ologies Framework
guired to Support
Pipeline Integrity
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Tom Helmer, Solutions Architect, Black & Veatch
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Concepts and Technologies

BLACK & VEATCH PIPELINE
INTEGRITY REFERENCE
FRAMEWORK



GIS Based Gas Utility Applications

SOP Leak
Compliance | Tracking/ ILI Alignment
Reporting Mitigation

Linear Ref Property Current Clearances Cathodic | Inspection/
Editing Tax Work Status Protection |Maintenance

GIS Core Functions
Crew » Network model creation & * Facility management
Availability maintenance « Map distribution

 Spatial model creation &
I .
maintenance

Case Study Shared data with external agencies

Alignment
Sheet
Generator

e Creation & maintenance
e Thematic analysis

« Network analysis HCA

« Inquiry/reports Identification
» Spatial layering

* Web and field view
e Schematic view

Mgmt

One Call

Clearance

Geocode |GPSrecieve MAOP Material
WL o RTCTVITol= M AVIETO IV | Calculator d | Traceabilit

Pipeline
Integrity

Scheduling& Mobile Data
Dispatching System

\ 4 System GIS/MDT/mCMS

USA

Load Station

Design Forecasting Integrity

One Call

. Proposed Proposed D ,
Native GIS . Applications Interfaces i eldlReris
Enhancements
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Black & Veatch FIS

Material Reservation:

&

Reference Framework

S—x Construction 1&M
. - Crew
— Material Requlsmons\A
Mappers Pipeline, Station Designs . I Survey
Material Availability. / Crews
. . . . CP, Station, Leak, Valv
Material Forecasts P> Repair Completion Detail, Inspection Results,
" Number/ %Complete Follow-up Notifications, Leak Indications, timesheets»>
PM Results, - Associated pictures, Survey Completions, e
Follow-up Notifications, Field test results Locate Confirmations CM/PM/IM Results
Redlines
Work Order Tasks
PM Notification Tasks
Features it Scheduled CM Orders
) i &LB G Notlication Tec PM Order for Dispatchin Notificatio{sv
Station Drawings IM Notification Tasks P 9
Transmission Pipeline Designs P Locate Notifications
As-builts . -
MTRS, BOMs, As Bl
Events
Related drawings

BOMs
Survey Notifications
Updates

One Call
BOMs ‘\ Locate Reques/ (UsA)
\ Order
Completion
Data
Proposed
In-line Pipeline
Inspections

Job Designs,

& documents

Locate
Completion
Status Feature
Related Documents, Location/Types
SOPs
L_Fe?;l::rf ) Asset Location
ist S,
Locate Request
Facilities
Maps
Locate Clear/Confirm
Design
Crews, Standards
Engineers

Sheets

ILI data
i Crew Location
Alignment . - 3
\ g g <€——planning Analysis Results Load Forecasts ¢
> —
Network Job Designs,
_/ del Deltas\‘ Related
- Documents
Materials o .
/Traceability Historical Readings & Ismoagses'
Materials . / \
ificati As-Built& LR Events
Specifications, . ipeli
‘FI,'est results Historical Feature Events, Related Feature Updates! P'pell__'ggtgt‘gf_"iss’tf"emsv ‘ j
Integrity Results, Drawings Stationing Iocatgﬁs gnalyfls
Risk Results Feature Environmental Overlays esults
Serialized Feature| History Modeling Historic Readings
Validations Results Current State
ificati Valve Status,
Manufacturers Notifications e P
Historian — Analogs
PM History "
Asset Performance Analysis m Pictures, IM test results
~ Traate’ia/s
/ \ Ceabij IM Analysis Results
e Asset History, \
lanagers -
Supervisors Current State, Active ClearanceS\
+Regional/ Crew Locations,
rea N
Engineers Order Status,
Clearances,

Work Notification History—

\As-Built&
Results

Hydraulic Modeling

Related

Drawings
Unitized Assets

Y

PM/CM Status
AIDT results———
operations

PM/CM Results ¢

Supervisors, Regional/
Plant Area Engineers,
Accounting Corrosion Supervisors,

Maintenance Engineers



Benefits of Reference Architecture

GIS Centerline editing paradigm to support linear asset
management and pipeline integrity event management

EAM with linear asset management (LAM) functionality

Linear Asset Repository managed by GIS, EAM, and
Content Management

Single software framework to build applications to support
asset management and survey planning, monitoring and
compliance reporting for leak surveys, CP surveys, valve
Inspections, regulator inspections

Fully integrated field workforce environment bringing
mGIS, work order and document management
functionality

Single software framework (spatially enabled Bl) to
support asset manager and operations center

Case Study Management environment reused for planning,
Integrity management and operational awareness



M@ Planning and Coordination of Corrective
DG and Preventive Maintenance work

eGIS planning application

eGIS work order status application

eGIS compliance reporting framework: program to date,
ytd, rest of year forecast by month

eGIS cathodic protection area generation application

eGIS scheduling application integrated with EAM and
MWM for ‘area’ based surveys: CP, Leaks



Mobile GIS Applications

Center on current work order

Pre-fill work order with
location, environmental and
facility information

Show list of related drawings

Show list of related SOP
instructions

Highlight current GPS
location

Show route from current
location to next work order

Show route for all selected
work orders

Show route for all work
orders

Show key valves for current
work order

Show known HCA areas in
proximity

Show known leaks in
proximity

Show ROWSs
Show Easements

Show access
instructions/contact
information

Show current clearances on
line

Show current abnormal
states, configurations and
SCADA readings



Engineering/Planning

Case Study Management Environment

Integrations with load forecasting system, CIS and
SCADA

Show thematic map driven from SCADA historian
readings and Hydraulic Modeling calculations

Allow user to view gas system either schematically or
geo-referenced

Allow user to turn on satellite imagery behind geo-
referenced view

Allow user to view Hydraulic forecasted degree days
results

Allows user to view overlay of current operating
conditions with planning results

Allow user to publish planning results as a degree day



m

Design Drawing Coordination

Integration with GIS for reference design layers

Design Vault to Content Management for drawing
coordination

Drawings made available to field force in integrated
fashion



Operational Awareness

Typically requires Spatially Enabled Bl technology, SCADA
integration, MWM integration, Hydraulic Model integration

Show current crew locations

Show thematic map of crews locations sized based on time to make
current location safe (location with availability view)

Show thematic map driven from SCADA readings and Hydraulic
Model calculations

Show dashboard based on SCADA readings and Hydraulic Model
calculations

Allow user to view gas system either schematically or geo-
referenced

Allow user to turn on satellite imagery behind geo-referenced view
Allow user to view Hydraulic Model forecasted degree days results

Allows user to view overlay of current operating conditions with
planning results
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Asset Manager’'s Environment

Typically requires Spatially Enabled Bl technology
Integrated with: Leaks, repairs, survey areas, CP circuits,
ILI data

Show planned work for the year by month

Show active ‘incidents’, historic repairs, environmental
conditions

Show events and related information from manual
Inspections, automated inspections, historic repairs

Planning tools to increase number of PMs to reduce CM

11



As-Built
Recording

Preventative
Maintenance

Corrective
Maintenance

Engineering
Planning

X X
i
X X X

Spatial

Integrity
Management

OPS
Awareness

SCADA =]



Where Business and Technology Meet

PG&E'S IMPLEMENTATION
ROADMAP



Need for Linear Referenced Asset Management
\

Portfolio ) V\/_antS a”
Optimization pipeline events
in a linear

' PFLRisk Modiel ~ FLHealth ‘ reggé%ﬂ)%ed

( HEA SEE PFL Crilicality‘
Identification identification

Asset Maintenance
Performs and

Mobile Asset Mgmt records all

Work/GIS/CMS scorecards actlons done to
Leak Survey Planning  cp survey Planning Leak Survey CP Survey fa%ﬁ)l?llégeln
single linear
: rererence
PMPlaning - PM Scheduling  PM Dispatching P Reporting framework

Compliance
Reporting

_Maintains CMPlanning  Clearance Requests ~ CM Scheduling  CM Dispatchiag IM Testing Locate & Mark
single linear
rererence Collects all
framework : : assets and
in all asset Asset Repository Data Maintenance related
mgmt adnd events in
recor Centerline Editing PFL Design Field As-builts OIS single linear
SyStemS Completions reference
framework
\ rastructure ESB (Oracle)

GIS CMS SCM Scheduling Spatially

(SAP (SAP  (Documentum) (SAP MM) . Enabled BI
(C&C) LAM/PM) | LAM/PM) (Elick;Mentyx) Reporting

Next Gen Linear Reference Asset Management
Framework
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Design/Build/
Decommission

Mapper, Asset Strategist,
Supervisor, Field

Projects
¢ GIS/SAP POC Sandbox

* Next Generation Linear
Reference

¢ eGIS Ul Release 1.0
¢ eGIS Ul Release 1.x
* eGIS Ul Release 2.0
« Design PFLs

¢ Transmission Field As-
Built Automation

« GT Station collaboration
(GT Station Critical Data
Validation and Migration)

¢ Mariner Supply Chain
Materials Traceability

« Utilize GIS functionality for
all mobile applications

Data Cleanup Projects

* Migrate PLM pipeline
actions

* PODS data development
* Centerline

¢ PAS 55 Enabling Critical &
Health Coding of Assets in
SAP & PLM

¢ Station MAOP Validation

¢ Mariner Documentum Gas
Corrective Initiative

¢ Station Assets in SAP

* Updated GIS with Station
Assets

Leak Survey

Integrity Management,
Mapper, Field
Supervisor, Field

Projects

¢ EZ Tech Release 1

¢ EZ Tech Release 2

¢ Pilot Leak Survey
Maintenance Plans in
SAP & Documentum

* Leak Survey Redesign

¢ Mariner Leak Survey
Schedule Migration

* Replicate Spear Data in-
house for Analytics

* Release 3 — Move Leak
Survey maintenance from
Sharepoint to SAP:
Completion of work
tickets in SAP and
scanning of documents

« Leak Survey Mobility —
Moved to Ventyx

« Picarro

Integrity
Management

IM, Asset Strategist,
Mapper

Projects

Mariner Integrity
Management and Risk
Analysis Software

Data Management of
HCA & Class base
features

Asset Analytics
Dashboard

Preventative
Maintenance

Asset Strategist, Clerical,
T&R Supervisor,
Corrosion Mechanics,
Gas Techs, M&C
Mechanics, Gas
Mechanic, Mapper

Projects

* Mariner Gas Preventative
Maintenance Valves and
Regulators

* Mariner Gas Preventative
Maintenance Corrosion

« Mariner Gas Preventative
Maintenance Production
(4 Phases Planned)

» Mariner Documentum Gas
Preventative Maintenance
Data & Document

Modernization (PMDDM) — :

To be deployed in a PM
phase

e Click Scheduling Tool
Upgrade

* Mariner PLM mobilize
PLM process for pipeline,
CP & Line Equipment

* Mobilize preventative and
corrective maintenance for
station assets in SAP

Data Cleanup Projects

* Mariner PLM pipeline and
corrosion migrated to
SAP/GIS

Corrective
Maintenance

Mapper, Field
Supervisor, Field,
Clerical, Asset Strategist

Projects

« Mariner Gas Corrective
Maintenance — Leak
Repair, Mobile Ready
Development (GCM
Phase 1)

Gas Corrective Mobile

¢ GCM Phase 2 —
integrated with Gas
Corrective Mobile

Data Cleanup Projects

Mariner Gas Corrective
Maintenance — Doc and
Data Cleanup

Leak Repair Document &
Data Clean-up Phase Il

Locate and
Mark

Internal/External Party,
Integrity Management,
local M&C, Damage
Prevention Supervisor,
External IRTH staff

Projects

¢ Pilot IRTH app and Map
Viewer

* Mariner Locate & Mark
Device Replacement &
IRTH Upgrade

« Decommission IRTH with
SAP/Ventyx/GIS in-house
One-Call replacement

Project
Planning

Asset Strategist,
Portfolio Managers

Projects

Mariner project Portfolio
Management Tools
(PPM)

SAP and P6 Integrated

Risk Based Asset
Investment Portfolio
Optimization Tool



Current and Future Data
Management

Future Data Management Processes

&

&
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K




m@ SAP Asset Hierarchy - Non Linear
Wl

GT Line Level Functional Location/Equipment Structure has supported current business
activities but lack integrated linear capabilities that LAM provide.

w mmmm

TAAAV,
SEEERE % ™ Leebsbore Boundwhon o 0 roday
Functional k. aT Vald From 01/17/2013
Descripbion GAS TRARSMISSION
E EAS TRANSHISSION & LCLS LOXS
- gPor.m INSTROMENTS GEES ECES
1§n1mn:=1 COMUSTIRLE GAS DNDICATCRS & ECKS Loks
v o 6T, IRST.GAGE GRUGES & ECES ECES
C fﬂ.lm-nﬁﬁ OTHER INSTRASUGITS & ECES ECES
v Foriion LG/ TG OFERATIONS G ECES ECER
= Porine FIFELINES 6 ECES ECES ©
v g 9T, LINE. DCUS10037 BCUSTI008T FANGCHE ENERSY CENTER & ECES ECES
Ffﬁrmm PIP‘EI.'I.'E'! & EICES ECES
= &P 0T LINE, L-000F LINEZ & ECES BCES
- FET.INE. L0008 .O0RR LI @ COEROSTOM G BCES ECES
* oF OT.LINE.L-0002  COWN.LNOD LINE 3 CORMASION RMOIE - BCEE PEES
- il azsaaan ABCOE, LOOZ, M6 I47.62 = TVOO2ELI0
+ o OT.LINE.L-0003 __.CORR.CURY LINE 3 CORROSIGH COUPOE  ECES PCES
» SPCT.LINE.L-0002_ _ .CORR.ETSY LINE 2 CORROSION TS G ECES ECLS
» g GT.LINE,L-0002__.CORR. RECT LINE 3 CORROIIGH RECTITILR G ECES BCES
o Al =S PR S _AAAS BTEF TEF 2 BTEF = Frl Pl

» Largely segregated by equipment type (not hierarchical)

» Does not include System, Route, or clear Pressure Isolation zone / Sub-systems for
Operations
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SAP Asset Hierarchy with LAM

With LAM linear referencing, functional location / equipment structure is more fit for purpose with
pipeline maintenance and promotes enterprise asset management (EAM) best practice.

SRAEREE %P crwmsos cpandwnee o Bust e [

PoC

Furetans e ol el Fegem T D
Descnpsos GRS TRAMEWISEIDH
.F ey 1 ETS ¥ ECES Vo .
= P ET TR Y. 148 . -
. = 5.5F3 iga 3T 5 E R Length of Line
v @eerrhie 1 Caking T o=
[y = g i ETS =]
s E TS 2 ETE 2=
v e 7 Cating T =
= P 6T M. VY. 150 # FEL5 DS
+ ) I.6TT 300 2877, 380 IFT.IFI H IFT ¥
N = Ehert ] Seriabized Walve 20° 9 ECES MTTTES M =
(= EEireal s Cas1ngi 9 EOLS Y =
o @ azrsan (4151 QELTE T =
v W BT TR YT 153 LI 153 # ECES ECES
e = & bbs 2 472 408 2 ABIFT T H
o BB arTnagst Ler1al1oea Valve 20° % EODS miThisin il =
o B agTaanE2 Serialized Valve 20" 9 CC0S ATTTEN0 ol =
L= LRl iyl Sarialized ¥alve 20" T ECES ATTTE33 &l =
= BT T Y 154 Lime 154 & ECES ELES
= ) [ I_TrL 1D 2PN I ZFT T N
C T M T Eariabized Valwe 20° @ ICCE ATTTEIA il
U= ERhp i Serialized Yalve 3A" T EGES ATTTESS al =
o Barrasian Can gl i ECES & =
o B arr s LT o Lors F =
(N P kel Caa g2 [ i =
N = L HLrA Ers2 W EGES % =
o BT TE Y188 Lire 155 # ECES ECES
« P BT M. YN 156 Liew 158 ¥ EEL% Dels



Asset Hierarchy with LAM

Equipment records can also be linearized.

F unetional loe. GY Valsd Fram 12972012
Diseripdion GAE TRANSEMISEION
T = e T 1 Casing 9 ELGES = =
r i@ 42725135 1 ET5 9 EGES =
- o GT . TH YY. 144 Ling 143 g ECES ECES
- = B.0aa 2,272.400 2.272.400 ZFT ZFT H
= B 42Tz 1 Cazing 9 ECES
- == 128 168 378 164 208 BRR ZFT 7FT Location of the equipment
v az2s ey 1 EIS ' 9 ECES
¢ 42725130 2 ET8 0 ECES
Ol - LT 2 Casing 9 ELES
» P ET TH ¥Y 168 Lira 158 f ECES FOES
- BT TR Y53 Line 153 9 ECES ECES
« =3 . ana 2272 400 2272 400 2FT ZETH T Y
b AriaEs serialized Yalve 2° 9 ECES N/77ges gl
b 43T 405D Gorializnd ¥alwa 207 0 ECES MI7TARR e
b E 224053 serialized Yalve zg” 8 ELES N7/7eee i T
v SPAT TH YY 154 Line 154 i FLFS FLES
= B . HuE 2,774,100  2,774.100 ZF1 ZFT H - ' ZF1 ¥
v ElarT 24354 __|serialized Valve 20° 4 FLES ATTTARA o
¥ E-IE.'-'E-I-EE‘.} Serialized ¥alwe 20 9 ECES H777888 o i
] 2674 100 2774 100 100 006 2FT 2FT
- ol WTTTERE farialized Yalwve Z6° 1 E&
- ) 42725149 Casing 9 ECES % =
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SAP GEO.e Analyze Data

Through the GEO.e tab on work orders, notifications and object master records asset detail information can be
accessed using the drop down menu. Results can be reviewed for analysis in SAP list reporting.

Analyze- % .| Display Functional Location: Master Data
w ﬂﬂﬁllﬂ thlmm ﬂu-mwm'wm v o
e Cost
Fiar ol i @7, . A T = ___F-lr-- lﬁl-.nllﬂrm.
e Orders Types Dapen Way rea TotLne Mesllen 200
Stans 1 F— iV LD o
 Emergency Work
« Notifications -
h'-'l-'u-l—'l&-_:.
= L=t Edet Cobks  Qeder Enronment Tobtmge  Bedem Help
@ ~dH Q@ DR Do BN @R
GYQECATFBO odw B Hoearss B
[ MAT Ordes  * Dascrption M. wctr oo Motfication | UserStatus Typs
. ealrl30990207  LINE LB.TI00 CONSTRUCTION  SNCARLOS M 6 UMSE  NOGD
| MA 41507822 LINE T300, 0 - 2000 SHCARLOS M G 10SSHOITE  PREC  M18O
L 41597622 LINE T200, 2000 - 4000 SHCARLOS M G 10SSH0179  UMSC  NISO
| BA 41597624 LINE T300, 4,000 TO END SHCARLOS M G 10SSHOIB0  UMSC  M18D
| B0 41597625 STANDARD VALVE MARITENANCE SHCARLOS M G URSC  N1SO
Xl 41507626  STANDARD VALVE MADNTENANCE SHCARLOS M 6 UMSC  NiSD
. IBXP 41597627  CHECK TEST LEAD SNCARLOS M G 105580181  UMSE  Noso | O
— - - T——
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