofrecorddrawingswithanemphasisonlarge
diameter pipelines(30inchesorgreater).

= InterviewswithWASD stafftodetermine system history.

= Listingofhighrisk pipelinesto prioritize planningefforts.

Phase2

= In-depthreviewof record drawingstocreate adatabase of
systempipelineswithdiameterof 18inchesorgreater.
Evaluationofindustrial and external sourcesof corrosion.
Identificationof transitionsfrom pressure togravity flow.
Inspectionsofair release valves, manholes, and pumping
stationsthroughoutthesystem.
Samplingofwastewaterandgasfromair releasevalves, man-
holes,and pumpingstations.

Developmentofchemical feed contingency plans.
Transienthydraulicanalysisofcritical pipelines.
Expansionandreprioritizationofhigh risk pipelineslist.

Phase3

= Inspectionof pumpingstationsanddevelopmentofcorrective
actions.

= Inspectionsof“highrisk”pipelines.

= Developmentofcapitalimprovementprogram listingandcost
estimatesforsystemrehabilitation.

Thefirststepindevelopingalistingofhighrisk pipelineswas
anextensive reviewof record drawings, contractor submittals,
andotherexisting records. Otheranecdotal informationrelating
tosystemoperationand pastfailureswasobtained through staff
interviews. Importantinformationobtained included pipeline
materials,age, liningmaterial, historical failures, reroutingabili-
ties,andthestrategicimportance tothe WASD system.

Inspectionsandsamplingofthesystemair releasevalvesthen
focused onitemsthatindicate corrosion potential: air release
valve off-gas times (indicator of air entrainmentand/or gas
production), gassampling (included H,S, and O,), and waste-
water sampling (included totaland dissolved sulfides, dissolved
oxygenandpH).

Simultaneousinspections of pumpingstationsdocumented
corrosionimpactsanddeterminedwhetherairentrainmentwas
occurring. Thefocusoftheinspectionwastodeterminewhether
water was cascading into the wet well or if vortexing was
occurring.

Results
Phases 1and2ofthecorrosioncontrol programdeterminedthe

following informationabout the WASD wastewater force main

transmissionsystem:

1. Wastewater samples,asshowninTable1, indicateddissolved
sulfidesatlevelssufficient tosupportcorrosionthroughout
thesystem (sample population=240).

2. Of99airreleasevalvesinspected, 31 exhibited off-gas times
over 60seconds, 19 of which exhibited off-gas timesof over
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300seconds. Theoff-gastimesmeasured ranged from0to9900
seconds.

3. Testingofgassamplesfromsomeair releasevalvesindicated
thepresenceofoxygenandhydrogensulfidesinthegasspace.
Twenty-ninedifferentair release valves had oxygen levels
greaterthan0.1%, ofwhich 15hadoxygen levelsgreater than
1.0%. A summary of other gas sampling information is
containedinTable2.

Table 1. Waste water Sampling Data

Parameter LowValue HighValue
(mg/l) (mg/l)
Dissolved Sulfides 0.1> 115
Dissolved Oxygen 0.2 6.6

Table 2. Air Release Valve Gas Sampling Data

Parameter LowValue HighValue
Oxygen 0.1% 14.0%
HydrogenSulfide  4ppm >999ppm

4. Many pipelinesinthe systemare constructed of unlined
concreteandareover 25yearsold.

5. Thirteenofthe 28 pumpingstationsinspectedwereoperated
withwetwell water levels below the invertof the influent
pipeline. Theresulting turbulencecreatesthe potential for H,S
releaseandairentrainment. Theaircanthencollectwithinthe
transmissionforcemain.

Thehighestriskareaswereidentifiedbased onmaterials(e.g.,
unlined concrete); age, strategic locations (e.g., proximity to
surfacewater, unparalleled pipeline) Historyof corrosionand/or
failure;samplinginformationindicatingconditionsconduciveto
corrosion;andinspection informationindicatingconditionscon-
ducivetocorrosion (i.e.,cascading influentto pumpingstation
wetwell).

Table 3listsseven of the pipelines that
wereidentifiedashighrisk, the reasonsfor
selection,andactionsthatWASD istakingto
preventfailure, correctdeficiencies,and mini-
mize problemsthatmightresult.

Tosummarize, the WASD force main sys-
temwas found to have ahigh potential for
corrosionduetohighlevelsofdissolvedsul-
fidesinthewastewater; pocketsofgasinthe
forcemainsystem, manyexhibitingthe pres-
enceofoxygen;thefactthatmanyforcemains
throughout the system are constructed of
concrete, areover 25yearsofage,andare
unlined; andthe cascading of wastewater
intothewetwellsof some pumpingstations.

WASD Actions
WASD managementhastodate takenthe

followingactions:

= CreatedaHighRiskPipeline Planning
Committee toinitiate shutdown contin-
gency planningandalternativeflow route
planningfor highrisk pipelines.

= Establishedcorrosionrelateddesignguide-
linesfor pumpingstationsandforcemains.

= Initiatedawastewatertreatmentplantcor-
rosionevaluation.

= Developed chemical feed contingency
plans.

Pipeline
1(54-inch)

2 (48-inch)

3 (48-inch)

4 (54-inch)

5 (72-inch)

6 (60-inch)

7 (48-inch)

Age, material, history,
sampling, inspection

Age, material, history,
sampling, inspection

Age, material, gravity,
inspection

Age, material, location

Age, material, history,
sampling, inspection

= Budgetedforadditional manpowertoimplementanexpanded
airreleasevalveexercisingprogram.

= Formedapipelineinspectioncrew.

= Constructedanew CrossBay pipelineandinspected theold
CrossBaypipeline.

= Initiated constructionoftwo parallel pipelines.

= Completedsiphonstructureinspectionsand rehabilitation
and initiated chemical feed atone pumpingstation.
Thecorrosioncontrol programhasenabled WASD tocorrect

existing problems and focus future effortson implementing

preventiveactionsdesigned to reduce the corrosion precursors,

specifically oxygen. The Phase 3effortwill include the develop-

mentof pumpingstationand pipeline corrective action capital

improvementlists. LongtermWASD planscallfor stafftraining

relatedtopumpingstation maintenanceandoperation, system

characteristicsmonitoring,andinspectionstoproactivelyiden-

tifyandcorrectproblems.
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Table 3. Identified High Risk Pipelines
Reason

Age, material, history,
sampling, inspection

Action

Parallel pipeline constructed, manned
internal inspection of old pipeline

in progress

Shutdown contingency plan completed,
flow rerouting capability
under construction

New intracoastal crossing designed;
construction planned for late 1997;
further investigation of

existing pipeline planned

Pipeline rehabilitation by sliplining

New Cross Bay line completed; Old
Cross Bay Line inspection completed
and rehabilitation design in progress

Age, material, location, Contingency plan developed; pipeline
sampling

assessment completed; parallel pipeline
under design

Shutdown contingency plan completed;
sections rehabilitated; new parallel
pipeline constructed and in-service;

old pipeline to be dive inspected
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Service Laterals - the Last Frontier in Sewer

System Rehabilitation

Jens Peter Larsen, James N. Struve, Whit Van Cott, and David McLaughlin

heBroward County SouthernRegional Wastewater Col-
ﬁ lection Systemservesthecities of Hollywood, Dania,

Hallandale, Miramar, Pembroke Pines,alongwiththe
townofPembroke Parkandaportionof unincorporated Broward
County. Itconsistsof2,830,100 lineal feet of collection sewers
covering 106.58 square miles. Thecollection system provides
sanitary servicesforapopulationof 288,615. The city of Holly-
wood isthe leadagency representing Broward County Southern
Region. Thecityalsomaintainsandoperatesthe regional treat-
mentplant, while each of the municipalitiesis responsible for
maintainingand operating itsownwastewater collectionand
transmissionsystems.

Hollywood, in southeastern Broward County, withanesti-
matedpopulationof121,700andcoveringabout25squaremiles,
operatesand maintainsawastewater collectionsystem (963,400
lineal feet) servingabout 86,500 inhabitantsinseweredareas
totalingapproximately 11 square miles. Thesewered areasare
scattered throughout the city, while the remaining unsewered
portionsareservedbyon-sitedisposal systems.

Becauseofexcessiveinfiltration
and inflowinthe regional collec-
tionsystem, EPAcited Hollywood
forviolatingitsNPDES permitre-

Satellite Camera

level rises. Anational survey by state and local agencies found
that the estimated percentage of total system infiltrationfrom
service laterals ranged from 30 toas highas 95 percentinsome
instances. Consequently, as partofitscontinued I/l flow reduc-
tionprogram, Hollywoodinitiatedalateral repair pilotprogram.

Theobjectiveofthe lateral repair pilot programwastochoose
cost-effective repairtechnologiesand toestablish theireffective-
ness.Available lateral repairtechnologiesevaluated includefull
linegrouting, chemical grouting, cured-in-place liners, robotics/
epoxy, pipe bursting, and dig and replace (excavate). Once
technologiesand methodologies have beendeveloped, cost-effec-
tive lateral repairswill be incorporated intoacitywide master
planfor continued I/ flow reduction.

Lateral SSES

Duringthemainsewer linetelevisingphaseofthe SSES, more
than700lateralswereidentifiedas“suspect.” Thesewerelaterals
through which clear water was flowing or which had root
intrusion, thereby becomingapotential I/l source. Following
pre- and post- construction and
warranty closedcircuittelevision
(CCTV)inspection, 176 lateralswere
foundtobedischargingclearwater

guirementsbyfailing,onoccasion, p— each timeatelevisioninspection
tomeetits85percent TSSremoval wasmade.Fromthesel76laterals, it
requirement. Excessiveinfiltration Push Rod wasestimated thatapproximately
andinflow (I/1)diluted theinfluent . Lateral 277,350 gpd of extraneous water
wastewaterand madethe EPA“per- Camera Truck entered the collection system.As
centageremoval”requirementsdif- ( timeallotted,amajorityofthe 176
ficulttoconsistently meet. In1991 lateralswerethen CCTVinspected.
EPAissuedanAdministrative Or- i J,f I Theobjective of CCTV inspection
der requiring thatan I/1 flow re- | ) .';.in and  \astoconfirmthe I/l sourceandto
ductionprogrambe undertaken __d. i Clamera visuallyevaluatethelaterals physi-

withinastipulated timeframe.
As the lead agency for the

cal conditiontofacilitate costeffec-

Main SewerlLine tiverecommendedrepairs.

Broward County Southern\Waste-
water Region, Hollywoodassumed
theprincipal roleinimplementing
the I/lflowreduction programfor the entire regional collection
system. The program consisted of three phasesofwork:an I/l
analysis,asanitarysewerevaluationsurvey (SSES)andasewer
systemrehabilitationprogram.

Asaresultofthe I/l flow reduction program, short-termflow
monitoringwithin Hollywood's individual collectionbasins re-
vealed that3.35 MGD of extraneousflowhadbeeneliminated at
aconstructioncostof$4.8 million. The repairs consisted of 237
manhole repairs, 355 main sewer line repairs, rehabilitation of
approximately 99,000 lineal feet of main sewer line,and 158
lateral repairs. Inspite of the city'srecenteffort, itisestimated
that7.30MGD of I/l still entersthecity'scollection system.

Duringtheinitial phase of the reduction program, rehabilita-
tionwas predominantly focused on collection linesand man-
holes. However, service laterals canbecome amajor source of I/
I, especially duringwetweather periodswhen thegroundwater

SAT-STARR Satellite Camera

The recently developed SAT-
STARsatellitecameramanufactured
by Rauschwas used for the lateral

inspection. Being specifically designed for CCTV inspection of
sewer laterals, the systemoffersmanyfeaturesover traditional
mainsewer linecameras. Entrancefor lateral CCTV inspectionis
fromthe mainsewer line, thereby eliminating the need fora
lateral servicecleanout. Thesystemisequippedwithapan-and-
tiltcamerawhich positions the satellitecameradirectly in-line
withthelateral opening. Onceinalignment, thesatellitecamera
isthen“launched”fromthecameratruckintothelateral service.
Dependingonthe lateral geometry (stacks, directconnections,
etc.), thesatellite canbe extended up to 60 feetintothe lateral.
Whenthesatellitecameraisretracted fromthe lateral, the pan-
and-tiltcameracanthenbeusedformainline CCTV inspection.
TheRauschsystemalsogenerates CCTVfieldinspectionreports,
whichare printed on-site forimmediate review. Reportsinclude
information relative to the sanitary sewer systemtoidentify
location and position of the lateral, and a schematic of the
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inspected lateralwithdefects
noted is plotted. Optional
equipmentincludesasnap-
shotcamerato photograph
specificlateral defectsanda
radio-wave based wand to
detectlocationand depth of
satellite camera from the
abovegroundsurface.

Some limitations of the
Rauschsystemwereexposed
duringthelateral CCTVin-
spection. Because ofthesize
ofthecameratruck, thesys-
temwasunabletoaccessa
recently rehabilitated fold-
and-formed8-inchsewerline.
Additionally, slightjointoff-
setsinnon-rehabilitated 8-
inchsanitarysewersalsopre-
ventedcameratruckpassage.
Forsanitarysewer linesless
than15-inches, thesatellitecameracouldonly successfullyenter
thelateral servicefromthe downstreamdirection.

Onceinsidethelateral service, thesatellitecameraexpe-
riencedadditional challenges. Ifalateral stack configu-
rationlessthan5feetwasencountered, thesatellite
camerawas unable tonegotiatea90degree bend.
Furthermore, stack lengthsgreaterthan5feetdid
notnecessarilyguaranteesuccessful passageeither.
Lateralstransitioning from 6-to4-inches stopped
thesatellitecameraunless the pipe invertswere
matched. Lastly, thecameraoperatorwasunableto
controltheorientation ofthesatellitecamera. Con-
sequently, it could rotate in excess of 180 degrees, thereby
creatingdifficulty inidentifying potential I/ sources.

Nevertheless, the systemprovided useablevideorecordingsof
service lateralswithout the need foraservice cleanout.

Sanipor Full Line Grouting Sytem

Lateral Repair Technologies

Thereareanumber ofcorrective technologiesusedtoreduce
I/lemanatingfromservice laterals, including full linegrouting,
chemical grouting, cured-in-place liners, robotics/epoxy, pipe
bursting,anddigandreplace (excavate). Eachhasadvantagesand
disadvantagesdependentontheseverity of the lateral defectand
theexistingsitecondition.

Because of timeand finances, only onespecialty contractor of
eachrepairtechnologywaschosentoperformthework. Selection
wasbasedonavailabilityandperformance. Specialty contractors
included Sanipor of North America (full line grouting); TRB
Specialty Rehabilitation (chemical grouting); InsituformofNorth
America(cured-in-place liners); KA-TE USA(robotics/epoxy);
and, TrenchlessReplacementService (pipebursting).

Full Line Grouting

The Sanipor processfor full linegroutingemploysatwo-part
chemicalsolutionsystemthatsealsleaksinmains, manholes,and
laterals.After beingisolatedandcleaned, the defective systemis
completelyfilledwiththefirstchemical solution, SolutionS1.A
hydrostatichead of 3to 5 feetabove the groundwater table is

Bladder
Solenoid Housing = |

Camera/Lighthead —, \
Coax/Cable h )

maintained. SolutionS1is
thenallowedtoexfiltrateinto
the soil surrounding the
cracksanddefectsfor1to1.5
hours, dependingontheex-
tentofthedefectsand local
soilconditions. SolutionS1lis
thenwithdrawn, leavingthe
areassurroundingthedefects
saturated.
Thesectionisimmediately
refilled with the second
chemical solution, Solution
S2,whichalsopenetratesinto
thesoil surrounding the de-
fectsand combineswith So-
lutionS1underasimilarhead
of pressuretoformahighly
durable matrix. After ahalf
hour, the remainingsolution
S2iswithdrawnandthesewer
isreturnedtoservice.

Service Lateral -

Inversion Tube
Retrieval Chamber

—.— Inversion Tube

~ Inversion Tube
Window

X i I ~Main Sewer Line

Skids

Lateral Sealing Packer System

Chemical Grouting

Inatypical chemical grouting repair application, alateral
sealing packer is towed through amain sewer line until its
“inversion tube window” isaligned with the service lateral
opening. Thebladdersare theninflated toisolate the lateral
connection,andthe“inversiontube”isextendedintothe lateral.
With the tube completely extended and the internal pressure
increasedtothecorrectlevel, thelateral ispressuretested. During
pressuretesting, the lateral sealing packer is inflated and the
pressure ismonitored. If the pressure drops (indicating the
presence of adefect), chemical groutis pumped through the
lateral packer intotheannular space betweentheinversiontube
andthelateral pipe. Under pressure, thechemicalgroutmaterial
isthenforced outintothesoil throughleaking joints, cracks,and
other pipedefects.

Cured-In-Place Pipe(CIPP) Liners

Theinstallationoflateral linersissimilar tothatinmainsewer
lines. Typically, lateral linersare inserted throughthecleanoutat
theresident’s property line,buttheycanalsobeinserted fromthe
mainsewer line. The lateral liner is physically constructed to
match the lengthand diameter of the service lateral. Theliner
material isafabric,impregnatedwithaliquid resin, typically
either polyester, vinyl ester, or epoxy.

Installationinvolves pulling the resin-saturatedfabricliner
andaninflationhosethrougheithertheservicelateralorthemain
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sewer line. The

alignmentofthelinerisclosely monitored byaCCTV camera
positioned inthe mainsewer line. Oncethelinerisalignedinthe
proper position, theinner hoseisinflated viaacombinationofair
(6-10psi)andwater (30 psi) pressure causing thelinertoregain
itsoriginal circular shape. Hotwater atapproximately 140°Fis
introduced and recirculatedwithinthe CIPPliner. The
hotwateracceleratesthecuringofthefabriclinerin
atightfitting state against the existing lateral
servicewall. Total cure timeisapproximately

twohours. Balloon —_

-

Annular-;
Robotics/Epoxy Space |
TheKA-TEUSApatented roboticpro-
cessutilizesalateral shoe/collartore-
pairservice lateral tomain sewer line
connectionfailures. The shoe/collaris
constructed of aflexible plasticshield
withanopeningthatcorresponds to
boththeinsidediameterofthehost pipe
andoftheservice lateral. Before thecollarisinstalled,aspecial-
ized grinding robot prepares the application site by grinding
away unwanted material. Once thisiscompleted, thegrinding
robotisretrieved and replaced with afilling robot. Thefilling
robotpositionsthe lateral shoe/collar preciselyagainstthe main
sewer line at the service lateral openingand then placesan
inflatable balloon through the openingandcreatesasealed,
temporary moldatthefailed lateral jointconnection. With the
balloonin place, thefilling robotinjectsanepoxy sealantfromits
dispensing magazine intothe annular space. After the epoxy
sealantisallowedtoharden, the lateral shoe/collar isretrieved by
the robotand re-deployed at the nextfailed lateral connection.
The robotcanalso be usedto repair pro-
trudingandrecessedlaterals.

Collar

Pipe Bursting
Pipeburstingisamethodforinserting
anew pipeofequalor larger diameterinto
anexisting host pipe by fragmentingthe
existing pipeworkandforcingitintothe
surroundingsoil. The new pipeisthen
inserted intotheenlarged hole. Bursting
the pipeisaccomplished by usingeither
pneumaticorhydraulicbursters. Depend-
ingonthe system, the bursteriseither
directionally guided or towed by awinch.
Thenew pipeiseithertowed or jackedimmediately behind the
burster. Excavated entrance and exit pitsare required at the
beginningandendoflinestofacilitate the installation of the pipe
burstingequipmentand the new pipe. Pipeburstingissuitable

Pipe Bursting

Main Sewer Line

Service Lateral —,

"Lateral Shoe/Collar" Sealing System

Winch

Existing Lateral

Extendable Support

Main Sewer Line

for replacing pipes made ofbrittle material, suchasvitrifiedclay,
unreinforced concrete, ashestoscement, cast-iron,andsome
PVCandreinforced concrete pipes. Itisnotappropriate
forthereplacementofsteel, ductileiron, polyethylene
pipes, or composite pipes.

Dig and Replace (Excavate)

Because of the high cost, total or partial replace-
mentofservicelateralsisgenerally limited toseriously
deterioratedor structurally damaged pipeforwhichsealing
or liningisimpractical. However, thisalternative may be most
practical ifthecondition of the lateral isbeyond repair. Replace-
mentgivesthe higheststrengthand longestuseful life, butitis

the mostexpensive method of rehabilitation.

Pointrepairsare generally made at specific locations and
involvecomparatively shortlengthsof lateralsor fittings. Point
repair proceduresfor lateralsusingexcava-

tionrequire locating the leaking pipe sec-
tionsand completely exposing them by
digging. The damaged pipe isremoved
and replaced with either a new pipe
sectionor pipefitting. Pipe connections
aremadeusingeitherflexiblebandcou-
plings oradaptersor couplingswith
compressionjoints. New pipe bedding
material isthenplacedandcompacted
tothepipe’sspringline.

Wheneither pipeburstinganddig-
and-replacetechnologiesareemployed,
theexcavatedareasmustberestoredto

original conditions. Thus, the costmustinclude costsfor surface
restoration, suchaspavement,curbandgutter,and lawnreplace-
ment. Ininstanceswhere permanentstructuresoverlayservice
lateralsorwhenareasare inaccessible toexcavatingmachinery,
thesetypeofrepairsareimpracticalandwill prove tobetoocostly
relative totheother lateral repair technologies.

Coax -

- Epox
g Sgalgnt

~ Robot

Lateral Repair Selection Criteria

Following lateral CCTV inspection, each videotape was re-
viewed. Duringthe review process, the estimated amount of
leakageandlocationoftheinfiltrationsourcewasidentified. This
criterionwas importantaschemical groutingis limited toap-
proximatelythefirst4feet
and robotics/epoxy islim-
itedtothefirstlateraljoint
fromthemainsewerline.

Dependingonthetype
andseverityofthelateral
defect, thelateralwasthen
selectedforeitherastruc-
turalornon-structural re-
pair. Thiscriterionwas
importantbecauseneither
grouting technology im-
provesthestructural in-
tegrityofthelateral.

Thegeometryofthe lateral connection tothe mainsewer line
wasalsoconsidered. CIPP linersare limited tosingle service
connectionsandtostraightline portionsofa“Christmastree”
type lateral stack configuration. Thedepth ofthe lateral connec-

Cleanout —
New Lateral 4

Bursting Head
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tionatthemainsewer linemustbe
considered, especially in coastal

Table 1. Criteria for Selecting Recommended Lateral Repair Technologies

areassuchas South Floridawhere Repair Technology Leak Structural Lateral Lateral Site Number of
Location Repair Geometry Depth Constraints Recommended
groundwater levelsareonly 3to5 Repairs
fe_Et bEIOW_grade' R_epalrcostsfor Full Line Grouting No No No No No 5
pipeburstinganddig-and-replace  chemical Grouting Yes No No No No 19
repairsincreasesignificantlywhen  CIPP Liners No Yes Yes No No 5
mainsewer linedepthsaregreater RoPotics/Epoxy ves ves No No No 4
han7 feet Pipe Bursting No Yes No Yes Yes 3
than e . i i Dig and Replace No Yes No Yes Yes 9
Aftervideotapereview,fieldvis- TOTAL 45

itswere madetoeach potential re-

habilitation location to identify site constraints (landscaping,
fencing, treesandshrubs, driveways, etc.) thatwould prohibit
pipeburstinganddig-and-replace repairs. Both repairtechnolo-
giesrequireexcavationandsurface restoration.

Conclusions

Chemical grouting, robotics/epoxy, CIPPlinersinstalled from
thecleanout, dig-and-replace repairs, robotics/epoxy, CIPPliners
installed fromcleanouttomainsewer line,and dig-and-replace
repairsareproven lateral repair technologiesasdemonstrated
throughHollywood'ssewer systemrehabilitation program.

Inregardtolateral repairs,chemical grouting isbestsuited for
sealingleakyjointsand small crackswithin4feetfromthemain
sewer line; robotics/epoxy is best suited for sealing off the
annular space upon lateral reinstatementfollowingmain line
rehabilitation and for sealing jointsand cracks at the lateral
connectiontomainsewer lineinterface; CIPPlinerinstallationis
bestsuited fromthecleanoutandwhenthe mainsewer linehas
alsobeenrehabilitatedwitha CIPPliner;and, dig-and-replace
repairsarenecessitatedwhentheservicelineistotallyor partially
deterioratedand pipe burstingcannotbe utilized.

Duringtheprogram, 12 CIPPlinerswereinstalled, 95 robotic/
epoxy repairswere performed, and 48 dig-and-replace repairs
weremade. Lateral rehabilitation technologiestriedinthefield

duringinitiationofthecity’slateral repair pilotprograminclude
15repairsbychemical groutingandtworepairsby CIPPliners
installed fromwithinthemainsewer line.

Effectiveness
oftherepairshave
yet to be evalu-
ated. Technolo-
giestobetriedin
the field during
thecontinuation
of the pilot pro-
gramincludead-
ditional CIPPlin-
erstobeinstalled withinthe mainsewer line, full linegrouting,
and pipe bursting. Although greatadvances have been made
duringtheinitial phase of the pilot program, and new lateral
repair technologies have beenexplored, itisevidentthat the
“final frontier” has notbeenconquered.

Table 2. Estimating Costs for Repairing
6-inch Diameter Lateral

Full Line Grouting $1,200 - $1,500
Chemical Grouting $400 - $600

CIPP Liners $2,500 - $3,000
Robotics/Epoxy $1,400 - $2,000

Pipe Bursting $1,500 - $5,000

Dig and Replace $2,700 - $15,000

Jens Peter Larsen, P.E. and James N. Struve, P.E. are
principal engineers with Hazen and Sawyer, P.C. Whit Van
Cott, P.E. is public utilities director and David McLaughlin,
P.E. is design manager, engineering support services, with
the city of Hollywood.
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