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Kendall Station Background 



Kendall Station is located in Cambridge, Massachusetts on the banks of the Charles River. The 

river separates Cambridge and Boston by under one-mile. The Kendall Cogeneration Station 

uses natural gas as the primary fuel source that is converted to both electricity and steam. The 

steam is sold for heating and cooling into Cambridge and the Greater Boston area.  

The facility is capable of producing up to 256 MW of electricity and over 625,000 pounds per 

hour of steam for sale to wholesale customers.  

 

Background 
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Veolia serves the critical energy 

requirements of 250 customers in the 

central business district of Boston, the 

biotechnology corridor of Cambridge, 

and the Longwood Medical Area 

(MATEP): 

Å World-renowned healthcare 

facilities; including all large 

healthcare facilities in Boston 

Å Biotechnology and 

pharmaceutical leaders 

Å Prestigious office buildings 

Å Several Boston icons and major 

tourist destinations 

Å Hotels 

Å Universities 

Å 70% of the high-rise office 

buildings in Boston 

 

Boston-Cambridge Service Territory 

Reliable ñGreen Steamò avoids 475,000 tons of CO2 annually 
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Background ï Major Equipment 
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COMBUSTION TURBINES:  

ÅThe CT is a GE 7FA gas turbine with 

output of 180 MW at ISO standard 

conditions 

ÅPratt & Whitney FT4 simple cycle jet. 

HEAT RECOVERY STEAM 

GENERATOR:  

ÅThe HRSG is a Foster Wheeler triple 

pressure, non reheat, fired unit  

ÅUnfired the high pressure section is 

rated to deliver 577,275 lbs/hr steam 

at 1,320 psig and 910 ЈF and the 

Intermediate pressure section is 

rated to deliver 49,806 lbs/hr steam 

at 255 psig and 514 °F  

Gas Compressors 

ÅTwo gas compressors, one 

redundant are used to boost the gas 

pressure to 470 psi supply for the CT  



STEAM TURBINE NO 1:  

ÅThe Unit is a Westinghouse 3,600 

rpm, 15 MW (pf .8) and 0.5 PSI H2, 

single extraction condensing-type. 

The automatic extraction is controlled 

at 225 psig with a max. extraction 

steam flow of 250,000 Lbs/hr.  

STEAM TURBINE NO 2:  

ÅThe Unit is a Westinghouse 3,600 

rpm, 20 MW (pf .8) and 0.5 PSI H2, 

single extraction condensing-type. 

The automatic extraction is controlled 

at 225 psig with a max. extraction 

steam flow of 350,000 Lbs/hr.  

Generators:  

ÅThe corresponding generators are 

hydrogen cooled and operate at 

3,600 rpm with a voltage of 13,800  

Background ï Major Equipment cont. 
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BACK PRESSURE STEAM 

TURBINE 

ÅThe unit is a Shin Nippon, 3,600 

RPM, horizontal, impulse, multi-

stage, multi-valve, axial flow, back 

pressure, non extraction turbine 

coupled to an existing 25 MW 

Westinghouse generator, inlet steam 

pressure 1,300 psig, exhaust 

pressure 225 psig 

ÅAir cooled heat exchanger 

ÅAuxiliary cooling water system 

ÅMiscellaneous Systems 

 

 

 

Background ï Major Equipment cont. 
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Kendall 2 - Boiler  

ÅBabcock & Wilcox natural circulation, front fired, with a balanced draft 

furnace. Rated to deliver 200,000 lbs/hr steam at 1,320 psig and 910ºF at 

the super heater outlet. Firing natural gas  

Kendall 3 - Boiler  

ÅBabcock & Wilcox natural circulation, front fired, with a balanced draft 

furnace. Rated to deliver 300,000 lbs/hr steam at 1,320 psig and 910ºF at 

the super heater outlet. Firing natural gas or No. 6 0.3% low sulfur fuel oil  

Auxiliary Package Boilers 

ÅTwo 200 psi quick start gas fired package Boilers rated to deliver 100,000 

lbs/hr steam 

Water Treatment Plants 

Å600 GPM, city water, ultra-filter, reverse osmosis, mixed bed de-ionization 

Å600 GPM, river water, ultra-filter, reverse osmosis, EDI de-ionization. 

Å350,000 gal Demin tank 

 

 

 

 

 

 

Background ï Major Equipment cont. 
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Significant Structures 
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Prior to Veolia Ownership  

Kendall Station had a culture of 2 to 3 week long seasonal shutdowns, 

just before the summer and winter each year. Some of the maintenance 

practices were invasive which more often than not destabilized the 

equipment resulting poor reliability and availability. 

 

Veolia Ownership  

Minimize equipment downtime, improve equipment reliability at minimum 

cost. In order to meet this challenge we introduced Reliability centered 

Maintenance and became far more condition based resulting in much 

shorter shutdowns in the order of days compared to weeks. 
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Kendall Station Operating Culture Changes 



The Traditional View Equipment Failure 
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The Reality of Failure 

A 

Pattern A:  The "Bathtub Curve"  
High infant mortality, then a low level of 
random failure, then a wear-out zone 

B 
Pattern B:   "The Traditional View"  
Random failure then a wear-out zone 

C 
Pattern C:   
Steady increase in the probability of failure 

D 

Pattern D:   
A sharp increase in the probability of 
failure settling down to random failure 

E 
Pattern E:  Random Failure  
No relationship at all between how old it is 
and how likely it is to fail 

F Pattern F:   The "Reversed J" Curve  
High infant mortality then random failure 

4% 

2% 

5% 

7% 

14% 

68% 

You may say SO WHAT? 



The Reality of Failure 
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 Pattern F warns us that if 
 we overhaul something 
 άƧǳǎǘ-in-ŎŀǎŜέ ƛǘ ƳƛƎƘǘ 
 fail after this point ... 

Assumed 
life 

... the overhaul itself 
could also cause the 

item to fail 

So fixed interval overhauls or replacements  
are only valid for equipment that is known to 
suffer from specific age-related failure 
modes, not random failures 



The Reality of Failure 
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So fixed time overhauls and replacements 
would cover failure patterns A, B and C 
approximately 11% of the failure modes. 

But failure patterns D, E and F are not age 
related, 89% of the failure modes, so where 
does this leave us? 

Nearly all functional failures give us a 
warning that they are about to happen or are 
in the process of happening. 

These warnings are called ñpotential failuresò 
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OLD DEFINITION 

of Failure 
Equipment Broken 

Potential Functional 

Failure Mode 

First indication of deteriorated 

condition that is visible to 

human eye or through 

technological means 

 

RELIABILITY CENTERED MAINTENANCE 

definition of Failure 

Equipment not performing  

intended function  

òFunctionality Failedó 

Time 

As New 

End State 

Equipment will continue to 

operate in a functionally failed  

State with consequences to  

Quality, throughput, cost,  

safety, environment  

Zone  

of  

ñright  

maintenance  

at right timeò 

Optimal R&M & Operating Value 

 ñ too early ò 

non-value adding 

R&M expenditure 

ñ too late ñ 

highest  

R&M cost & 

highest operating 

cost 

Equipment cannot be prevented from ñFailingò 

All equipment will begin failing as soon as it is put into service. 

The only thing we can avoid are the consequences of failure by doing  

the right maintenance, at the right time, the right way 

Failure Starts  

Here 

The length of time from ñAs New to Potential Failureò  

is affected by many variables. Research has shown 

that approximately 80 to 90% of all equipment 

failures are random: 

Å natural wear  

Å improper design or assembly 

Å compromised repair  

Å operator error induced damage   

 

 

Condition & 

Operating 

Performance 

of Equipment 
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Condition & 

Operating 

Performance 

of Equipment 

End State 
Equipment Broken 

Failure Starts Here Potential  

Failure Mode 

Time 

For every $1million of equipment value there are 400 Potential Failure Modes. 

Kendall has $XXX Million in equipment 

Replacement Asset Value thus  has 

approximately 150,000 Potential Failure 

Modes.   

Functional Failure 

Reactive Maintenance 

ñtoo little too lateò 

Frequent repair, 

greater equipment damage & 

operational consequence 

Recovery Maintenance ï backlog of failure modes 

between ñFunctionally Failedò and ñEnd Stateò 

Maintenance 

Improvement 

Increasing  

Capability 

As New 

Sustain Maintenance ñright work at right timeò 

Years of financial distress cycles has led to  a 

backlog of failure modes that have migrated into a 

zone between Functional Failure & End State 

that now require Recovery Maintenance 
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Condition & 

Operating 

Performance 

of Equipment 

End State 
Equipment Broken 

Failure Starts Here Potential  

Failure Mode 

Time 

Avoiding the business consequences for 50% of all Potential Failure Modes is 

best achieved through condition inspections and planned corrective actions 

Functional Failure As New 

Normal Warning 
Critical 

Alarm 
Alarm Levels 

Schedule 

job next 

outage 

Early  

Warning 
Alarm 

Do Nothing Monitor 

Monitor 

plan job 

& parts 

Schedule 

job  

ASAP 

Required 

Actions 



Ultrasound Helps Improve 

Reliability at Kendall 

The Way Forward 



 
The RCM process helps users to determine what must be done to 
ensure that physical assets perform as their users want them to 
perform, by asking the following questions: 
 

Å What are the functions and desired standards of performance of 
the asset in its present operating context?  

Å In what ways does it fail to fulfil its functions?  

Å What causes each functional failure?  

Å What happens when each failure occurs?  

Å In what way does each failure matter?  

Å What can be done to predict or prevent each failure? 

Å What should be done if a suitable proactive task cannot be found? 

The RCM Process 
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Kendall Predictive Technologies Program 

Kendall has a comprehensive 

predictive maintenance 

program consisting of: 

Å Vibration analysis  

Å PdMA on electrical motors 

Å Thermography 

Å Ultrasound on: 

Å Air, steam, vacuum leaks 

Å Pump, fan, motor bearings 

Å Corona, electrical 

discharge 

Å UT Thickness ï high pressure 

steam piping 

Å Oil Analysis 

Å Transformers 

Å Turbine lubricating oils 

Å Machine performance 

monitoring 
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Data Historian 

Vibration  Analysis 

Thermograhy 

Ultrasound 



Ultrasound ï Air leaks 

GE Air Blast 13.8 kV Circuit 

Breakers ARA-14-4 

Å 20 circuit breakers of which 10 

had significant air leaks 

Å 250 psi control air to operate 

Å 3 Compressors 2 duty, 1 

standby to keep up with the air 

leaks. 

Å Eventually one compressor 

failed requiring replacement 

Å Detected the air leaks using the 

UV 15000 

Å Repaired air leaks, now only 

requiring two compressors in a 

lead / lag operation 

Å Savings around $30k 

Å Other repaired air leaks in the 

plant saving an additional $40k 
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