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Overview o0 —

Pipeline-Risk

A Data Driven Machine Learning Based Approach
to Integrity & Risk Management Compliance &

Decision-Making Threats

(Probability, Events)

Risk
 Predicted Events/Year ¢ Compliance
ini . . . * Score or Dollars/Event * Inspection Prioritization
Training Machine Learned Prediction % « Risk Score or Dollars . Mitigation Selection

v

Objectives

Data Models Data * Net Present Value Carried Risk * Improved Reliability, Safety
* Observations * Data Driven * Pipelines
* Domain Expertise * Validated * Facilities
* PLR Model Library * Compliant Consequences
* Explainable (Scored or Monetized)

ML.ai Application
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Overview o

Pipeline-Risk

The purpose of this document is to explain PLR’s machine-learned ML.ai Software Platform
based risk structure for assessing the threats, consequences and ML.ai is PLR’s secure web platform supporting pipeline &
risk of pipeline systems. facility risk management through machine learning and

advanced analytics.
Machine Learned Models

The risk structure accommodates several approaches to machine Value
learning Individual threat & consequence models in support of ML.ai supports a data driven approach to risk, where results
integrity & risk management: are transparent, explainable and can be used to support

 Model learning based on actual observations of the target compliance and resource allocation decision-making:

threat or consequence * Models are meta-data driven and can leverage existing

« Model learning based on synthetic data created from PLR’s data, PLR’s geospatial data store & PLR reference models

model library e Results may be normalized to industry or in-house

« Model learning based on traditional deterministic risk statistics in support of risk monetization

calculations * Advanced analytics provide methods to understand and

. Model learning based on a sampling of industry based explain prediction results in support of relevant action

deterministic structures & studies
Key outputs from the structure include predictions of threat and

consequence risks, scored or monetized, prediction explanations
and simulations.
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Key Concepts 0 =

Pipeline-Risk

Learned models are the foundation of the overall risk analysis supported by
ML.ai:

* Threat models support the concept of POER (probability of event rate)
which is a construct to calculate probabilities for different lengths of pipe
or facilities depending on whether the threat is time dependent or time
independent. Event rates are based on provided PHMSA statistics or asset
owner assumptions, and application of POER results in predicted events
per year for each pipe segment over time.

Predictor Influence by Record - Break_Down

Expected Contribution to |from Mean
1

* Consequence models support risk monetization and are combined with
the results of the threat models to generate risk values for each pipe
segment over time for each threat. Risk values are then represented as net
present values in support of resource allocation decision-making. .. .
Dimensionless scores can be retained if monetization is not required.

* The process provides options for inclusion of the impact of mitigations,
threat resistance, recent assessments and repairs, and threat interactions
as derived through advanced analytics and simulations.

* Key advantages of a machine learning approach is it is data driven,
validated with actual observations, considers threat interactions and non-
linearities, fully explainable, compliant and may be continuously improved
as new data becomes available.
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Glossary of Terms — Time Independent Threats

Time Independent Threats

Pipe Segment Length Seglength Segment Length (Measure_End — Measure_Start)

Threat Prediction Predict Machine Learning Prediction (Binary Classification Probability)
Classification Prediction S Probability of Threat (Susceptibility: Same as Predict)
Assessment Mitigation Assess Assessment & Repair Threat Mitigation (higher % reduces S)
Threat Mitigation Mitig Optional Additional Mitigation (higher % reduces S)

Threat Resistance Resist Optional Additional Resistance (higher % reduces S)
Probability of Event Rate POER POER =S * (1 — Assess) * (1 - Resist) * (1 - Mitig)

Min Boundary predMin Sets the Minimum POER Boundary for Scaling

Max Boundary predMax Sets the Maximum POER Boundary for Scaling

Event Rate Event_Rate Scaled Event Rate for Segment (#/1000 mile — yrs)

Events per Year Events_yr Length Adjusted Events per Segment per Year

Analysis Years Years Number of Years to Assess Threat

1/16/2026
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Glossary of Terms — Dependent Threats

Time Dependent Threats

Pipe Segment Length Seglength Segment Length

Threat Prediction Predict Machine Learning Prediction (Regression)

Regression Prediction mpy Growth Rate (Severity)

Criteria Criteria Years for WT to Exceed MAOP (Pressure) or WT Depth (Depth %)
Wall Thickness WT Current Wall Thickness of Pipe or Remaining Anomaly

Wall Thickness Required WT_Req Two Options: Minimum Pressure or Depth % Criteria

Yrs to Exceed Required WT WT_Yrs Number of Yrs to Required WT

Age Age Current Age in Years of Pipe

Time to Criteria TTC Current Age plus WT_Yrs to Exceed Required WT

Probability of Event Rate Weibull Base Probability of Event Rate based on Weibull Curve

Min Boundary predMin Sets the Minimum POER Boundary for Scaling

Max Boundary predMax Sets the Maximum POER Boundary for Scaling

Assessment Mitigation Assess Assessment & Repair Threat Mitigation (higher % reduces POER)
Threat Mitigation Mitig Optional Additional Mitigations (higher % reduces POER)

Threat Resistance Resist Optional Additional Resistance (higher % reduces POER)
Probability of Event Rate POER POER = Probability * (1 — Assess) * (1 - Resist) * (1 - Mitig)

Event Rate Event_Rate Scaled Event Rate for Segment (#/1000 mile — yrs)

Events per Year Events_yr Length Adjusted Events per Segment per Year

Analysis Years Years Number of Years to Assess Threat
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Glossary of Terms — Consequences O =

Pipeline-Risk

Consequences

Regression Prediction Predict Machine Learning Target (Numerical Value Regression)
Min Boundary predMin Sets the Minimum Consequence Boundary for Scaling
Max Boundary predMax Sets the Maximum Consequence Boundary for Scaling
Consequence Mitigation Mitig Optional Additional Mitigations (higher % reduces Predict)
Regression Prediction Conseq Consequence = Predict * (1 — Mitig)

Scaled Consequence Conseq_Scaled Scaled Consequence for Segment (S)

Total Events per Year Total _Events_yr Sum of all Predicted Events

Total Consequences Total _Conseq Sum of All Consequences

Total Risk Total_Risk Total_Events_yr x Total_Conseq by Threat or All Threats (depends on selected view)
Net Present Value NPV Total_Risk discounted to Year O
Net Present Value per Mile NPV_mile NPV Normalized by Mile

* Risk is calculated by multiplying the number of events per year times consequences for each segment and analysis year. The results will show risk
for each segment and each analysis year which are then aggregated to a Net Present Value (NPV) for each segment based on an assumed discount
rate and number of analysis years. NPV’s are further normalized to miles shown as NPV_mile.

* Interactions are an advanced feature, basically if interactions are set as True for a threat the threat POER is increased by the POER of the
interacting threats using 1-POER math

* Ensemble model predictions are an advanced feature where the predictions from main threat are multiplied by the ensemble model predictions
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ML.ai Navigation

Pipeline-Risk

Machine Leaming for Asset Integrity (ML.ai) 2 GB Memory Use

Navigate to Risk
Functionality =N

0 =

Analytics

B Leam
@ [Risk | Data File = None Selected | Model = Pending or Not Required | Target = None]

I Q Analytics ; )
Load Data|Model | Analysis

& Utilities

Select Analytic

Analytic Description Documentation
 Explorgtory @

Calculate indivi time ir it and time it threat and conseq result sets based on data Reference Training Course
driven machine learned models. Result sets are then aggregated with other threats and consequences.

3 Simulation
' Model Vilidation
» Explanato
2 Similarity &
0 Tree Analysis

Cutliers

® Risk

Select to access risk
functionality

Software License Terms Apply - Copyright 2024, Last Update 5-26-2025
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Prerequisites — Models

Threat and consequence models are required
for the risk process. The example shows three
typical model types, learned as part of PLR’s
industry-based reference model library:

EC_mpy — external corrosion growth rate
model (time dependent)

TPD — third party damage susceptibility model
(time independent)

Consequence — impact on population model
(consequence)

* Additional models may be added to the
process

* The model learning process is automated
through ML.ai and is not presented in this
document

* The models used in this example are simply
previously learned digital objects loaded
into the risk process to demonstrate the
different types of models

1/16/2026

EC_mpy Predictors & Weights

roe_cours I
cn_STRUCTURES_1005QM -_
st_SOIL_draina ge-.l_
pr_Precip_Annual ,_
n_AGRIVALUE-_
st_SOIL_pH -_
Dist_Road_Agg f...
Dist_FP_Agg -.l.
Dist_RR_Agg --
Dist_AreaWater_»Agg- -
Dist_Water_Agg f.

Power_Dist_Agg -I

Pipe_Seam-

o o )

TPD Predictors & Weights

Patrol_Type-

n_BUILDVALUE |

Line_Marking ,_
n_NUM_PEOPLE_SQ_MI _
pe——. |
Doc --
Dist_Water_Agg --
Dist_AreaWater_Agg -.
Patrol_Freg -I
Dist_FP_Agg-
Dist_Road_Agg-
o ”L{; ® & %QI’ &
Importance
©Pipeline-Risk

Consequence Predictors & Weights

QO —

Pipeline-Risk

n_AGR.IVALUE-I

Mominal_0D-|

n_BUILDVALUE-
cn_STRUCTURES_1005QM-
Dist_RR_Agg-
Dist_Road_Agg-
Dist_OPA_Agg-

o o ® &

Importance

Saved Model Files:

&
R

| 9 M_Consequence.RD5

| 9 M_EC_mpy_tuneRDS

|9 M_TPD.RDS
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Prerequisites — Prediction Data 0 =

. . Pipeline-Risk
Prediction data and models are loaded
Analytics one model at a time, where each model o
_ _ o is a risk element (threats or
@ [Risk | Data File = C_wvwTranzmission.RDS | Model = M_TPD.RDS | Target = TPD] .
consequences) used in the process.

Select Analytic Load Data|Moded | | Analysis

| mable | | Pets | | aualty | | vad | | ion | | Levels | | Models | | Predictors | | Modellnfo
ource of Analytical Da Levell a Pipeline_1 a Class a
RDS Data Frame - Pipeline_2 cn_Arealand Loaded Assets = 8
Pipeline_3 cn_AreaWater Data Sets Loaded Fields = 59
Pipeline_4 cn_PEOPLE_100SQM L - Model L Dat
Source File . Pipeline_5 cn_STRUCTURES_1005QM sam _ & Leam Liala Loaded Records = 3,650
Load Prediction ; Analysis - Data of Inferest )
. <« Pipeling_& Consequence Filtered Assets = 8
Browse...  C_vwTransmission.RDS Data Pipeline_7 CP_Ofi_Change ) )
RERER Cum_Sum Pierearieies =54
Dist_Area\Water Filtered Analysis Records = 1,951
- Dist_AreaWater_Agg
[ Up|DownSample Data < > Dist_Comp Filtered Learmning Records = 1,689
Dist_FP ) ) )
[ Create Unique Rec_ID Dist_FP_Agg Inc. Model Leamning Data in Analysis
Level 2 Dist_OPA
[C) Check Data for Special Characters Level? FY Dist OPA_Agg
Dist_Road @ Data Loaded
[} Skip Model {Data Analysis Only) Dist_Road_Agg @ Data Table in State
Dist_RR @ Valid Model Loaded
Dist_RR_As
Model (RDS) Dist_Wat_ergg @ Data Table Filtered
Browse.. M_TPD.RDS [ Load Model Dist_Water_Agg @ 4l Predictors Present
i Wy \ T - . _
P A @ Winimum Fietds =2
@ Valid Column Names
v v Dyn_Seg_ID v i
Target = TPD . . = ~ i > @ Field Classes Match
Task = Binary Classification @ Excludes Reserved Fields
Leam Date = Thu Oct 23 11:09:18 AM 2025 [ Enable Search & Select Opfion Pre-Select Fields All Records Complete
Units = probability @ Measures Present
Model = ModelS [ Use File to Pre-Select Assets Model Predictors (Load Model) - ® Size Load < 200000
Pos Class = Yes Field Count < 50
X @ File is Dataframe
Load Optional ded q q fied f
Loaded prediction data is verified for
D UseEnsemble  4— | Ensemble Model P

consistency with the loaded model

Software License Terms Apply - Copyright 2024, Last Update 5-26-2025
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Prerequisites — Prediction Data 0 =

Quality report shows data e
Analytics summary statistics and —
comparison of prediction data
(analysis data) to learning data

@ [Risk | Data File = C_vwTransmission.RDS | Model = M_TPD.RDS | Target = TPD]

Select Analytic Load Data|Mode! | Analysis |

| Table | | Plots | | Quality | W Correlation | | Levels | | Models | | Predictors | | Mode! Info

Update Analysis Data Learn Data from Model

'y Y
Select Fields
Rec ID Y No Variable Stats | Values Freqs (% of Valid) Graph No Variable Stats / Values Freqs (% of Valid) Graph Missing
Levell
Level2 Record Count = 1951 Record Count = 1699
Comp_ID
g:ngl‘:{ame Mean (sd) - -0.002 (0.017) Mean (sd) 2074 (0.857) e ST R
= CP_Off_Change min = med = max: o g || EE=S (LD SIS 7. 447 (26.0%) 0
TPD 6 49 distinct values [numeric] 12223 e JAEES]) (0.0%)
Class [numeric] -0.08 =-0.001 =0.04 3: 691(40.7%) .
cn_PEOPLE_100SQM IQR (CV) - 0.022 (-8.064) IQR (CV):2 (0.413)
cn_STRUCTURES_100SQM
Consequence P . N
CP_Off_Change Mean (sd) : 1.772 (0.852) ) : Mean (sd) - 27.739 (11.351)

P_Of_f ) 1: 980 (50.2%) DoC min = med = max: 0
Dist_AreaWater_Agg Class min = med = max: X N X 9 . 43 distinct values ; .
Dist_FP_Agg 2 [numeric] 12123 21 435(22.3%) [numeric] 12=24 2124 (0.0%)

it OPA 3: 536 (27.5%) (CV) - 12 (0.416)

Dist OPA_Agg. v IQR (CV) 2 (0.481) ¢ } IQR (CV) © 12 (0.415)
) Missing Only Fields ). imit
g Only Mean (sd) : 30205023 (42112838) o000 gan e o) Dist Arealater_Agg 1. Limited_Impact 995 (58.7%) 0
5 Consequence min £ med = max: 10000000 - 435 (22 3%) %) [factor] 2. Cut_Of_Range 574 ({33.8%) (0.0%)
Exclude References [numeric] 1000000 = 1000000 = 100000000 53552?'5%;| 3. Potential_Impact 127 ( T5%) s
O Drop Zero Levels IQR (CV) - 99000000 (1.427) R LsneE
1. Limited_Impact 879 (51.7%
Dist_FP_Agg mited_fmpeac ( ) 0
[ Zero Variance Fields Mean (sd) : 26.818 (12.237) 4 factor] 2. Out Of Range 725 (42.7%) (0.0%)
DoC min = med = max: - 3. Potential_Impact 95 ( 5.6%) R
) Gonvert Factors to Character 13 [numeric] 12294 = 198 60 distinct values
X QR (CV) - 12 (0.456) Dist OPA A 1. Limited_Impact 26( 1.5%) 0
Show Field Type 5 [f.::l:: . 2 2 Out_Of Range 1670 {98.3%) 0.0%)
3. Potential_Impact 3( 0.2%) bhced
Al - St Areatiaior 1. Limited_Impact 1059 (54.3%) S ! !
7 L L2y 2. Out_Of Range 632 (32.4%) N ) .
Levels [facter] 3. Potential_Impact 260 (13.3%) Dist_RR_Agg 1. Limited_Impact 9T ( 5.7%) 0
: - : 7 lacto] 2. Qut_Of_Range 1598 (94.1%) (0.0%)
3 3. Potential_Impact 4( 02%) L
DistFP_Ag 1. Limited_Impact 1005 {51.5%) otential_impa ¢ !
Trim Stri B tfacter] ? 2. Out_Of_Range 750 (38.4%) 1. Limited_Impact 475 (28.0% )
rim Strings i Dist_Road_A ) - ' 0
3. Potential_Impact 196 {10.0% ) 5 [f;scl;r]ca _Agg 2. Out_Of Range 1174 (69.1%) oo
20 3. Potential_Impact 50 ( 2.9% R
st OPA A 1. Limited_Impact 42 { 2.2%) G EULLE { !
] g0 2. Out_Of_Range 1887 (96.7%) -
Guidance + lEache] 3. Potential_Impact 22( 11%) Dist_Water_Agg 1. Limited_lmpact 950 (55.9%) 0
: —mp : B 2. Out_Of Range 12( 0.7%) 8 o
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Load Prediction Data & Model 0. —

. . Pipeline-Risk
Load prediction data and one model
Analytics where each model will generate a risk ==
_ _ o element result set (threats or
@ [Risk | Data File = C_wvwTranzmission.RDS | Model = M_TPD.RDS | Target = TPD] .
consequences) used in the process.

Select Analytic Load Data|Moded | | Analysis

| mable | | Pets | | aualty | | vad | | ion | | Levels | | Models | | Predictors | | Modellnfo
Source of Analytical Data " a Pipeline_1 a Class a
RDS Data Frame - P'peinezz cn_Arealand Loaded Assets = 8
Pipeline_3 cn_AreaWater Data Sets Loaded Fields = 59
Pipeline_4 cn_PEOPLE_100SQM L - Model L Dat
Source File Pipeline_5 cn_STRUCTURES_1005QM eam ) & Leam Liala Loaded Records = 3,650
o Pipeline_6 Consequence Analysis - Data of Inferest Filtered Assets = &
Browse...  C_vwTransmission.RDS Pipeline_7 CP_Ofi_Change
RERER Cum_Sum Pierearieies =54
Dist_Area\Water Filtered Analysis Records = 1,951
- Dist_AreaWater_Agg
[ Up|DownSample Data < > Dist_Comp Filtered Learmning Records = 1,689
Dist_FP ) ) )
[ Create Unique Rec_ID Dist_FP_Agg Inc. Model Leamning Data in Analysis
Level 2 Dist_OPA
[C) Check Data for Special Characters Level? FY Dist OPA_Agg
Dist_Road @ Data Loaded
[} Skip Model {Data Analysis Only) Dist_Road_Agg @ Data Table in State
Dist_RR @ Valid Model Loaded
Model (RDS) Dist_RR_Agg ‘alid Model .oa e
Dist_Water @ Data Table Filtered
Browse... M_TPD.RDS DisEWatel_Agg @ Al Predictors Present
i Wy \ T - . _
Dog @ Mimimum Fieics =2
@ Valid Column Names
v Dyn_Seg_ID v i
Target = TPD v = ~ i > @ Field Classes Match
4 > ,
Task = Binary Classification @ Excludes Reserved Fields
Leam Date = Thu Oct 23 11:09:18 AM 2025 [ Enable Search & Select Opfion Pre-Select Fields All Records Complete
Units = probability ) ) ) @ Measures Present
Model = ModelS [ Use File to Pre-Select Assets Model Predictors (Load Model) - ® Size Load < 200000
Pos Class = Yes Field Count < 50
@ File is Dataframe
O Use Ensemble Loaded prediction data is verified it is

consistent with the loaded model

Software License Terms Apply - Copyright 2024, Last Update 5-26-2025
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Apply TPD Model to Data o=

Pipeline-Risk

Analytics =X

@ [Risk | Data File = C_vwTransmission.RD5S | Model = M_TPD.RDS | Target = TPD] Loaded mOdel Is Conflgu red

— and mapped to data
me

| MNormalize | | Results | | Plots | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA
MAP MODEL MAP GENERAL FIELDS Assessment Mitigation (opt)
Type Asszet Type Naone - f
Mitigation of threat based on -
Time_Independent Threat A Pipe A Addit. Mitigations (opt) g ] Loaded Records = 3,650
recent assessments loaded in Calculation Years = 5
Prediction Units Measurement System None - assessments dashboard Calculation Records = 18.250
Probability or Score - Standard -

Addit. Resistance (opt)
@ Mapping Valid
[ Use Configuration File Analysis Years None -

5 Guidance

Current Year « Each Model Generates Risk Resulis

2023 « Results Calculated for Each Model
Configure Each Threat Model

» Configure Each Consequence Model

Target = TPD
Task = Binary Classification

Leam Date = Thu 023 11:09:18 AM 2025
Units = probability
Pos Class = Yes

Measure Start

Measure_Start hd « Minimize Use of Missing Data

» Configure File Persists Mapping

Mesure End = All Fields Require Mapping
Measure_End hd « Results Aggregated Later in Process
= Aggregafed Resulis Use Same Data
TPD is time independent, and Required mapped fields to data Optional mitigation & resistance
model predicts a probability fields

1/16/2026 ©Pipeline-Risk 16



Apply TPD Model to Data o=

Pipeline-Risk

Analytics

@ [Rizk | Data File = C_vwTransmission.RDS | Model = M_TPD.RDS | Target = TPD]

Normalize or convert model

vy predictions to TPD event rates

|' Results | | Plats | | Aggregate | | Calculate | | Risk Results | | Flots | | Assessments | | PHMSA
" Create Normalized
PREDICTION RESULTS Results

Histogram Type Results Predictions based on model applied to '

P - Calculation Years = 5

Regular - Time Independent Predicions  + Model Prediction Results (Year 1) - Predict data, output is probabilities
’

Position Minimum = 0.29

B Constant = All 0.06 Estimated Run Time (min)
Maximum = 0.65 200-

Mean = 0.42
Standard Deviation = 0.08

Stack - @ WModel Exists

150- @ Records = 0

Persist Range Pipe Segments = 1,951
Set these to pe oed :

@ Results Complete
. Total Length ft = 969 655
model range = Range Min

Guidance -
° e B 1 ull
All - o e ' ' L " " -
o e o © K &

Count
-
(=]
(=]

50
— | » Resuliz Exclude Learning Data
Range Max
o & o le « Persist Range Sets Scale to Transform
1 Bins Intervals Predict « Transform is to Normalization Range
30 3 « Transform Scales POER to Event Rates
« T Scales C to Dollars
NORMALIZATION STATISTICS
Distribution Type Fit Scale POER to Events/1000 mile-Yr Distribution Predictions are normalized to industry or
uniform - 100 asset owner event frequencies
Select )
Min Scale to Value normalization s
0.0001 distribution type =
= g.50
Max Scale to Value a
1 0.25
& Save Configuration 0.00
£ e axl ) £
o o¥ o? ) o

Statistical| Industry Value

1/16/2026 ©Pipeline-Risk 17



Normalization Concept

@)

Pipeline-Risk

Model Prediction Results (Year 1) - Predict

Predicted Probability
of Event

Count

| Machine Learned
II I I III I I Predictions
| | | .-II ,I--,II N

o? o N2 o o’ K4

o
Predict

Model Prediction Results (Year 1) - Events_yr

200

Predicted Events per 10

Year 100

Statistical
7 Normalized
‘Tiniiiniiieaniiin
|:|'| . . ll i l-_—_—_
° R RS & S

Count

Predictions

o
i

Events_yr

1/16/2026 ©Pipeline-Risk
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Results o=

Pipeline-Risk

Analytics ——

@ [Risk | Data File = C_vwTransmission.RD 5 | Model = M_TPD.RDS | Target = TPD]

— Results of Model Application
)

Config | | Normaii | | Results | | Plots | | | Agaregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA |

Download and save TPD risk element
results for later use

Filter by Year Update  Clear & Excel & RDS [ EERUSIGGEENEEEE

, Models) e

! T Columns, Table & Year Filters Persist w|Downloads o
Only Show Results e Risk Consequence.RDS [~ Search:
U Load Results File Levell Level2 Comp_Name SeglLength Rec_ID yr P1 9 Rick EC mpy RDS Y] POER Event_Rate Events_yr Comp_ID
Options . B . . . . .
A a A A A Al Al ‘9 Risk_TPD.RDS [ ¥ A A A Al
L) Show Selected Fields Levell Level2 Pipeline_1 410.00 1 1.00 0372 037 0.00 0.00 0.00 0.372 0.37236277 0.000028914533 1 ;
O Include Models on Save Levell Level2 Pipeline_1 436.00 16 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512 0.000028307302 1
Round _—
Levell Level2 Pipeline_1 §19.00 26 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000040899149 1
2
Leveld Level2 Pipeline_1 401.00 40 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000026495249 1
Grid Size o
Levell Level2 Pipeline_1 459.00 46 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000030327479 1
500
Levell Level2 Pipeline_1 §45.00 51 1 o 0.349 0.34886512  0.000042617046 1
Reference glossary of terms for definitions and
Leveld Level2 Pipeline_1 537.00 53 1 calculations 0.349 0.34886512  0.000034520439 1
Relocate Columns Leveld Level2 Fipeline_1 501.00 59 100 U3aY u3s R v.uu v.0U 0.349 0.34886512  0.000033102543 1
Levelt Level2 Pipeline_1 495.00 71 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000032706105 1
Guidance
Leveld Level2 Pipeline_1 209.00 78 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000013509244 1
Levell Level2 Pipeline_1 755.00 a3 1.00 0.391 039 0.00 0.00 0.00 0.391 0.39066094  0.000055861555 1
Levell Level2 Pipeline_1 460.00 a8 1.00 036 0.36 0.00 0.00 0.00 0.36 0.36056395  0.000031412768 1
Level1 Level2 Pipeline_1 499.00 o7 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000032970397 1
Level1 Level2 Pipeline_1 343.00 110 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000022663018 1
Levelt Level2 Pipeline_1 670.00 13 1.00 0.349 035 0.00 0.00 0.00 0.349 0.34886512  0.000044268869 1

1/16/2026 ©Pipeline-Risk 19



Results 0 =

Pipeline-Risk
Analytics 0 =

Pipeline Risk

@ [Risk | Data File = C_vwTransmission.RDS | Model = M_TPD.RDS | Target = TPD]

Perform interactive

| anaves | analysis of results data

| | Agaregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA

o ] ristogrm

® None
Graph © Profile Base Predictions (Probabily) W Pipeline_1
st O Profile Probability of Event Rate (POER) B pipeline_2
istogram -
(0 Profile Event-Rate {Mile-Year) B Pipeline_z
X (numeric) 2 Profile Events (per Segment-Year) 220~ M ripeline_s
Predict - 3 PHMSA Incidents (Indusfry 2010-23) W Pipeline_s
200-
Position 0 Pipeline_g
Legend
Stack - 180- B ripeline_7
Comp_Name -
B rpipeline_8
Histogram Type
Intervals 160-
Regular -
3
Logd0 ¥ 140~
Plot Height -
identity - g
800 2120-
5}
X Numeric Format
[ Use Axis Tics & Disable Format 100-
comma A
¥ Numeric Format 80-
comma -
60-
[ Show Stats
Bins 40-
50
20-
0- — I

oo
L (O
S
RS
]
G

b
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External Corrosion Growth Rate — EC_mpy
(Time Dependent Threat)
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Load Prediction Data & Model 0 =

Load prediction data and one model Fipeline sk

2 . . O =
Analytics where each model will generate a risk o
@ [Risk | Data File = C_vwTransmission.RDS | Model = M_EC_mpy_tune.RDS | Target = EC_mpy] element resu |t Set (th reats Or
consequences) used in the process.
| (e
Table | | Pots | | Qualty | Vari | | e ion | | Levels | | Models | | Predictors | | Modelinfo |
Source of Analytical Data 1 » P 1 a a N ado hnacka®
RDS Data Frame - Pipeline_2 cn_Arealand Bissa OBCEC A
Pipeline_3 cn_AreaWater ata Sets Loaded Fields = 59
- Pipeline_4 cn_PEOPLE_100SQM Leam - Model Leamn Data
Source File Pipeline_5 cn_STRUCTURES_100SQM x ; Loaded Records = 3,991
Pipeline_6 Consequence HEyyecha diimetent Filtered Assets = §
Browse C_vwTransmission.RDS Pipeline_7 CP_Ofl_Change
[ Upowicmes ] Postie’ o e,
Dist_AreaWater Filtered Analysis Records = 1,951
v Dist_AreaWater_Agg
[J Up|DownSample Data < > Dist_Comp Filtered Leaming Records = 1,699
Dist_FP
[0 Create Unique Rec_ID Dist_FP_Agg Inc. Model Learning Data in Analysis
Level 2 ~
Dist_OPA
[0 Check Data for Special Characters Level2 a Dist_OPA_Agg
Dist_Road @ Data Loaded
[ Skip Model (Data Analysis Only) Dist_Road_Agg ® Data Table in State
Dist_RR @ Valid Model Loaded
[~ Model (RDS) Dist_RR_Agg St
Dist_Water Data Table Filtered
Browse M_EC_mpy_tune.RDS Dist_Water_Agg @ Al Predictors Present
= Dist_Waterway_rev @® Minimum Fields = 2
boc @ Valid Column Names
v > Dyn_Seg_ID v 8 saden ,
Target = BC.mpy » < > P > Field Classes Match
Task = Regression @ Excludes Reserved Fields
Leam Date = Fri Oct 24 7:39:42 AM 2025 ) Enable Search & Select Option Pre-Select Fields All Records Complete
Units = mpy ® Measures Present
Model = Model2 Use File to Pre-Select Assets Model Predictors (Load Model) M @ Size Load < 200000
Pos Class = not_applicable Field Count < 50
@ File is Dataframe
[ Use Ensemble Loaded prediction data is verified it is
consistent with the loaded model
Software License Terms Apply - Copyright 2024, Last Update 5-26-2025
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Apply EC_mpy Model to Data

Analytics

g [Risk | Data File = C_vwTransmission.RDS | Model = M_EC_mpy_tune.RDS | Target = EC_mpy]

Loaded model is configured

and mapped to data

Application calculates a time to
criteria (TTC) in years which is used
to convert predicted mpy to a
probability using a Weibull 2
parameter method

e
Configure | | Normalize | | Results | | Plots | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA
MAP MODEL MAP GENERAL FIELDS Time to Criteria (TTC| Scale)
Type Asset Type Pressure -
Time_Dependent Threat - Pipe - Pressure Criteria
Prediction Units Measurement System MAOP -
mpy M Standard M Weibull - Shape
<+
[} Use Configuration File Analysis Years 3
5 Max Years
Current Year 200
Target = BC_mpy 2025 Wall Thickness

Task = Regkeszsion

i \,
Leam Date = FNOct 24 7:39:42 AM 2025 WMeasure Start Mominal_WT v
Units = mpy Measure_Start -
Pos Class = not_applicable - Grade
Mesure End Pipe_SMYS -
Measure_End - :
. . — Diameter
EC_mpy is time dependent,
. Mominal_OD -
and model predicts an mpy
Install Year
Pipe_Installyr -

Asszessment Mitigation (opt)

Required mapped fields to data

Mone -

Addit. Mitigations (opt)

Mone -

Addit. Resistance (opt)

4——/

Mone -

1/16/2026 ©Pipeline-Risk

Mitigation of threat based on recent
assessments loaded in assessments
dashboard

Optional mitigation & resistance
fields

Loaded Records = 3891
Calculation Years = 5

Calculation Records = 19,955
@ Mapping Valid
Guidance

« Each Model Generates Risk Results
« Results Calculated for Each Model

« Configure Each Threat Model

» Configure Each Consequence Model
» Minimize Use of Missing Data

» Configure File Persists Mapping

All Fields Require Mapping

Resultz Aggregated Later in Process

= Aggregated Results Use Same Data

O =

Pipeline-Risk

0 =

Pipcline Risk
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Apply EC_mpy Model to Data

Analytics

@ [Rizk | Data File = C_vwTransmission.RDS | Model = M_EC_mpy_tune.RDS | Target = EC_mpy]

Select Analytic

Load Data|Model

| Analysis

Normalize or convert model
predictions (mpy probabilities) to
External Corrosion event rates

Configure | | Normalize |

| Resulte | | Plats | | | Agaregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA |

PREDICTION RESULTS

Histogram Type

Regular -
Paosition
Stack -

Set these to Persist Range

model range  Range Min

0

Range Max

NORMALIZATION STATISTICS

Distribution Type Fit

uniform -

Min Scale to Value

0.0001

Max Scale to Value
1

4 Save Configuration

1/16/2026

Results

\Weibull Probability (%)

Minimum = 0
Maximum = 0.27
Mean = .09

Standard Deviation = 0.07

Pipe Segmenis = 1,951

Total Length ft = 969 658

Legend
All

Bins Intervals

30

Select
normalization
distribution type

3

250

Count

0

1.00

0.75

Denslty
o
a3

0.25

0.00

Predictions based on model applied to data,

Model Prediction Results (Year 1) - Weibull

o o

¥ ] I

Scale POER to Events/1000 mile-Yr Distribution

o
Weibull

output is probabilities

W Constant = All

Predictions are normalized to industry or

asset owner event frequencies

o
o?

Statistical|Industry Value

©OPipeline-Risk

5 ®

Results

Calculation Years =5

0.06 Estimated Run Time (min)

@ Model Exists
® Records = 0
@ Results Complete

Guidance -

» Resulis Exclude Learning Data

Persist Range Sets Scale to Transform
» Transform is o Normalization Range
« Transform Scales POER to Event Rates

» Transform Scales Conseguences to Dollars

24
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Normalization Concept

Model Prediction Results (Year 1) - Predict

Predicted Corrosion

O —
Pipeline-Risk
o0-
50- .
Machine Learned
Growth Rate 100-
50- II
N | . | [
~ N "

Predictions (mpy)

2
1

Count

| e
2 ®
Predict

Model Prediction Results (Year 1) - Weibull

Probability of
Exceeding Criteria
(Pressure, % Depth)

30

200

0-
] Reliability Curve
100 -I
. l-----......--_-.-___
° ()l-b\’ (}SSL (}6) & 09%

Count

: o g
Weibull N N
Model Prediction Results (Year 1) - Events_yr

Predicted Events per _ Statistically
Year Normalized
ST [ [T —— Predictions

fr] Qﬁﬁ Q&9 dfﬁ

o
1/16/2026
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Results O =

Pipeline-Risk

Analytics L=

Pipeline Risk

@ [Risk | Data File = C_vwTransmission.RDS | Medel = M_EC_mpy_tune.RDS | Target = EC_mpy]

Select Analytic Load Data|Model | Analysis |

Results of Model Application

Configure | | Normalize | | Results | | Plate | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA |
Filter by Year Update  Clear & Excel & RDS| EEEIGLET o o le— Download and save EC_mpy risk
: element results for later use
! M ‘Columns, Table & Year Filters Persist w|Downl
Only Show Results e Risk_Consequence.RDS = A Search:
U Load Results File Level Level2 Comp_Name SeglLength Rec_ID yr Predict WT ‘6 Risk_EC_mpy.RDS = A TTC Weibull Assess Mitig Resist POER Event.
Options N N _ , ) Risk_TPD.RDS 2 A : ) Al
L) Show Selected Fiekls Levell Level2 Pipeline_1 410.00 1 1.00 1.076 028 Pressure 780.00 0.20 7477 6200 13677 0.09 0.00 0.00 0.00 0.093 o
UJ Include Models on Save Levell Level2 Pipeline_1 436.00 16 1.00 1218 056 Pressure 1,619.00 0.40 129.08 6100  190.08 0.03 0.00 0.00 0.00 0.034 C
Round Levelt Level2 Pipeline_1 619.00 26 1.00 1213 056 Pressure 1,619.00 0.40 129,68 6100 19068 0.03 0.00 0.00 0.00 0.034 C
: Levelt Level2 Pipeline_1 401.00 40 1.00 1.001 056 Pressure 1,619.00 0.40 157.16 B1.00 21816 0.02 0.00 0.00 0.00 0.023 C
Grid Size Levelt Level2 Pipeline_1 459,00 46 1.00 1213 056 Pressure 1,619.00 0.40 129,68 6100 19068 0.03 0.00 0.00 0.00 0.034 C
s Levelt Level2 Pipeline_1 545 00 51 1.00 1.001 Reference glossary of terms for definitions 5100 17040 0.05 0.00 0.00 0.00 0.047
Level Level2 Pipeline_1 537 00 53 1.00 1.001 and calculations 61.00 170,15 0.05 0.00 0.00 0.00 0.047 t
Relocate Columns Levell Level2 Pipeline_1 501.00 59 1.00 1.001 0.39 Pressure 1,126.00 0.28 109.40 61.00 170.40 0.05 0.00 0.00 0.00 0.047
Levelt Level2 Pipeline_1 495 00 71 1.00 1.002 039 Pressure 1,126.00 028 109.28 6100 17028 0.05 0.00 0.00 0.00 0.047 C
Guidance
Levelt Level2 Pipeline_1 209.00 78 1.00 1213 047 Pressure 1,351.00 034 108.24 6100 16924 0.05 0.00 0.00 0.00 0.048
Levelt Level2 Pipeline_1 755.00 a3 1.00 1.018 039 Pressure 1,126.00 028 107.53 6100 16853 0.05 0.00 0.00 0.00 0.049 C
Levelt Level2 Pipeline_1 460,00 a8 1.00 1.04 039 Pressure 1,126.00 028 105.26 6100 16626 0.05 0.00 0.00 0.00 0.051 C
Levelt Level2 Pipeline_1 499,00 a7 1.00 1.01 039 Pressure 1,126.00 028 108.46 6100  169.46 0.05 0.00 0.00 0.00 0.048 C
Levelt Level2 Pipeline_1 343.00 110 1.00 1.001 039 Pressure 1,126.00 028 109.36 6100 17036 0.05 0.00 0.00 0.00 0.047 C
Levelt Level2 Pipeline_1 670.00 13 1.00 1.001 039 Pressure 1,126.00 028 109.39 6100 17039 0.05 0.00 0.00 0.00 0.047
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Results

Analytics

[Risk | Data File = C_vwTransmizssion.RDS | Model = M_EC_mpy_tune.RDS | Target = EC_mpy]

0 =

“ne-Risk

fllo

Perform interactive

Select Analylic Load Data|Model | Analysis | .
- : analysis of results data
Configure | | Nomalize | | Resuts | | pos | | Aggregate | | Calculate | | RiskResults | |  Piots | | Assessments| | PHMSA
® None
Graph ) Profile Base Predictions (mpy) B Constant = Levell
' Profile Probability of Event Rate (POER ipeli - |
Box Plot M : ! ( : Fpeine. I—_ '
2 Profile Event-Rate (Mile-Year)
X (numeric) O Profile Events (per Segment-Year)
© Profile Weibull o | I
POER - . ) Pipeline_5- I 1
3 PHMSA Incidents (Industry 2010-23)
¥ (character) Flip Coordinates
C M
Legend comma hd
Levell v () Show Violin
@ Pipeline_&- I I
Intervals E
Z
3 g
E
8 cineline 7 I
Plot Height O Pipeline_7- 1
800
[[J Use Axis Tics & Disable Format Pipeline_1- i—- II= . e » om ™ ™
Fpsine. 2 |__ : * i ‘
Pipeline_3- |—.-—{ mme ® e © @ °
) 3 > o @ ) v B © > o 2 ™ ©
L5} D o Ly LS}
o o o o o o o o o o o oF oF o¥
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Impact on Population
(Consequences)
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Load Prediction Data & Model

Analytics

@ [Risk | Data File = C_vwTransmission.RDS | Model = M_Consequence.RDS | Target = Consequence]

| e Pos || auaiy : [ corsiaton | [ Loves

o —

Pipeline-Risk

Load prediction data and one model

where each model will generate a risk e

element result set (threats or
consequences) used in the process.

Level 1 Assets

Source of Analytical Data Levelt a

RDS Data Frame -

i

i

p——
Source File

i

Browse. C_vwTransmission.RDS

L) Up|DownSample Data

DND N B WN -

i

4 >

(] Create Uni Rec_ID
reate Unique Rec_| Level 2

Check Data for Special Characters Level2 a

Skip Model (Data Analysis Only)

Browse. M_Consequence RDS

e
Task = Regression
Leam Date = Sat Nov 08 11:09:53 AM 2025
Units = units
Mode! = Model1 [ Use File to Pre-Select Assets

Enable Search & Select Option

Pos Class = not_applicable

() Use Ensemble

Software License Terms Apply - Copyright 2024, Last Update 5-26-2025

1/16/2026

Models | Predictors | Model Info
Fields Guidance
a Class a

cn_Arealand

cn_AreaWater Data Sets
cn_PEOPLE_100SQM
cn_STRUCTURES_100SQM

Leamn - Model Leam Data

Consequence Analysis - Data of Interest
CP_Off_Change
Cum_Sum
Dist_AreaWater
Dist_AreaWater_Agg
Dist_Comp

Dist_FP
Dist_FP_Agg
Dist_OPA
Dist_OPA_;
Dist_Road
Dist_Road_Agg
Dist_RR
Dist_RR_Agg
Dist_Water
Dist_Water_Agg
Dist_Waterway_rev

- Dyn_Seg_ID v

< »
Pre-Select Fields

Model Predictors (Load Model) v

Loaded prediction data is verified it is
consistent with the loaded model

©Pipeline-Risk

Loaded Assets = 9

Loaded Fields = 59

Loaded Records = 3,608

Filtered Assets = 9

Filtered Fields = 54

Filtered Analysis Records = 1,951
Filtered Leamning Records = 1,657

Inc. Model Leaming Data in Analysis

® Data Loaded

@ Data Table NOT in State
Valid Model Loaded
Data Table Filtered

All Predictors Present
Minimum Fields = 2
Valid Column Names
Field Classes Match
Excludes Reserved Fields
All Records Complete
Measures Present

Size Load < 200000
Field Count < 50

File is Dalaframe

29



Apply Consequence Model to Data o =

Pipeline-Risk

Analytics M=

@ [Risk | Data File = C_vwTransmission.RD5S | Model = M_Consequence.RDS | Target = Consequence] Loaded model is CO nfigu red

) and mapped to data

Configure | | MNormalize | | Results | | Plots | | | Aggregat | | Calculat | | Risk Results | | Flots | | Assessments | | PHMSA
MAP MODEL MAP GENERAL FIELDS Addit. Mitigations (opt) Update
Type Asset Type None -
Consequence - Pipe - Loaded Records = 3,608
Calculation Years = 5
Prediction Units Measurement System Calculation Records = 15,040
Humerical Value - Standard -
@ Mapping Valid
) Use Configuration File Current Year
2025 Guidance

Measure Start Each Model Generates Risk Resulis

Results Calculated for Each Model
Configure Each Threat Model

Target = Consgquence Measure_Start

Task = Regressjon

Leam Date = Sa\Mov 08 11:09:53 AM 2025 Mesure End + Configure Each Consequence Model

Units = units Measure_End - = Minimize Use of Missing Data

Pos Class = not_appli Optional mitigation field « Configure File Persists Mapping
= All Fields Require Mapping
» Resuliz Aggregated Later in Process
« Aggregafed Resulis Use Same Data

Model predicts a Required mapped fields to
consequence data

1/16/2026 ©Pipeline-Risk 30



Apply Consequence Model to Data 0 =

Pipeline-Risk

Analytics L=

@ [Risk | Data File = C_vwTransmission.RDS | Model = M_Consequence.RDS5 | Target = Consequence] Norma | |Ze Or CO nve rt model

| nayes | predictions to consequence

values (monetized or score)

| Resuts | | Pots | | Agoregate | | Calculate | | RiskResufs | | Plots | | Assessmenis| | PHMSA
Create Normalized
Hist T Result o . NaTysIs MECOIs = 1,
istogram Type esults o . Predictions based on model applied to Cateulation Years = 5
Regular - Consequence Predictions - Model Prediction Results (Year 1) - Predict data, output is probabilities
’
1000- . X o
Position Minimum = 944487 B Constant = All 0.06 Estimated Run Time (min)
Maximum = 100032243 800 .
Stack - Mean = 30192638.81 : Model Exists
_ Standard Deviation = 43096365.79 £ 600- Records = 0
Set these to PersistRange Pipe Segments = 1,951 E @ Results Complete
) Total Length fi = 969,658 400+
model range Range Min Guid _
200- uidance
10000 Legend
Ra M All - 0- T T T T T T T T T » Resulis Exclude Learning Data
nge Max
) .»()\h ,.5)\1\ Gg\ bp‘z\ 4,(3%\ éb%\ ,\(S‘h ()\h q(;‘h _}00@ = Persist Range Sets Scale to Transform
1000000 Bins Intervals Predict « Transform is to Normalization Range
30 3 « Transform Scales POER to Event Rates
» Transform Scales Conzequences to Dollars
NORMALIZATION STATISTICS
Distribution Type Fit Scale Predicted Consequences to Dollar Distribution PredICtlonS are normallzed to IndUStry or
uniform - £.00000100 asset owner event frequenues
Select
Min Scale to Value ‘nor.mal.lzatlon 0.00000075
10000 distribution type =
£ 0.00000050
v
Max Scale to Value =
0.00000025
1000000
0.00000000
& Save Configuration o & o o o
o & & o
A2 o & @@

Statistical | Industry Value

1/16/2026 ©Pipeline-Risk 31



Normalization Concept

Predicted Consequence
(Score or Monetized)

Consequences
(per Event)

1/16/2026

Model Prediction Results (Year 1) - Predict

2 -
= g

I
o
'\':-3

Model Prediction Results (Year 1) - Conseq_Scaled

1000 -

800
£ 500-
-
[=]
“ 400 -
200+
0- | g
& =

©OPipeline-Risk

O_

Pipeline-Risk

Machine Learned
Predictions

Statistically
Normalized
Predictions
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Results O =

Pipeline-Risk

Analytics —

g [Risk | Data File = C_vwTransmission.RDS | Model = M_Consequence.RDS | Target = Consequence]

Results of Model Application
e

Configure | | Normalize | | Results | | Plots | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA |

Download and save Consequence risk
element results for later use

Filter by Year Updale  Clear & Excel & RDS «—

& RDS (All Resulis, Data, Models)

1 -
Columns, Table & Year Filters Persist w|Downl

Cnly Show Results |e Risk_Consequence.RDS on Search:
D) Load Results File Levell Level2 Comp_Name SegLength Rec 9 Risk_EC_mpy.RDS sa tig Conseq Conseq_Scaled Comp_ID
Options A A A A A (@ Risk_TPD.RDS SR A A Al
L) Show Selected Fields Level1 Level2 Pipeline_1 410.00 1 1.00 991327 0.00 991327 991327.375 1 ;
D) Include Madels on Save Levelt Level2 Pipeline_1 436.00 16 1.00 998207 0.00 9985207 998206.625 1
Round -
Levelt Level2 Pipeline_1 619.00 2 1.00 998207 0.00 998207 995206625 1
2
Levell Level2 Pipsling_1 401.00 40 1.00 998207 0.00 998207 998206 625 1
Grid Size o
Level Level2 Pipeline_1 459.00 46 1.00 998207 0.00 998207 998206 625 1
500
Levelt Level2 Pipeline_1 645.00 0.00 998207 995206 625 1
Reference glossary of terms for
Levelt Level2 Pipeline_1 527.00 s . 0.00 998207 995206625 1
definitions and calculations
Relocate Columns Level1 Level2 Pipeline_1 501.00 39 ruu IIGLUT 0.00 998207 998206.625 1
Levelt Level2 Pipeline_1 495.00 71 1.00 998207 0.00 998207 995206625 1
Guidance
Levell Level2 Pipeline_1 209.00 78 1.00 998207 0.00 998207 998206 625 1
Level Level2 Pipeling_1 755.00 a3 1.00 998207 0.00 998207 993206 625 1
Levelt Level2 Pipeline_1 460.00 a8 1.00 998207 0.00 995207 993206 625 1
Levelt Level2 Pipeline_1 499.00 a7 1.00 998207 0.00 998207 995206625 1
Levelt Level2 Pipeline_1 343.00 110 1.00 998207 0.00 998207 993206625 1
Level Level2 Pipeline_1 670.00 13 1.00 998207 0.00 998207 998206625 1
B it 1 cenan . ann annnesT nna snnnze= snnnnan P
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Results o=

Pipeline-Risk

Analytics 2=

Pipeline Risk

@ [Rigk | Data File = C_wwTransmizsion.RDS | Medel = M_Consequence.RDS | Target = Conseguence]

Perform interactive

| mayss | analysis of results data

Configure | | Normalize | | Results | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA

Update Special Plots Histogram

® Mone
Graph  Base Predictions (Numerical Value) W Pipeline_1
i O Scaled Consequences (dollars) W Pipeline_2
Histogram -
) PHMSA Consequences (Industry 2010-23) 1,000- B pipeline_z
X (numeric) Position B Pipeline_4
Predict - Stack - 500- M Dipeline_5
Pipeline_&
Legend i
Histogram Type 800 - B pipeline_7
Comp_Name hd
P Regular - B pipeline_s
700-
Intervals Log10 Y
3 . By
identity - 600-
. £
Plot Height X Numeric Format 2 - —
o
500- l
00 comma -
|_J Use Axis Tics & Disable Format ¥ Numeric Format 400-
comma -
300-
[} Show Stats
. ||
Bins 200- —
8 i
100-
. B
] & s] o~ S 5] S ] S (5] o~
s% o o o o s
& P P & s & & P & P
o o AR i o iy o o o o
b v . .73 B & © g & o =
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Aggregate Risk Elements to
Overall Risk

©OPipeline-Risk
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Aggregate Risk Elements

Analytics

@ [Risk | Data File = C_vwTransmission.RD 5 | Model = M_Consequence.RDS | Target = Consequence]

Select Analyfic Load Data|Model | Analysis |

| G | | Mormalize | | Results | | Plots | | | Calculate | | Risk Results | | Plats | | Assessments | PHMSA
Aggregate Individual Threat & Consequence Resulis
Load Threat Result Files Assign Interactions to Selected Row
Browse... 2 files
Update Interactions
Add Files  Remove Row Selected File Optional addition of
interactions (increases
K Navigate to threat risk POER if interaction is True)
files, select & add to table
Target MType EC_mpy TPD FileName RecordCount
EC_mpy D Risk_EC_mpy.RDS 9,755.00
TPD Tl Risk_TPD.RDS 9,755.00
This feature of the application
combines all threat and
consequence models together
1/16/2026 ©Pipeline-Risk

@)

Pipeline-Risk

o —

Pipeline Risk

Select & add risk element
threat and consequence files

Aggregate files &

Load Consequence Result Files

Aggregate

. results
Browse. Rigk_Consequence RDS Result Records = 1 951
@ Data Aligns
Remove Row Selected File
Guidance
X Navigate to consequence risk
files, select & add to table
Target MType FileName RecordCount
Consequence [ Risk_Consequence RDS 1,951.00
36



Calculate Risk 0 =

Pipeline-Risk

Analytics L=

Pipeline Risk

g [Risk | Data File = C_vwTransmission.RDS | Model = M_Consequence.RDS | Target = Consequence] Ca |CU|ate riSk = C0m bi neS th reatS

T ey | & consequences outputs Total
: : Risk, $ NPV and $ NPV/Mile

Configure | | Normalize | | Results | | Plots | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA |
Show Results Update  Clear & Excel & ADS Calculate Risk
® Threats
Consequences All Unfiltered Data Passes to Risk Calculations & Results
Only Show Year 1 Results Search:
Only Show Results Target Rec_ID ¥r Predict WT Criteria Crit_Value WT_Req WT_Yrs Age TTC Weibull Assess Mitig Resist POER Event_Rate Events_yr SeglLength
NPV Discount Rate . |
0.04
EC_mpy 1 1.00 1.076 025 Percent_Depth 0.20 0.06 208.97 62.00 27097 0.01 0.00 0.00 0.00 0.013 0.178062675100 0.000013526500 4
[ Load Results File [ ]
TPD 1 1.00 0.372 0.00 0.00 0.00 0372 0.232543922900 0.000013057333 4
Results File (RDS)
Browse. Mo file sele EC_mpy 16 1.00 1218 056 Percent_Depth 0.20 o1 369.06 61.00 430.06 0.00 0.00 0.00 0.00 0.003 0.042735042700 0.000003525900 4
TPD 16 1.00 0.349 0.00 0.00 0.00 0.349  0.166889659900 0.000013751043 4
onti EC_mpy 26 1.00 1.213 056 Percent_Depth 0.20 o1 370.77 61.00 43177 0.00 0.00 0.00 0.00 0.003 0.042735042700 0.000005010000 )
ptions.
TPD 26 1.00 0.349 0.00 0.00 0.00 0.349  0.166889659900 0.000019565238 )
Relocate Columns ’ EC_mpy 40 1.00 1.001 056 Percent_Depth 0.20 o1 449 35 61.00 510.35 0.00 0.00 0.00 0.00 0.002 0.025641025600 0.000001947400 4
TPD 40 1.00 0.349 0.00 0.00 0.00 0.349 0.166889659900 0.000012674766 4
Guidance
EC_mpy 46 1.00 1.213 056 Percent_Depth 0.20 o1 370.77 61.00 43177 0.00 0.00 0.00 0.00 0.003 0.042735042700 0.000003715000 4
TPD 46 1.00 0.349 0.00 0.00 0.00 0.349 0.166889659900 0.000014505024 4
EC_mpy 51 1.00 1.001 0.39 Percent_Depth 0.20 0.08 312.50 61.00 373.50 0.00 0.00 0.00 0.00 0.005 0.065527065500 0.000003004700 6
TPD 51 1.00 0.349 0.00 0.00 0.00 0.349  0.166889659900 0.000020357093 5
EC_mpy 53 1.00 1.001 0.39 Percent_Depth 0.20 0.08 311.71 61.00 3721 0.00 0.00 0.00 0.00 0.005 0.065527065500 0.000006540300 S
TPD 53 1.00 0.349 0.00 0.00 0.00 0.349 0.166889659900 0.000016657361 5
EC_mpy 59 1.00 1.001 0.39 Percent_Depth 0.20 0.08 312.50 61.00 373.50 0.00 0.00 0.00 0.00 0.005 0.065527065500 0.000006217600 5
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Risk Results

Analytics

g [Risk | Data File = C_vwTransmisgsion.RDS | Model = M_Consequence.RDS | Target = Consequence]

: —— Select & add risk element
e

threat and consequence files

Configure | | Normalize | | Results | | Plats | | | Aggregate | | Calculate | | Risk Results | | Flots | | Assessments | | PHMSA |
View Results Update || Clear | % Excel | £RD Download and save all results
® Summa
ResullsrsyThreal (Stacked) Filtered Data Passes to Plots & D I for Iater upload
Resultz by Threat ({Interactions) Search:
I Load Results File Rec_ID yr Levell Level2 Comp_Name Measure_5Start Measure_End Total_Events_yr Total_Conseq Total_Risk NPV NPV_mile Threat Data_Set Predict WT Criteria
Opticns )
[ Shous Only Year 1 Results 1 1 Level Levelz Pipeline_1 0 410 0.00003188 99132 3161 283.94 3656.59 | an Analysis 1.076 0281 Percent Di®
Round 1 2 Level Level2 Pipeline_1 0 410 0.00003205 99132 377 28394 3656.59 | A Analysis 1.076 0281 Percent Dt
’ 1 3 Levell Levelz Pipsline_1 0 410 0.00003219 99132 3191 283.94 3656.59 | Al Analysis 1.076 0281 Percent Dt
Grid Size 1 4 Level Levelz Pipeline_1 0 410 0.00003229 99132 3201 283.94 3656.55 | An Analysis 1.076 0281 Percent Dt
o 1 5 Levell Levelz Pipeline_1 0 410 0.00003249 99132 3221 283.94 3656.59 | Al Analysis 1.076 0281 Percent Dt
16 1 Level Levelz Pipeline_1 410 346 0.00001731 99820 1728 15436 1869.31] Al Analysis 1218 0.562 Percent Dt
Relocate Columns 18 2 Leveld Level2  Pipeline_1 410 848 0.0000173 39320 1727 15436 1269.31] Al Analysis 1218 0562 Percenl Dt
16 3 Levell Levelz Pipeline_1 410 846 0.0000174 99520 17.37 15436 1869.31) Al Analysis 1218 0.562 Percent_Dt
16 4 Level Levelz Pipeline_1 410 846 0.00001738 99520 17.35 15436 1869.31] Al Analysis 1218 0.562 Percent_Di
16 5 Levell Level2 Pipeline_1 410 346 0.00001746 99520 1743 15436 1869.31] Al Analysis 1218 0.562 Percent Dt
26 1 Level Levelz Pipsline_1 346 1465 0.00002458 99520 2453 219.15 1869.32 Al Analysis 1213 0.562 Percent Dt
26 2 Level Levelz Pipeline_1 846 1465 0.00002456 99820 2452 219.15 1869.32 | Al Analysis 1213 0.562 Percent_Di
% 3 Levell Levelz Pipeline_1 346 1465 0.0000247 99320 2486  219.15 1869.32 | Al Analysis 1213 0.562 Percent_Dt
2% 4 Level Level2 Pipeline_1 346 1465 0.00002468 99520 2463 219.15 1869.32 | Al Analysis 1213 0.562  Percent D
2% 5 Leveld Levelz Pipeline_1 846 1455 0.0000245 99520 2475  219.15 1869.32 Al Analysis 1213 0.562 Percent Dt
40 1 Level Levelz Pipeline_1 1455 1866 0.00001462 99520 146 13052 1718.57 Al Analysis 1.001 0.562 Percent_Dt
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Risk Results 0 =

Pipeline-Risk

. [o g
Analytics —_
Pipeline Risk
@ [Risk | Data File = C_vwTransmission.RDS | Medel = M_Consequence.RDS | Target = Consequence]

Select Analytic Load DataModel | Analysis |

Configure | | Normalize | | Resulis | | Plots | | Aggregate | | Calculate | | Risk Resulx: :Assessmenis | | PHMSA

Update Position Histogram

Stack 7 W Pipeline_1
ipeline_;
Graph
Histogram Type W Pipeline_2
Histogram - o0 w S00-
Regular - W Pipeline_3
X {numeric) W ripeline_4
Logid Y i
NPV_mile - °d 500 W Pipeline_5
identity T 0 Pipeline_g
Legend
X Numeric Format 700- M ripeline_7
Comp_Name -
- comma - M pipeline_8
Intervals 600-
5 Y Numeric Format
comma -
Plot Height 500-
£
Show Stats 3
800 . S
Bins 200
[0 Use Axis Tics & Disable Format )
30
300-
200-
100-
0-
? o o o) ) o
o o & o S o &
A Ber v & 2 R o
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Assessments 2 =

Pipeline-Risk

Practitioner can upload an .xIsx with o —
historical assessments to then make
this data available to the risk process
s as an “assessment” credit (managed

for each threat element)

Analytics

peline Risk

@ [Risk | Data File = C_vwTransmission.RD5 | Model = M_Consequence.RDS | Target = Consequence]

: C | | M i | | Resulis | | Plots | | | Aggregate | | Calculate | | Risk Results | | Plots | | Assessments | | PHMSA

Load Assessment Results

Browse... Assessments.xlsx

Copy CSv Excel Print Search:

Comp_Name Comp_ID Assessment_Type Year Life Mitig_EC Mitig_IC Mitig_SCC Mitig_TPD Mitig_GEQ Mitig_WOF Mitig_MFG Mitig_CON Mitig_IO Mitig_EQ Comments
Pipeline_1 1 10 2024 10 0.9 0.9 02 0.2 05 05

Pipeling_2 2 2024 10 09 09 02 0.2 05 05

Show| 2 | entries
Estimated impact of
assessment on mitigation
of threat, decayed over
life of assessment

Showing 1 to 2 of 2 enfries Previous 1 Mext

Concept is asset owner will mitigate all critical
defects for a threat(s) after an assessment and
the risk for that threat would be expected to
be impacted over some time (straight line
decay) during the life of the assessment
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PHMSA Stats o =

Pipeline-Risk

Analytics —

PLR curated PHMSA threat and
consequence data which can be used

s to normalize model predictions

g [Rizk | Data File = C_vwTransmission.RDS | Model = M_Consequence.RDS | Target = Consequence]

Configure | | Normalize | | Results | | Plots | | | Aggregate | | Calculate | | Risk Resulis | | Plots | | Aszsessments |

PHMSA - Event Rafes PHMSA - Consequences

| Copy [ CSW [ Excel |l Print | Search:
All Category System_Type Aszszet_ltem Map_Cause Ext_Int Events Freq_E1000myr Miles_2023 Report_Yrs Conversion Rec_ID
A A A A Al A Al A il Al Al Al
All GasTransmission GG (Gas Gathering) FLANGE ASSEMBLY ALL OTHER CAUSES 1 0.000633763523562945 111118 142 1000 1
All GasTransmission GG (Gas Gathering) OTHER ALL OTHER CAUSES 1 0.000633763523562948 11118 142 1000 2
All GasTransmission GG (Gas Gathering) PIPE ALL OTHER CAUSES 4 0.00253505409425179 11118 142 1000 %)
All GasTransmission GG (Gas Gathering) SCRAPER/PIG TRAP ALL OTHER CAUSES 1 0.000633763523562948 111118 142 1000 4
All GasTransmission GG (Gas Gathering) TUBING ALL OTHER CAUSES 1 0.000633763523562945 11118 142 1000 5

WELDJ/FUSION,
All GasTransmission GG (Gas Gathering) INCLUDING HEAT- ALL OTHER. CAUSES 1 0.000633763523562948 11118 142 1000 i1
AFFECTED ZONE

All GasTransmission GG (Gas Gathering) PIPE EXCAVATION DAMAGE 6 0.00380258114137769 111118 142 1000 r
INCORRECT

All GasTransmission GG (Gas Gathering) COMPRESSOR 1 0.000833763523562948 111118 142 1000 ki
OPERATION
INCORRECT

All GasTransmission GG (Gas Gathering) FLANGE ASSEMBLY 1 0.000633763523562945 111118 142 1000 9
OPERATIOM
- - REGULATOR/COMTROL INCORRECT

All GasTransmission GG (Gas Gathering) VALVE OPERATION 1 0.000633763523562945 111118 142 1000 10
INCORRECT

All GasTransmission GG (Gas Gathering) SCRAPERPIG TRAP OPERATION 1 0.000633763523562945 111118 142 1000 11
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Risk Management - Distribution

o —

Pipeline-Risk

Risk Models Risk Results
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Risk Management - Transmission

Risk Models Risk Results

b

Threat
Models

> :
w - -
Data ig@

Consequence
Models —

b

Missing Data
Models

b

Data Quality
- Models
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Work-Flows & Structures
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Intuition
Time
Machine Learned Probability of Independent
Classification Threat
Model (Susceptibility)
D
©
2 Ensemble
< .
[ Time
Dependent
Machine Learned Growth Rate of e
- Reliability
Regression Threat C
Model (Severity) Hrve
Consequences
(7]
Q
(S
3 Machine Learned
S . Consequences
o Regression (Dollars)
a Model
c
o
(&)
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Process

e Data-Driven Machine
Learned Based Risk
Assessment Process

* Leverage Existing Client
Data & PLR Geospatial Data
Store

* Manages 10 Threats & 3
Consequences (flexible
depending on use case)

* Supports Risk Monetization
thru Use of Industry
Statistics

1/16/2026

Define Risk
Requirements

*10 Threats

*3 Consequences

*Risk & Integrity
Objectives

Apply to Pipeline
System

*Data & Results

QA

Prepare &

Integrate Data

— *GIS

— eInspections

—— *PLR Data Store

—— <Data QA

R EE

Prediction
RIS

*Risk Element
Results

*Assessment &
Repair Impact

©OPipeline-Risk

Implement

Machine Learned
Models

—— *Reference Model

—— <Observations

*PLR Model Ref.
Library

*Other
Deterministic

Normalize

Results

*PHMSA Statistics

*Prob Event Rate
(POER)

*Event/Yr

—— <$/Event

Validate Models

*SME Review

*Observations

*Applicability

Deliver Final
Report

Aggregate Results

QO —

Pipeline-Risk

*Threat
Interactions

— *Risk (9)

—— «Risk NPV ($)

*Data & Results
QA
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Details

Threat Analysis

Initial data driven machine learned
models are based on PLR reference &
other client learned models

Models are then tuned to Client
observations & domain expertise
Primary output is a POER (Probability of
Event Rate) for each segment of pipe
Time independent threats have stable
POER over time

Time dependent threats have changing
POER over time based on predicted
growth rates & exceedance criteria
Results are fully traceable to raw input
data

POERs are normalized to industry event
rates to arrive at potential events per yr
per segment of pipe

1/16/2026

o —

Consequence Analysis Risk Analysis

* Initial data driven machine learned * Predicted Events/Yr x S/Event
models are based on PLR reference & outputs S Risk for each pipe
other client learned models segment per yr

* Models are then tuned to Client * Risk is reduced by assessment &
observations & domain expertise repair activity

* Results are fully traceable to raw input * Interactive threats are considered
data * QOutputs include potential $ Risk, $

e Result is a scaled Consequence number Net Present Value and $ Net
(monetized) normalized to Industry Present Value/mile for each
statistics in terms of potential $/event segment of pipe

e Riskis calculated by multiplying the number of events per year times consequences for
each segment and analysis year. The results will show risk for each segment and each
analysis year which are then aggregated to a Net Present Value (NPV) for each segment
based on an assumed discount rate and number of analysis years. NPV’s are further
normalized to miles shown as NPV_mile.

* Interactions are an advanced feature, basically if interactions are set as True for a threat
the threat POER is increased by the POER of the interacting threats using 1-POER math

* Ensemble model predictions are an advanced feature where the predictions from main
threat are multiplied by the ensemble model predictions

49
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Risk Structure - Monetization o —

Pipeline-Risk

Event Rate Consequence Risk
(Events/Length-Yr) (S/Event) (S Net Present Value/Length)

Time Dependent Threats Consequence Distributions

(Events/Length-Yr (Expected $ Distributions)
Distributions)

Time Independent Threats
(Events/Length-Yr
Distributions)

18] 18]

Technical Basis Technical Basis
* Event Rate Probabilities are * Distributions are based On
based on Machine Learned Deterministic Analysis
Results * Consequences Results are
* Event Rates are Derived thru Supported by Regulatory
Normalization to Regulatory and Industry Statistics
and Industry Statistics
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Risk Structure — Time Dependent Threats

Machine Learned Results
(Threat Growth Rate)

Machine Learned Model
* Threat Observations

* Predictor Data

* Interactive Threats

Event Observations

* Evidence of Corrosion or
Cracks

* Practitioner Beliefs —
Predictors, Observation
Characterization

[ e

1/16/2026

Time to Criteria (TTC)
(Years to Expected Event)

Probability of Event Rate
(Survival Curve)

Probability

* Probability based on
Survival Curve TTC and
Learned Shape

* Probability may be
adjusted thru additional
resistance or mitigations
(1-% math)

Threat Resistance
* Remaining Wall
* Threshold Pressure or
Wall Criteria

Event Rate Distribution
* Event Rate Distribution
* Based on Regulatory or

Industry Statistics

©OPipeline-Risk

Events/Length-Yr
(Expected Events)

51

O_

Pipeline-Risk




Risk Structure — Time Independent Threats 0 ==

Pipeline-Risk

Machine Learned Results
(Threat Susceptibility)

Resistance Probability of Event Rate Events/Length-Yr
(Percent Resistance) (Constant Prob. over Time) (Expected Events)

Machine Learned Model Threat Resistance Probability
* Threat Observations * Barriers to Threat * Probability = Susceptibility
* Predictor Data * Typically Pipe Properties X (1 - Resistance %)

adjusted thru additional
mitigations (1-% math)

Event Observations
* Evidence of Threat
* Practitioner Beliefs —
Predictors, Observation
Characterization

Event Rate Distribution
* Event Rate Distribution
* Based on Regulatory or
Industry Statistics

1
1
1
1
:
1
1
1
:
1
1
1
:
1
1
1
:
1
* Interactive Threats : *  Probability may be
:
1
1
1
:
1
1
1
:
1
1
1
:
1
1
1
1
1
1
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