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Developing the Digital Twin
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Digital Twin
Definition: A Digital Twin is a dynamic digital representation of real-world 
entities and their behaviors using models with static and dynamic data that 
enable insights and interactions to drive actionable and improved outcomes.
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 Industry aligned definition led by SWAN Digital Twin Working Group and "American Water Works Association Digital Twins Committee



Digital Twin
Definition: A Digital Twin is a dynamic digital 
representation of real-world entities and 
their behaviors using models with static and 
dynamic data that enable insights and 
interactions to drive actionable and 
improved outcomes.
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 Industry aligned definition led by SWAN Digital Twin Working Group and 
"American Water Works Association Digital Twins Committee 



Modelling Program Touchstones
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Leverage Primary Data Sources
• Avoid duplication of existing datasets
• GIS is the source of infrastructure data

Reduce Manual Data Cleaning/Manipulation
• Implement automated data import procedures where possible
• Reduce roadblocks to calibration

Traceability and Repeatability of Modelling
• Develop modelling guidelines
• Implement version control

Get Analysis in Hands of Decision Makers
• Don’t get caught in analysis paralysis
• Find ways to present analysis in an easy to digest format





Digital Twin Illustration
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Don’t worry, it’s all been done before!



Digital Twin Illustration
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Don’t worry, it’s all 
been done before!

• Multiple sources of data

• Robust to failure

• Frequent simulations

• Visualization generated (automatic)

• Used for Decision Making
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• Python script for ArcGIS

• Run as a background process

• Can be automated and run 

frequently

• Removes the previously 

manual GIS clean up tasks

• Provides a consistent output 

allowing easier merging of 

data






Best Practice
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• Source Control
• Modular
• Logging



Best Practice
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• Source Control
• Modular
• Logging
• Syntax checking



Best Practice
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• Source Control
• Modular
• Logging
• Syntax checking
• Configuration



Best Practice
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Halifax Water Pipe Segmentation - Version 0.2
Primary GDB Location: C:\hw-pipe-segmentation\hw_data.gdb
Asset Management GDB Location: C:\hw-pipe-segmentation\hw_data.gdb
Projection File Location: C:\Luke-git\hw-pipe-segmentation\data\EPSG8083.prj
Running pre-script validations
✓ | ArcGIS for Desktop Advanced license available
✓ | Primary GeoDatabase Exists
✓ | Projection Definition Exists
✓ | Feature class to duplicate into AM DB exists: C:\hw-pipe-segmentation\hw_data.gdb/AST_water_pipe
✓ | Feature class to duplicate into AM DB exists: C:\hw-pipe-segmentation\hw_data.gdb/AST_water_service_line
✓ | Feature class to duplicate into AM DB exists: C:\hw-pipe-segmentation\hw_data.gdb/AST_water_hydrant
✓ | Feature class to duplicate into AM DB exists: C:\hw-pipe-segmentation\hw_data.gdb/AST_water_fitting
✓ | Feature class to duplicate into AM DB exists: C:\hw-pipe-segmentation\hw_data.gdb/AST_water_valve
✓ | Filter in config for feature class to duplicate into AM DB exists: AST_water_pipe
✓ | Filter in config for feature class to duplicate into AM DB exists: AST_water_service_line
✓ | Filter in config for feature class to duplicate into AM DB exists: AST_water_hydrant
✓ | Filter in config for feature class to duplicate into AM DB exists: AST_water_fitting
✓ | Filter in config for feature class to duplicate into AM DB exists: AST_water_valve
! | WARNING - Dataset already exists, overwrite? C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25
Please type YES to overwrite data: YES
✓ | No duplicates in PIPEKEY field in layer C:\hw-pipe-segmentation\hw_data.gdb/AST_water_pipe
✓ | No duplicates in HYDRANTNUMBER field in layer C:\hw-pipe-segmentation\hw_data.gdb/AST_water_hydrant
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_nodes_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_fitting_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_hydrant_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_pipe_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_pipe_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_pipe_split_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_service_line_2022_10_25
✓ | Can acquire schema lock on layer C:\hw-pipe-segmentation\hw_data.gdb/_2022_10_25/AM_water_valve_2022_10_25
- Validation Done

• Source Control
• Modular
• Logging
• Syntax checking
• Configuration
• Validation



Functionality Overview
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Create a 
Filtered Copy

Populate 
Model Data

Re-segment 
Pipes and 

Create 
Junctions

Check and 
Flag Changes
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Create a Filtered Copy Populate Model Data Re-segment Pipes and 
Create Junctions Check and Flag Changes

AST 
Geodatabase

AM 
Geodatabase

• Halifax Water’s AST corporate geodatabase 
is copied into new AM geodatabase

• Not all features in AST are required for the 
model build. Filters are used.

• Examples of filters:
• Hydrants: Maintained by = Halifax Water
• Valves: Type = PRV or Isolation
• Pipes = water type = potable
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Create a Filtered Copy Populate Model Data Re-segment Pipes and 
Create Junctions Check and Flag Changes

• Not all features required for the model build that are included in the 
AST geodatabase feature classes.

• Attributes are added to AM feature classes in this step.
• Examples includes:

• Copies of domain fields
• Pipe size in metric & numeric format
• Installation year in numeric format
• C-factor
• Unique Element ID
• Valve Type

AST Attributes
PipeSize 100 mm, 4"
InstallDate 1/1/1985
Owner 1

Attributes Used for Model
Diameter 100
Year 1985
Owner Halifax Water
Roughness 120
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Create a Filtered Copy Populate Model Data Re-segment Pipes and 
Create Junctions Check and Flag Changes

• Pipe must have upstream and downstream node and a node must be present at any location 
where a pipe is split.

• The script runs through the geometry of the model elements.
• Pipes are split within a specified tolerance (ex: 0.01 meters) of a node or the end of another 

pipe. 
• Additional nodes created at the ends of pipes where one does not already exist.



Import to InfoWater
• Once GIS has been formatted, it can 

be imported into InfoWater Pro using 
the GIS Gateway Tool

• Tabular joins can be used to update 
existing records or populate new 
elements

17
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Create a Filtered Copy Populate Model Data Re-segment Pipes and 
Create Junctions Check and Flag Changes

• Model periodically updated. 
• Useful to know changes made to the GIS feature 

classes since the last update.
• Tool compares to previous AM feature dataset and 

flags differences.
• The following change types checked:

• New feature
• Geographic shape
• Attribute Change (ex: size, install date, owner, 

material)
• Deleted feature
• Pipe segmentation count change

CHANGETYPE: Attribute
CHANGEFLAG: MATERIAL was 
unknown, now DUCTILE IRON



Model Build (May 4th to November 1st) GIS Updates
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• 114 - New Pipes
• 28 - Removed Pipes
• 156 - Changed Segments
• 22 - Changed Attributes
• 0 - Changed Shape



Next Steps…
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2016:
Total Pipes: 6,098
Total Junctions: 4,613
Valves (PRV): 136
Valves (TCV): 0

Halifax Water Pipe Segmentation Tool



Next Steps…
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2022:
Total Pipes: 52,384
Total Junctions: 34,058
Valves (PRV/TCV): 15,706

Halifax Water Pipe Segmentation Tool



Next Steps…
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• Advanced Metering Infrastructure (AMI)

• C-Factors

• SCADA “Live Data” linkage

• Document

• Document

• Document



Questions?
david.blades@halifaxwater.ca
michelle.scott@c3water.ca
luke@matrado.ca

mailto:david.blades@halifaxwater.ca
mailto:michelle.scott@c3water.ca
mailto:luke@matrado.ca
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