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What is Geomatics?

» Geomatics is the discipline  » Geomatics Engineering Is

of: a modern discipline, which
o gathering, integrates :

e storing, e acquisition,

e processing, and e modeling,

e analysis, and

o delivering of geographic
Information, or spatially
referenced information

e management of spatially
referenced data, I.e. data
Identified according to their
locations.
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What is Geomatics?

» Geomatics encompasses the
fields of

e Surveying & Geodesy

o Geospatial Data acquisition
- Remote Sensing
— Photogrammetry
— Lidar and 3D Laser scanning
— Cartographic Mapping
e Geographical Information
System (GIS)
— Spatial data
0 Integration
o Management

o Analysis
0 Publishing
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» Geomatics are the managers of
the information supply chain on a
project:

e GIS Analyst
e Remote Sensing Analyst
e Spatial Database Managers

e Geomatic Engineers /
Survey

e Engineering Designers
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Database
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Examples of spatial data include:

= Hardcopy Maps
= Digital Maps & Data (GIS)
= AutoCAD Drawings

e @) 8 L& ATE

= Alignment Sheets

|
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» [nspection reports

= Emergency Planning Zones

= As-built surveys
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= Elevation Data
= LiDAR ‘

= Satellite/Aerial Imagery

atabas

=Data Management

»3D Laser Scanning (brownfield)

EcoNomics



WorleyParsons Geomatics Workflow for Engineering projects
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Project Manager

L

Survey Drawing Production/ Spatial Data Procurement Additional
Coordination Coordination Management Services il Team Member

Geomatics Engineering

GEOMATICS TOOLS BOX

_ SPATIAL DATA
Cartographic SPECIFICATIONS

Map
Production

2D CAD
Drawing
Production

Sheet Master Remote GIS
Generation Database Sensing  Analysis

PROJECT SUB CONTRACTORS PROVIDING SPATIAL DATA

LiDAR Satelite  Aerial Environmental Survey Land
Imagery Consultant Company Company

EcoNomics
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Data Silos

Risk
Management

Regulatory
Reporting

Construction
Integrity

Engineering
Design
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Centralized Data

Engineering
Design
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Master Database

Manage data
e Data storage
e Data retrieval
e Data change

Standards

e Metadata
e Geodetic
e Database

All data in one location -
single source of truth

MDB can be used by all
disciplines on project
Security

So
f 2.

NO

Pass
QA/QC?

L

Software & Tools

Q0G4

Engineering Integrity Environment Operations RISk

Q

Contractors

Compllance
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Geomatics bring to a project:

Increased operational efficiencies through rapid and consistent
access to data.

Improved quality and integrity of data.

Reduced effort to comply with information requests.
Automated tasks (i.e. Alignment sheets, route maps).
Engineering Analysis

EcoNomics
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Select
e Help in basic visualization of the project space, potential issues /
challenges

e We have good data available from day one
e A geomatics person can help answer a lot of question

Geomatics support ramps up with project progress
e Dependent on size and complexity of project
e As most work is desktop, therefore work distribution just needs to be
managed.
Commissioning
e During the project we interact with the client to ensure the data we hand
over is in the optimal format for their use after commissioning.

EcoNomics




WorleyParsons Deliverables on Engineering Projects
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*Thematic Maps and drawings

*GIS Database (e.g. Environmental, historical sites, spread contractors)
Digital Elevation Model, Hydrological network
*Visualization

*Decision Support System

Logistics support (mapping, planning etc.)

*Engineering Calculations (in a Spatial Context)
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WorleyParsons GIS Software & Tools
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» ArcGIS 10.1 and Extensions(Spatial,3D,Geostatistical,
Sheet cutter, Template designer..etc)

» Vision MAKER(In house GIS data presentation software)

» CIVIL 3D, AutoCAD Map,

» Map Source, Quantum GIS 1.8

» EQUIS

Environmental Information Agents
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Project Examples
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Project:
Client:
Scope:

Innovation:

West Qurna Field Development
Exxon Mobil

Support Environmental team with GIS, Remote Sensing and

database management services. Integrate Client’'s GeoDatabase
with WP Environmental data.

By using the high resolution Imagery, we were able to do the
preliminary study of the Contamination on the desktop. We built
a user friendly database in VisionMaker which could easily be
used by the field staff without any training. The field study and
the laboratory test data has been incorporated in the GIS
database for efficient analysis and graphical representation of
the data.

EcoNomics
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Project:
Client:
Scope:

Innovation:

Harbor and Habitat Enhancement
Critical National Infrastructure Agency

Support Engineering and Environmental team with
GIS,RemoteSensing and database management services.
Providing user friendly GIS database system to the client.

By using the high resolution Imagery and the marine chart, we
were able to do the preliminary study of the 25 sites on the
desktop. We built a user friendly database in VisionMaker which
worked as communication tool among project team and
stakeholder. Data migration were done between GIS and CAD
system.

Jebel aBhana
.

Al Mirfa - Artificial Reef Location

EcoNomics
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WorleyParsons Geomatics — Example

resources & energy

Project:
Client:
Scope:

Innovation:

Metocean Survey Abu Dhabi
Critical National Infrastructure Agency

Support Engineering and Environmental team with GIS, Remote
Sensing. Providing GIS Analysis and mapping.

By using the high resolution Imagery , water and sediment
sample survey, we were able to provide the Water and sediment
sample location map and Benthic Habitat map etc. Results of the
iImage Classification was compared with survey points.




WorleyParsons Geomatics — Example

resources & energy

» Project: Taweelah Fujairah Gas Pipeline

» Client: Dolphin Energy

» Scope: Support Engineering design and Environmental approvals for
Pipeline Route Selection and Block Valve Station Study; acquire
high resolution imagery and Digital Elevation Model data;
manage project spatial database.

Integrating new pipeline with existing infrastructure using a
sophisticated spatial data management service. Alignment
Sheet generation with profiling.

» Innovation:

*' * EcoNomics
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Geomatics — Example

Project:

Client:
Scope:

| nd fro Iint oesiqnt

BAHRAIN FIELD DEVELOPMENT

ASSOCIATED GAS EXPANSION PROJECT
Tatweer Petroleum

Support Engineering design team for Pipeline Route Plan and
other components design (like Well manifolds,CS etc) through
high resolution imagery and Digital Elevation Model data.
Manage project spatial database mainly conversion of CAD to
GIS & GIS to CAD for deliveries from Design team to Client
eam.
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Geomatics — Example
resources & energy
» Project: Waste Management complex
» Client: Lukoil
» Scope:

Support Engineering design for waste management complex
site selection and development. Acquire high resolution

Imagery, manage project spatial database and mapping of
various themes.

| Cluster 7 ; Cluster 8
I : | s e

CPF
Mishrifr .l
Waste
management

|E/Cmnplex

1 777 Cluster5
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» Project:

» Client:

» Scope:

GIS Implementation in Gathering & Transmission of pipeline

OOCEP (Oman QOil Company Exploration & Production)

Spatial database design, processing of high resolution imagery and
Lidar data. Manage project spatial database and mapping of
various themes.

EcoNomics
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GIS Implementation using APDM in Gathering & Transmission
of pipeline and generation of automatic alignment sheets using
New Century Software.

» Pilot Project:

» Scope: Spatial database design, processing of Lidar data. Manage
project spatial database for automatic alignment sheet
generation using NCS plug-in for Arcgis.
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» Project: GIS Implementation and support engineering
design team for Early Production facilities
West Qurna 2(iraq).

» Client: LUKOIL, Dubai.

» Scope: Cad to GIS conversion, GIS Database creation
using ARC SDE and Vision Maker Mapplng and
Analysis. | = 1T
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Project:

Client:
Scope:

GIS Implementation and support engineering
team for Khazzan Early Infrastructure Works &
Export System.

BP, Oman.
Cad to GIS conversion, Central GIS Database

updating, raster and vector processing, Alignment
sheets(Plan & Profiles) creation using Civil 3d &
Arc GIS, Tag information creation and updating
using SPF for pipeline equipment, Converting
pipeline data(GIS & CAD) to the PODS suitable

format.

Nomics



WorleyParsons Geomatics — Example

resources & energy

Other projects used GIS support :

Rabdan Academy - Environmental and Social Impact Assessment — CNIA
Akwa Ibom Industrial City — Delta Afrik

Awali Field Development — Tatweer Petroleum

GASCO and CNIA — CAD to GIS data conversion

KAP(King Abdulla Port, KSA)

NABUCCO (Natural gas pipeline from Middle east to central Europe)
Qatar Rall (Qatar)
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THANK YOU.......
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GIS Databases and Pipelines
Why Organize Your Data?

Profitability( efficiency and effectiveness) :

¢ O pe ratl O n al CO m p I eXIty As technology and business management practices evolve, pipeline companies are

increasingly complex in nature. Needs coordination b/n different business units (ex: control centres interact with engineering team to design and monitor
linepressure)

.Ag | n g I nfraStrU CtU re (for successful management of aged pipelines needs extraordinary attention. Modern inline inspection

Direct assessment, close interval survey are all critical elements of BAP and ongoing mitigation plans. These tools and processes produce large volumes of
informatin.

¢ S U b U rbaﬂ eXpanS | O n (due to that Row is encroaching suburban, this trend increasing public notification burden, third party

damage, risk analysis, effective strategies required dealing with suburban encroaches.

¢ M e rge rS, acq U ISItI O nS and reStrUCtU I'I n g( pipeline systems change hands, many companies find

themselves faced with tasks of integrating staff, business process and work flows, and data management systems

.Ag I ng WO rk fO rce (For many pipeline companies, much of the corporate knowledge base is stored in the brains in the minds of

senior staff. In case they retire or move to other place. Such knowledge is not retrievable or it needs unnecessary cost to reproduce it.

EcoNomics



Where it begins

TYpe - Ball
Line - Chinook
Inlet Size - 22
Outlet Size - 22

Function — Maun Line
ldentifier Code — X4T1

4

UTM: 596584/7697448 Zone 35
Lat - 2deg 48min 29sec Long - 82deg 29min 1sec

Decimal Lat -2.8081129 Long — 82.48366
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Linear Referencing (Data model method)

Location is given in terms of known feature and a
position or measure on it.

Ex: Route I-10,Kilometer 23.

It is uniquely identified without the need of X,y coords or
long-lots. Ex : Roads, pipelines etc.

A Geodatabase is an object-relational construct for
storing and managing geographic data as features within
RDBMS

Surveys
Networks L Addresses

—_— L
n.. 1 IS
ecto Vo ‘
. N, Z 29 1= L1
% Ar=

: Attribut
Topology l =
| (| %!
il l‘\!v' Dimensions
'\f\ - Material
Terrain BN l&;
e ] AES Cadastral
b "% \ Speed
Cartography - Quﬂ“t‘"
mages
Geodatabases are used to manage and store diverse collections of
graphi, tion typ
Geodatabase




resources & energy

WorleyParsons

Dynamic Segmentation

Dynamic segmentation is the process of transforming linearly referenced data that have
been stored in a tables into features and that can be displayed and analyze a map. It
needs unique identifier and position along the feature for each event in the event table.
Allows multiple set of attributes to be associated with any portion of linear feature.

A point event table contains many point
events. Each point event has a route

20,0

location.
- .
OD | RID | Mile
1 alvl 12 An event is a row
sldn e |l in an event table,
b S An event has a
route location
(either point or line),
A route is a polyline Route A101 n

feature with m-values,

0.0

The identifier for each route is stored in any

numeric or text field.

oID _
1

A101

RID | Fom M | To MW

1

2 | At01 |
3

A101

7
15

Each line event has a route location.

5 S
9
20

A line event table contains many line events,

EcoNomics
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Routes and Measures

» To handle dynamic linear characteristics ESRI brought a linear
referencing data model in ArcGIS. Hence Route is a linear

referenced pipeline.

» Route is simply a linear feature on which attributes can be defined
because each route has an identifier stored in a field and has an

assoclated measurement svstem.

B Attributes of Linear Referenced Route r___”'E_|E|

| FAD | Shape” | PLINE_ID

| U] Pobiing b |Ceewral 100
1| Polline b Cesral_00
:| 2| Poldine M Morth 100
3| Pokline b |MortkEz=_100
:| 4| Poline W | Souch_100)

Record: 14 4 T #|m| | Shew| &1 Getected | B

_.J. Route Event Tables located

Aecord: 14] 4] 1 k| m] Shl:-w:|

Al Selected

B Attribules of Riute Fveni Tahle E|[E|E|
O | FUMELID | W BEGIN | MW.END |~

¥ i NuuhEag+1nn ATANZAPISHRG 459499 126715

N 1 | NarthE az” 100 A43814 20474 453346 R4RONS

n 2| MNorthE azi_100 2288985991122 24324 .2030E

| 3| MarthE azi_100 13309572092 | 177032403632

| 4/NorthE azi_100 AON4A APESE2 EAN44 A0T4R4)

£

¥
Heconds

Route

Event

and displayed on a Route.

Route Event Tables can be displayed as
unique linear event segments along
routes using the measurement fields.

EcoNomics
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Linear Reference Options Available

Pipeline Open Data Standard (PODS)

Industry Standard Pipeline Data Management (ISPDM)

Integrated Spatial Analysis Techniques (ISAT)

ArcGIS Pipeline Data Model (APDM) :

Reduce the entry cost - build a model that can be extended as needed
Decrease need for software development

Focused on pipelines that use stationed position AND XY coordinates to
locate positions of features on or along the pipeline

A comprehensive pipeline data template managed by APDM/PIG

No specific organizational targets but used mostly in integrity management and
operations

Designed for gas or liquid systems

Designed for gathering, distribution, and transmission lines
An open template

The intellectual property of “ESRI”

EcoNomics
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APDM is an ESRI Geodatabase object model, and therefore it explicitly
uses ESRI’s linear referencing, route and measure technology,
hierarchical/geographical organization of pipeline features and topology
data structures and technology, and has GIS “built into” the model.

APDM links to external systems-ERP, Document Management, Work
order Ms

APDM follows the service oriented architecture (SOA) model for
enterprise integration as outlined by ESRI.

The SOA provides a modularity of pipeline business logic, which can be
presented as service for other enterprise clients.

These services are loosely coupled where the interface exists in the
enterprise application and remains completely independent of the service
layer.

APDM does not support tight integration because it can be hazardous to
the integrity of the geodatabase.

EcoNomics
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Typical Pipeline Information:

Wall Thickness,Diameter, Pipe Grade

Manufacturer,Seam Weld Type, Casings, Valves,

Appurtenances, Landowner, Crossing data

Alignment/Route Sheets, Hydro test

records, Existing/Construction Inspections, Joint Coating

Type

Repair Coating, Station Drawings, Year of Construction, GPS Surveys
Control/AGM, Pipe Profile/Elevation/Depth of Cover
As-Built Drawings, Pipe Support, Aerial Photography, Mill Test
Pressure, Material Properties, Joining process and Inspections, Pipe
Weights

EcoNomics
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APDM Conclusions

» The ArcGIS Pipeline Data Model is a logical data model or template designed for storing information
related to features and objects associated with gathering and transmission pipelines, particularly gas
and liquid systems.

» The APDM is a geodatabase: an object-relational construct for storing and managing geographic data
as features within an industry-standard relational database management system.

» The APDM geodatabase seamlessly enforces the linkage between feature geometry and attribute data
and both referential and spatial integrity.

+  Allows the construction of more complex relationships that simplify and streamline editing operations.

»  Functionality includes: Complex relationships, multi-user long fransactions, securit?r, scalability,
topologr}/, extended object behavior, geoprocessing, raster-based analysis, state-of-the-art map display
and cartographic production, Web integration, disconnected editing
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How Implement APDM ?

»APDM Concentrates on defining and documenting CORE features using “80% Typical” rule- these are
features and phenomena that 80% or more of all pipeline companies track information on or use as part of
their daily operations.

»The APDM is starting point that can be extended and implemented to suit the needs of business

» APDM describes a pipeline by defining CORE elements of 24 tables:

» Pipeline centerline : route, series, corridor

» Activities: Work orders, inspections etc

»External documents: document version, reports, design drawings, spreadsheets, photos etc

»Ownership and company hierarchy: upstream, downstream, holding

»Product delivered:

» Sites:

»Reference modes: Measure, Station, KM/Mile Post

» APDM behavior through the use of ABSTRACT classes of pipeline features when they are created in the

database, edited as part of the database individually or as part of a change to the pipeline centerline.

» Abstract classes are the templates from which behavior (defined as attributes in the class and relation
ships, geometry to the other classes) are passed down to concrete feature/object classes in the APDM
Geodatabase using a concept called ‘Inheritance’.

» Ex: Control point inherit behavior from the Centerline Point Abstract class.

» Ex: Elbows, Valves, and Flanges inherit behavior from the Online Point Facility Abstract class.

» Ex: Structures inherit behavior from the Offline Point Abstract Class.

» Abstract classes defines a specific set of behavior for a specific set of features particularly for edit

operations. Ex: Control points will act this way when the xy or M(station) value is altered

» Ex: Elbows, valves and Flanges will act this way when the centerline they are located on is edited( a tow

point re-route occurs, the route is trimmed back or extended.

EcoNomics
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» EX: Structures located within 660 feet of the centerline will act this way when the

>

centerline is edited( the cease to impact the delineation of HCA)
The abstract classes define the framework of the APDM and are required
elements of the model. They never actually appear physically in an implemented
APDM geodatabase. Appear only in the logical and physical(UML)models.
Core classes are those object, feature and relationship classes, together with
associated domains, that are required to maintain APDM compliance. These are
concrete and physically appear in the implemented apdm geodatabase. they
define centerline features, stationing attributes, and supporting model elements.
Optional classes are distributed with the model as implementation examples. But
none of them are required elements of the model.
Topology feature classes can be used to define editing behaviours for spatially
coincident features from different feature classes.
In the APDM, a template is a pattern that defines an object or class containing
known and predictable behaviour. The pattern is defined as a set of attributes,
including geometry, and relationships to other classes.
A concrete class in the APDM geodatabase inherits certain base attributes and
relationships result in the creation of an individual, concrete feature or object
class within the geodatabase.

Nomics
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Grape |

This section describes the ‘APDM Abstract Classes’ and "APDM Metadata’ tables. This diagram shows the inheritance of attributes and
relationships from the top-most classes down to the lower classes. Inheritance means that a concrete feature or object class inherits the
attributes, relationships and potential geometry types from all the classes above it (following the lines and the arrow heads pointing

InstrumentParameter
LineLoopHierarchy
SubSysternHierarchy

ActivityHierarchy [FeatureArchive] upwards). All classes are shown with ‘light yellow” header boxes with the exception of the ‘Audit’ classes which are shown in ‘light green’.

[ObjectArchive] GloballD Standard ESRI classes are shown with ‘white” attribute boxes and *APDM Abstract Classes’ are shown with ‘light blue” attribute boxes. The
CreatecBy EventiD (pk) ‘gray’ boxes show feature and object classes that inherit directly from the specified parent ‘APDM Class’. [Square Brackets] around the title
CreatedDate CreatecBy of a class means that no concrete feature/object n inherit directly from this class. Note that for a class to belong to APDM it must
EffectiveFromDate CreatecDate inherit from one of the specified "APDM Abstract @E’ otherwise it is considered to be only an ESRI class with no significance or
EffectiveTcDate EffectiveFromDate relevance to the APDM. The feature class and object class icons denote which geometry type concrete ‘child’ classes may implement.
HistoricalState <d> EffectiveToDate
h";;?l‘;ggm ﬂmﬁﬁ;ﬁ sd> The metadata classes represent a set of object classes that are used to hold information about the reference modes, information about
onglnEver)\,tlD ModifiecBy each concrete class inheriting from an "APDM Abstract Class’ and information about which ‘offline” APDM classes have related ‘online”
ProcessFiag OriginEventiD polyline or ‘online’ point classes.
Remarks ProcessFlag
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RecdModeType <d> RequiresGeometr: V4
RefModelnits <d> BeginOffsetAngle Offsetingle
1sPRM <d> BeginOffsetDistance OffsetDistance
ParentReMode (fk) EndOffsetAngle StationLocated <d> PipeSegment DateManfactured
RefModeRootName EndOffsetDistance e Grade <d>
StationLocated <d> InletConnectionType <d>

. CPOnlineLocation
= RemavedPoint
DD

CPOnineLocation Cusure | [InletDiameter <d>
LineCrossingLocation meter Y INletWallThickness <d>
StructureLocation d
<Offinef eatureClass> Reducer (*|[Manufacturer <d>
Tee

Material <d>
PressureRating <d>

APDM Core

Y4H



WorleyParsons

resources & energy

CenterlinePoint CenterlinePolyline | CenterlineObject [ APDMObject
[ ]

iy A A

[ | |
ControlPoint StationSeries LineLoop SubSystem SubSystemHierarchy LineLoopHierarchy
ControlPoint2ngle StationSeriesName LineName SubSystemName ParentSubsystemEventID (fk) ParentlineLoopEventID (fk)
ControlPointType <d> SeriesOrder LineFunction <d> ChildSubsystemEventID (fk) ChildLineLoopEventID (fk)
PIDirection <d> )J ParentStationSerigsEventID (fk) LineJurisdiction <d> 3
LineLocpEventID (fk) @’
FromConnectionStationt/alue
<( o >
FromStationSeriesEventID (fi) °
ToConnectionStationvalue
GeoMetaData ToStationSeriesEventID (fk)
RefMode <d> 1
SubSystemAudit
SubSystemEventID (fk)
APDM Core
LineLoopAudit
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ControlPointAudit sl
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ControlPaint
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OnlinePolylineFacility OnlinePointFacility
| ]

ipeSegmel oating eeve asing alve ap ipeJoinMel esse ppurtenance nstrumen
PipeS: nt Coati Sl C Valv T PipeJoinMethod Vessel Appurts Inst, t
BencRadius <d> CoatingCondition <d> Grade <d> CasingLength Automated <d> BranchComectionType <d> Insulated <d> Manufacturer <d> AppurtenanceType <d> DateManufactured
teManufactures tinglengt NominalDiameter <d> ossingType <d> nletConnectionType <d> acity <d> onType <d> riaNumber <d> nstrumentName
DateManufactured Coal th 1D d Cr T\ d InletCe T d Cap: d JonT: d SeriaNumber <d 1
GirthiWeld <d> Coating.ocation <d> SleeveLength Filled <d> InletDiameter <d> CapacitylUnits <d> Manufacturer <d> VesselType <d> Manufacturer <d>
Grade <d> CoatingMaterial <d> SleeveType <d> InsulatorType <d> Manufacturer <d> Capped <d> PressureSetting ,L Model <d>
InletWallThickness <d> CoatingMill <d> WallThickness <d> CutsicdeDiameter <d> Material <d> FlowDirection <d> SerialNumber
Lorgueenorertatin | emaoting <6 o <> Cuerechpe <6> | [rancarer <d L ey ) L A temscaint | e
LongitudinalSeam: { nternal ng <d> <d> ionType <d> facturer <d> unknown (Verfie
Mancfacturer <d> Vented <c> QutietDiameter <d> Metered <d> [VeselEventid () | [ppurtermcegienin ) | Uninom
Material <d> WallThidness <d> PresentPosition <d> PressureSetting Electro Stop Comosion Coupon
MillLocation <d> PressureSetting TapSize <d> A Emgn'mmmlt\n;r"
il | - B . ontrol Vaie
mﬁg;ﬁ;{: 25 l\ RWT‘""( 0 I::?y;ﬁ:;gm <d> PipeJoinMethod Audit Gas Chromatograph
B o T = 1 Gas Samplel
OutletwallThidness <d> [ CoatingAudit [ SleeveAudit | CasingAudit | [Vaverunction <d> TappngMethod <d> Pipe JointVethocEventID () e
Pipelurisdiction <d> | coatingEventiD (f) | [sleeveEventiv () | [casingEventio () | [vatveNumber tmgﬁﬁ‘:
PreTested <d> ValveType <d> Pressure Controler
P Ratng <d> Py 6
e | Frosae Recoer
Pressure Switch
PressureRating <d> TapAudi Pressure Transmitter
3 apAudit
oo foaton <8 TapEventiD (7) Sompaet
Temperature Switch
Valve Positon Ing
: Vaive Positoner
PipeSegmentAudit
ValveAudit
PipeSegmentEventID (fk) <
ValveEventID (fk)
InstrumentAudit
= = == = = o = InstrumentEventID (fk)
OffiinePointFacility | | offlineNonpointFacility | | FacilityObject | | [ NonFacilityObject | Fitting
L I 1 I ] |
Well PigStructure ValveOperator
APINumber BarreDiameter <d> Operator Type <d> b | ‘
GeologicFormation BarelGrade <d> ValveEventID (fk) MeterReading Meter Tee Reducer [ Elbow Closure
LegaDescription BarrelWallThickness <d> -
Seasonallylctive <d> Manufacturer <d> ContactEventID (fk) MeterFunction <d> BranchConnectionType <d> OutietConnectionType <d> Ebowhngle <d> ClosureType <d>
TielrDate Material <d> CompanyEventID (fk) MeterName BranchDiameter <d> OutletDiameter <d> ElbowRadius <d> Specification <d>
WellName MillLocation <d> MeterAuditEventID (fk) MeterNumber BranchWallThickness <d> OutietWallThickness <d> Specification <d>
WellType <d> PressureRating <d> ReadingDate MeterType <d> ScaperBars <d> ReducerSize <d>
StructureLength Readingnits RemoteNetworked <d> TeeSize <d> RecucerType <d>
Structure Type <d> Reading\alue SerialNumber TeeType <d> Specification <d>
ication <d> Specification <d>
Flow Read = z =
Presare Reading [ ReducerAudit | ElbowAudit | | ClosureAudit |
[ WellAudit | [ PigStructureAudit | [ ValveOperatorAudit | @ MeterAudit 0 TeeAudit | [RedcerEventD (i) | [EbonEventio () | [Cosuresventid (f) |
[wellEventiD (&) | [PigstructreEventd (fk) | [valveoperatoventio () | [VeterEventio () | [FeeEventio @) |

Faciity feature classes mode the physical sppustenances
ar devices found on o dlong a pipelne system.
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OnlinePoint OnlinePolyline
I | Z>
Leak Anomaly AnomalyCluster InspectionRange

DateRepaired AnomalyClusterEventID (fl) AnomalyType <d> InspecticnDate
DateReported AnomalyType <d» AveBPRCalculated InspectionType <d»
Depth BPRCalculated AveBPRPIg
LeakCause <d> BFRPIg AveBPRVariance
LeakOrigin <d> BFRVariance AwveDepth ‘m
LeakStatus <d> Depth Avelength
MethodDetected <d> Length AveMaximumDiameter ‘»
RepairType <d> MaximumDiameter AveMinimumDiameter

MinimumDiameter AveCrientation InspectionRangeAudit

Crientation AveOvality ,

Ovalty <d> AveRPRCaloulated InspectiorRangeEventID (fk)

- RecommendedRemediation<d:> AveRPRPIg
LeakAudit RPRCalculated AveRPRVariance

LeakEventID (fk) RPRPig AveWidth

RPRVariance

Width

AnomalyClusterAudit
AnomalyAudit AnomalyClusterBEventID (fl) Inspection featLre dasses madel the results of in-lire
o physical inspection of the pipeline for anomalies,
AnomalyEventID (fk) corrosion and ather possible hazards or deficts,
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OfflinePoint OnlinePoint OfflinePoint OnlinePoint OfflinePoint OnlinePolyline
Marker MarkerLocation FieldNoteLocation FieldNote OnlineFieldNote ElevationPoint PressureTest OperatingPressure RightOfWay
MarkerNumber MarkerEventID (fk) FieldNoteEventID (fk) FieldNoteType <d> Field\NoteType <d> FeatureElevation MinAdjustedPressure ActualPressure EasementWidth
MarkerType <d> Y ] ; GrouncElevation MinDesigrPressure AgreedToPressure ParcelNumber
MeasurementDate PreTest <d> CalculatedPressure ROWType <d>
- - A FieldNoteLocationAudit WaterElevation TestDate PressureType <d> TraverseLength
MarkerAudit MarkerLocationAudit - : Culural Nt TestDuration <d>
- FieldNotLocationEventID (fk) Environmental Note TestMedium <d>
MarkerEventID (fk) MarkerLocationEventID (fk) GeoMetaData Faclty Note @,
i GeoPoltical Nete TestName
Environmental Nete E‘égmclruﬂs:m;me TestType <d> ~
Fadlty Note Operations l\?ule
GeoPoltical Note Rgutmg Nate
Hydralogy Note Ny
Line Crossing Note TRnpaaunoe
Operations Note - - - - - - - -
Rauting Note ElevationPointAudit PressureTestAudit OperatingPressureAudit RightOfWayAudit
Transporation Mo
il ElevationPointEventID (fk) Pressure TestEventID (fk) OperatingPressureEventID (fk) | [RightOfWayEventID (fk)
Operational feature dlasses model terain, survey, pressire FieldNoteAudit OnlineFieldNoteAudit
testing, right-of-way, operations andinstalations irformat
c:s urrga\;%ﬁ‘?e Z.’Si.ﬁffyité'fns Ll FieldNoteEventID (fk) OnlingFieldNoteEventID (fk)
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OfflinePointFacility OnlinePointForOfflineFeature | | OfflineNonPointFacility

/\

CPRectifier CPGroundBed CPAnode CPTestStation CPBond CPLocation CPCable
Manufacturer <d> AnodeSpacing <d> AnodeMaterial <d> TestStationType <d> BondType <d> ClassEventID (fk) CableCoating <d>
Model <d> BackFilMaterial <d> AnodeType <d> CriticalBond <d> CPFeatureEventID (fk) CableSize <d>
NumberOfiNegatives <d> CPRectifierEventID (fk) Anode\Weight \'s CableType <d>
NumberOfsnodes LocationDescription CPGroundBedEventID (fk) [ o ColorCode <d>
CperatingémpsQut <d> NumberOfAnodes ey NumberOfCables
OperatingVoltsOut <d> WaterSystem <d> 2
PowerSource <d>
RatedampsCut <d> StationSeries
RatedvoltsOut <d>
RectifierStackType <d> .
ReplaceByDate CPCableAudit

i T A CPCableEventID (fk)
CPAnodeAudit CPTestStationAudit CPBondAudit
CPAnodeEventID (fk) CPTestStationEventID (fk) CPBondEventID (fk)
M
CPRectifierAudit CPGroundBedAudit Cathadic Protection feature dasses model the devices used to monitar and prevent corrosion from oceurring to

ather facilities cn cr along the pipeline system. CPRectifier, CPGroundBed, CPAnode, CPTestStation, CPBond are
all Offline Features that may have zero or more crline locaticn(s).
CPCable may or may not have a sinde end connected-to or located-n the certerline.

CPRectifierEventID (fk) CPGroundBedEventID (fk)
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| OnlinePolylineForOfflinefeature | |

OfflineFeature

I

| OnlinePointForOfflineFeature ‘

]

J

LineCrossingEasement

LineCrossingEventID (fk) ’_ o

Geographical
Utility
Transportation

p

LineCrossing

Clearance
CrossingType <d>
EasementWidth

LineCrossingAudit

LineCrossingEventID (fk)

Encroachment feature classes modef any physical feature or boundary that might impact the operation andfor regulated safety

compliance of the pipeline system

LireCrossings represent offline linear features that intersect the centerline. LineCrossings may have ane o mare cnline point

locations (crassing locations) and ore or mare online palyline locaticns (easements)

Structures are offline Paints thatmay have zero or mare anline point locations - structure locations are typically derived for structures
within 1000 feet (304.8 meters) of the centerline.

LineCrossingLocation

StructureLocation

LineQrossingEventID (fk)

StructureOrIDSiteEventID (fk)
NearestPointToLineEventID (fk)

DOTClassSegment

StructureOrIDSite

OfflineFeature
1

Name

IdentifiedSite <d>
IdentifiedSiteType <d>
NumberOfStories
NumberOfnits

BIHO <d>
DaysPerWeek
WeeksPerYear
QOccupantCount
ImparedMobility <d>
StructureStatus <d>
StructureOrIDSite Type <d>
DateAdded
SiteDescription

IDSiteArea

StructureOrSite IDEventID (fk)

Y

StructureOutline

StructureOrSiteIDEventID (fk)

T

HighConsequenceArea

AreaType <d>
ClassArea <d>

OfflineFeature

NearestPointToLine

FiLY
StructureOrIDSiteAud

-

StructureOutlineEventID (fk)

StructureOrIDSiteEventID (fk)
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OnlinePolyline

| — |

—1 |

DOTClassSegment DOTClass HCASegment HCARange RiskAnalysis [ CouldAffectSegment |
ActivityEventID (fk) ActivityEventID(fk) ActivityEventID (fk) ActivityEventID (fk) ConsequenceEconomic \ |
ClusterBufferEventID (fk) Cakulated.ength OfflineFeature BIHOStructureCount AssessmentDate ConsequenceEnvironmental
BIHOStructureCount ClassType <d> ] Calculated ength RangeName ConsequenceLife
ClassLength ClassSource <d> DateCalculated RiskRanking ConseguenceProperty
ClassSource ClusterBufferEventID (fk) HCARangeEventID (fk) Consequence Throughput
ClusteredClassType <d> CorridorWidth MACP HCAR AngeEventID (fk)

ClusterDowngrade <d> CorridorTolerance QutsideDiameter POF Construction
CorridorWidth DateCalculated | PIRFactor POF IncorrectOperations
CorridorTolerance IDSiteBufferRadius PIR PCF InternalCorrosion
DateCalculated StructureOrIDSiteEventID (fk) ClusterBuffer DOTClassCormridor HCACorridor PIRT POFEquUipmentFailure
DOTClassEventID (fk) . i o Provenance <d> POFExternalCorrosion
Identifiedite <d> (ORI e il StrctureQrSiteEventiD () POFManufctringCorrosion
IDSteBufferRadius BufferTolerance CorriderTolerance PIR REateial
Provenance <d> L W DOTCorridorType <d> PIRT POFQutsideForce
MultinitResidential <d> ﬁ—_j\_l POFSCC
SturctureOrSiteEventID (fk) POF ThirdParty
UnClusteredClassType <d> POF Weather
A G TotalConsequence
I @ A TotalPOF
TotalRisk
Yy A 0 \_ o - T 5 7
DOTClassSegmentAudit DOTClassAudit ClusterBufferAudit DOTClassCorridorAudit HCACorridorAudit HCASegmentAudit HCARangeAudit RiskAnalysisAudit CouldAffectSegmentAudit
DOTClassSegmentEventID (fk) | [DOTClassEventID (fk) ClusterBufferEventID (fk) DOTClassCorridorEventID (fk) HCACorridorEvertID (fk) HCASegmentEventD (fk) HCARangeEventID (fk) RiskAnalysisEventID (fk) CouldAffectSegmentEventID (k)
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Automatic alignment sheet generation
using ArcGIS & New century software

Data base creation using APDM (Arcgis pipeline database model)
Template design in NCS plug-in as per requirements.

Sheet cutter mdb and pipeline mdb creation using the
main database (APDM) as per the automatic alignment
sheet bands requirement.

Marker symbols and line symbols creation in ArcGIS
using style manager as per the requirements.

EcoNomics
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Inputs required for Automatic sheet generation:

Sheet cutter mdb and pipeline mdb.
Survey data either in dwg, dbf, .xls ...etc
Route maps (pipeline routes) & design details, feature details.

DEM/lidar/ contours/ point ht information in any format for
profile generation.

Chainage /Measure /Stationing information for linear referencing
APDM model for all other features( online/offline)

EcoNomics
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iter & lemplate Designer

-

By
NEW CENTURY SOFTWARE

Release Date: 6/27/2011 , N EW
Version: 7.2 CENTU RY
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Sheet cutter;

Sheet cutter is an ArcMap extension that creates customizable map
Sheets.

Each sheet provides a visual representation of data associated with a
particular section of the centerline.

We can produce 1) Alignment sheets 2) Area maps

Sheet cutter uses Linear referencing to retrieve data about a route or
centerline.

Input data can be from PODS,APDM, ESRI feature datasets.
Slots can be used, when sheet cutter needs to report data for multiple
routes on the same sheet. Ex: each route is assigned to a slot.

EcoNomics
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1. Scenario 1: Parallel Routes. Routes that run parallel to each other.

e Route 2400

Route 2401

Route 2402

Slot Assignment

Slot 1 = Route 2400
Slot 2 = Route 2401
Slot 3 = Route 2402

2. Scenario 2: Adjoining Routes. Routes that end and start at the same location.

. -

EcoNomics
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Template Designer:

Template Designer is an ArcMap extension that creates and
customizes templates.

Sheet cutter, inturn, uses these templates to generate different kinds of
maps.

Each template consists of a number of “bands” that represent different
types of data associated with the map.

The template determines what information will be used in the band and
how it will appear.

Map Bands:

Matchline Band :To show the portion of centreline of the each alignment sheet.

EcoNomics
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. Match line

Map Window
(rectangle)
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Field note Band : To show the various information in alignment sheet Like
(chainage, elevation, wall thickness ,...etc)

: O Od W = O = =S WO o «— = O 0 «— = O O — =F D00 =— = o
+ + + + + + + + + + + + + + + + + + + + + + + +
o o o o oo o o o o oo o0ocaoo o o a
. . = ﬁ E
Intersection Point & o &
(000 [+405 [+561
1 iD ] ) o o -
Ground Elevations s & & 8 = = =~ s = 3
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Marker Band: 1s used to show description, Measure, symbol information
over map band along the centerline.

266000

I
SPHEROID: WGS 83
HEIGHT DATUM: WGS 84

Y

PLANIM

VERTICAL SCALE: =
1:500 3
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Linear Band:
Linear band can be used to show the line information like
pipe segments, cathodic protection, dot class, pipe cover
..etc in alignment sheets nicely.

Minimum Pipe Cover 1

o 2 &8 v = o & '-:rlnm-'-:r:lm-'-:t;lm-tr;lm ':I'l:lm-ﬂ';m-'q*:T::
PETIEIEERIIIIITIREIINRARANIAI223223318
Herizontal Direction (FE)
Change

1

Terrain Description SABKHA AREAI

Design Factor/Area class _ |

location DF 06, CLASS 4

i I i

' '1 '

I I

I

Pipe WallThickness(mm) 17.5 (YELLOW}

|
48" ; APl 5L GR X70,LSAW FIFE ; 3L PE COATED, 2.5mm THKi

Pipe Material Specification
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Line Marker: Is like marker band to show the line
Information over map band of centerline.

s
- TSy e
I i » -
re
- - e -
(& ; F -
- [ o‘ .\9 i o =
i B &3
x S N
Tt i X
AR

b
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Summary Band: To list some details in the layout from the table
or from the feature table. Ex: Design details like pipe material.. Etc.

Material summary
@ 48" APISLGR X70LSAW PIPE ; 3LPE
COATED, 2 5mm THK
me 48" AP|5LGR X70LSAW PIPE ; 3LPE
COATED, 2.5mm THK

REFERENCE DRAWINGE REVISIONE

it
HiEF

#*  BAHRAIN FIELD DEVELOFMENT
ASSOCIATED GAS EXPANSION PROJECT

PIPELINE ALIGNMENT SHEET
from (+000T0 24590

Route D: 1090 LinelD; oo

0+000 2+500

2+500 2+590

Material summary

48" ; API 5L GR X70,LSAW PIPE ; 3L PE
COATED, 2.5mm THK
48" ; API 5L GR X70,LSAW PIPE ; 3L PE
COATED, 2.5mm THK

EcoNomics



WorleyParsons

resources & energy

Title band: Title band reads legend and other details form feature field or
table field to show any where in the sheet.

Ex: Date, Route id, Line id, Sheet name, Dwg no, Chainage, scale ...etc.

T e e Tt BAHRAIN FIELD DEVELOPMENT
— ASSOCIATED GAS EXPANSION PROJECT
[ PIPELINE ALIGNMENT SHEET

fromm 0+000TO 2+590
] 1l m.ﬂl:“m' Route ID- 000 Linelb: o
s A menvE | g0 00

S Y A8 %l i

]

Title bands
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Line Chart : Line chart can be used to create a profile using elevation
along the chainage value.

. i Elevation profile for the bottom of pipe
Ground elevation profile

EcoNomics
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Attachment Band: Attachment band can be used for attaching dwg,
jpg, tiff any other ESRI objects in the sheet.

|§ ' 400KV PYLON
= ==
=l E
= )4
= l(_'u o
EXSTING | ' Z "
. | = o
Wm"z' T __’ ALY H i
- 1,0M
| 13.5M [ 9.0M MIN.
(NOTE—10) oy
bb 13
SECTION A=A
(NTS.) o
FOR SABKHA AREA EcoNomics
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Load layer band: To load the required layer or image into the respective
sheet can be loaded dynamically using load layer. It needs a polygon
index layer contains information about the feature or image to be loaded
dynamically. Index layer should have attributes like name of file with

extension and path. Buffer band: Displays map feature that
demarcates an area within a specified distance of the centerline feature in
the map. Ex: 1) Areas to be included in risk analysis 2) A corridor for
environmental analysis.

R —
—ta - ——
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SCALE: 1:8000
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Divi Venkatramana: Geomatics Analyst, Middle East.
David Parker: GM, WorleyParsons Geomatics, Calgary.

Matthew Tait: Manager of Projects, WorleyParsons
Geomatics, Calgary.

Nevin Wilson: Geomatics Lead, Melbourne Australia.

Daniel Hornby: GIS Manager, Perth, Australia.

Tim Hunter-Rowe: Geomatics Manager, Europe.

Andrew J Wood: Manager, Pipeline and Terminals, Thailand.
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THANK YOU.......
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THANK YOU.......
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PIPELINE INTEGRITY MANAGEMENT SYSTEM

s g 1 Set goals for the integrity
o o oo, of your asset

3 Do something about
those risks -put
another way -

manage the risks

%

. %

0 |

w g E 2. un
%:-:'lﬂ L%D!rggg‘

35 |8 : B |F'lpelma:-z

€3 = ntegrit

i L8 an

2 Understand the
risks that you are
exposed to in
operating that asset
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» Station series is a linear path representing a portion of the centerline of the pipeline or the route
»The cumulative measure of stationing values from the start of the station series to the terminus of the
Station series is called station position.
» At each point along the station series where the centerline bends horizontally or vertically, a control
point is placed. There are known points of stationing and coordinates. (X, Y and Measure).
»When pipeline is first built stationing measurements are uninterrupted and continuous.
»When a pipeline is rerouted, the points of the breaks in stationing are known as station equations.
»0Once the equation is introduced into the centerline, the stationing is altered for the portion of the
centerline that has been rerouted with the addition of a new station series.
» Stationing is based on traditional field survey and drafting methodology.
» Common forms of Stationing measures:
1)slack chain: 3d distance b/n two points along the earth surface, also called vertical or Engineering.
2)Horizontal: 2d distance b/n two points along the earth surface.
3) Continuous: Stationing starts at a set value and continuously and cumulatively measures either slack or
horizontal distance from the start to the end of a centerline along all station series.
4) Arbitrary (pseudo-distance based):
a) Mile posting: posts or other markers are placed in or on the ground at arbitrary intervals and used as
reference points for locating features.
b) Offset Based —Measurements are taken as offset values from known points along the centerline
(ex: valve section- the feature is located 100 feet downstream from the mainline valve)

» The centerline of a pipeline system is composed of station series features, which in turn are composed of
control points.

» It is also possible to have duplicate station values for different line loops in the pipeline.

» Control points(x,y,m) occur at changes in the centerline direction of the pipeline are called point of Inflection.
» centerline ties where a distance and/or angle exists to an offline point event with known geographic .
coordinates. EcoNomics
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» Since control points are used to form the vertices of the station series feature, the measure value
in the vertex is also the station value assigned to the control point.

» Events are point or line entities or objects that occur on, along, or beside the centerline have
absolute position and relative position

» The relative position of an event is measured by identifying a unique route (station series) and a

measure value (station). If the event falls along the station series in between two control point,
the position of the event is interpolated along the station series relative to the station values of the
bordering control points and the station value of the event.

» Hierarchy: Pipeline companies often organize or group features according to a hierarchy.

Line loop is modeled as an object class in the APDM and is considered to be one of core
elements. Other hierarchical elements in the model are line loop hierarchy, subsystem, and
Subsystem hierarchy.

» Coincident Geometry: Any feature located by relative position (stationing) is coincident or offset
from the centerline. Any change in geometry and/or the underlying station(measure) of the
centerline route system has ramifications on the geometric location of features or events whose

positions are dependent on the applied measures and position of the centerline.

Ex: Coating, pressure tests are chaild features dependent on the presence of parent linear features.

such as pipe segments. The relationship between these features dictates that if the parent is
removed or altered (partially removed, or vertex position changed) then the child must be similarly
altered. Same relationship applies to pipe segment (child) and station series (parent).

Relationship classes are used to maintain the station relationships between the centerline and

dependent child features. Topology is the recommended solution for handling the geometric

relationships between coincident geometries from different feature classes.
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APDM can be implemented with feature stored in feature
classes(Geometry is stored in X,Ycoord), event tables (geometry is
dynamically generated from Route-Id and measure values), or a
combination of both.

In case of Geometry stored as features: 1) features can be displayed
quickly 2)features can be edited directly in arcmap.3) geometries are not
automatically updated when routeid and measure values are updated.

In case of geometry is generated dynamically: 1) Geometry can be
quickly refreshed whenever the Route-id measure values are
updated.2)In case any error, error message can be appended to the row
of feature. 3) Display is poor. In case large volume(>10,000 events).

Custom application code for gdb: requires to automatically update when
the route-id and/or measure values are altered.
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THANK YOU.......
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How Implement APDM ?

»APDM Concentrates on defining and documenting CORE features using “80% Typical” rule- these are
features and phenomena that 80% or more of all pipeline companies track information on or use as part of
their daily operations.

»The APDM is starting point that can be extended and implemented to suit the needs of business

» APDM describes a pipeline by defining CORE elements of 24 tables:

» Pipeline centerline : route, series, corridor

» Activities: Work orders, inspections etc

»External documents: document version, reports, design drawings, spreadsheets, photos etc

»Ownership and company hierarchy: upstream, downstream, holding

»Product delivered:

» Sites:

»Reference modes: Measure, Station, KM/Mile Post

» APDM behavior through the use of ABSTRACT classes of pipeline features when they are created in the

database, edited as part of the database individually or as part of a change to the pipeline centerline.

» Abstract classes are the templates from which behavior (defined as attributes in the class and relation
ships, geometry to the other classes) are passed down to concrete feature/object classes in the APDM
Geodatabase using a concept called ‘Inheritance’.

» Ex: Control point inherit behavior from the Centerline Point Abstract class.

» Ex: Elbows, Valves, and Flanges inherit behavior from the Online Point Facility Abstract class.

» Ex: Structures inherit behavior from the Offline Point Abstract Class.

» Abstract classes defines a specific set of behavior for a specific set of features particularly for edit

operations. Ex: Control points will act this way when the xy or M(station) value is altered

» Ex: Elbows, valves and Flanges will act this way when the centerline they are located on is edited( a tow

point re-route occurs, the route is trimmed back or extended.
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» EX: Structures located within 660 feet of the centerline will act this way when the

>

centerline is edited( the cease to impact the delineation of HCA)
The abstract classes define the framework of the APDM and are required
elements of the model. They never actually appear physically in an implemented
APDM geodatabase. Appear only in the logical and physical(UML)models.
Core classes are those object, feature and relationship classes, together with
associated domains, that are required to maintain APDM compliance. These are
concrete and physically appear in the implemented apdm geodatabase. they
define centerline features, stationing attributes, and supporting model elements.
Optional classes are distributed with the model as implementation examples. But
none of them are required elements of the model.
Topology feature classes can be used to define editing behaviours for spatially
coincident features from different feature classes.
In the APDM, a template is a pattern that defines an object or class containing
known and predictable behaviour. The pattern is defined as a set of attributes,
including geometry, and relationships to other classes.
A concrete class in the APDM geodatabase inherits certain base attributes and
relationships result in the creation of an individual, concrete feature or object
class within the goedatabase.
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APDM Logical model: an object diagram of the APDM.
Which depict the classes, attributes of classes, relationships

between classes (optionality and cardinality), and inheritance
from classes.

Optionality: must-have, may-have

Cardinality (number of instances): one-to-many, zero-to-one,
many-to-many
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ABSTRACT CLASSES

Activity object class has one-to-many relationship with each audit object class.
APDM object: Lineloop hierarchy, Activity Hierarchy and subsystem
hieracrchy are core classes inherit from APDM object.
Object Archive: centerline object, Facility object, Non Facility object are
abstract classes inherit from Object archive. Historical
state is domain.
Centerlineobject: Lineloop, Subsystem,site are core classes inherit
from the centerline object. Operational status is
domain.

Nonfacilityobject: Activity, address, ClSreading, company, contact,
Externaldocument,Geometadata,Meterreading,Owneroperator,Product are core classes inherit from the nonfacilityobject.
Status is domain.

Facilityobject: Valveoperator is a core class inherit from the Facility object.
Operational status is domain.
Facility object is having Relation ship with Site core class of M:1
Feature Archive: inherited from Esri simple feature. Centerline polyline,
centerlinepoint, offlinefeature, onlinefeature, offlinefacility are core classes. Historical state is domain.
Centerlinepolyline: Stationseries is inherited from centerlinepolyline. Operationalstatus is
Domain.
CenterlinepolylineEvent: inherited from the centerlinepolyline. Subsystemrange is core class inherited
from centerlinepolylineevent. CLEditresponse, CLvalidity tolerance are
domains. Centerlinepolylineevent is having relationship with stationseries core class of M:1
Centerlinepoint: inherited form the featurearchive. controlpoint is a core class inherited from the centerlinepoint.
Operationalstatus,CLControl,CLStationEditresponse, CLXYEditresponse, CLZEditresponse are domains.
Centerlinepoint is having relationship with stationseries of M:1. centerlinepoint encapsulates and describes the behavior of
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ABSTRACT CLASSES

Points that participate in the construction of the centerline.
Offline Feature: implemented as a non m aware polyline or polygon feature. Inherited from the feature archive.
Alignmentsheet, Highconsequencearea, linecrossing, Removedline, structureoutline are inherited from offlinefeature.

Offlienfeatures are comprise any feature that is ancillary to the operations and description of the pipeline system and
underlying geography. Each and every offline feature may have 0 or more online locations stored in a class inheriting
from the onlinepoint or onlinepolyline for offlineclass APDM abstract classes. These relationships are added to the apdm
metadata table of onlinelocationClass.

Offline point: implemented as a non m-aware point feature class. inherited from the offline feature.

Document point, Fieldnote, Removed point, Structure are inherited core classes. may have 0 or more online locations
stored in a class inheriting from the onlinepoint or onlinepolyline for offlineclass APDM abstract classes. These
relationships are added to the apdm metadata table of onlinelocationClass.

Offline Facility: implemented as a non m-aware polygon feature. Inherited from feature archive. these features may be
related to features in classes inheriting from onlinepolylineforofflinefeature or onlinepointforofflinefeature. Each and every
offlinefacility may have 0 or more online locations stored in a class inheriting from onlinepoint or onlinepolylines for
offlineclass APDM abstract classes.

OfflineNonPointFacility: implemented as a non m-aware polygon or polyline feature class. Inherited from offlinefacility.
Cpcable, Pigstructure, Siteboundary are inherited core classes. This is intended for use with offline facilities features that
are best represented by polyline or polygon shapes. Offlinenonpointfacility is having relatinship with Site of M:1
Offlinepointfacility: implemented as a non m-aware point feature class. Inherited form the offline facility.

CPanode, Cpbond, CPGroundbed, CPRectifier, CPTeststation, Marker, Site point are core classes inherited from
offlinepointfacility. Offlinepointfacility is having relationship with Site of M:1.

OnlineFeature:implemented as m-aware polyline or point feature class or object class representing an event table.
Inherited from feature archive. Onlinefeature is having relationship with Stationseries of M:1.
CLEditresponse,CLValiditytolerence are domains. Online point features must be geometrically coincident and share edge.
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ABSTRACT CLASSES

Onlinepolyline features geometrically constrained to the centerlinefeatures. linear features that share not only edge of the
centerline but also every intervening vertex between the start and endpoint of linear feature. CLEditresponce and
CLValidity tolerence describes what happens to the online feature when the underlying station series feature is edited.
These define how and if the feature is re-built on the centerline during a reroute.

Onlinepolyline: implemented as m-aware polyline feature class or object class representing an event table.inherited from
the onlinefeature.

HCA class, DOT class, CouldaffectSegment, InspectionRange, OperatingPressure,PressureTest,Rightofway,Riskanalysis

are core classes inherited from onlinepolyline. Each and every onlinepolyline may have 0 or more onlinepolyline or
onlinepoint features(M:1)

OnlinepolylineforOfflinefeature: Implemented as an M-aware polyline feature or object class. Inherited from
onlinepolyline. LinecrossingEasement is a core class inherited from onlinepolylineforofflinefeature. Each and every
onlinepolylineforofflinefeature must be the onlinelocation for one and only one offline feature.(M:1). This encapsulates the
attributes and relationships that define the onlinepolyline location for an offline feature. This contains begin and end of
offset angle and distance information.

Onlinepoint: Implemented as an M-aware point feature or object class. Inherited from onlineFeature.

Anomaly, Anomalypoint, Elevation point,Leak, OnlineFieldNote are core classes inherited from Onlinepoint. Each and
every onlinepoint may be represented by O or more onlinepolyline or onlinepoint alternative geometries(M-1)

OnlinePointforofflinefeature: implemented as an m-aware point feature or object class. Inherited form onlinepoint.
CPonlinelocation, Linecrossing location, structurelocation are core classes inherited from the onlinepointforofflinefeature.

Each and every onlinepointforofflinefeature must be the online location for one and only one offline feature(m-1)
onlinepointforofflinefeature encapsulates the attributes and relationship that define the onlinepoint for an offlinefeature.
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ABSTRACT CLASSES

Onlinefacility: Implemented as an M-aware polyline or point feature or object class representing and event table.
Inherited from the onlinefeature. Onlinefacility is having relationship with site of M:1.

facility objects are those representing real features in the world such as pipes, coatings, taps, tees, and valves are
primarily defined by In-service date, Installation date, and operational status which describes the operational and lifespan
properties of the features. Inherited onlinebehaviour such as a relationship with stationseries feature class.

OnlinePolylineFacility: Implemented as an M-aware polyline feature or object class representing and event table.
Inherited from the online facility. Casing, coating, pipe segment, Sleeve are core classes inherited from
onlinepolylinefacility. Inherits the facility attributes like In-service date, Installation date, and operational status from the
onlinefacility.

OnlinepointFacility: Implemented as an M-aware point feature or object class representing and event table.inherited
from the onlinefacility. Appurtenance, Instrument, Pipejointmethod, Tap, Valve, vessel are core classes inherited from the

Onlinepointfacility. Inherits the facility attributes like In-service date, Installation date, and operational status from the
onlinefacility.

Fitting: Implemented as an M-aware point feature or object class representing and event table. Inherited from the
Onlinepointfacility. Closure, Elbow, Meter, Reducer, Tee are core classes inherited from Fitting.

Grade, Inletconnection type, Inletdiameter, inletwallthickness, Manufacturer, material, pressurerating are domains.

APDM meta data: metadata imbuces an APDM geodatabase with sufficient intelligence to allow applications to deal
consistently with schema and data content variation. 1) class level metadata 2) Feature level metadata.

Class level metadata stores additional behavioral information for an object or feature class that applies to all objects in the
class, or to all objects within a subtype of class. Class level metadata is stored externally to the APDM class itself.

Feature level metadata applies to individual objects within a class. Feature level metadata is stored internally within an
APDM object or feature class in the form of metadata attributes.
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Three metadata (class level) tables are implemented in the APDM schema: 1) Reference mode 2)APDM class
3)Onlinelocation class

Reference mode: stores metadata pertaining to the reference modes common to controlpoint, stationseries, and
AltrefMeasure classes.

Reference modes represent different methods of recording station values and how these values are applied at the
lineloop level.

Attributes:

clReferenceMode subtype Value: 1) Unknown 2)Continuous 3)Engineering 4)Horizontal 5)Milepost 6)Slackchain
7)Valvesection 8)Unspecified

gnRefModeUnits: 1)Unknown 2)esriSRunit_Meter 3)esriSRunit_Foot 4)esriSRunit_surveyfoot 5) esriSRunit_surveychain
6) esriSRunit_surveylink 7) esriSRunit_surveymile 8) esriSRunit_Kilometer

gnRefModeBasis: describes the basis for determining the oringin of distance measurements for a particular stationing
method.1) Unknown 2)Arbitrary 3) 3D projected 4) 3D Slack chain 5) 3D Geoid 6)2D Projected

Arbitrary : Mile posts or above ground markers.
3d projected distance: Distance = Square root((X1-X2)2 +(Y1-Y2)2+(Z1-Z22)2)
3d slack chain: distance calculations by draping a metal chain on the earths surface.
3d Geoid: distance calculations by standard survey triangulation method using great circle.
2d projected: Distance = Square root((X1-X2)2 +(Y1-Y2)2)
gnRefModeType: stores coded values that determine how the stationseries features in each reference mode behave during a

Uninterrupted: cannot split into multiple station series features during a reroute operation, station equations are
not introduced. Interrupted: can be split into multiple station series, station equations can be introduced.

Adjustable: Station values may be recalculated downstream of a reroute.
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Not Adjustable: station values may not be recalculated downstream of reroute.

1) Uninterrupted and Adjustable (continuous): any addition, such as a re-route or a extension to the geometry of the
station series increases overall stationed length of the lineloop. (PODS continuous measure)

Criginal Linaloop

=00 10.0 40,0 50.0=
= = = &
iy
Re-Route 'ﬂ
=00 100 (@) ) ann 50 0=
EB5—a & &
=
I |{— A re-foube i added Trom stalion
peint A=2000 and B=30.00. 10

Resulting Lineloop

addibenal skabon unks ans
adued to the Linaloop length

+0.0 10.0 200 400 500 a0.0-
& =
250 50
Extension(s) ﬂ
= T4 2L B L =L HLL U=
E =} & 2 -
An extension is added to the bagin of
the linedoop 227 o An EklEnSion is adasd 1o

Resulting Lineloop

+-50 +00 100
B— =

the and of tha linelcog:

2010 400 =00 0.0 650

{5} e H

5.0 =X

The Uninferrupted and Adiustabie Reference Mode
maintains & sing'e station seres feature for the
entire lineloop. Any addition, such as a re-route or
& extension to the geomefry of the station senes
increases the overall sfationed length of the
ineloop. increases jn station value are always
cascaded down stream with the exceplion of an
extension to the beginning of the lineloop (7).

(1) A 20 foot re-route segment is aaded o the line
starting at the point with station value 20 (2) and
ending af the point with stafion value 30 (b). The
anginal 10 foot segment of the linefoop is removed.
Since an additional 10 feet were added fo the
lingloop the overall stafion value of the downsiream
(upsfation) conlrol points are increasaed by 10
station units.

(2} Two 5 statfon unit segments are added to the
lingloop: one bhefore the lineloop and one after. The
segment added fo the beginning of the fneloop
does pof cascade the addiffanal fength
downsfream. The segment added to the end of the
ineloop adds additional station unitiength to the
lingloop.

MNOTE: Both re-roufes did not alfer the fact that the
a single stafion senes record is used along the
entire length of the ineloop using Uninferrupted

and Adjustable stationing. JMICS
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Class level Metadata : Reference mode

» 2)Uninterrupted and Not-adjustable (Mile post)

Original Lineloop

0 10.0 200 300 400 S0 0=
@ @ @ S @ @
e
Re-Route €
=00 10.0 ) b 400 50,0
= = - o =)
| I{ A re-route is added from stabian
! peint A=2000 and B=30,00. Mo
- . additional station wnits are
Re E-LJHIF‘Ig Llnelnup added %o the Linesloop kength
“00 10.0 20.0 30.0 400 50 0=
= & & &
5 25
Extension(s) €
=00 100 200 30.0 400 o0 0=+
= = o3
An pxbension is added to the begin of An exbension is
the linslaap ;= added o e snd o4
) . <24 i the linaleop.
Resulting Lineloap
=50 04 100 20.0 30.0 400 E00 550==
EB—s = I I & E—E
225 Zr5

The Uninferrupted and Nol-Adfusfabie Reference
Mode mainifains & single siation series feature for
the enfire fneloop. Any addifion, such as a re-roufe
ar a extension, fo the geomelny of the station seres
increases the overall statfioned length of the
lineloop but does not alfer the existing stafion
values for the lineloop.

(1) A 20 foof re-route segment is added fo the line
Slaming at the point with stalfon value 20 (a) and
ending ar fhe paint with stafion value 30 (b). The
oniginal 10 feot segment of the lineloop is removed.
The station values of the newly added control
points are interpolated relalive to the position of the
preceeding and following control poinis.

(21 Two & station unit segments are added fo (he
lineloop: ane befora the ineloop and one affar. The
segment added fo the beginning of the lineloop
does nof cascade the additional fength
downstream. The segmeni added to the end of the
linelonp adds additional station unif length ta the
lineloop.

NOTE: Both re-routes did not alter the fact that the
a single station seres record Is used along the
entire length of the lineloop using Uninterrupted
and Not-Adjusted stafioning.
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» 3J)interrupted and adjustable (Valve Section (valve + offset)

The Interrupted and Adjustable Reference Mode
Original Lineloop maintains multiple station seres fealturesin a
single lineloop. Any addition to the lineloop creates

0.0 100 400 50.0- ) )
® & & = a new stalion series feature. The break between
—Doommon the two station senes features within the lineloop is
called a Statfon Equation. When a new equation is
Re-Route @ introduced to the lineloop the new geometry is
“0.0 10.0 ,_g_‘; l_:- 400 50.0-> factored into the onginal geometry and the station
® & 5 : . & values for the resulting geometry are updated
1 A re-roule is added from station downstream until the next station equation is met.
POInt A=2L00 and B20.00. 10 (1) A 20 foot re-route segment is added to the line
REEUmng LII"IE"DDP added to the Lineloap length, starting at the point with station value 20 fﬂl} ana
ending at the point with station value 30 (b). The
‘:_{&':' 120 200 400 5%5 EUEQJ_} onginal 10 foot segment of the lineloop is removed.
= F200 Since an additional 10 feet were added to the
@
lineloop the owverall station value of the downstream
50 350 (Upstation) control points are increased by 170
Extension(s) e station units.
S _ oy U - - (2) In this scenario the opearator has the oplion of
i) &) = @4 extending the lengths of the red and blue stafion
An extension is added to the begin of An extension is added to seres using the new 5 unit sagmanrs_. The operator
the linalsop. n the end of the linekep. Caft choose to create new station sefies aswell
Resulting Line! 250 350 which is shown in this example (pink, green).
esulting Lineloop NOTE: The re-route added additional station series
':','5';0 1&0 20,0 400 500 60.0=> 50= features to the lineloop. The five station sernes
{_%30 P = 3 = e belong to the lineloop since they are connecied
L _@ . . .
5] from end-paint to end-point along the entire length
50 - 0D

280 250 of the iineloop.
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4)Interrupted and Not adjustable (Engineering)

Original Lineloop

“0.0 100 200 300 400 50.0=
s
Re-Route 0
£0.0 100 @) () 400 50,0
(@ & & &
J «fi— A re-route is added from
I 1 staton point A=20.00 and

Resulting Lineloop

B=30.00 Mo additional station
units are added to the Lineloop

length
“0.0 10,0 200 200 300 40.0=
@ ® €00 _ u
"~@<00
Extension(s) 9 5.0 150
=0.0 100 200 00 0.0 40.0-
{03 et (g {8 { ey
=
, _ @200 4
An extension s ;dded to the begin of An catrnclonde
the linalsop 0 added to the end of
Resulting Lineloop e nciop
£0.0 10.0 200 20.0 30.0 400~ 5.0
& £00 & {—@
«10.0 @<200 e
]
&0.0
o2 50 15.0

The interrupted and Not-Adjustable Reference
Mode maintains multiple station senes features for
a single lineloop. Any addition, such as a re-route
or a extension to lineloop creates a new station
senes feature. The break befween the two station
senes features within the lineloop is called a
Station Equation. When a new equalion is
introduced to the lineloop the new re-route or
extension geometry creates a new station seres
featura.

(1) A 20 foot re-route segment is added to the line
starting at the point with station value 20 (a) and
ending at the point with station value 30 (b). The
onginal 10 foot segment of the lineloop is removed.
The station values of the newly added controf
points are interpolated relative to the position of the
preceeding and following control points.

(2) Two 5 station unit segments are added to the
lineloop: one befare the lineloop and one affer. The
seyment auued (v e deyginmrng of the lineloop
does not cascade the adedffional length
downstream. The segment added o the end of the
lineloop adds additional station unit length to the
lineloop.

NOTE: The re-roufe added addifional stalion series
features to the lingloop. The five station senes
belong to the lineloop since they are connected
from end-point to end-point along the entire length
of the lineloop.
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»APDM Class: this class stores metadata describing the abstract class type of each object and
feature class in the APDM schema. This table will provide a permanent repository for this
information.
»APDM class is having relationship with CPonlinelocation, Removedpoint, Removedline
of 1:M
»APDM offline class can have multiple online location classes associated with it, an online location
class can only be associated with one parent APDM offline class.
» APDM class types: 1)APDM object 2)Centerlineobject 3)NonFacilityObject 4)Centerlinepolyline
5)CenterlinePolylineEvent 6)CenterlinePoint 7)OfflineFeature 8)Offlienepoint 9)OfflineFacility 10)
OfflinePointFacility 11)OfflineNonPointFacility 12)OnlineFeature 13)OnlinePolyline
14)OnlinePolylineForOfflieneFeature 15)Onlinepoint
16)OnlinepointforOfflinefeature 17)OnlineFacility 18)OnlinePolylineFacility 19)OnlinepointFacility
20)Fitting 21)Audit
Metadata: OnlinelocationClass

Onlinelocation class stores the class eventid for the offline and online classes involved in an offline
and online location relationship. Onlinelocationclass is having relationship with

APDMA class origin class. APDM offline class can have multiple online location classes
associated with it, an online location classes can only be associated with one parent APDM offline
class. The offline class must inherit from the offline feature or offlinefacility or their descendants. The
online class must inherit from either the onlinepolylineforofflinefeature or onlinepointforofflinefeature
APDM abstract classes. Gnonlinelocationmechanism attribute indicates how the location of the
‘online location’ feature is derived from the offline feature.
ClosestPoint: the closest point on a centerline from an offline point or polygon
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ClosestPoint: (Point to Point)

| offlinePoint | OnlinePointFaroffiinefeature |

Main Line 1

The offiine paint l | | |
(red dot) creates / Iy

four online point T T

o E:;ngﬁ;gj;’ﬁng ' OfflinePointFC @ .|| | offlinePointLocation [
.. theclosest points 1 Record | |4 Records .- |
. on & Lineloop [
) within a specified
tolerance.

Man Line 2~

Interconnect

© The Offine Point Feature Class (FC) (inhenting from
OfflinePoint) has a 1. M relationship with the
OffinePointLocation Feature Class (inheniting from
OnlinePointForOfflineFeature). One OffiinePointFC feature
creates four OffinePointLocation features using the
‘ClosestPoint’ online location mechanism.

2
This diagram shows 4
distinct Lineloops — two
main lines, ohe interconnect
and & branch line. Each
Lineloop has one or more
Primary Reference Mode
sfation series features.

ClosestPoint - The closest point on a centerline from an offline point
or polygon.
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Class level Metadata : onlinelocationmechanism

ClosestPoint: (Polygon to Point)

OfflineFeature OnlinePointForOfflineFeature

ain Line 1—_ The offline |
- polygon (green) /\
Man Line 2~ point creales four " l ‘ ' ’ "
m::ﬂi{;;ﬁ:r?:}’an OfflinePolygonFC offlinePolygonLocation [~
deS}. The onling 1 Record | £ Records -
point lacations | I
represent the ) _ -
closest points on @ The OfflinePolygonFC Feature Class (inheriting from
a Lineloop from OffineFeature) has 3 1._M relationship with the
the closest edges OffiineFPolygonLocation Fealure Class (inheriting from
(red dots) of the OnlinePointForOfflineFeature). One OffinePolygonFC feature
polygon within a creates four OffineFPolygonLocation features using the
This diagram shows 4 specified ‘ClosestPoint’ online location mechanism.
telerance.

distinct Lineloops — iwo
main lines, ane inferconnect
and a hranch line. Each
Lineloop has one or more
Pnimary Reference Mode
station seres fealures.

ClosestPoint - The closest point on a centerline from an offline point
or polygon.
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Class level Metadata : onlinelocationmechanism

Distance Azimuth: (Point to Point)

Main Line 1- OfflinePoint OnlinePointForOfflineFeature
Main Line 2 | The
, OffsetAnglo=50.0° OffsetDistance ;o\
7 OffsetDistance=817.4 feet
. OffsetAngle
OfflinePointFC 9 aﬁnhufesi OfflinePointLocation .1
| descibe the
T ) . 1 Record | jocation of ihe 4 Records
OfflineFoniFC
" The offline point (red dot) feature.
() creates four online point
locations (cyan dots) LC ]
representing the closest The Offline Point Feature Class (FC) (inhenting from CffiinePoint)
o o points on a Lineloop within -~ has a 1..M relationship with the OffineFointLocation Feature Class
This diagram shows 4 a specified tolerance. (inhenting from OnlinePointForOfflineFeature). One OfflinePointFC

distinct Lineloops — two
main lines, one interconnect
and & branch line. Each

feature is located by a four OffiineFointLocation features using the

‘Distance Azimuth' online location mechanism. Each feature has a
different OffsetDistance and OffsetAngle values.

Lineloop has one or more

Fiimary Reference Mode DistanceAzimuth - the online point, angle amli distance used tlij locate a
station series fealures. offline feature and vice versa.
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Buffer Intersection: (Point)

OfflinePoint OnlinePolyineForOffineFeature
The ciffline paint fred dot) |

is buffered lo a specific
distance. The infersection £y Pt
of the buffer and a station 1 | .
sefias belonging o a

@ Lineloop creates wo | OfflinePointFC .u IntersectLocations “J\ E|
Online Palyline Locations. |1 Record | 2 Records |

Main Line 1-—__

Main Line 2~

Irterconnect

Foint feature buffer ’

Offitre Paint Feature O The Offiine Paint Feature Class (FC) (inhenting from
f OffiinePoint) has a 1..M relationship with the
Infersectl ocations Feature Class (inhenting from
Online Polyiine Lecations  OMinePolylineForOffineFeature). One OfflinePointFC feature
creafes two Intesectlocations features using the
‘Bufferintersection’ online location mechanism.

This diagram shows 4 distinct Lineloops - fwo

main fines, ane interconnect and a branch
line. Each Lineloop has one or more Primary

Reference Mode station senes features.

Bufferintersection - The intersection of the centerline with a
buffer derived from an offline point, polygon or palyline.

EcoNomics
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Class level Metadata : onlinelocationmechanism

Main Line 1-
\_

Main Line 2—_

Interconnect

Q

Polygon Intersection

The offline polygon
(green) is crossed by
one or more Lineloops.
The intersection polygon
and the station series
belonging to the
Lineloops creates six
Online Palyline
Locations.

Offline Polygon Feature
Online Polviine Locations

This diagram shows 4 distinct Lineloops — two

main lines. one interconnect and a branch
line. Each Lineloop has one or more Primary

Refarence Mode station senes features.

OfflineFeature

OnlinePolyiineForOfflineFeature

v/’ ",‘

)

A'v A\
/

—_—

OfflinePolygonFC JJJ }

IntersectLocations “J\ [+

1Record . ]

6 Records _

- .’7,

© The CffinePolygonFC Feature Class (inheriting from
UmineFeature) has a 1..vi refatonsnip win tne
IntersectlLocations Feature Class (inhenting from
OnlinePolylineForOffineFeature). One OfflinePolygonFC
feature creates six IntersectLocation features using the
‘Folygonintersection’ online location mechanism.

Polygonintersection - The intersection of an offline polygon and

the centerline.

EcoNomics
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Class level Metadata : onlinelocationmechanism

Point Intersection

MamLI'le1-u_____h_

Fai i —
ainLine 2 s

The offiine polyline (red/
black) crosses over three
Lineloops. The

O intersection of the polyline
and thestafion seres
belonging to the
Lineloops creates three
Online Point Locations,

Inferconnect —

Cnhine Point Localions
Offine Polvoon Fealure

Q
This diagram shows 4 distinct Lineloops — two
main ines, one inferconnect and a branch
line. Each Lineloop has one or more Primary
Reference Mode station senes feaiures.

OfflineFeature nlinePointForofMiineFeature

™

| OfflinePolyline *E IntersectLocations @ |_]|

| 1 Record : | & Records e |

O The Ol Pulylinee Fealure Slass gifrenlinyg fvrn
OffineFeature) has a 1..M relationship with the
IntersectLocations Feature Class (inhenting from
OnlinePointForOfflineFeature). One OfffinePolyiine feature

creates three IntersectLocation features using the
‘Pointintersection' online location mechanism.

Pointintersection - The intersection of an offline polyline and

the centerline.

EcoNomics
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Class level Metadata : onlinelocationmechanism

Polyline Easement

‘ OfflineFeature OnlinePointForOffiineFeature

Main Line 1

"-u___H
Main Line 2

% —_

The offiine polyline (red/black)

crosses over ihree Lineloops al | offlinePolyline '\h PolylineEasements

the red dots. If the offiine ! L4 ]| | Poly NN L‘—"]|
|1 Record ; |3 Records

~ polyline is buffered to either side o
of the point of intersection with [

i’:e S sefies belongingto & he OffinePolyline Feature Class (inheriting from
e Linalnaps three online UmineFeature) nas & 1.V relanonsnip wim e
polyline locations are created. PolylineEasements Feature Class (inhenting from
OnlinePolylineForCifineFeature). One OffineFolyline
ij'nc:gﬁ w“ﬂff;“;: rt?gjﬂfﬂ’ﬁ feature creates three PolylineEasement features using the
FolylineEasement’ online focation mechanism.

Interconnect

ol
2ranch
Lne

Q
This diagram shows 4 distinct Lineioops — two

main lines, ane interconnect and a branch . . ,
line. Each Lineloop has one or more Primary PolylineEasement - The easement calculated from either side

Pafarance Mode stalion series fealisres. of the intersection point of an offline polyline and the centerline.

EcoNomics
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Class level Metadata : onlinelocationmechanism

Point Easement

OnlinePoint | OnlinePolyline
Main Line 1 The online paint (red) . ||
Man Line 2—_ has an easement to
other side of the point l . { [
 along the Lineloop and .
Interconnect station series feature | OnlinePointFC e | OnlinePLEasement ", E|
- the point is location on. |1 Record | |1 Record . |
onine Point One Online Polyline ‘ f
Onilne Polyine Location as _ _ _ -
Feature (Locaticn)  represented by the © The OnlinePointFC Feature Class (inherting from
easement of the point OnlinePoint) has a 1._M relationship with the
is created. OnlinePLEasement Feaiure Class (inhenting from

OnlinePalyling). One OnlinePoint~C feature creates one
OnlinePLEasement feature using the ‘PointEasement’ onfine
location mechanism.

a)
This diagram shows 4 distinct Lineloops — two
main lines, one interconnect and a branch
line. Each Lineloop has one or more Primary
Reference Mode station series fealures.

PointEasement - The creation of a online polyline representing
the easement to either side of a online point feature along the
centarline.

EcoNomics
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Class level Metadata : onlinelocationmechanism

Polyline End point

| OnilinePalyline | | OnlinePoaint |

] |

Ml Line 1 -

.
e

The online poiviine
(green line) generates -

two online point location | ,

ererect , O features (red dots), one | OnlinePolylineFC 3\, [ | EndPoints Y]
at each end point of the 1 Record |2 Records |
online pofyline. | ' I[
_ _ @ The OnlinePolyineFC Feature Class (inhenting from
Qinking Poind Localions OnlinePolyline) has a 1..M relationship with the EndPaint
Feature Class (inhenting from OnlinePoint). One
OnlinePoalylineFC feature creates two EnadPoint features
using the ‘PolylineEndPoint’ online location mechanism.

Main Line 2 —

Orline Fabdine Feafure

Q
This diagram shows 4 distinct Lineloops — fwo
main lines, one interconnect and a branch
line. Each Lineloop has one or more Primary
Reference Mode station series feaiures.

PolylineEndpeint - The creation of online point location features
at either or both ends of 2 online polyline feature

EcoNomics
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Class level Metadata : onlinelocationmechanism

Polyline Centerpoint

OnlinePolyline | OnlinePoint
Main Linge 1 | |
Man Line 2 The online polyiine (green
line) creates a online point
location feature af the l , [
ot O stationed midpoint ofthe | OnlinePolylineFC I, (|| | Centerpoint e
polyline. 1 Record ' |1 Record _ |

[
Linine Foinl Location | [

Onling Polyine Fealfure ) ) ) o
@ The OnlineFPolylineFC Feature Class (inhenting from

OnlinePolyline) has a 1..M relationship with the Centerpoint
Feature Class (inherting from Online Point). One
OnlinePolylineFC feature creates one Centerpoint feature
using the ‘PolylineCenterpoint” online location mechanism.

2]
This diagram shows 4 distinct Lineioops — fwo
main kines, ong interconnect and a branch
line. Each Lineloop has one or more Primary
Reference Mode station senes features.

PolylineCenterpoint - The creation of a online point location
feature at the stationing midpoint of 2 online polyline feature

EcoNomics
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Class level Metadata : onlinelocationmechanism

Aggregate point

The average stafion
value of a collection OnlinePoint OnlinePoint
of online points (red 1 |

dots) are used to
create and locate a F
© online point location T

Main Line 1-
\,

Main Line 2 __

N foaturs. OnlinePointFC ®[:] Centerpoint O]
»
Online Point Location 8 Records | {1 Record
Oniine Paint ‘
Features © The CniinePoint=C Feature Cilass (inhenting from
%4 onmiineroIny has a vi.. 1 rerainonsnip with tne Centerpoint
Feature Class (inhenting from Online Point). Eight different
8[?:5” OnlinePointFC features creates one Centerpoint feature

using the ‘AggregatePoint online location mechanism.

Q

This alagram stiows 4 distint Linelaops — twa AggregatePoint - The creation of a online point location feature
main lines, one interconnect and a branch

line. Each Lineloop has one or more Primary representing the average or mean stattofn va_lue fOl'. a selected
Reference Mode station series fealures. or grouped set of online point features

EcoNomics
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Class level Metadata: onlinelocationmechanism

Aggregate polyline

OnlinePolyline | OnlinePoint
: 2 - |
| | | 3 Fay A
e e e e S E l | l
OnlinePolylineFC MergedSegment
Resulting Online Polyline Location | v N B | = = IJ._EH
|3 Records or 4 Records | | 1 Record |
= |
Main Line | @ The OnlinePolylineFC Feature Class (inheriting from

OnlinePolyline) has a M_ 1 relationship with the
MergedSegmernt Feature Class (inheriting from
OnlinePolyiine). Depending on the scenano, a set of
OnlinePolyline FC features creates one MergedSegment
feature using the ‘AggregateFolyline oniine location

O The resulting Oniine Polyline Location (orange ling)
can be created from both Scenano 1 & 2. Scenario 1is
a set of overapping segments which are mergedinto a
single segment Scenario 2is & set of segments
connected at the end points which are merged into a

single segment mechanism.
9
;ﬂ;ﬁg?ﬂﬂﬂ:ﬂ;mzﬂﬁ i‘.:f:,f:p‘;s AggregatePclyline - The creation of a online polyline location
' . ‘ , feature representing the aggregation of twe or more online

only one Primary Reference Mode station

series feafure polyline features
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Featurelevel-Metadata. stores information that defines the behaviour of individual features within a feature class. Because
feature-level metadata affects individual features, these metadata elements can be stored with the features themselves.

1)Online event feature-level metadata attributes 2)Controlpoint feature-level metadata attributes

Online Events: two feature-level metadata attributes define the behaviour of online event features during the centerline
edits: a)CLEditResponse b)CLValidityTolerence

1.a) CLEditResponse: describes how the location of a stationed feature responds to a centerline edit. It contains coded
values that determine how the position of an online feature is calculated in response to a centerline edit that changes
the shape of centerline or alters the station values of Controlpoint features in the vicinity of the affected feature.

1l.a.1) Relative:

EcoNomics
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The location of a OnlineFeature is determined solely by station
value (point) and station values (polyline). If the centerline moves
(one or more control points comprising the underlying PRM station
series coordinate position is altered), the event moves with it. If
station values on the nearest surrounding ControlPoint feature(s)
are altered, the position of the event slides up or down the
centerline relative to the start of the station series and surrounding
control points accordingly. OnlineFeatures are essentially events
where the only source data for positioning is stationing. This kind
of positional behavior is the default for OnlineFeatures.

& 5@ 75 1@0 Station Series A @15

iy <l Relative position
a - Three control points are located on a single PRM station series (A)

A single point OnlineFeature with a CLEdtResponse = 1 is Jocated al
station value 7.5 which places it ¥ way between the control points with
station value 5 and 10 respectively.

Halion
® @ @ Series A@
L » CLEMR esponse »
TRelavve

b - Changing the station value of the OnlineFeature point from 7.5to 12
moves the point down the centerline. The new position of the
OnlineFeature point will be interpolated in between the middle and right-

most conlrol points
5 214 Stetion )8
e @ . @ Series /\@
TRres P CLEsfespome =
1 Relative

¢ - Changing the station value of the middie ControlPoint from 10 to 14
will cause the OnlineFeature point o move back up the centerline. The
new position of the OnlineFeature point will be interpolated in between
the left-most and middle control points.

5 15

d - Changing the coordinates of the middle control point will change the
coordinate location of all OnlineFeatures located in between the control
points to either side although they will retain their relative position.

Feature level Metadata attributes: Online events

The location of an OnlineFeature must fall on the centerline, but its
position is determined by its proportional distances from the nearest
surrounding ControlPoint features. If the position of either
ControlPoint changes the centerline then the OnlineFeature moves
with it. The OnlineFeature’s proportional distances from the nearest
surrounding ControlPoint features remain constant. If the station
value(s) of the nearest surrounding ControlPoint features change, the
station value(s) of the OnlineFeature changes accordingly, but its
proportional distances from the nearest surrounding ControlPoint
features remain constant. One use for ‘Proportional’ OnlineFeatures
is when data is captured from originally non-stationed systems, or
from systems where stationing was unclear or missing on source
documents. Properly setting ControlPoint station values may require
extensive adjustment. Setting OnlineFeatures to ‘Proportional’ will
keep them in position without sliding up and down the centerline as
ControlPoint station values are altered. If the ControlPoint coordinate
positions change then the 'Proportional’ features will move in unison

with the centerline. : ra
. 5@.. g .3 FI&\(FfE?gsortlonal position
‘:Lg-ainr:nmn =’ >

a - Three control points are jocated on a single PRM station series (A). A single
point OnlineFeature with a CLEditResponse = 2 is localed at station value 7.5
which places it & way between the control points with station value 5 and 10
respectively. s
°5 2 475 10 gupon 15
CLEMR esponse j w
2-Proporvonal

b — The posttion of the middie control point is shifted downstream (1). The position
of the OnlineFeature point is shifted (2) so that it maintains it's geometric distance
of % beltween control point 5 and 10.

-

5 o5 14 18
o & L 4 @ ©

Serres A
CLESIReuponse =
2 nal
¢ ~ The station value of the middle control point is updated from 10 to 14. The
coordinate position of the OnlineFealure point is maintained but the station value
of the point is re-calculated to % of the station value between that of conlrol point
S5and 14=95 5 15
o sness ) sess g 0.

Senes A

d - Changing the coordinates of the middle control point will change the L.
coordinate location of all ‘Proportional’ OnlineFeatures located in between the EcoNomics
control points to either side although they will retain their proportional posdion
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Absolute: The location of an event is determined solely by its X/Y position. If the centerline moves,
the event location remains unchanged, even if that means the event no longer falls on the centerline.

CLValidityTolerance

¢ - In this scenanio the position of the middie control point (10.0,11.25) is

dramatically altered. For each control point in the station sernes with the

CLEdItResponse=Absolute a check must be made lo determine if the newly
150. 225 calculated position based on the station value for that control point is within the

! CLValidityTolerance for that fealure. Remembering that the

: CLValidityTolerance for the second and fourth control points is 15 meters (%

13.25,17.0 the DEM pixel width or height).

Given a station value of 8.0 for the second control point the new position is
calculated to be grealer than 15 meters away from the cumrent position before
D a1 the geometry of the station series . The second control point is removed from
o matve sion  the station series. Given a station value of 13 25 for the fourth control point the
T, new position is calculated o be less than 15 meters away from the current
position before the geomelry of the station series was altered. The fourth
controf point still participates in the station series maintaining it's oniginal station
and elevation values. Note that if the fourth control point was moved info the
cell (15) below the original cell (17) then the new elevation value would be

assgned.

Cvstancs > 15m Tre
poInt & nol moved
e hew posdon when
q&r‘,:\'.'q 1 Aowp
0w Bl o0 valie

)
100115
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» There are four attributes: 1)CLXYEditResponse 2)CLStationEditResponse

3)CLZEditResponse 4)CLControl. These attributes are defined in the CenterlinePoint APDM

Abstract class.

»The controlPoint metadata attributes come into play during centerline edit operations that

change the locations or station values of ControlPoint features.

»Reroute behavior is governed by class-level reference mode.

»The behaviour of online features during centerline edit operations is governed according to
their CLEditResponse codes and CLValidity Tolerance values.

»Fixed distance and fixed deflection may be thought of as less restrictive subsets of fixed

geometry. These may both be applied to individual control points.

»Fixed geometry must be applied to two or more contiguous control points.

»The above two properties are useful for adjusting as-built survey traverse.

»EX: auser can stretch a traverse in such a way that all deflection angles are preserved, but the

distances between control points are increased and wise versa.

1 1 7
1 = Assigned o S5 10 153 20
5 10 15
0 & £3 &)
CLXYEdURespons: j
Assigned
5 15
O
Y
10
The X/Y position of the ConiralPoint may be . o
ool adustos Thouser cansssgn XY | (1000 oSt ol ot eorte
04 , = ‘ > , ‘
il o e ik can be applied to a single conirof point

if desired. EcoNomics
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CLXYEditResponse

ControlPoint :Feature level Metadata attributes

2 = Fixed Distance

o &—s ﬂ‘.A?—S —3

CLXTETSaSD0 TG
= Fixed Distance

XY Ent R vin
= Fixed (Nstance

Vaie ihe JaMecban Snpe
ehanpes i O i ~33°
1

13

For Fived Distance, a coniral point can be
moved, but the distances o the surrounding
eontrol points must held eonstant. The
deflecfion angle at the confral point in
queston can vary, though. Fixed Drslance
can be apphed to & single contrel point or a
aroup of fwo ar more adjacent caonfrofl points
a - The two nght-rmost conlrol points have
Tixed distances’ fo ther neighbors.

b - Maoving fhe middle cantral point farces
the mave of the right conlral paint,

3 Fixed Deflection

Ceticton Anpies

CLXYEIMRaspanss
= Fixed Deflection
© o

97

conird
pont sz

18 0, 72  movea
5\ -~ Datleason
CLXYEQIRaspanso amoks are
' Fixed Deflection mgiraned

With Fixed Deflection, a control point can be
moved, but the deflection angle at the
control point relative to swrounding control
points mustremain constant. Fixed
deflection alows the preceding and following
contral paints ta be transfated in or out (in
terms of distance from the Fixed Deflection
control point). Fixed Deflection can be
appled toa single ControlFPoint or a group of
two or mare adjacent ControlPoints.

a — The middle control point (45) is fixed ata
08 angle to the proceeding (18) and
following {72) control points

b — The folfowing control point (72) is moved
causing the middie (45) and proceeding (18)
control points to likewise shift position in
order fo maintain the 65 degree angle
belwaer control points 15-45 and 45-/2.

4 = Fixed Geomelry
0 S 10 15 20
o a0
CLXYEdRRaspanse
= Fixad Geometry
CLXYEIRRaspanse
« Fixed Gecmetry
AMust move
T 15 20

¥,

— Cuumutne dstance batween
conve) powr s it i o o

Fixed Geometry’ aliows a group of adjacent control points 1o be
treated as a single unit for X/Y transfations. The ‘Fixed
Geometry’ control point can be moved, but only as a unit with
the surrounding conirel point features.

a - The controi point belongs to a segment of the cenierline with
& fixed shape, the segment can be moved, but the segmen('s
shape is constant. “Fixed Geometry” musi be appiied to two or
meore adjacent control point features to be meaningful.

b — When either conlbrol point 5 or 10 are moved the other ‘Fixed
Geomelry’ control point must iikeviise transiate. The geometric
distance between the coniral points remains equidistant before
and afier the move.

Note: Fixed geomety is used for data retrieved from old as-buift
drawings where the position of control points relative to each
other is well known, although the absolute location may not be,

EcoNomics




WorleyParsons

resources & energy

CLStationEditResponse

ControlPoint :Feature level Metadata attributes

5 = Fixed Inline
CLXYEditResponse 5

o J 20

CLYYEAINRpgpenty
= Fixed Iniine

Onthctonamgle g
mantanad alwi moe

CLNYEd tRaspansy
=Fixed Irnfine

The 'Fixed Inline’ controf point can be
moved, but it must alvays be inline with
surrounding control poinis.

a - The deflection angle between contol
points 5-10-15 must remain 0° to either side
of the fixed inline control point {10) since the|
veracity of it's coordinate pasiion has been
determined by GPS. “Fixed Infine” is a
special case of “‘Fixed Deflfection” where the
deflection angie must be 0°

b — Moving the middle control point (10)
forces the move of the preceding (5) and
following (15) control points.

Note: Fixed Inline addresses the concermn
regarding maintaining a contrcl poini at a
spot that has been located precisely by a
GPS and is surrounded by control points
representing P.1.s (Foints of Inflecticn).

1 = Assigned

5 Station Value = 7.5 0
o ® & @

5 Station Value 5< =10

° B & ~a

a — The station value for the conlrol point
may be freely adjusted within the station
range of the surrounding control points. The
station value of the control point in example
(a) located at 7.5 can be altered fo any value
greater than 5 and less than 10 (the siation
value of the proceeding and following controf

poinis)

5 = Fixed

CLStationEDtReasponsa

875 =T

@
1000

CL SationE DR e porre =
6 Fixed

The station value for the control point is fixed
and may not be altered. This is the most
commeon and default value for the confrof
point CLStationEditResponse atfribute.

4 = Interpolated

CLSabonELesponss
= SFued or 1 J"\.'.'.I';'Ilr‘-j
olaion Yas
"| Flerpolaled = 1.35
I i

2
ClLatasonELER#SpOn e
d-interpolated

LL Stabong Dtk ésponG &

SFimdd or 1-Asgigried
The station value for the control point (a) is
interpolated linearly between surrounding
control points that have
CLStationEditResponse set fo 'Fixed or
‘Assigned’. For example, in a milepost style
of reference mode, the value of
Interpolated” would be appied fo an
intermediate (a) contrel point situated
between control points associated with
actual mileposts (b).

EcoNomics
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3 = Offset Upstream '
ps 2 = Offset Downstream
SRR G
CLStationELMRe spanse Trom e e -

5 Fisdor 1-Aamione ge0 & vele — e

5 10 15 .-:J.I'_;:.rl Walue 15 sab o marys

- a 5 from downsiream Ened

o "————V_———-"
CLStabonEDIR ésponge =
3-Offset Upstream
CLSaticAEDItReEpants =
S-Fmd or 1-Assagnad

J@ @10 @1?'
o1®; @}:IU _____,@ )

Offsef upskream is exactly the same as
Offset downstream except the direction of
the offset is different. The folfowing example
shows the offset skipping an intermediate
control point.

a - The station value of the right-most control
point is sel relative and consfant to the
closest upstream (down station) control point
that has has a CL StationEditResponse of
either ‘Fived' or 'Assigned’ (in this case the
left-most control point).

b - If the station value of the fixed (left-most)
control point is updated from 5 to 7 then the
station value of the relative control point is
likewise updated from 15217,

¢ — Similarly the stalion value of the relative
confrol point (right-most) cannot be fess than
than that of a proceeding (upstream, down-
station or middle) control point. Since the
right-most control point station value is
dependant on the left-most control point
slation value then the lefi-most control point
station value (the fixed control point) cannot
be reduced below 10.1 without violating the
basic rule of stationing monotonicity.

control point giving @ vialius of

5 10 4 15
o® £3 &
LStatiorEDtR esponse =
- 2m-tnml:|-'::m_1
CLStadonEDEResponse =
SFimed oF 1-ASSigred
5 20 —a 25
LYC 3 S
3 A —————a9
(< RC &3 @

a — The station value of the middle control
point is set refative and constant to the first
control point that has has a

CL StationEditResponse of either ‘Fixed' or
‘Assigned’ downsltream (up station)

b - If the station value of the fixed control
point is updated (15-225) then the station
value of the relative conirol point is likewise
updated.

¢ - The station value of the cantrol point
whose siation value is refative (middle
controf poinf) cannof be less than that of a
procesding (upsltream, down-stalion) conlrol
point (5) to maintain station vaiues
menctonicity, Thus, an invalid situation
would occur if the fixed controf poinf (right-
mosl) was changed from from 1510 9. A -§
reduction in station offset applied to the
middie controf point would give it a value ¢4)
which is fess than the left most cantrol point
5],
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CLZEditResponse

ControlPoint :Feature level Metadata attributes

3 = Derived

The elevation of the control point is
derived from a topographic surface, in
this case, a Digital Elevation Model
(DEM).

The numdecs in blue
repreient the slevation of

the controd poerts

30 T 25 = ‘ 0
L CLIEdeResporse
20 . © Assigned

CLZEatRespcnse
« Derived

a ~ If the right-most control point is

moved (b), then the elevation (or Z value)

must be recalkculated against the
topographic surface (20 to 17).

CLIESIR s spon se
“ Derived

4 = Interpolated

The elevation of the control point is
interpolated linearly between surrounding
controf points.

The rumbars in blue

repretent the sleovabon of
he controt ponds

= et

CLIEddRosporse
© Assigned

a - Two ControlPoints are assigned
elevation values. A third control point is
added % in-between the two control
points and the elevation (or Z) value for
the new control point is interpolated (b) to
be % the elevation of the surrounding
ControlPoints = 22.5 regardless of the

underlying topography.

30 -

25 :

T (5~ p—
2520* "@20
£} '
-8
5810 -
-

CLIEGtResporne
© Interpolated

2 = Assigned
The elevation of the ControlPoint may be
freely adjusted.

The numbecs 51 biue
represend (Ne alevabon of
e cortred poirds

CLZEOtResponse
= Assigned

a — Each control point is assigned an
elevation (or 2) value

CLZEGIResponse =
- Assigned

b - The user opts to change the Z value
of the right-most control point from 20 to
9 and the control point is moved on the 2
plane.
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5 = Fixed
O The rumbens in Sue
reprasont the elevation of
e conirol pores
25 25 5

CLIE QR etponae

 Fixed

CLZEAtR esponse
“ Dentved

a — Each ControlPoint is assigned an
elevation (or Z) value. The outer two
controf points have an CLZEdilResponse
of ‘Derived’. The middle ControfPoint is
sel to 'Fixed’

The principal reason for implementing
CLControl is to handle the transition from
traditional surveying methods to modern
differential GPS control in defining the
centerline. Traditionally, the centerline is
represented as a traverse defined by a serie
of Points of Inflection (P.1.'s). P.l.'s are
actually survey artifacts with respect to the
true location of the centerline; the centerline
does not actually pass through P.l.'s. As tims
goes by you can expect to replace P.l. contn
point features with differential GPS control
point features. By setting CLControl to ‘No'
Kou can maintain a P.l. control point for
istorical value, but not allow it to participate
in the construction of station series features.

CLZEditResponse

ControlPoint :Feature level Metadata attributes

The elevation of the control point is fixed and may not be altered

—

Change n
levabon

Elevabo

b~ A DEM is introduced. The left-most
ControlPoint derives a new elevation (25 <
30). The middie ControlPoint stays with a
fixed elevation (25). The right-most
ControlPoint elevation is not altered.

1 = Not Applicable

No
o 5 Change 10
"n
olevation
‘ CLZEdtResponse
= Not Applicable
CLZEMMResponse
= Not Applicable

a - The control point has no elevation value

or elevation is not applicable. Since APDM

supports a two-dimensional model this

becomes the default for control point

elevalion edits because they are not
applicable in this context.

CLControl

CLControl =
Yes

10
° f\ CLConlrr.vli
*Yes

)2)

16 Control point represents & ‘Part of
Inflecton’ or 'PI'. The pont was
5 located relstive 10 the previous
stdioned control poirt (3) using &

dstance (5 R) and angle value
(120°)
a - The ControlPoint represents a Pl that
creates a bend in the centerline and
participates in the creation of the
StationSeries geometry.

CLControl = No
10 r 12

CLConlrol A

*Yes

b — The ControlPoint still belongs to the
StationSeries but is no longer used to
build the geometry of the StationSeries.
The ControlPoint will retain angle
information from the previous and next
ControiPoints.
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These core elements are required to maintain the semantic framework and behavior of the model, particularly with respect
to the centerline and the methodology for applying and using linear referencing along the centerline.

For a particular APDM implementation to be considered complaint, the APDM core classes must be implemented with the
same names, attributes and relationships.

The core class station series implements a one-to-many relationship with all online feature classes.

Beyond the core elements there are no required or mandated elements in the model. End users are free to remove, add,
or modify any of the suggested feature classes and attributes except the core elements to build a model that meets their
business needs.

1)EventID(FeaturelD or GeoEntityID): All feature and object classes must have an attribute named EventID(GUID).this
is a global id for any event that occurred on or along a pipeline system. Be it an online or offline feature. String(38) or
GUID type

Core Object Classes:

2)Activity: Inherited from the object archive->non facilityobject, is object class is used to track regular pipeline activities
and the events that are affected by those activities. Activities conducted on the pipeline that affect one or more events or
features on or along the pipeline. Ex: work orders, inspections, excavations and tests..

Gnactivitytype are: 1) unknown 2) Abandon 3) Approval For Expenditure (AFE) 4) Cathodic Protection Investigation Report 5) Class Location

Verification 6) Close Interval Survey 7)Excavation 8) Hydrostatic Test 9) Inline Pig Run 10) Job Number 11) Leak Report 12) One-call Locate
Ticket 13) Pipe Exposure Inspection 14) Pressure Test 15) Rectifier Reading 16) Shorted Casing Inspection 17) Work Order 18) Work Report

Relationship: 1) Chaild Activity is 1:M with activity hierarchy 2) Parent activity is 1:M with activity hierarchy 3)InspectionRange is M:N with Activity
4)Activity is M:N with External document. 5) Activity is 1:M with Audit.

3)Activity Hierarchy: is object class, Inherited from the APDM object,,

Attributes: ParentActivityEventid, ChildactivityEventid,
Relationship: 1) chaild Activity is 1:M with ActivityHierarchy 2) parent Activity is 1:M with ActivityHierarchy

EcoNomics
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e A | ParentActivityEventlD ChildActivityEventID
o C X s
. C X
C Y
o D ; -
= Z
e B

4) Audit class : Inherited from the Object archive->non facilityobject

Attributes: 1)Activity Date 2)Activity EventlD 3)classEventid

Relationship: 1) Activity is 1:M Audit 2) classname audit is 1:M with Audit 3) <classname> audit is M:N with
Externaldocument.

» description: a 1-M relationship class must exist b/n activity class and audit class. The value of the ActivityEventID is not

required to be populated for each record, The purpose of this mechanism is to relate many features to a single activity via

feature audit class. Ex: a pipe inspection exposes a pipe segment and two valve features. Each of the three features has

an audit record created to signify the inspection and each audit record has the EventlID value of the activity. These related

audit records would then relate to the parent features in the valve and pipe segment tables respectively.

»Technically the <classname> audit object class provides the mechanism that relates features to activities.

The <classname> audit object class mediates what is actually a many to many relationship b/n the the <classname>

object/feature class and activity. a <classname> audit object class must be created for any feature class or object class

within the APDM geodatabase that needs to be associated with activities or external documents.

5)Company : Inherited from the object archive-> non facilityobject

Attributes: 1)Company name 2)Company label 3)Company type 4)Company Owner operator

Relationship: 1) Linecrossing is M:N with Company 2)Company is M:N contact 3)Company is M:N with Address 4)Company is 1:M with meter

reading 5) Company is 1:M with CIS Reading

Description: this object class is designed to store information about any company that owns,operates,services,supplies,repairs, and/or maintains

Any features or events that occur on or along the pipeline system. It has many-to-many relation ship with address and contact. .
Y 9 e pipeiine Sy Y Y P EcoNomics
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gncompanytype: 1)unknown 2) City Government 3) County Government 4) Electric Utility 5) Federal Government 6) Gas Utility 7) Individual 8) Oil and
Gas 9) Pipeline Contractor 10) Pipeline Pigging Company 11) Cathodic Protection Inspection 12) Land Owner 13) Tenant 14) Pipeline Company
Owner 15) State Government 16) Telephone/Communication Utility 17) Water Utility

6)External document: inherited from Nonfacilityobject
Attributes: 1)document description 2)documentype 3)File path 4)Filename(with ext) 5)Hyperlink
Relationship: 1) Externaldocument is 1:M with Geometadata 2) <class hame> Audit is M:N with external document.
3)Activity is M:N with Externaldocument 4)DocumentPoint is M:N with Externaldocument

gnexternaldocumenttype domain: 1) Unknown 2) Adobe Acrobat (*.pdf) 3) ArcMap Document (*.mxd) 4) AutoCad Drawing (*.dwg) 5)
Bitmap (*.bmp) 6) GIF (*.gif) 7) HTML (*.htm) 8) JPEG (*.JPG) 9) Microsoft Word (*.doc) 10) Microstation Design (*.dgn) 11) Text (*.txt) 12) TIFF
(*.tif) 13) URL

Description: this object class stores information describing the location and content of an external file object stored on a disk drive, web folder or
document management system. Purpose is to link features and events with external documentation. Externaldocument object class has many to
many relationship with the documentpoint feature. Externaldocument has a many-to-many relationship with activity. Such that a single document
can provide information about many activities. And a single activity can be associated with many documents.\

7)Lineloop: inherited from centerlineobject.
Attributes: 1) Line name 2) Line function 3)LineJurisdiction
Relationship:1) Lineloop is 1:M with stationseries 2)chaild Lineloop is 1:M with lineloop hierarchy 3) Parent Lineloop is 1:M with lineloop hierarchy
4) Line loop is M:N with ownerOperator 5)Lineloop is M:N with product 6)Lineloop is 1:M with LineloopAudit.

Linefunction domains : 1)Unknown 2)Blowoff 3)Bypass 4)Crossover 5) Design Phase - No Pipe 6) Header (Trunk) 7) Interconnect 8) Lateral 9)
Launcher 10) Kicker 11) Mainline 12) Receiver 13) Storage Line 14) Tap Line 15) Well Line

LineJurisdiction domains: 1)unknown 2) offshore 3)onshore
Description: Lineloop class is designed to store information describing both physical segments of pipe and also their logical groupings.
Most pipeline companies logically group a collection of connected physical line loops(usually with common diameter and other attributes) under a single
line name or line number as a pipeline. In the APDM such a grouping corresponds to a logical line loop.
7)Lineloop Hierarchy: inherited from the APDM object,
Attributes: 1)ParentLineloopEventID 2)ChildLineloopEventID
Relationship: 1)ChildLineLoop is 1:M with LineloopHierarchy 2)ParentLineLoopHierarchy is 1:M with LineloopHierarchy
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| Transmission System Example — Logical View

Transmission System Example — Physical View

B —
° ACME Transmission PL o | ACME Transiiission PL
L eall Linesog 1 el o ————
et »[ ACHE 12" Main | [ "Has Stationseries |
C "
ACME 12" Main _ A7 10" Main B —»| ACME 10" Main
(Fhyacall Lineloop #2 * -_ {P:“"I.:: -'_"':J.'__I i ' —e—{ 10" Main A ! b [ fas StionSeres ]
Lineloop #5 ‘
10" Lateral ' 9[ 10" Main B } ! [ has StationSeries J
i~ (Physical . e e LR
10" Main A - Lineloop #6 »| 10" Lateral | +| has StaticnSeries |
(Fhysiecal) Lineloop #4

D

b - This diagram represents the ACME Transmission Pipeline Company
showing the reiationships between the LineLoop and the
LinelcopHierarchy object classes, Each Lineloop exists as a record in the
Lineloop ohject class. For every parent-child relationship between
Lineloops a record is placed in the LineLoopHierarchy object class. These
refatonsNps are lusrated by he Nerarchy view [aove] and the psenio-
tables showing each individual text line in the box as a record in the class.

ACME 10" Main

(Logical Linekop #3

& = This diagram represents e ACME Transmission Fipelineg Comparty.
The company runs two main lines (ACME 127 and ACME 10°) and ane
lateral pipsfine. Each physical insloop (& parent ineloop with a set of
primary reference mode station seres fealures that form a end-lo-end [
nefwork) belongs o one of more logical ine loops. And wiimately ail
lnefoops belong the the "ACME Transmission FL' parentlineloop. The

] Logecat Linel oog

Proyscal Lvetoop

logical view is presented below, B Reisied StaionSeres
EventlD | LineName | LineType -

1 ACME System Transmission , LimLéop | Enetoopissrcay |

2| ACNE 12 Transmission ST [ —= <O F et 2 e

3 ACME 107 Transmission #3 - ACME 10" Main | ACME Pipeline System, 10" Lateral

. —— #4 - 10" Main A <1 ACME 10" Main, 10" Main A

4 107 Lateral Transmission #5-10" Main B ACME 10" Main, 10" Main B

5 ACME Gathering System | Gathering R v

6 6" Trunk Line Gathering Logical line loops of ACME Transmission PL:

7 4" Gathering Line (Gathering 1) ACME 12’ main

8 Well #1 (Gathering

9 Well #2 (Gathering 2Y ACME 10” Main .

10 | Well#3 Gathering ) EcoNomics
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Gathering System Example — Physical & Logical View

© ACME Gathering System °
I’wat Lingloop #E Well #2
_. (Fhysical)
D ~Lineloop #12

6" Trunk Line

"'"_ (Hrpamal) Linseas #0 'iﬁhll #3
g (Fhesical)

Lingfoop #13
% 4" athering Line

(Physical) Lineloop #10

ACME Pipeline

Wil #
iLogical) Lingloop #7 "= (Physical) Linekbap
g1

* ACME Transmission PL

{Legical) Linebop #1

¢ - This diagram represents the ACME Gathering Syslem. The company runs a
singhe Yunk and gafering ine. There are three well inas thal feed he ather
fwo fines. Each physicalfineloop (a parent lineloop with a sef of primary
reference mode station series fealures thal forrm a end-lo-end nelwork) belongs
fo a single logical LneLoop. The ‘ACWE Gathering System’ Linsloco belongs fo
a new bgical LineLoop: "ACME Pipeine’ which becomes the parent fo the
‘ACME Transrmizsion PL’,

d - This diagram shows the hisrarchy of the 'ACME Gatharing Systam’. With
the exception of the lop ievel Linsloop alf the Lineibops in this system have
related PRIA StationSeres features and thus are consdered physical

Lingloops.

The above Gathering system is having a single logical line loop of ACME gathering system.

ACME Piplne | [ 7] Logual Linsoop
—
| HlEed SLionsanes

| AVE Gatheriog Sysiem
~»] & Trunkline | «[ has StationSeries |
+[ 4" Gatharing Lira | - | hac Statien&sriec |
—+[ Well#1  |-»{ has Stationseries |
~»[  well#2  |-»{ has StationSeries |
»[ Well#5 | +[has StationSeries |
—+| ACME Transmission PL |
|

See Linekop Dhagam ]

LineLoop LineLoopHierarchy
¥l NS v HL WME lmarsmsson FL ALME L2 Man
i1 - AL 2" Mai CME Trarsrmission FL, ACME 107 Main
#3 Iai Fipeling Systam, 107 Lateral
-1 E 107 -'-'| n, 10" Main A
&2 :.: ALME 107 Mam, 107 Mamn B
i _,-*AD-'IEHpehrve, ACME Trar
£7 - N:HE P‘pelm 7| ACME Fpeline, ACME L‘:au'um S-,-stem
#8 - ACME Gathering System ACME Gal:l'lerng Systern, €" Trunk Line
#9 - 6" Trunk Line ACME Gathering Systermn, 4" Gathering Line
#10 - 4" Gathering Lire ACME Gathering Systern, Well #1
#11 - Well #1 =1 ACME Gatherng Systemn, Well £2
#12 - Wall £2 ACME Gathering System | Well 3
#13 - Well £3
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Description: LineloopHierarchy objectclass models relationships between parent and child lineloops and is used to establish a hierarchy of lineloops.
The lineloop hierarchy groups lineloops as sets of lineloops belonging to higher sets of lineloops. Each record in lineloophierarchy stores a parent
and child line loop in the line loop hierarchy.

e (1) ACME System ' ParentLineLoopEventID | ChildLineLoopEventlD

o (2) ACME 12”

o (3) ACME 10” " :
= (4) 10" Lateral 3 4
¢ (5) ACME Gathering System 5 6
o (6) 6” Trunk Line 6 !
= (7)4” Gathering Line A 8
5 (9) Well #2 7 9

o (10) Well #3
= (8) Well #1 ! -

8)OwnerOperator: Inherited from Non facility object

Attributes: 1)OwnerPercentage 2)Owner type 3)

Relationship:1) LineLoop is M:N with OwnerOperator 2)Company is 1:M with OwnerOperator.

Description: Owner operator object class is used to define the percentage ownership and/or operatorship for a Lineloop.
Domains: 1)Unknown 2)OwnerShip 3)Operator 4)Leasee

9)PI’Od UCt: Inherited from Non facility object.

Attributes:1)Product 2)Producttype

Relationship: 1)Lineloop is M:N with Product.

Description: The product object class is used to store information about the types of products carried in the pipeline.

Domains: 1)Unknown 2)Air 3) Crude oil 4) Diesel 5)Gasoline 6) Liquid Natural Gas 7) Liquid Petroleum Gas 8) Natural Gas 9) Nitrogen 10) None 11)
Water 12) Multi-Phase (Bulk)
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10) Subsystem: Inherited form the centerline object.

Relationship: 1) child subsystem is 1:M with SubsystemHierarchy 2)Parent Subsystem is 1:M with SubsystemHierarchy 3)Subsystem is 1:M with
Subsystem range 4)Subsystem is M:N with Site 5) Subsystem is 1:M with subsystem Audit. 6)Subsystem is M:N with contact.

Description: The subsystem object class is used to categorize, organize, and group pipeline segments into logical groupings that may cut across line
loops and station series. Uses: 1)to define organizational boundaries ex: divisions, districts, and operating areas.2) record administrative

boundaries such as taxing districts.3)organize subsystems into hierarchy

A logical subsystem is a grouping of physical subsystems and/or lower level logical subsystems.

_Operations SubSystem Example

Operating Divisions o

(Logical) SubSystem #2

o \ &

District 1
(Physical) SubSystem #5

a - This diagram rapresents the ACME Transmission Pipeline Company and the
Operating Divisions and Districts that are used to arganize the pipeline intc
manageabie units. The pipeline is divided into two divisions (Western and
Eastern). Each division is divided into two districts (District 1, 2 and District 3, 4
respectively. The portion of the centerlne that intersec!s the district boundaries is
used to creale SubSystemrange (SSR) CenterlinePolylineEvent features. The

-
o

..\. ‘
o
v
(Fhiyskal) !

SubSystem w6 i

) it rir
“\g\'eﬂ,"ys Distnict 3
0.\“.‘.‘“ ¥ (Physcal)

crsrmmssssm

logical view is presented below.

SubSysiom 87
»

1

' Operations SubSystem Example — Physical View

District 4
(Physical,

SubSystem

#1 - ACME Transmission PL
#2 - Qperating Divisions
#3 - Westarn Division
#4 - Eastern Dwision
#5 - District 21

SubSystemHierarchy

ACME Transmisson FL, Operating Divisions
1 ACME Transmission FL, Operating Divisions
| Oparatng Divisions, Western Division
Operatng Divisions, Eastem Division
Westarn Division, District £1
| Westermn Division, Destrict #2

—

| Eastern Dvision, District #3

SubSystemRange

SubSysternlange-1

SubSystermRange-2

7 - District #3
#8 - District &4

W 0 LT

Ezstern Division, Distict #4 : i i
- SubSystemiamge-9
| SubSysternfange-10
~] SubSystemnfange-11

e — Thig disgram shows the three SubSyslern objectiealure classes. Each SubSyslerm may
have a parent or child and thal recard is shown in the SubSyslemHierarchy object class, Each
SubSyslem may be a Physical SvbSystem and have one or more SubSysfemRange feafures
demarcaling the range of the SubSystem on the centerline.

SubSysiem &8
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Operations SubSystem Example — Logical View
Q@

| ACME Transmission PL
’ |

“—#|Operating Divisions|

I Weste'n_ Civision |

! | Logcal SunSyston

= ] Pryscal SuhSysem [

Taxation Districts SubSystems

Taxation Districts
(Logical) SubSystem #9

: St Systam Rnags , ° Washington

& - County

b~ This diagram represents the ‘ / . (Physical)

ACME Transmission Pipeline { \ // A SubSystem #11

Company showing the refationships ' Jefferson ——

between the SubSystem and the

SubSystemHerarchy object ——» [Eastem Dwision ! County .

classes. Each SubSystem exists as e (Physical) /7

arecord in the SubSystem object ~+|  Dstrict #3 | s SubSystem o

class. For every parent-child / #10 /

??egg’n: ﬁop?:gde?hnlingsm a — This diagram represents the ACME Trensmission Ppeline Company and

SubSysternobject class. These the Taxation Districts (Counlry Boundaries) used to manage tax burden on

relationships are illustrated by the assefs. The pipelne is divided intc twe counties or taxatlion distncts [Jefferson

; ) and Washnrgton). Lach diebict s a airikd of @ logizal SubSysterr named

irerarcly’ view (Rbove) end e Taxaion District which in turn is a child of the ACME Transmission PL

2 eud_otgt_)lea Mw) showing T Subsystem. The porticn of the centertine that intersects the county boundaries

each individual ine n the box as a ~»|  District #4 | is used to create SubSystem range (SSR) CenterlinePolylineEvent features.

record in the class. Note also the ; =

coler coding showing the Soides

relationships belween the Physical S

SubSystems records and the

related SubSystemRange featuras. n o
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Taxation Districts Example -

SubSystem

Physical View

SubSystemHierarchy

SubSystemRange

Sij '1'1', e Rae a1

#1 - ACME Transmission PL
#1 - Operating Divisiors
#7 - Wectarn Division

#4 - Eazsterm Division

#5 - Distmict #1

# I = Listnict & 3

#3 - District #4

&9 - Taxation Disnicts

#10 - Jefferson County
#11 - Washington County

ACME Transmission PL, Operating Divisions
~ Operating Divisions, Westem Division
1 Qperating Divisions, Eastarn Dwvicion
Westerm Division, District #1
Wessterm Division, Distric #2
Eastern Division, Destrict 3
Eastern Division, Detrict <
- BCME Transmission PL, Taxaton Dstricts
~ Taxaton Districts, Jefferson Counky
Taxation Destricts, Washington County

Taxation Districts Example — Logical View

SubbystemRange-2

SubsystemBange-5

Eubtretarfian a
SubSystemRange-9
SubbystemRange-10
5u!:l§'rsb':rnRﬂn_qc-'.'.
SubbysternRange-12
SUb:Tstr'mRangc--.-
_ﬂ.l_n_nrnl.d'llpn:l ge=1
SubbystemRange-13
SubSystemRange=-15

4 SubSystemRange-17

S '1 Operating Divi;ionsj

Q [ ACME Transmission PL |
| Logoal SubSystom
— LSyate
: SL5veem Rnage

b — This diagram represents the ACME
Transmission Pipeline Company showing
the relationships between the SubSystem
and the SubSystemHierarchy obect
classes Each SubSystem exists as &
record v the SubSystem object class. For
every pareri-chitd refaticnshp between
SubSystems a recard is placed in the
SubSystern object class. These
relstionships are illustrated by the hierarchy
view (leff) and the pseudo-tables (beiow)
showing each individual line in the box as a
record n the class. Note also that Operating
Cwisions and Taxation Districts are sibling
SubSystems owing to the same parent-child
relationship that they share with the ACME
Transmyssion PL SubSystem,

| Taxation Districts |

1 »[ See Operations Subsysten Disgram

subsystemRange-15
SubSystemRange-19
SubSystemRange-20

EventID SubSystemName

Operating Divisions

+[[SSR14 | 2 Western Division

' 3 Eastern Division

4 4 District 1 .
8 asw;’ 5 | District 2

N 6 District 3

—+[[S5R13 ] I District 4 .

+[ SSR17 ] 8 Tax Authorities

— g Washington County

—
)

Jefferson County |

¢— This aiagram shows the three
SubSystem objectfeatire classes,
Each SubSyslem may have a parent or
child and that record is shown i the
SubSystemtierarchy ohject class.
Each SubSyskem may be a Physical
SubSystemn and have one or more
SubSystemBange fealures
demarcalg fhe rangeof the
SubSysten on the cenleriine. Nole also
the color coding showmg the
refalionsfips belween e phryvacal
SubSystemns records and the refated
SubSystemBange feafures

Operating Divisions
o (2) Western Division

* (4) District 1
* (5) District 2

(3) Eastern Division

* (6) District 3
= (7) District 4

(8) Tax Authorities
o (9) Washington County
o (10) Jefferson County
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Core Feature Classes

11) Subsystem Hierarchy: inherited as APDM object.
Attributes: 1)Parent subsystem EventlD 2)Child subsystem EventID
Relationship:1) Child subsystem is 1:M with Subsystem Hierarchy 2) Parent subsystem is 1:M with Subsystem Hierarchy.

Core Feature classes:

1)ControlPoint: Inherited from centerlinePoint, M-aware point feature.

Attributes: 1)ControlPointAngle 2) Control point Type 3)Pldirection

Relationship: 1) Station series is 1:M with Control point. 2) ControlPoint is 1:M with Control point Audit.
Domains:

Control point type : 1) Unknown 2) Pl 3) Known point 4) GPS Point 5) Monument 6) Crossing Location
Control Point direction: 1)Unknown 2)None 3)LT 4)RT

Description: Control points are known X,Y and station value along the pipeline centerline. Control point feature define the pipeline centerline.

1)APDM requires that one subtype be defined as the primary reference mode(default measurement system) for the pipeline centerline. Other control point
subtypes, or measurement systems, present in the model are considered secondary measurement systems. All secondary measurement systems must
be geometrically conicident and geometrically constrained to the primary measurement system control points and station series features.
Representations for all control point features must be present in all reference modes. The default measurement system becomes the stationing method
applied to all online features. Online features are stored only in the primary reference mode.

2)Control point implements a one-to-many relationship with control point audit; this relationship ties ControlPoint to both Activity and External Document.
Through ControlPointAudit records a control point may be associated with multiple activities and/or documents, and vice versa.

2)Site: Inherited from the Offline facility.

Attributes: 1)Site Name 2)Site type

Relationship: 1) Site is 1:M with Site Audit 2)Subsystem is M:N with Site 3)Site is M:N with Contact 4) Site is 1:0..M with <Online or Offline Facility

classname>

Domains: 1) Unknown 2) Check Meter Station 3) Compressor Station 4) Corrosion Station 5) Custody Transfer Station 6) Drip Site 7) Junction 8) Mercury
Site 9) Meter Station 10) Odorant Station 11) Office 12) PCB Site 13) Permanent Easement 14) Plant 15) Regulator Station 16) Storage Area 17)
Temporary Easement 18) Town Border Station 19) Valve Station 20) Warehouse

Description: 1) The site feature class is designed to store the polygonal boundaries of the various stations and other properties housing facilities owned by a
pipeline company. Site features might be used to define the boundaries of properties, easements, temporary work areas, and large pipeline complexes
such as meter stations, compressor stations, refineries, custody transfer stations, and valve stations. Site features may also be used to demarcate the
limit of stationed pipes and non-stationed pipes.2) Site implements an optional one-to-many relationship with all online and offline facility feature
classes.2)Site implements a one-to-many relationship with site audit; this relationship ties site to both Activity and External Document. Though site audit
records, a site may be associated with multiple activities and/or documents and vice versa.

3)Station Series: Inherited from the Centerlinepoint. M-aware polyline feature

Attributes:1) Series Name 2)Series order 3)Begin station 4)End Station 5)RefMode 6)FromSeriesEventID 7)FromConnectionStationValue 8)TeelqefrMaré D
9)Toconnectionstationvalue 10)LineloopEventID
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Core & Optional Feature Classes

Domains : RefMode :1) Unknown 2)Continuous 3)Engineering 4)Horizontal 5)Milepost 6)Slack Chain 7)Valve Section 8)Unspecified
Relationship: 1) Line loop is 1:M with Stationseries 2)Station series is 1:M with <Online feature class name> 3)Station series is 1:M with Alt RefMeasure
4) ReferenceMode is 1:M with Station Series. 5) Station Series is 1:M with StationSeriesAudit.

Description:1) Stationseries feature class stores the routes that comprise the pipelinecenteline. 2)All online features in the APDM are referenced against
primary reference mode stations series features.3)Each station series feature is an ESRI Route with an assigned begin and end measure value
assigned to it. 4)Each vertex in the station series feature has a measure value assigned to it.

4)SubsystemRange: Inherited from the CenterlinePolylineEvent. Implemented as M-aware polyline feature.
Relationship:1) Subsystem is 1:M with SubsystemRange 2) Station series is 1:M with SubsystemRange 3) SubsystemRange is M:N withAltRefMeasure.

Description: SubsystemRange stores the actual physical extent of a subsystem as one or more online polyline event features. 2)Each station series
segment in a subsystem corresponds to a subsystem range feature.

Optional classes

The optional classes are included as starting template and also as an implementation examples.
Domains provided with the model are designed to contain common values found in most of the pipeline systems.
Two letter designation of domains: gn — Generic: domains that are applied to object classes and features in the model.
Cp- cathodic protection domains
Op- pipeline operations
ep — encroachments
fc —facility feature classes
cl —centerline feature and object classes and inspection features
1)Site point : Implemented as a point feature class .Inherited from offline pint.
Relationship: Sitepoint is 1..1 with site
2)Appurtenance: Implemented as M-aware point feature class. Inherited from OnlinePointfacility.
Attributes: AppurtenanceType(fcAppurtenanceType)
Relationship: Appurtenance is 1:M with Appurtenance Audit

Description: this feature class is used to store adhoc, non-pressurized point features that are found on and along a pipeline system. This can be used as
a catchall for referenced online point features that do not fit into any other APDM feature class. Ex: anchor rods, hold-down blocks, river weights,
and thrust blocks.

3)Casing: implemented as an M-aware polyline feature class.inherited from the
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Abstract classes -> Concrete classes

» Object->APDM Object-> 1)In_strument parameter 2)LineLoopHierarchy3)SubsystemHierarchy4)Activity

»QObject->APDM Object->Obj(:Iclte /&?::(;:\ge> Centerlineobject-> 1)LineLoop2)SubSystem3)Site

» Object->APDM Object->Object Archive->NonFacilityobject-> 1)Activity 2)Address
3)CISReading 4)Company 5)Contact 6)ExternalDocument 6)Geometadata 7)MeterReading
8)Owneroperator 9)Product

» Object->APDM Obiject->Object Archive->FacilityObject-> 1)Valve Operator

» Object->APDM Obiject->Object Archive->NonFacilityobject->AuditObject->1)Audit

» Object->Feature->Feature Archive-> CenterlinePolyline-> 1)StationSeris

» Object->Feature->Feature Archive-> CenterlinePolyline->CenterlinePolylineEvent->1)SubSystemRange

» Object->Feature->Feature Archive-> CenterlinePoint->1)ControlPoint

» Object->Feature->Feature Archive->OfflineFeature->1)Alignment Sheet 2)HighConsequenceArea
3)Linecrossing 4)RemovedLine 5)StructureQutline
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» Object->Feature->Feature Archive->OfflineFeature->OfflinePoint->1)DocumentPoint 2)FieldNote
3)RemovedPoint 4)Structure
» Object->Feature->Feature Archive-> OfflineFacility->OfflineNonPointFacility->1)CPCable
2)P1GStructure 3)SiteBoundary
» Object->Feature->Feature Archive-> OfflineFacility-> OfflinePointFacility->1)CPAnode 2)CPBond
3)CPGroundBed 4)CPRectifier 5)CPTestStation 6)Marker 7)SitePoint
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APDM Design Rationale

Core Features and Abstract classes allow for customized and individualized
implementations with a standard ‘core’ for flexibility and interoperability

APDM was designed to be implemented and maintained in ESRI Geodatabase
without the need for custom application code

It is relatively simple to represent other data models within the APDM using the
CORE classes

Features can be located on or along a pipeline by either/or both absolute
positioning (coordinates) and/or linear referencing (Route/Measure, Mile/
KMPost)

A combination of feature classes and event tables is allowed within a single
APDM Geodatabase.

By implementing a CORE set of classes and by ensuring that all NEW classes
added to the model implement the attributes and relationships of the ABSTRACT
class that describes the newly created Feature/Object class = Valid APDM

Data can be exchanged via all APDM models who implement the CORE and
adhere to the ABSTRACT class definitions

EcoNomics
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Anything as long as the core classes, relationships between then and
the ABSTRACT classes are used to define any new feature or object
classes you add to the model.

Add attributes to the core classes

Add new feature/object classes to the model using the ABSTRACT
classes as templates

* You can use the example classes

* You can add attributes to the existing classes

* You can add new classes

* You can remove example classes

* Any class that you add or remove to/from the model must be registered in the
APDM class metadata table
The APDM metadata classes represent a set of object classes that are used to
hold information about the reference modes, information about each concrete
classes inheriting from an ‘APDM abstract class and information about which
offline APDM classes have related ‘online’ polyline or ‘online’ point classes.
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APDM implementations:

Examples: 1) Non-stationed using Absolute coordinates

2)Stationed Core w/ Example classes as Feature classes

3)Stationed core w/Example classes as event object classes
or tables

4)Stationed core w/one object class/event-table and many
related object classes/tables

5)
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OBXECTID

APDMObject

GloballD
[EventID (o

ope ]

This section describes the ‘APDM Abstract Classes’ and "APDM Metadata’ tables. This diagram shows the inheritance of attributes and
relationships from the top-most classes down to the lower classes. Inheritance means that a concrete feature or object class inherits the
attributes, relationships and potential geometry types from all the classes above it (following the lines and the arrow heads pointing

TnsrumentParameter
UineLoopHerarchy
SubSystemHerarchy

Ll AL [FeatureArchive] upwards). All classes are shown with ‘light yellow” header boxes with the exception of the ‘Audit’ classes vhich are shown in ‘light green”,

[ObjectArchive] GiooalD Standard ESRI classes are shown with White attribute boxes and *APDM Abstract Classes’ are shown with 'light blue’ attribute boxes. The
CreatecBy EventlD (pk) ‘gray’ boxes show feature and object classes that inherit directly from the specified parent "APDM Class’, [Square Brackets] around the title
CreatedDate CreatecBy of a class means that no concrete feature/object in inherit directly from this class. Note that for a class to belong to APDM it must
EffectiveFromDate CreatedDate inherit from one of the specified "APDM Abstract s” otherwise it is considered to be only an ESRI class with no significance or
EffectiveToDate EffectivefromDate relevance to the APDM. The feature class and object class icons denote which geometry type concrete ‘child’ classes may implement.
HistoricalState <d> [EffectiveToDate
ﬁm‘:ﬂ“ g‘;gﬁﬁ? £d> The metadata classes represent a set of object classes that are used to hold information about the reference modes, information about
Orlglrivextln ModfiecBy each concrete class inheriting from an "APDM Abstract Class’ and information about which ‘offline” APDM classes have related ‘online”
ProcessFiag OrignEventid polyline or “online’ point classes.
Remarks ProcessFlag

Remarks

A
| |

| CenterlineObject | NonfFacilityObject FacilityObject CenterlinePolyline CenterlinePoint OfflineFeature OfflineFacility OnlineFeature
OperationalStatus <d> @5 <d> InServiceDate BeginVeeasure OperationalStatus <d> Status <d> InServiceDate G.Ed«Respu-se <d>
> InstallationDate EndM [RouteEventiD (fi) InstallationDate (CLValidityTolerance <d>
OperationalStatus <d> MeasureValue OperationalStatus <d> RouteEventID (fk)
(i) SeriesEventID (fk) R
StationValue
Point_X LineCrossing
& Remaov edLine
pore Y e
CenterlinePolylineEvent | [CConrol <d> - - = < =
ROUREventD m()yf CLStatiorEditResponse <d> OfflinePoint OfflinePointFacility
BeginSeriesEventlD OLX YEditResponse <d> y ) SiteEventlD ()
EndseriesEventiD ELEdRempotes s> Point. X Point X
CLEditResponse <d> = i E Point_Y PIZ;C*: Point_Y
P = 5 e
AuditObject [ ActivityExtension | (AvalidtyToierance <d> pont 2 E SteBondary
<classname >EventiD (fk) |ActivityEventID (fk) = DocumentPoint
ActivityEventID () [—4 SRS Pt
emedPol
ActivityDate Structure
G

Any APDW
parert class>

OnlineFacility

InServiceDate
®—< InstallationDate

(Cperationaistatus <d>
SiteEventiD (i)

Object OnlinePolyline OnlinePoint
(OBECTID BeginVeasure Measure
EndMeasure @ SeriesEventID
BeginSeriesEventiD Station OnlinePolylineFacility OnlinePointFacility
Beginstation - Status <d> :
EndSeriesEventiD .omneruumﬂaw SymboRRotation BegnMeasure [

; Enciveasure SeriesEventlD
O eecmnge g:::::l BegSeriesEventiD Station
7 ") T o 0 AnomalyPoirt [BegnStation Point_X
: - Cl 8 Data On:neanam::::Iass oo EneiSeriesEventld Porty
RefMode <d> ClassType <d> OriginClassEventID
[RefModeMeasureRoothame ClassEventiD (pk) On?neLocatonCIa&séveﬂD () P e
RefModeBasis <d> ClassName OnlineLocationMechanism <d> OnlinePolylineForOfflineFeature PipeJdnMetnod
RecModeType <d> RequresGeometr \4 Vol
RefModelnits <d> BeginOffseténgle Vel
18PRM <d> BeginOff setDistance
ParentRefMode (fk) EndOffsetingle
R efModeRoothame [EndOffsetDistance
G Betentoqieg sd2 InetComectonType <d>
’— - CPONineLocation InletDiameter <d>
& reraesont ) T ureCissngcaion InletialThickness <d>
fass> bzl Manufacturer <d>
< Gsmmseres ) Material <>
APDM Core Pressurerating <d>
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Centerline & Hierarchy

| CenterlinePoint | CenterlinePolyline | CenterlineObject | [ APDMObject |
| A | JAN | A | | I
| I ]
| | |
ControlPoint StationSeries LineLoop SubSystem < SubSystemHierarchy LineLoopHierarchy
ControlPointAngle StationSeriesName LineName SubSystemName ParentSubsystemEventID (fk) ParentlineLoopEventID (fk)
ControPointType <d> JSeriesOrder LineFunction <d> ChildSubsystemEventID (fi) ChildLineLoopEventID (fk)
PIDirection <d> ParentStationSeriesEventID (fk) LineJurisdiction <d> 2
LineLocpEventID (fk) iz
FromConnectionStationV/alue 4 ¢‘
FromStationSeriesEventID (k) } i
ToConnectionStationvalue
GeoMetaData ToStationSeriesEventID (fk) Owneroperator )5
RefMode <d> ClassMetaData
SubSystemAudit |
SubSystemEventiD (fk) |
APDM Core
LineLoopAudit
- r LineLcapEventlD (fk
ControlPointAudit Lt
ControlPointEventID (fk = =
(f) [ centertinepolyiineEvent | [ CenterlineObject | OffiineNonPointFacility | | OfflinePointFacility |
A A
StationSeriesAudit
StationSeriesEventID (fk) - - — —
SubSystemRange  p— Site SiteBoundary SitePoint
SubSystemEventID (fk) SiteName SiteEventID (fk) SiteEventID (fk)
SiteType <d>
[ NonFacilityObject | APDM Core
A o>
,
- D
Product OwnerOperator GeoMetaData -
ExternalDocurnent
Product <d> CompanyEventID (FK) DateCollected . di
OwnerPercentage <d> CriginalX A FieldNote SiteAudit
OwnerType <d> CriginalY SiteEventDD (fk)
Criginalz =
PositionSource <d>
ProjctionID & ControlPoint
w ExternalDocumentEventID
APDM Core
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APDMOBject | |AllV relstonchies i e Cortact APDMObject
—— 0 e — _—— =
A ContactType <d> field, A A

APDM Core
]
l !

F Contact C Address Activity ActivityHierarchy External Dy oint \ dPoint RemovedLine
InstrumentEventID (fk) ContactType <d> CompanylLabe| City | ActivityDate ParentActivityEventiD (fk) DocumentDescription DPName Attributes Aftributes
ParameterType <d> Email CompanyName County | ActivityDescription - ChildActivityEventID (fk) DocumentType <d> ClassEventID (fk) BeginStationSeriesEventID
Parameter'/alue Fax [CompanyType <d> Country | ActivityName FileName ProjectionID BeginStation

FirstiName ‘T’ StateProvince ActivityType <d> FilePath RemovedDate ClassEventID (fk)
U"t"m (Verified) LastName Stresti T GeoMetaDataEventID (fk) StationSeriesEventiD EndStationSeriesEventlD
e Meblle [ Street2 ! HyperLink Station Encstation
Cormosion Coupon Pager [ — ZipPostalCode I <classname>Audit ProjectionID
;::: Eﬁﬁ(‘,’.if\i'aue [Phone (RS RemovedDate

| ¥

Gas Chromatograph &
Level Controlier
Level Indicator

RemovedPointAudit

RemovedLineAudit

Liqud Sampler | A

Pressure Controller LineCrossing <parent class> [RemovedLineEventiD (fk)
Pressure Gauge
Pressure Recorder < APDM Core
Pressure Swith S ot
Pressure Transmiter
Pressure Transducer OfflineFeature
Solar Panel
L [ APDMObjeet | — A
valve Positon Ind MOb;
Valve Posttioner = A

-w AlignmentSheet

ShestName
CISReadi SheetNumber
Y SheetType <d> Event Suppert feature and chjet classes contain the metadata,
reparts, docments, and customer fcontact Information that
\_/ pertain to the reguiation and operation of the ppdine system.
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OnlinePointFacility
1

l | I I l |

PipeSegment Coating Sleeve Casing Valve Tap PipeJoinMethod Vessel [ Appurtenance ] Instrument
BencRadius <d> CoatingCondition <d> Grade <d> CasingLength Automated <d> BranchCornectionType <d> Insulated <d> Manufacturer <d> Appurtenance Type <d> DateManufactured
DateManufactured CoatingLength NominalDiameter <d> CrossingType <d> InletConnectionType <d> Capacity <d> JoinType <d> SerialNumber <d> InstrumentiName
GrthWeld <d> Coating.ocation <d> SleeveLength Filled <d> InletDiameter <d> Capacitylnits <d> [Manufacturer <d> VesselType <d> Manufacturer <d>
Grade <d> CoatingMaterial <d> SleeveType <d> InsulaterType <d> Manufacturer <d> Capped <d> PressureSetting ,l\ Model <d>
InletWallThickness <d> CoatingMill <d> WallThickness <d> OutsideDiameter <d> Material <d> FlowDirection <d> SerialNumber
LongttudnalSeam <d> CoatingSource <d> SealType <d> NormalPesition <d> Material <d> | VesselAudit | 1 PP Audit I
LongtudnalSeamOrientationd | |InternalCoating <d> Shorted <d> QutletConnectionType <d> Manufacturer <d> L
Manufacturer <d> Vented <d> OutletDiameter <d> Metered <d> |VesselEventiD () | [Appurtenancesventid () | nioe
Material <d> WallThickness <d> PresentPosition <d> PressureSetting Electro Stop Corrosion Coupon
MillLocation <d> PressureSetting TapSize <d> A Ehwcnﬂvlﬂ'
i RepereeTine ey PipeJoinMethodAudit g

ideDiameter <d> - - = - - ion <d> apType <d> - Gas Sampker
OutletWallThickness <d> CoatingAudit SleeveAudit [ CasingAudit ValveRunction <d> TappingMethod <d> Pipe JointMethocEventID (f) it
Pipe urisdiction <d> [CostingEventid (7 | [Seevesventid () | |Casnggventio () | |vavenumber i Sacpr
PreTested <d> ValveType <d> Pressure Controler
PressureRating <d> J :lessure gwge
ressure Recorder
SegmentLength Pressure Switch
PressureRating <d> TapAudit Pressure Transmitter
| Specification <d> o SDine ::Tsa;ve Tlransdu:ev
olar Panel
ot () Temperature Swich
Valve Position Ind.
A < Valve Postioner
PipeSegmentAudit =
v
PpesegmentEventD () Lol
ValveEventID (fk)

InstrumentAudit

OffiinePointFacility | | offiineNonPointFacility | | FacilityObject | | NonFacilityObject |
[

— A A T —
Well PigStructure ValveOperator
APINUmber BarreDiameter <d> OperatorType <d> L I I

GeologicFormation BarreiGrade <d> ValveEventID (fk) F 1
LegaDescription et Thiddess i MeterReading Meter Tee Elbow Closure
SeasonallyActive <d> Manufacturer <d> ContactEventID (fk) [MeterFunction <d> BranchConnectionType <d> OutietConnectionType <d> EbowAngle <d> ClosureType <d>
TieInDate Material <d> CompanyEventID (fk) MeterName BrancnDiameter <d> OutletDiameter <d> EbowRadius <d> Specification <d>
MillLocation <d> MeterAuditEventID (fk) MeterNumber BranchWall Thickness <d> OutletWallThickness <d> Specification <d>
WellType <d> PressureRating <d> ReadngDate Meter Type <d> ScaperBars <d> RedcerSize <d>
StructureLength ReadingJnits RemoteNetworked <d> TeeSize <d> ReducerType <d>
Structure Type <d> Readingvalue SerialNumber TeeType <d> Specification <d>
Specification <d> Specification <d>
Flow Read = - -
Pressas Resong ReducerAudit ElbowAudit | [ ClosureAudit |
| WellAudit | [ Pigst Audit | [ VaiveC Audit | @ MeterAudit ] ] TeeAudit | [RedcerEventD () | [EwonEventid (i) | |crosuregventio () |
|welEventiD (f) | [PigstructureEventiD (fk) | [vaveoperatorEventiD (f) | Ve (0 | [reeEvenio o |

Faally featre classes mod the physical gppurtenances
r devices found on or dlang & pipelne systenn.
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Inspections

OnlinePoint OnlinePolyline
I | 4
Leak Anomaly AnomalyCluster InspectionRange
DateRepaired £AnomalyClusterEventID (fk) AnomalyType <d> InspectionDate
DateReported AnormalyType <d> AveBPRCalculated InspectionType <d>
Depth BFRCalculated AveBPRPIg
LeakCause <d> BPRPIg AveBPRVariance
LeakOrigin <d> BPR\ariance | AveDepth
LealStatus <d> Depth Avelength
MethodDetected <d> Length LveMaximumDiameter

RepairType <d:

LeakAudit

LeakEventID (fk)

MaximumDiameter
Minimumbiameter

Crientation

Ovality <d>
RecommendedRemediation<d=
RPRCalculated

RPRPig

RPRVariance

Width

AnomalyAudit

AnomalyEventID (fk)

AveMinimumDiameter
AveCrientation
LveOvality
LveRPRCaloulated
AveRPRPIg
AveRPRVariance
LveWidth

-®
‘»

InspectionRangeAudit

AnomalyClusterAudit

AnomalyClusterEventID (fk)

InspectionRangeEventID (fk)

Inspection feature dasses modd the results of indine
o physical inspection of the pipeline for anomalies,
corrosion and other possible hazards or defects.
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OnlinePointFacility APDMObject NonfFacilityObject
Z> ‘ I ZF  —— A k.
Instrument InstrumentParameter MeterReading CISReading
Manufacturer <d> InstrumentEventID (fk) ReadingDate ReadingDate
Model <d> ParameterType <d> ReadingUnits w> ReadingUnits
SerialNumber ParameterValue ReadingValue ReadingValue
DateManufactured CompanyEventID (fk) @" DistanceFromPreviousReading
InstrumentiName ContactEventID (fk) CompanyEventID (fk)
/ ContactEventID (fk)
Flow Reading A - -
Pressure Reading MeterReading Audit A
MeterEventD (fk) CISReadingAudit
CISReadingEventID (fk)
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Cathodic Protection

OfflinePointFacility OnlinePointForoOfflineFeature OfflineNonPointFacility

CPRectifier CPGroundBed CPAnode CPTestStation CPBond CPLocation CPCable
Manufacturer <d> AnodeSpacing <d> AnodeMaterial <d> TestStationType <d> BondType <d> ClassEventID (fk) CableCoating <d>
Model <d> BackFillMaterial <d> AnodeType <d> CriticalBond <d> CPFeatureEventID (fk) CableSize <d>
NumberOfNegatives <d> CPRectifierEventID (fk) AnodeWeight \'% CableType <d>
NumberOfiénodes LocationDescription CPGrauncBedEventID (fk) ! - AColorCode <d>
OperatingAmpsQut <d> NumberOfénodes e NumberOfCables
OperatingvoltsOut <d> WaterSystem <d> =
PowerSource <d>
RatedAmpsCut <d> StationSeries
RatedVoltsOut <d>
RectifierStackType <d> .
ReplaceByDate CPCableAudit

T T k CPCableEventID (fk)
CPAnodeAudit CPTestStationAudit CPBond Audit
CP&nodeEventID (fk) CPTestStationEventID (fk) CPBondEventID (fk)
Fg)e
CPRectifierAudit CPGroundBed Audit Cathadic Protection feature dasses model the devices used to monitor and prevent corrosion from oceurring to

CPRectifierEventID (fk)

CPGroundBedEventID (k)

other facilities on or along the pipdine system. CPRextifier, CPGroundBed, CPAnode, CPTestStation, CPBond are
all Offline Features that may have zero or more orline location(s).
CPCable may or may not have a sinde end connected-to or located-cn the centerline.
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| OnlinePolylineForOffiinefeature I | OfflineFeature | I OnlinePointForOfflineFeature | | NonFacilityObject |
[ 11 Q | [ | [ ] - ]
LineCrossing StructureOrIDSite
Clearance | Name | |
LineCrossingEasement CrossingType <d> LineCrossingLocation StructureLocation IdentifiecSite <d> IDSiteArea HighConsequenceArea
LneQossingEventID () ia;::emw'dm LineCrossingEventD (i) StruchureOrIDSiteEventiD (i) Lf;ggfggi;ﬁe o StructureOrSite IDEventiD () IreaType <d>

£ NearestPointToLineEventID (fk) NumberOfUnits }/ Classérea <d>
@iﬂg’a’""“' ” BIHO <d>
Transportation G DaysPeriWeek

WeeksPerYear StructureOutline 7
. . . @ GeeupantCount - | Offlinefeature I
LineCrossingAudit ImparedMobility <d> StructureOrSite IDEventID (fk) | |
LineCrossingEventID (fk) Structurestatus <d>
StructureOrIDSite Type <d>
DOTClassSegment DateAdded i i
Ercroachment feature classes model any physical feature or boundary that might impact the operation andfcr regulated safety SiteDescription NearestPointToLine
compiiance of the pipeline system. j StructureOutlineEventID (fk)
. ot tructureOrIDSiteEventID (fk)
LineCrossings represent offline linear features that intersect the centerline, LineCrossings may have one cr mare criline paint 2 =
locaticns (crossing locations) and one or mare online polyline locations (easements) StructureOrIDSiteAudit
Structures are offline Points that may have zera or more anline point locations - structure locations are typically derived for structures StructureEventlD (fk)
within 1000 feet (304.8 meters) of the centerline.
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Integrity

OniinePolyline

|

[ 4

DOTClassSegment DOTClass HCASegment HCARange RiskAnalysis \ Could AffectSegment \
ActivityEventID (fk) ActivityEventID(fk) ActivityEventID (fic) ActivityEventID (fk) ConsequenceEconomic ‘ ‘
ClusterBufferEventlD (fk) CaloulatecLength BIHOStructureCount AssessmentDate ConsecuenceEnvironmental
BIHCS uctureCount ClassType <d> 1 CaleulatedLength RangeName Consequencelife
ClassLength ClassSource <d> DateCalculated RiskRanking ConsequenceProperty
ClassSource ClusterBufferEventID (fk) HCARangeEventID (fk) Consequence Throughput
ClusteredClassType <d> CorridorWidth MACP HCAR AngeEvent1 (fk)

ClusterDowngrade <d> Corridor Tolerance CutsideDiameter PCFConstruction
Corridori/idth DateCaleulated PIRFactor PCFIncorrectCperations
CorriderTolerance IDSiteBufferRadius PIR PCFIntermalCorrosion
DateCalculated StructureCrIDSiteEventID () ClusterBuffer DOTClassCorridor HCACorridor PIRT PCFEqUipmentFailure
DOTClassEventID (i) - 7 Provenance <d> PCFExternalCorrosion
Identifiedsite <d> Qﬁxgi\é‘eﬁm LY éﬁxﬁﬁ:gﬂ? ) ?f;\‘;:f;emtm () SturctureCrSiteEventID (i) POFManufacturingCorresion
IpsiteBafferRadie BufferTolerance CorriderTolerance PIR RCEMateriale
Provenance <d> ] DOTCorridorType <d> PIRT POFQutsideForce
MultiJnitResidential <d> POFSQC
SturctureOrSiteEventID (fic) PCFThirdParty
\UnClusteredClassType <d> PCFieather
A A TotalConsequence
@ TotalPOF
TotalRisk

DOTClassSegmentAudit DOTClassAudit ClusterBufferaudit DOTClassCorridorAudit HCACorridorAudit HCASegmentAudit HCARangeAudit RiskAnalysisAudit CouldAffectSegmentAudit

DOTClassSegmentEventID (fic)

DOTClassEvertlD (fk)

ClusterBufferEventID (fk)

DOTClassCorridorEventID (fk)

HCACorridorEvertID (fk)

HCASegmentEventID (fk)

HCERangeEventID (fk)

RiskenalysisEvertiD (fk)

CouldeffectSegmentEventID (fk)
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Operations

OffiinePoint OnlinePoint [ offinePoint OnlinePoint | | OfflinePoint OnlinePolyline
r—— 1 [ A | —

Marker MarkerLocation FieldNoteLocation FieldNote OnlineFieldNote ElevationPoint PressureTest OperatingPressure RightOfWay
MarkerNumber MarkerEventID (fk) FieldNoteEventID (fk) FieldNote Type <d> FieldNote Type <d> FeatureElevation MinadjustedPressure ActualPressure EasementWidth
MarkerType <d> Y GrouncElevation MinDesignPressure AgreedToPressure ParcelNumber

A MeasurementDate PreTest <d> CalculatecPressure ROWType <d>
- . A FieldNoteLocationAudit WaterElevation TestDate PressureType <d> TraverseLength
[ MarkerAudit | [ MarkerLocationAudit | - - Cutural Note TestDuration <d>
- FieldNotiocationEventID (fk Environmental Note TestMedium <d>
\MarkerﬁventID {fk) | [MarkerLocatlanventID (fk) | Facility Note @r
G GeoPoliical Note TestName
Enviranmental Note :Zvde(gruﬂsm;‘;ule TestType <d> ‘
Faclly Note Operations Note
GeoPolitical Note
Hydralogy Note Routing Note
Line Crossing Note Transportation Note
Operations Note - - - — - - - -
Routing Note ElevationPointAudit PressureTestAudit OperatingPressureAudit RightOfWayAudit

Transportation Note

OnlineField NoteAudit

COperational feature classes model terain, survey, pressire FieldNoteAudit
testing, right-of-way, operations and installations information =
on or along the pipeline system. FieldNoteEventID (fk)

OnlineFieldNoteEventID (fk)

ElevationPointEventID (fk)

Pressure TestEventID (fk)

OperatingPressureEventID (fk)

RightOfWayEventID (fk)
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Key Info

Key

Concrete Class

RegulartarmalField
SomethingEventID (FK)
MaybeEventID (FK)
DomainField <d=

A conorete olass represents a dject table or a feature dass. Chject tables and featire

dasses stores rows of data cortaining attributes & features and attributes respectively,

. Each fidd or atfribute in the dass stores data of a specific type.

. (FK) ¢ Indicates the fidd is a foreign-key (fk) containing values found orly in the
primary key (pk) of concrete class.

. =d= £ Indicates that the valid values for the field are prosoribed by the range of
values contained in a domain

En abstract class contairs & set of atributes and possibly relationships that are inheritad by

NOTES:

04232010 - Version 50
04/01/2006 - Version 4.0
10/05:2004 - Version 3.0

APDM Model is maintained by APCM Technical
Carnmittee on behalf of the ESRI and the ESRI Pipeline
Interest Graup {PIG).

Copyright 2002, 2003, 2004, 2004, 2006, 2007, 2008,
2009, 2010 Ervironrmental Systems Research Institute,
Inc. All Rights Reserved.

EventlD € EventlD is an arbitrary name assignedto a
globally unigue identifier. The use of 'Event' in EventiD
attribute name DOES NOT denote that features identified

by this attribute are ‘events' created via linear referencing.

EventlD could be replaced by FeaturelD, GeoElementD,
or GeoErtitylD.

The tlasses depicted in this model are assurned to be

feature classes and are depicted as such rather than as
‘events' or 'event tables’.

(' Version50 )

Abstract Class every concrete sLbclass beneath the abstract dass in the inheritance tree,
RegularormalFidd ...
Lines that indicate relationships between concrete classes. The single line connector
—_— indicates a cardinality of ‘one’ whereas the Crow's Foat’ connectir indicates a cardinality of
>« ‘nany’. Cardinality defines a rule indicating how mary rows in a concrete dass can

parficipate in a single instance of a specified relationship.

ExternalDocument

Wiormhides represent a relationship between two concrete dasses which is not spedfied
diag ammatically by a line connecting the two dasses. A pink wormbde indcates a proper
primary key (pk) - foreign key (fk) rdationship. A cyan wormhole indicates a relationship
betiwveen a4 concrete dass and any instantiationfimplemeantation of an abstract dass.

Indicates a concrete dass that is an <fo=Audt class which irherits from the <fo=Audt

‘ Audit Class dass template,
Generalization - Inheritance - A inberitance rdlationships between a super-dass and a
subdass inwhich the subdass irherits all of the properties of the super-class. Super-classes
represent general behaviors and properies which are inberitad by subclasses which, in

turn, add mar e specific and complex behaviors to those already inherited.

Launcher

Receiver

A subtype that further dassifies a concrete dasses inid meaningful sub-divisions withaut
creating addtional classes, Allows for addiional behavior for each subtype beyond the
standard behavior for features in a particular class. Is parficularly usefd for assigning
dfferent domains to attributes, applying different splitingfmergng rues, applying different
symbology in a map environment, choosing different network, cannectivity rules per subtype
and allowing for different editing behaviors within the GIS environment.

Organizaticnal labdl Lsed o sort concrete dasses into meaningful oper ational categories, |
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WorleyParsons

resources & energy

Topology

ESRI Topology
Topology

NOTE: An example Topdogy is induded in the
made. It shoud be nated that Topolagy will add
addtional wertices (without corres ponding contrd
pairits ) in the Lnderlying Primary Reference Mode
Station Series features if the Station Series
Featire dass is induded in the topdogy.

Sample Topology Kules

Parlicipating feafive classes aind ranks ControlPaints Foirt Must be Covered By Ling StationSeries
StationSeries Must Mot Cverlap
StationSeries 1 ShationSeries Must Be Cavered By Feature Class Of Fipe Segment
CaorfrdPaoint 1 StationSeries MLEt Be Single Part
FipeSegmert 2 Tap Point MUzt Be Covered By Line Fipe: Segrnent
Online Refersnced Line 5 Tee Point Must Be Covered By Line Fipe Segment
Orline Referenced Paint 5 Valve Point Must Be Coverad By Line Fipe Segment
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