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AgendaAgenda
vv Review PODS core tables, key definitions and Review PODS core tables, key definitions and 

conceptsconcepts
§§ Core Tables (Centerline Model)Core Tables (Centerline Model)

§§ Systems of measurement Systems of measurement –– Stationing and MeasureStationing and Measure

§§ Coordinates/GeometriesCoordinates/Geometries

§§ EventsEvents

vv Discuss methods for spatially representing the PODS Discuss methods for spatially representing the PODS 
centerlinecenterline

vv Discuss methods for spatially representing PODS Discuss methods for spatially representing PODS 
online events:online events:
§§ Facilities such as pipe segments, valves, etc.Facilities such as pipe segments, valves, etc.

§§ Line crossings, inspection results, etc.Line crossings, inspection results, etc.
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CaveatsCaveats
vv The PODS model is designed for use with relational The PODS model is designed for use with relational 

database systemsdatabase systems
§§ PODS can be used with all major PODS can be used with all major RDBMS’sRDBMS’s

vv PODS is GISPODS is GIS--neutralneutral

vv PODS is well suited for use with GIS systems that PODS is well suited for use with GIS systems that 
support linear referencingsupport linear referencing
§§ Examples are presented in the context of ESRI technologyExamples are presented in the context of ESRI technology

§§ The general principles shown are applicable to any GIS technologThe general principles shown are applicable to any GIS technologyy

vv PODS has not yet defined best practices for spatially PODS has not yet defined best practices for spatially 
enabling the modelenabling the model
§§ This presentation represents a view of work in progress, not a fThis presentation represents a view of work in progress, not a final inal 

definitiondefinition
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PODS Centerline TablesPODS Centerline Tables
vv LineLine

§§ RootRoot--level centerline entity of PODSlevel centerline entity of PODS
§§ Abstract Abstract –– simply an organizational (arbitrary) grouping simply an organizational (arbitrary) grouping 

of routesof routes
§§ A line is composed of one or more RoutesA line is composed of one or more Routes

vv RouteRoute
§§ A physically continuous run of pipeA physically continuous run of pipe

�� Typically bounded by major facilities such as Typically bounded by major facilities such as 
pumping or compressor stationspumping or compressor stations

§§ A route is composed of one or more SeriesA route is composed of one or more Series

vv SeriesSeries
§§ Lowest level centerline entity in PODSLowest level centerline entity in PODS
§§ A length of line defined by a continuous, uninterrupted A length of line defined by a continuous, uninterrupted 

range of engineering stationingrange of engineering stationing
§§ Series are bounded by station equations Series are bounded by station equations 

(discontinuities in engineering stationing)(discontinuities in engineering stationing)

vv StationPointStationPoint
§§ Defines a known location on the centerlineDefines a known location on the centerline

�� Location at a station point is defined in terms of Location at a station point is defined in terms of 
Route and measure, and Series and engineering Route and measure, and Series and engineering 
stationingstationing

�� When lat/long or X/Y is known at a station point, When lat/long or X/Y is known at a station point, 
the station point may be used as a control point to the station point may be used as a control point to 
define the shape of the centerlinedefine the shape of the centerline

Line

Route

Station_Point

Series
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Line EntityLine Entity
vv An arbitrary, organizational grouping of routesAn arbitrary, organizational grouping of routes
vv The routes comprising a line may or may not be The routes comprising a line may or may not be 

physically contiguousphysically contiguous
§§ Line ‘A’ consists of a single routeLine ‘A’ consists of a single route
§§ Line ‘B’ consists of multiple, nonLine ‘B’ consists of multiple, non--contiguous routescontiguous routes

vv The Line entity is abstract and conceptual in nature, The Line entity is abstract and conceptual in nature, 
and thus poorly suited to defined actual shapesand thus poorly suited to defined actual shapes
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Route EntityRoute Entity
vv A physically continuous run of pipeA physically continuous run of pipe

§§ Typically bounded by major facilities such as pumping or compresTypically bounded by major facilities such as pumping or compressor sor 
stationsstations

vv A route is composed of one or more SeriesA route is composed of one or more Series
§§ Series must be contiguous endSeries must be contiguous end--toto--endend
§§ Station equations (boundaries between series) are not explicitlyStation equations (boundaries between series) are not explicitly modeledmodeled
§§ Measure, the primary system of measurement in PODS, is defined aMeasure, the primary system of measurement in PODS, is defined at the t the 

Route level in the centerline hierarchyRoute level in the centerline hierarchy
§§ Measure is defined by, and is a function of, engineering stationMeasure is defined by, and is a function of, engineering stationinging

�� Measure scale is identical to stationing scaleMeasure scale is identical to stationing scale
�� Station equation discontinuities are removedStation equation discontinuities are removed
�� Where stationing represents slackWhere stationing represents slack--chain length, the total range in chain length, the total range in 

measure on a route defines the length of the routemeasure on a route defines the length of the route

vv The Route entity is an ideal target for spatial enablingThe Route entity is an ideal target for spatial enabling
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Series EntitySeries Entity
vv Lowest level centerline entity in PODSLowest level centerline entity in PODS

vv A length of line defined by a continuous, uninterrupted range ofA length of line defined by a continuous, uninterrupted range of
engineering stationingengineering stationing

vv Series are bounded by station equations (discontinuities in Series are bounded by station equations (discontinuities in 
engineering stationing)engineering stationing)
§§ Station equations typically results from reroutes that add or reStation equations typically results from reroutes that add or remove length to the move length to the 

centerlinecenterline

§§ Stationing values downstream from a reroute are unaffected by thStationing values downstream from a reroute are unaffected by the reroutee reroute

vv The Series entity can be spatially enabled, but:The Series entity can be spatially enabled, but:
§§ PODS linear events can span seriesPODS linear events can span series

§§ ESRI linear events cannot span the features they are built onESRI linear events cannot span the features they are built on
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Station_PointStation_Point EntityEntity
vv Defines a known location on the centerlineDefines a known location on the centerline
vv Location at a station point is defined in terms of Route and meaLocation at a station point is defined in terms of Route and measure, sure, 

and Series and engineering stationingand Series and engineering stationing
§§ (Series, Station)(Series, Station)
§§ (Route, Measure)(Route, Measure)

vv When lat/long or X/Y is known at a station point, the station poWhen lat/long or X/Y is known at a station point, the station point may int may 
be used as a control point to define the shape of the centerlinebe used as a control point to define the shape of the centerline
§§ Lat/Long, X/Y are not required to define a station pointLat/Long, X/Y are not required to define a station point
§§ Lat/Long, X/Y are not stored in the Lat/Long, X/Y are not stored in the StationPointStationPoint table, but rather the Coordinate tabletable, but rather the Coordinate table

vv PODS point and linear events are located on the centerline via sPODS point and linear events are located on the centerline via station tation 
pointspoints

vv The The Station_PointStation_Point entity is not suitable for spatial enabling, but:entity is not suitable for spatial enabling, but:
§§ Station points are used to ‘calibrate’ measures for MStation points are used to ‘calibrate’ measures for M--Aware centerline featuresAware centerline features
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Station_PointStation_Point EntityEntity
vv Station Points always capture Station Points always capture Route,MeasureRoute,Measure and and Series,StationSeries,Station

informationinformation
§§ In some cases, additional systems of measurement may be definedIn some cases, additional systems of measurement may be defined

Series / Station
100      0+00
100      1+23
100      2+00
100      3+45
100    10+02
100    20+76 (BK)
200    20+26 (AH)
200    24+84
200    30+00

Measure
0

123
200
345

1002
2076
2076
2534
3050

Milepost
0
0.0232
0.0378
0.0653
0.1897
0.3931
0.3931
0.4799
0.5776
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Pipeline Stationing Pipeline Stationing -- ExampleExample

vv Survey stationing measures linear distances along the Survey stationing measures linear distances along the 
pipelinepipeline

100+00 175+00 200+00140+00

Back = 185+00
Ahead = 175+00

vv ““Station equations” are used to equate stationing between Station equations” are used to equate stationing between 
two adjacent pipeline surveystwo adjacent pipeline surveys
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Understanding MeasureUnderstanding Measure
vv Measure uniquely identify positions on a routeMeasure uniquely identify positions on a route

§§ Engineering stationing may not uniquely identify a location alonEngineering stationing may not uniquely identify a location along a route g a route 
because of overlaps in station values between seriesbecause of overlaps in station values between series

vv Measures are “Continuous Stationing”Measures are “Continuous Stationing”
§§ Measure removes discontinuities in engineering stationingMeasure removes discontinuities in engineering stationing

vv Begin at Zero at the beginning of a RouteBegin at Zero at the beginning of a Route

vv The measure at the end of a route shows the total length of the The measure at the end of a route shows the total length of the 
routeroute

vv Measure is ideal for defining a linear referencing systemMeasure is ideal for defining a linear referencing system
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PODS Coordinate EntitiesPODS Coordinate Entities
vv Location Location –– a known location on a known location on 

the earththe earth
§§ A location may have 0 A location may have 0 àà many many 

coordinatescoordinates
§§ A location may have 0 A location may have 0 àà many many 

station pointsstation points
§§ A location that has both coordinates A location that has both coordinates 

and a station point can be used as a and a station point can be used as a 
‘control point’ to define the ‘control point’ to define the 
centerlinecenterline

vv Coordinate Coordinate –– stores X/Y or stores X/Y or 
Long/Lat dataLong/Lat data
§§ Global coordinate warehouse for Global coordinate warehouse for 

PODSPODS

vv Centerline_GeometryCenterline_Geometry ––
collection of coordinates for a collection of coordinates for a 
specific spatial representation specific spatial representation 
(geometry)(geometry)
§§ Multiple spatial representations of a Multiple spatial representations of a 

single feature are possiblesingle feature are possible

vv Coordinate_SourceCoordinate_Source –– metadata metadata 
for coordinatesfor coordinates

LineLine

RouteRoute

Station PointStation_Point

SeriesSeries

LocationLocation

CoordinatesCoordinate

Centerline GeometryCenterline_Geometry

Coordinate SourceCoordinate_Source
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PODS EventsPODS Events
vv A collection of attributes that are known A collection of attributes that are known 

about the pipe or its surroundingsabout the pipe or its surroundings
vv Data for each ‘Event’ is stored a separate Data for each ‘Event’ is stored a separate 

tabletable
vv Common event attributes are defined via Common event attributes are defined via 

Event_RangeEvent_Range
vv Event location is defined in Event location is defined in Event_RangeEvent_Range

defined via relationships to defined via relationships to Station_PointStation_Point
vv Feature identifies the specific target Feature identifies the specific target 

database table in which event data is database table in which event data is 
storedstored

vv Major event categoriesMajor event categories
§§ Physical Pipeline Assets (pipe, coating, valves, Physical Pipeline Assets (pipe, coating, valves, 

bends, tees, drips, branches, meters)bends, tees, drips, branches, meters)
§§ StructuresStructures
§§ Regulatory & Operating (MAOP, Class Location, Regulatory & Operating (MAOP, Class Location, 

Test history, Leak History, Gas Temp.)Test history, Leak History, Gas Temp.)
§§ CrossingsCrossings
§§ CP (CP (rectifersrectifers, test points, CIS, readings), test points, CIS, readings)
§§ Inline inspectionInline inspection
§§ Soils, excavations and repairsSoils, excavations and repairs

Feature

RouteSeries

SeriesStation_Point

Event_Range

EventEvent
EventEvent

EventEvent
EventEvent

EventEvent
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Attaching Events to theAttaching Events to the
Core TablesCore Tables

Begin   End Attributes
0+00  2+01 30”x.281”
2+01  3+00 30”x.325”
3+00  4+58 30”x.312”

Pipe Segments

Begin   End Attributes
0+00  1+00 Coal Tar
1+00  4+58 Enamel

Coatings

4+58
(x,y,458)

2+01
(x,y,200)

1+00
(x,y,100)

0+00
(x,y,0)

3+00
(x,y,300)
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Special Considerations whenSpecial Considerations when
Spatially Enabling PODSSpatially Enabling PODS

vv PODS provides history capabilityPODS provides history capability
§§ A single ‘entity’ (feature) may have many historical versionsA single ‘entity’ (feature) may have many historical versions

§§ PODS history storage mechanisms are not thoroughly definedPODS history storage mechanisms are not thoroughly defined

�� PODS is designed for ‘inline’ history storage, but:PODS is designed for ‘inline’ history storage, but:
ww Some implementation use ‘inline’ history storageSome implementation use ‘inline’ history storage

ww Some implementations use ‘offline’ history storageSome implementations use ‘offline’ history storage

ww PODS 3.2 is incomplete with respect to ‘inline’ history storagePODS 3.2 is incomplete with respect to ‘inline’ history storage

úú Audit attributes are missing from the Route table (and others)Audit attributes are missing from the Route table (and others)

vv PODS allows multiple representations of the PODS allows multiple representations of the 
centerlinecenterline
§§ A single ‘entity’ (feature) may have multiple shapesA single ‘entity’ (feature) may have multiple shapes

§§ No commercial GIS currently facilitates multiple shapes for a siNo commercial GIS currently facilitates multiple shapes for a single ngle 
entityentity
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PODSPODS--GIS Coupling StrategiesGIS Coupling Strategies
vv Tight couplingTight coupling

§§ Directly spatially enable PODS entitiesDirectly spatially enable PODS entities

�� If using SDE layers, make PODS tables SDE ‘business’ tablesIf using SDE layers, make PODS tables SDE ‘business’ tables

�� If using Geodatabase feature classes, convert PODS tables directIf using Geodatabase feature classes, convert PODS tables directly to ly to 
feature classesfeature classes

§§ ProsPros

�� Simple approachSimple approach

�� May provide better performance in the GISMay provide better performance in the GIS
ww Fewer database joins are requiredFewer database joins are required

§§ ConsCons

�� ‘Inline’ history storage for some features (e.g., Routes) is not‘Inline’ history storage for some features (e.g., Routes) is not possiblepossible

�� Storage of multiple shapes per feature is not possibleStorage of multiple shapes per feature is not possible

�� PODS becomes ‘GISPODS becomes ‘GIS--dependent’dependent’
ww Enterprise integration becomes much more complicatedEnterprise integration becomes much more complicated

úú Particularly when a versioned geodatabase is implementedParticularly when a versioned geodatabase is implemented

úú Existing enterprise integration software may have to be rewritteExisting enterprise integration software may have to be rewrittenn
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PODSPODS--GIS Coupling StrategiesGIS Coupling Strategies
vv Loose couplingLoose coupling

§§ Create standalone GIS feature classes/layersCreate standalone GIS feature classes/layers

�� Link to PODS tables via foreign key relationshipsLink to PODS tables via foreign key relationships

§§ ProsPros

�� ‘Inline’ history storage is possible for all entities‘Inline’ history storage is possible for all entities
ww Audit attributes can be added to the GIS feature classes/layers Audit attributes can be added to the GIS feature classes/layers if necessary (i.e., for the if necessary (i.e., for the 

Route feature class/layer)Route feature class/layer)

�� Multiple shapes per PODS entity can be accommodatedMultiple shapes per PODS entity can be accommodated

�� PODS linear events can be stored both as point and linear GIS fePODS linear events can be stored both as point and linear GIS featuresatures
ww Extremely useful for short linear events such as CasingsExtremely useful for short linear events such as Casings

�� Existing enterprise integration software is unaffectedExisting enterprise integration software is unaffected

§§ ConsCons

�� A little more complicated conceptuallyA little more complicated conceptually

�� Achieving desired performance may require competent database Achieving desired performance may require competent database 
tuning, or better hardwaretuning, or better hardware

ww Joins are required to access PODS attribute dataJoins are required to access PODS attribute data
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Spatially Enabling theSpatially Enabling the
PODS CenterlinePODS Centerline
vv The PODS centerline should be represented with an MThe PODS centerline should be represented with an M--ZZ--Aware Aware 

polyline in the GISpolyline in the GIS
§§ Facilitates ad hoc posting of point and line route event layers Facilitates ad hoc posting of point and line route event layers in ArcMapin ArcMap
§§ Facilitates use of route hatching and labeling and other linear Facilitates use of route hatching and labeling and other linear referencing referencing 

toolstools

vv Potential candidatesPotential candidates
§§ Line table Line table –– not possiblenot possible

�� Neither Measure nor Station are unique at the Line level, makingNeither Measure nor Station are unique at the Line level, making creation creation 
of route events impossibleof route events impossible

§§ Route table Route table –– recommended recommended –– M = MeasureM = Measure
�� Measure is unique at the route level, making it simple to post rMeasure is unique at the route level, making it simple to post route oute 

events (and build features from PODS event tablesevents (and build features from PODS event tables
�� Drawback Drawback –– linear reference measurement system is PODS measurelinear reference measurement system is PODS measure

ww Most users want to see Station values, not Measure values, so cuMost users want to see Station values, not Measure values, so custom tools to convert from stom tools to convert from 
measure to station may be in ordermeasure to station may be in order

§§ Series table Series table –– possible, but not recommended for event posting possible, but not recommended for event posting –– M = StationM = Station
�� PODS linear events span seriesPODS linear events span series

ww PODS events would have to broken into multiple GIS features at sPODS events would have to broken into multiple GIS features at series boundarieseries boundaries
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Strategies for Spatially EnablingStrategies for Spatially Enabling
PODS Event TablesPODS Event Tables

vv Spatially enable each PODS event tableSpatially enable each PODS event table
§§ ProsPros

�� Fewer joins are required to access event attributesFewer joins are required to access event attributes
§§ ConsCons

�� LotsLots of feature classes/layers must be set up and maintainedof feature classes/layers must be set up and maintained

vv Spatially enable the PODS Spatially enable the PODS Event_RangeEvent_Range tabletable
§§ ProsPros

�� Only two feature classes/layers need be created and maintainedOnly two feature classes/layers need be created and maintained
ww Linear Events feature class/layerLinear Events feature class/layer
ww Point Events feature class/layerPoint Events feature class/layer

�� Simple to maintainSimple to maintain
§§ ConsCons

�� An additional join is required to access event data from specifiAn additional join is required to access event data from specific c 
PODS event tablesPODS event tables
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Eagle Implementation ChoicesEagle Implementation Choices
vv Standalone SDE layers/geodatabase feature classes are utilizedStandalone SDE layers/geodatabase feature classes are utilized

§§ Minimal impact on existing enterprise integration softwareMinimal impact on existing enterprise integration software

vv Spatially enable the PODS Route tableSpatially enable the PODS Route table
§§ RouteMZRouteMZ layer maintains audit attributes, foreign key references to Roulayer maintains audit attributes, foreign key references to Route and te and 

Centerline_GeometryCenterline_Geometry
�� Route history is maintained in the GISRoute history is maintained in the GIS

ww Multiple historical versions of each PODS route can be storedMultiple historical versions of each PODS route can be stored

�� Multiple spatial representations of each PODS route can be storeMultiple spatial representations of each PODS route can be storedd

vv Spatially enable the PODS Spatially enable the PODS Event_RangeEvent_Range tabletable
§§ LinearEventLinearEvent and and PointEventPointEvent layers maintain foreign key references to layers maintain foreign key references to Event_RangeEvent_Range and and 

Centerline_GeometryCenterline_Geometry
�� Event history is maintained in PODSEvent history is maintained in PODS

ww Multiple historical versions of each PODS event can be storedMultiple historical versions of each PODS event can be stored

�� Multiple spatial representations of each PODS event can be storeMultiple spatial representations of each PODS event can be storedd
�� PODS Linear events can be stored as GIS polyline or point featurPODS Linear events can be stored as GIS polyline or point features, or bothes, or both

vv Optimal performance has been achieved in all implementations to Optimal performance has been achieved in all implementations to datedate
§§ Extended stored procedures automate GIS maintenanceExtended stored procedures automate GIS maintenance
§§ Custom tools convert Measure to Station in ArcMapCustom tools convert Measure to Station in ArcMap
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ConclusionsConclusions
vv PODS is ideally suited for integration with GIS PODS is ideally suited for integration with GIS 

systems that support linear referencingsystems that support linear referencing

vv Multiple strategies for spatially enabling PODS are Multiple strategies for spatially enabling PODS are 
feasiblefeasible

vv The PODS Association has not yet defined one or The PODS Association has not yet defined one or 
more best practice strategies for spatially enabling more best practice strategies for spatially enabling 
PODSPODS
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Questions and Discussion...Questions and Discussion...


