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Overview 

•  A coal‐burning steam engine, 89% fuel savings 
•  2008 $12.2 Billion diesel fuel bill, US Class I’s 
•  Instead $1.3 Billion coal bill 
•  10.9 Billion cost saving per year 



BTU Comparison 2008 

Diesel 

Type 
CN NS CSX UP CP BNSF KCS 

Amount  $1.00  

$ / Gal.  $3.04   $3.09   $3.12   $3.13   $3.14   $3.16   $3.32  

Gal. / $ 0.33 0.32 0.32 0.32 0.32 0.32 0.30 
BTU / 
Gal.  163,572  

BTU / $  53,729   52,989   52,499   52,329   52,115   51,812   49,322  



BTU Comparison 2008 

Coal  
Type 

PRB UIB ILB NAP CAP 
Amount  $1.00  

$ / Ton  $21.56   $60.40   $74.46   $117.90  $113.71  

Lb. / $ 92.76 33.11 26.86 16.96 17.59 

BTU / Lb.  8,800   11,700   11,800   13,000   12,500  

BTU / $  816,327  387,417   316,949   220,526  219,858  



PresentaPon Outline 

•  Mechanical Engineers of Modern Steam 
•  The Modern Steam LocomoPve 
•  Important Technologies Of Modern Steam 
•  American Class I Railroad: Needs 
•  Maintenance: Modern Steam vs. Diesel 
•  Comparisons: Modern Steam vs. Diesel 
•  Infrastructure and Servicing: Modern Steam 



The Mechanical Engineers of Modern Steam 

Pioneers (deceased): 
•  Andre Chapelon 
•  Livio Dante Porta 
Current: 
•  David Wardale 
•  Phil Girdlestone 
•  Shaun McMahon 
•  Nigel Day 
•  Roger Waller 



Andre Chapelon 

•  French Mechanical Engineer 1892‐1978 
•  SNCF, Steam LocomoPve Design Division 

•  Grandfather Of Modern Steam 

•  Applied Thermodynamics And Fluid Dynamics 
To The Steam LocomoPve 

•  Chapelon’s Former Boss, George Chan, From 
The SNCF Described Him As “The Man Who 
Gave New Life To The Steam LocomoPve”  



Andre Chapelon 
cont. 

•  1939 Rebuild: 4-Cylinder Compound SNCF 
240P 



Andre Chapelon cont. 
•  1946 Design And Construction Of The 3-

Cylinder Compound: SNCF 242A.1 



Livio Dante Porta 

•  ArgenPnean Mechanical 
Engineer 1922‐2003 

•  Father Of Modern Steam 
•  Developed 3 Very Important 
Parts Of Modern Steam 



Livio Dante Porta 
Cont. 

•  1949 “Argentina” 



Livio Dante Porta Cont. 
•  1957 Rio Turbio 2‐10‐2’s 



David Wardale 
•  1981 SAR Class 26 #3450 Rebuild Of Class 25NC 



Phil Girdlestone 
•  Alfred County Railway Class NGG16A 141 & 155 
•  Girdlestone & Associates 



Shaun McMahon 
•  Employed By The Rio Turbio Railway 

– ConverPng Railway To Steam From Diesel 

•  Consultant Ferrocarril Austral Fueguino Railway 
– Modernized Steam Fleet Of Tourist Hauler 



Nigel Day 
•  Modern Steam Technical Railway Services 



Roger Waller 
•  DampflokomoPv‐und Maschinenfabrik AG (DLM) 



The Modern Steam LocomoPve 

Porta Classified Steam LocomoPves As Follows: 
•  Genera3on ‘Zero,’ 
•  First Genera3on (FGS), 

•  Second Genera3on (SGS), 
•  Third Genera3on (TGS), 



Second GeneraPon Steam (SGS) 
Porta’s Outline: 
•  14% Thermal Efficiency, Twice FGS 
•  290‐362 PSI, 840°F Steam 
•  Compound Expansion 
•  Advanced Exhaust Design 
•  Advanced Steam Circuit Design 
•  Gas Producer CombusPon System (GPCS) 
•  Advanced Feed Water Treatment 
•  High RotaPonal Speed (504 RPM, AAR 1947) 
•  Environmentally Responsible 
•  Roller Bearings Throughout 



Third GeneraPon Steam (TGS) 
Porta’s Outline – All advancements of SGS plus: 
•  21% Thermal Efficiency, Triple FGS 
•  870 PSI, 1020°F Steam 
•  Triple Expansion 
•  3 Stage Feed Water And CombusPon Air HeaPng 
•  Other Detail Improvements, Etc. 
•  27% Thermal Efficiency With Condensing 

By Comparison An EMD SD70ACe, An AC TracPon 
Diesel‐Electric, Has A Drawbar Thermal 
Efficiency Of 35.6% 



BSS Rail Traffic Controller 

Thanks to: 
• Eric Wilson, Owner of Berkeley Simulation 
Software 
• Charles Banks, President R. L. Banks & 
Associates, Inc. 



The LocomoPves Compared 
•  Diesel: General Electric C44‐9 

–  Typical locomoPve used by US Class I Railroads 
–  4,400 Horse Power at Prime Mover 
–  6 powered axles 
–  180,000 pounds TracPve Effort 
– Dynamic Brakes 

•  Steam: Third GeneraPon 2‐8‐8‐2 
–  5,900 Horse Power at Drawbar 
–  8 powered axles 
–  180,000 pounds TracPve Effort 
–  Compression Braking 



LocomoPves 



Modern 2‐8‐8‐2 
Drawbar Horse Power 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Modern 2‐8‐8‐2 
Drawbar Pull 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The Railroads Modeled 

•  Norfolk Southern Pocahontas District: 
– Between Bluefield and Williamson, West Virginia 

•  BNSF Railway Clovis Subdivision: 
– Between Clovis and Vaughn, New Mexico 



Diesel – Loaded Coal Williamson to Bluefield, WV – Norfolk Southern 



Steam – Loaded Coal Williamson to Bluefield, WV – Norfolk Southern 



Diesel – Trailers Clovis to Vaughn, NM – BNSF Railway 



Steam – Trailers Clovis to Vaughn, NM – BNSF Railway 



Steam and Diesel Costs Compared 

•  The Steam LocomoPve had fuel costs 89% less 
than the Diesel LocomoPve 

•  The steam locomoPves averaged 2.44 tons of 
coal and 2,880 gallons of water per hour 

•  The diesel locomoPves averaged 252 gallons 
per hour 



Steam and Diesel 
Performance Compared 

•  On heavy tonnage trains  
– NS Pocahontas District 
– 1 steam locomoPve used for each diesel 

•  On fast trains 
– BNSF Clovis Subdivision 
– Horsepower was equated allowing 2 or 3 steam 
locomoPves to match 3 or 4 diesels 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Important Technologies 

•  The Gas Producer CombusPon System (GPCS) 

•  The Lempor Exhaust 

•  Porta Water Treatment (PT)  



ConvenPonal CombusPon 



The Gas Producer CombusPon System (GPCS) 



Environmental Benefits Of GPCS 

•  Smoke Disappears 

•  CO & HC Emissions Virtually Disappear 
•  NOX Emissions Are Very Low 

•  Sulphur Can Also Be Controlled By 
Blending The Fuel With A Calcite‐
Dolomite Mixture 



Other Benefits Of GPCS 

• GPCS Can Burn EssenPally Any 
Reasonable CombinaPon Of Solid 
Fuels 



The Lempor Exhaust 
•  The Most Efficient 
Exhaust Ejector 

•  Heart Of The Steam 
LocomoPve, Since 
Trevithick, 1804 

•  Under Development 
By Porta Since 1952 



Porta Water Treatment (PT) 
•  Outgrowth Of Advanced Treatments Used On The 
Railways Of France (TIA) And UK (Alfloc) 

•  Developed For Ferrocarril Nacional General 
Belgrano Railway, ArgenPna 

•  The Chemistry Of The Boiler Water Keeps Any Scale 
Or Mud‐forming Material In SoluPon Or Suspension 

•  AnPfoams Are Used To Prevent Heavy Boiler Water 
Carryover 



Maintenance Benefits Of PT + GPCS 
•  PT Eliminates The FormaPon Of Scale 

•  Boiler Washouts: 6 Month Cycle Not 30 Day Cycle 

•  Boiler Blowdowns: 2 Month Cycle, Not Twice Daily 

•  Boiler Tubes, Firebox Plates and Superheater 
Elements Can Last 30 Years 

•  PT and GPCS used together:  
–  Virtual EliminaPon Of Boiler Maintenance 



American Class I Railroad: Needs 

•  Automated Boiler Controls 
•  MulPple Unit Capability 

•  TracPon Control 
•  Dynamic Braking 

•  Distributed Power And Remote 
Control Capability  

•  Crew Comfort 



American Class I Railroad: Needs 
cont. 

•  Automated Boiler Controls 
– Two Person Crews Are Unnecessary 

•  MulPple Unit Capability 
– A Single Person Crew Per LocomoPve, 
Unnecessary 



American Class I Railroad: Needs 
cont. 

•  TracPon Control 
– Restricts Steam Being Exhausted From 
Cylinders To Keep A Wheel Slip From 
Occurring 

•  Dynamic Braking 
– Compression Brakes Installed On Many 
Steam LocomoPves 



American Class I Railroad: Needs 
cont. 

•  Distributed Power And Remote 
Control Capability 
– Possible Because Of MU Capability 

•  Crew Comfort 
– Cab Must Be As Comfortable As A Diesel 



Maintenance Comparisons 
•  Prevailing View: Steam LocomoPves More 
Expensive To Maintain Than Diesels 

•  FGS LocomoPves With One‐piece Cast Frames, 
Roller‐bearings On All Axles & MoPon And 
Complete Mechanical & Pressure LubricaPon 
Were Cheaper To Maintain Than Diesels 



Maintenance Comparisons 
cont. 

•  H. F. Brown (InsPtuPon Of Mechanical 
Engineers): Steam LocomoPve Was Significantly 
Cheaper Than Diesel In Postwar US 

•  1963‐1986, SAR Class 25NC Was 20% Cheaper 
Than Diesel 

•  Over Lifecycle, 25NC Cheaper Than SAR Diesel 

•  With GPCS & Porta Treatment, 91% Of 
Maintenance Costs Significantly Reduced Or 
Eliminated 



LocomoPve Comparisons 

•  Idle Fuel Costs: (2008) 
– $6.08 to $17.26 per hour Diesels w/o APU’s 
– $2.06 to $2.25 per hour Diesels w/ APU’s 
– $0.27 and $1.48 per hour modern steam 

•  Running Time Comparison: (fill ups) 
•  SGS: 1.5 Coal + 1.5 Water = 1 Diesel 
•  TGS: 1 Coal + 1 Water = 1 Diesel 
•  Condensing TGS: 1 Coal = 1 Diesel 



Infrastructure And Servicing 

•  3 Basic Types Of FaciliPes: 
–  Coaling StaPon: Coal, Water & Sand 
– Watering StaPon: Water Only 
–  Servicing Facility: Fire Cleaning & LubricaPng 

•  Fire Cleaning: 1 Week Or Longer 

•  LubricaPng: 30 Days 

•  Boiler Washout: 180 Days 



QuesPons 


