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ICRI VTI Economics Group Introduction 

Description:

Develop methodologies to enable railroads, suppliers and 
researchers to develop fair and unbiased quantifications of the 
economic savings or benefits associated with a research, technology 
or process investment

Lead:
Lyn Williams – Bay Area Rapid Transit

Members/Contributors:

Manuel Cabral – University of Leeds

John Cookson – Monash University

John Cotter – L.B. Foster

Andrew Smith – University of Leeds

Eric Magel – National Research Council 

Richard Stock - LINMAG

Wesley Thomas – Sentient Science
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Objective of the VTI Economics Business Value Assessment Model

Objectives of the VTIEconomicseffort

Provide guidance to railroads, suppliers and researchers in evaluating the 
economic impact of a research, technology or process investment. 
Examples of these include rail grinding, friction management, improved 
steels, advanced bogies, new inspection technologies, super elevation 
optimization, etc. 

Enable users to develop the argument needed for communication to 
management that includes an understanding of the capital and 
implementation costs, operating costs, risks, an appropriate time frame, 
and opportunity/benefits. 

Deliverables: 

Likely a spreadsheet that provides in the end a financial return (net 
benefit, ROI, NPV). That spreadsheet would ideally allow for different 
approaches to address impacts on the vehicle-track interaction, including 
(but not limited to) RCF, wear, noise, safety, emissions, energy 
consumption, reliability and availability. That flexibility implies 
applicability to all/most countries and all/most potential railway related 
technologies/processes and all railway classes (transit, passenger, 
freight). Only if necessary would we begin to develop separate 
spreadsheets for different applications.

Additionally there will likely be a technical report and/or technical papers. 

Improve:

ÅSpeed of Innovation

ÅPredictability of Investment Payback

Å Improved Operations and Safety

Requirements:

ÅFocus on RCF/VTI improvements

ÅFlexible for Global Railroads

ÅFlexible for Different Types of Railroads
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ICRI VTI Economics
Economic Assessment Best Practices

ICRI VTI Economics Group’s Stated Objective : Provide guidance to railroads, suppliers and researchers in 
evaluating the economic impact of a research, technology or process investment which are “industry credible”.  

Data/methodology should be readily available so allow viable technology to proceed forward reasonably quickly 
and non-viable technologies to be discarded. 

Are there best practices currently being employed globally that we can learn from on how to structure / 
standardize such as economic assessment? 

ÅCreation of a realistic baseline which employs up-to-date information (database)
ÅHow to assesses both positive & negative impacts of new technology introduction on 

all aspects of the rail infrastructure life cycle cost. 
Å.Ŝǎǘ ǇǊŀŎǘƛŎŜǎ ŦƻǊ ƎŜƴŜǊŀǘƛƴƎ άŎǊŜŘƛōƭŜέ ŦƛŜƭŘ ǘǊƛŀƭ Řŀǘŀ ǿƘƛŎƘ ŀǊŜ ŦŜŘ ƛƴǘƻ ŀǎǎŜǎǎƳŜƴǘΦ 

Several models do exist, of which one is T-SPA which can assess the changes to the life cycle cost of the rail 
infrastructure based on new technology introduction.



ICRI VTI Economics
T-SPA

Generic list of T-SPA Inputs: 

A definition of the current 
infrastructure and its condition 

Traffic data 

Static and dynamic forces associated 
with different track types 

RCF/wear 

Unit costs of work 

User settings

Maintenance/renewal/inspection rules 
and intervention criteria 

Projection time frame

Outputs: 

Track maintenance/renewal volumes 
and costs, exported and stored in the 
VTISM project 

Track section trace data



ICRI VTI Economics
T-SPA Data 

T-SPA brings together data from a number of sources and prediction models to 
calculate LCC for a range of damage mechanisms. 

Some of degradation models include both empirical data and prediction models (e.g. 
vertical damage or ballast settlement), whereas others (such as RCF/wear) are purely 
based on simulations (e.g. vehicle dynamic simulations). 

Vertical degradation uses empirical data to calibrate the damage model based on 
measured track geometry data. 

This is used to account for factors (such as variations in track stiffness that are difficult to 
model). 



ICRI VTI Economics
T-SPA

Use tailorable strategies on replacement and maintenance (the user can define these). 

LCC are calculated using all the activities generated in the process for inspection(I) 
maintenance(M) and renewals(R), plus the underlying (input) unit cost database (using 
Network Rail official unit costs for each activity/task (e.g. single rail renewal, rail repair 
(vertical/lateral), grinding, tamping …).

Main T-SPA outputs: work totals (volumes and costs) for each task of I,M and R.

Strategies define criteria when particular maintenance activity should occur, e.g. when a 
particular level of MGT is reached (grinding) or when damage reaches a certain intervention 
limit (e.g. damage depth of RCF).



ICRI VTI Economics
Economic Assessment Best Practices
Should the ICRI VTI Economics committee look to create a “reasonably” standardized approach for 
undertaking economic assessments (T-SPA “Lite”)

TTCI does similar type of economic assessments; can their methodology/data be made more readily 
available?

Current 
Track & Traffic 
Characteristics 

Current Track 
Maintenance & 
Renewals Best 
Practices

Current Track 
Degradation 
RCF & Wear 

LCC 
Costing

Field 
Generated  
Data

Benchmark

Simulation 
(Model) 
Generated Data

Integrated LCC 
Model(s) 
- Standardizedmodels 
(can be spreadsheets) 
which calls for 
assessment of impact 
of new technologies 
on all facets of life 
cycle cost

Technology driven Improvement

This data 
would be 

readily 
available 

(data base)

This could be a 
combination of 

generic & customer 
specific data
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Overview of Draft Models

VTI Economic Business Value Assessment (BVA) Models:

Å Rail Spot Replacement Model

Å Assess costs of rail spot replacement (<39 feet) and impact of rail life 
extension and increased efficiencies of performing more interventions 
per labor/day

Å Rail Grinding/Milling Model

Å Assess costs of rail grinding/milling and impact of rail grind quality 
index (GQI) on rail life extension and improvements in grinding/milling 
efficiencies

Å Rail Material Model

Å Assess costs of changing rail material type (i.e. standard, intermediate, 
premium) and the impact on rail capital planning efficiency and rail life 
extension

Å Rail Friction Modifier (Lubricant and TORFM) Model:

Å Assess costs of implementing lubrication systems at wayside or on-
board and impact on railroad operations and rail life extension

Å Others?

Å Suggestions welcome

Process:

1. Create Individual Models

2. Test/Validate Individual Models

3. Combine Models into Overall VTI 
Cost/Benefits Spreadsheet

Key Performance Metrics:

ÅOperating Expenses

ÅLifetime Asset Cost

ÅOperating Ratio

ÅFree Cash Flow
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Model #1 - Rail Spot Replacement Model – Draft V1

Key Contributors:

ÅGuidance from Director at Class 1 Railroad

ÅGary Wolf, Wolf Consulting

Key Outcomes:

Å Cost per Intervention increases as total interventions decrease due to reduced 
mobilization efficiencies

Å 50% increase in efficiency of interventions leads to 21% cost reduction

Å 50% reduction in rail replacements per year leads to 14% cost reduction

Å Increasing efficiency of intervention by 50% AND decreasing rail replacements 
per year by 50% leads to 62% cost decrease

Key Next Steps:

ÅAre the costs/inputs reasonable for Class 1 railroad?

ÅHow to calculate the cost of using the replacement equipment?

ÅHow to calculate the need/cost of inventory storage for spot replacements?

ÅHow to extend to non-US and non-freight applications?
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Model #2 - Rail Grinding/Milling Model – Draft V1
Key Contributors:

ÅEric Labrie, ACCM

ÅEric Magel, NRC

ÅRichard Stock, LINMAG

Å Lyn Williams, BART

ÅGuidance from Class 1 AREMA Statistics

Key Outcomes:

Å Different ownership and contracting models (i.e. self-operate, contract by day, 
contract by mile) have obvious impact on cost per day/mile

Å Self-operate model costs are driven by costs of equipment and labor, with only 
minor costs of materials (i.e. stones/inserts/fuel)

Å Track downtime cost varies dramatically between U.S. freight (estimated 
$1000/hour by UIUC) and E.U. commuter (estimated $15,000/hour by EU)

Key Next Steps:

ÅAdd benefits of life extension and grind quality calculation to the models

ÅAdd case study of Commuter EU and milling example to start to compare apples-
apples

ÅCollect more data on MGT/Passenger Miles and Stones to compare apples-apples
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Commuter - US 

(Grinding)

Freight - Mining Freight - Class 1 Commuter - EU

TOTAL COST Total Cost $4,805,299 $1,266,539 $36,187,304 $15,000

Cost / Day $4,388 $3,470 $99,143 $15,000

Cost / Work Day / 

Grinder

$10,678 $5,066 $69,591

Cost/Mile $20,022 $1,550 $2,513 $15,000

Cost/MGT $27

Cost/Stone Days 

(Grinding Capacity)

 $                 580 

Depreciation/Lease $1,200,000 $666,667 $27,685,721 $0

Labor $2,683,699 $472,976 $4,759,303 $0

Material + Inspection $153,600 $83,636 $3,573,044 $0

Track Unavaliability 

for Revenue 

Generation

$768,000 $43,260 $169,237 $15,000

Grind Strategy Total Route Miles 600 260 21,000 2,400

Total Track Miles 

Ground

240 817 14402

Total Pass Miles 1920 4326 16974.5

Average MGT/Mile 58

Total Track Miles 

Ground - Preventative

240 692 13177

Total Track Miles 

Ground - Corrective

0 125 1225

Corrective / 

Preventative %

0% 15% 8.5%

Grind Group A - 96 470 2375.5Years of Grind Plan 3 1 1

GRINDERS Number of Grinders 1 1 2

Total Stones 240

CapEx Cost per 

Grinder

$6,000,000 $10,000,000

Estimated Grinder 

Useful Life

15 15

Lease Cost per Work 

Day

$20,000

Lease Cost per Pass 

Mile

$500

Cost per Grinder per 

Year

$400,000.00 $666,666.67 $13,842,860.38

Total 

Depreciation/Lease 

per Grind Plan

$1,200,000 $666,667 $27,685,721

EFFICIENCY Work Days Avaliable 150 250 260 365

Pass Miles / Time 

Required

Avg grinding speed 2.5 10.0 10.0 0.5

Grinder Passes 

(Preventative)

8.0 3.0 1.0 1.0

Grinder Speed - 

Preventative

0.3 3.3 10.0 0.5

Grinder Passes 

(Corrective)

40.0 18.0 3.1 1.2

Grinder Speed - 

Corrective

0.1 0.6 3.2 0.4

Ratio pass miles to 

track miles (pass 

miles divided by track 

miles)

8.00 5.29 1.18

Preventative Grinding 

Time

768 207.6 1,314

Grind Time / 

Corrective

0 225 379

Spark Time Train Delay Time/Shift 

(FIXED)

4.76 4.76 4.76

Customer Delay / 

Machine Delay / 

Contractor Delay

1.24 2.24 0.41

Avg track time ( 

switch open to switch 

closed ), excluding 

deadhead time

2.00 3.00 6.83

Miles Between Grind 2.5 0 91.75

Grind Travel Speed 20 25 25

Travel Time/Shift 

(VARIABLE)

0.125 0 3.67 25

Avg per-shift spark 

time

1.88 3.00 3.16

Shift Days Total Shift Days 

Required

410 144 536

Distance / Shift 

(Miles)

0.6 5.7 26.9

Avg pass miles per 

shift day

4.7 30.0 31.7

Total Travel Days 0.0 0.0 20.0

Total Travel Days / 

Work Days

0% 0% 4%

Benefits Grind Quality Index ? ? ?

Cost/Benefits of Rail Grinding/Milling
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Model #3 - Rail Material Change Model – Draft V1

Key Contributors:

ÅManuel Cabral, University of Leeds

Å John Cotter, LB Foster

ÅAndrew Smith, University of Leeds

Key Outcomes:

Å The relative difference in capital costs between materials is small, so the model 
benefits will be governed by rail life extension

Å Rail life is governed by worst case failure mode that leads to need for 
replacement (i.e. rail wear limit, rail RCF, weld wear/fatigue)

Å The prediction of rail life in track before replacement is the key metric to consider 
when estimating the cost/benefits during procurement

Key Next Steps:

ÅDeeper understanding the of economic mechanics of rail life depreciation. Who sets 
depreciation rates for each type/location of rail, how can it be changed?

ÅMethods to estimate the worst case failure mode and rail life, and how to include 
the cost of evaluation?

ÅMethods to estimate changes in maintenance needs (besides rail life) (e.g. grinding)
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Next Steps – Where Can you Help?

Next Update –Wheel-Rail Interface Conference in May 2018

Model #1 - Rail Spot Replacement Model –Draft V1

ÅAre the costs/inputs reasonable for Class 1 railroad, for non-US railroads?

ÅHow to calculate the cost of using the equipment?

ÅHow to calculate the need/cost of inventory storage for spot replacements?

Model #2 - Rail Grinding/Milling Model –Draft V1

ÅAdd case study from Class 1 freight railroad with different contracting model (by 
day, by mile)

ÅAdd case study of Commuter EU and milling example to start to compare apples-
apples

ÅAdd benefits of life extension and grind quality calculation to the models

Model #3 - Rail Material Change Model –Draft V1

ÅDeeper understanding the of economic mechanics of rail life depreciation. Who 
sets depreciation rates for each type/location of rail, how can it be changed?

ÅMethods to estimate the worst case failure mode and rail life, and how to include 
the cost of evaluation? 

ÅMethods to estimate changes in maintenance needs (besides rail life) (e.g. 
grinding)

New/Upcoming Models:

Å Rail Friction Modifier (Lubricant and TORFM) Model:

Å Assess costs of implementing lubrication systems at wayside or on-
board and impact on railroad operations and rail life extension

Å Others?

Å Suggestions welcome

Contact:

Wesley Thomas
Vice President, Rail
Sentient Science 

wesleythomas@sentientscience.com

(716) 550-0101

672 Delaware Avenue,

Buffalo, NY, 14209
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