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Executive Summary 

On July 20, 2011 a fire incident occurred at the North River Water Pollution Control Plant (WPCP) 
on the Main Sewage Pump (MSP) No. 1 Engine.  New York City Department of Environmental 
Protection (NYCDEP) obtained the services of Black & Veatch (B&V) to perform an analysis to 
determine the cause of the fire along with an assessment of recommended improvements to 
improve the reliability of the engine systems.  An Engineering Team from Black & Veatch and a Fire 
Investigator from T.J. Russo Consultants conducted a site investigation of the fire scene in the 
Engine Room at the North River WPCP on July 26 and 27.  Black & Veatch team members returned 
to the site on July 28 with the T.J. Russo Fire Investigator to remove materials from the engine for 
further analysis by Affiliated Engineering.  Team members returned on August 15 to collect 
additional material samples for testing.  The review of the fire scene focused on potential ignition 
sources and fuel sources, and observations for reliability improvements.  Steps in the assessment 
process included: 

• Field review of the fire damage to the engine and surrounding systems including 
photographing of all affected areas, observation of the other operating engines noting 
operational characteristics and measurement of engine system temperatures, and review of 
the blower engines located in the same Engine Room 

• Collection of operational and maintenance data from NYCDEP 

• Interviews of NYCDEP staff that were present the day of the fire 

• Tagging and removal of pertinent materials for testing as indicated above 

• Metallurgical testing of materials removed by Affiliated Engineering and review of results 
by the B&V/TJ Russo Team, including review by a B&V metallurgist 

• Analysis of potential fuel flow/spray from potential sources of fuel 

• Review of existing system alarm parameters available at the engine control panel, SCADA 
system alarm and telemetry interfaces, remote shutdown capabilities, and HVAC system 
controls 

• Additional Q&A and field observation with NYCDEP staff and engine specialists from Vronay 
during the subsequent engine disassembly process 

• Research of similar engine fire incidents in various industries 

• Team interactive discussions on potential fire scenarios keying on the fire investigation 
experience of TJ Russo and the engine experience of B&V 

• Multiple progress discussions and input from NYCDEP staff 
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A review of potential causes for the MSP No. 1 Engine fire yielded the following probable causes: 

• Failure of the connector on the fuel injector (jerk) pump discharge line on cylinder number 
one and the ignition of the diesel fuel by spraying the exterior of the turbocharger. 

• Failure of the flexible fuel line connection located downstream of the fuel duplex filter and 
the ensuing ignition of the diesel fuel by spraying the exterior of the turbocharger. 

These potential causes listed above are each viable possibilities of probable cause.  It is not possible 
to determine the exact cause of the fire as crucial evidence may have been destroyed by the fire or 
destroyed as a result of the fire being extinguished.  Our opinion of the most likely probable cause 
of the fire is the failure of the diesel fuel connector on the discharge side of the fuel injector pump. 
Because of the lack of physical evidence of initial failure on the stainless steel braid assembly of the 
flexible fuel line, it is our opinion that the flexible connector is not as likely a probable cause of the 
fire as the failed fuel injector connector.    The  fire investigation report included as Appendix A lists 
additional possible causes that have been eliminated. 

It should be noted that immediately after the fire it was evident that the shut off valve in the fuel 
metering return line for the MSP No. 1 Engine was severed.  During initial site investigation it was 
also discovered that the adjacent fuel metering supply line shut off valve was cracked.  Metallurgist 
testing of these valves revealed the valves failed due to liquid metal embrittlement.  This 
embrittlement most likely occurred due to melted aluminum from the turbocharger air inlet falling 
on the valve bodies, rapidly causing embrittlement fractures.  Thus, our opinion is that these valve 
failures were not a primary source of fuel for the fire.  The fractured valves did become a significant 
secondary source of fuel for the large fire spread at the floor level around the engine and two 
additional levels below the Engine Room. 

The most likely probable source of initial fuel for the fire ignition, failure of the connector on the 
fuel injector pump discharge line, potentially occurred from either over torque or under torque of 
the connection.  If the fitting was not fully tightened (possible under torque), it may have loosened 
under operation, allowing a fuel leak flow.  If the fitting was over tightened (possible over torque), 
thread connections could have been damaged and the mating fitting surfaces may have not seated 
properly, allowing fuel to flow.  Evaluation of this fitting by the metallurgist revealed signs of 
erosion along the conical mating surface of the fitting, suggesting evidence of fuel flow.  The erosion 
would not be visible unless viewed under a microscope.  It was also evident that thread damage had 
occurred on the final thread on the fuel pump connection to the connector, suggesting the fitting 
may have been over tightened.  In our opinion, the failure of this connector on the fuel injector 
pump discharge line was not related to improper operation or maintenance of the unit as there are 
no procedures in the engine Operation and Maintenance manuals indicating proper torque of this 
connector.  It was also noted during progress discussions with NYCDEP staff that the nature and 
configuration of this connection does not allow for use of a conventional torque wrench device. 
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A schematic arrangement of fuel supply system components is shown in Figure No. 2 of this report.  
Engine component locations are also shown in Figure No. 3 of this report.  Based on the most 
probable cause, the likely events may have occurred as follows: 

• After repair of a gasket on the duplex filter, at approximately 11:05 am as indicated on the 
Trend List, the unit was restarted.  After the restarting of the unit, fuel from the leaking 
connector on the fuel injector pump discharge line connection started spraying the 
turbocharger.  The location of the connector is not readily visible from the floor level and no 
leaking fuel was observed by the plant personnel after restarting the unit.   

• As the exterior temperature of the turbo charger increased to its normal high operating 
temperature, it ignited the diesel fuel spray.   

• The fire then started melting a portion of the turbocharger air inlet that is constructed of 
aluminum. 

• The melting aluminum fell onto and around the fuel meter line shut off valves, causing them 
to become embrittled and rapidly fail.  Fuel leaking from the failed valves potentially 
sprayed the initial fire with additional fuel, further enhancing the fire, and began pooling 
additional fuel at the floor level.   

• MSP #1 Engine then shut down at approximately 11:35 am, as indicated on the Trend List, 
due to low fuel pressure from the fuel leaking from the embrittled valves.   Engine shut 
down alarm and engine run status indication is available in the control room, but shut down 
was not observed by any witness in the Engine Room or anyone in the Control Room at this 
particular time.   

• At some point, as the heat from the fire intensified, the liner of the flexible connector on the 
fuel supply line downstream of the duplex filter, the connectors on the engine driven lube 
oil pump, and the flexible connector on the turbocharger oil drain line melted.  Fuel and 
lube oil that was not being consumed by the fire then ran out onto the floor around the front 
of the engine and through floor penetrations to the lower floors below the engine.   

• The remote lube oil pump continued to operate and provide fuel for the fire for an 
additional five (5) minutes after engine shut down.  The pump is designed to supply lube oil 
to the turbocharger blade bearings while the turbocharger spins to a stop after the engine 
shuts down. 

• The remote fuel pumps located on the floor below continued to operate and add fuel to the 
fire until the power was shut off to the plant. 

• The ensuing explosion was due to ignition of the diesel fuel and lube oil that was on the 
floor around the engine.  This explosion caused a rapid increase in thick, black smoke that 
was evident to witnesses in the surrounding areas. 
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As a result of the assessments completed, Black & Veatch also recommends the following 
improvements to increase the reliability of the engines.  Each of the recommendations is described 
in detail in the report. 

• Fire-tite manual shutoff valves in fuel oil and lube oil lines 

• Emergency shutoff and firesafe valves at room transitions and at header piping take-offs 

• Flexible connectors added in additional piping locations 

• Relocation of combustion air intake outside or shielding in existing location 

• Confirmation of existing inspection and maintenance practices with potential 
enhancements 

• Dry starting (a continuation of existing standard practices) with additional dry starting after 
consecutive failed restarts 

• Remote (control room) emergency stop for fuel oil and lube oil supply in addition to 
existing engine emergency stop 

• Low pressure switch on fuel oil and lube oil supply lines 

• Supplemental camera, SCADA, and fire monitoring to enhance the existing SCADA and 
personnel monitoring already in place 

• Turbocharger shield to prevent contact with fuel leak sources 

• Fuel supply piping replacement 

• Turbocharger high temperature alarm addition 

• Relocation of diesel fuel electric shut off valve 

• Fuel hood on fuel supply lines 

• New automatic safety shut off valves in the gas supply line 

A detailed analysis of how to best implement these enhancements will be required.  The analysis 
will require a review of alternatives that are available to implement the enhancements and 
selection of the alternative that is the most appropriate for the application. 
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Introduction 

PURPOSE 

The purpose of this technical report is to document the results of our investigation into the cause of 
the fire incident that occurred at the North River WPCP on July 20, 2011.  This report also provides 
recommendations for enhanced operational reliability of the Main Sewage Pump (MSP) engine 
pump drives and Blower engine drives at the North River WPCP. 

BACKGROUND 

Currently the North River WPCP engine room consists of five (5) engine driven MSP’s, five (5) 
engine driven blowers, and associated equipment.  The engine driven pumps are each powered 
Delaval Enterprise Model DGSR-46 dual fueled engines using either No. 2 diesel fuel or gas fuel 
(digester gas or natural gas).  Each engine has a nameplate rating of 1,700 horsepower at 400 rpm.  
These engines were purchased in 1983 and were installed in 1986.  In the mid 1980s these engines 
ceased being manufactured and in 1988 Delaval sold the Enterprise aftermarket services to Cooper 
Industries, currently named Cameron’s Compression Systems Division.   

On Wednesday July 20, 2011 at approximately 11:30 am, a fire event occurred in the North River 
WPCP engine room.  Extensive damage occurred inside the engine room and MSP engine No.1 and 
associated equipment were severely damaged by the fire. 

NYCDEP contracted with Black & Veatch to evaluate the potential  cause of the fire incident and 
review the existing installation of the MSP engines and blower engines.  The review will determine 
recommended modifications to prevent a similar occurrence, as well as any other observed 
improvements to increase the safety and reliability of the engines. 

 
North Side of Main Sewage Pump No. 1 Engine 
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Site Engineering 

ENGINE INFORMATION 

The diesel fuel consumption for each of the MSP engines can vary depending on the fuel selection 
process, from 100 percent diesel fuel consumption to approximately 10 percent diesel fuel when 
being used as a pilot fuel to ignite the digester gas or the natural gas.  Diesel fuel is supplied to the 
engine at approximately 12 gpm at 55 psi from remote fuel transfer pumps that are located on the 
+5 elevation floor below the Engine Room.  These pumps are manually started and stopped by local 
controls at the pumps. 

Each engine has a unit mounted lube oil pump that is driven by the engine, and it has a capacity of 
300 gpm as indicated on the Lube Oil Piping Schematic drawing number 09-820-83001.  

During site investigations on July 26 and 27, a reading of 0.5 inches of water column pressure drop 
across the filter elements on MSP engine No. 5 air intake filter was taken while the engine was 
operating.  This reading was taken to evaluate the air intake as a possible location for fuel being 
sucked into the turbo charger and being ignited. 

During operation, the following temperature readings were taken at various locations on MSP No. 5 
Engine.  This engine is of the same manufacturer and age as MSP No.1 Engine. 

 Fuel metering return shutoff valve     113 °F 

 Engine block behind fuel metering return shutoff valve  113 °F 

 Middle of engine block above fuel metering return shutoff valve 157 °F 

 Oil drain line from turbocharger     162 °F 

 Outside to the right of the middle of turbocharger   415 °F 

Multiple raw water pumping parameters are actively recorded with the plant SCADA system, 
including engine running speeds, total flow, and engine system temperatures.  Trend List data 
indicated the exhaust temperature for MSP engine No. 1 prior to the fire event to be in the range of 
765 °F and 1100 °F which is not considered abnormal.  

Figure No. 1 was taken from the Triodyne Inc. Safety Brief ISSN 1041-9489.  It shows a typical air 
intake system for a 4 cycle system. 
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Figure No. 1 

 

ENGINE FLUIDS 

The engines and Engine Room contain numerous combustion gases, combustion liquids, and 
lubrication liquids.   The National Fire Protection Agency (NFPA) classifies flammable and 
combustible liquids based on the flash point temperature of the liquid.  Diesel fuel is classified as a 
Class II Combustible Liquid, since it has a flash point equal to or greater than 100 °F, but less than 
140 °F.  Lubrication oil is classified as a Class IIIB Combustible Liquid, since it has a flash point 
equal to or greater than 200 °F. 

 

Flash Point Temperature Auto-Ignition Temperature 

 

 Natural Gas    -                          1,076 °F 

Diesel Fuel    125 °F    410 °F 

Lubrication Oil          420 °F – 485 °F        465 °F – 815 °F  

Definitions: 

Flash Point is the minimum temperature that a combustible fluid produces sufficient vapor 
to yield a combustible mixture. 
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Auto-Ignition temperature is the temperature at which combustion occurs spontaneously 
(without an external source of ignition). 

Atomization occurs by forcing fuel through a small opening under high pressure to break it 
into a fine mist. 

ENGINE ELECTRICAL CONTROL SYSTEMS 

A review of the MSP engine control panel schematics was performed to determine the existing 
engine controls.  The following list of drawings was provided by NYCDEP for  review: 

Drawings 09-500-83002, sheets 2 – 4, and 6 – 8 of 10, Rev AET-1, Main Sewage Pump 
Engine Control Schematic Engine 1412-1415, by Advanced Engine Technologies Corp. 

Drawing 09-500-83002, sheet 5 of 10, Rev D, Main Sewage Pump Engine Control Schematic 
Engine 1412-1415, by Transamerica Delaval. 

Drawing 09-500-83001, sheet 8 of 11, Rev E, Main Sewage Pump Engine Control Schematic 
Engine 1411, by Transamerica Delaval. 

Drawing 31BD1 7-11 (this is an assumed number as the bottom part of number is not 
legible), sheet 10 of 11, Rev 3, Main Sewage Pump Engines No. 1411-1415 Air/Fuel Ration 
Control Sys. Ele. Schematic NYC North River Water Pollution Control Plant, by Advanced 
Engine Technologies Corp. 

The following is a list of shutdown signals that will automatically shutdown the engine upon 
initiation by the engine instrumentation: 

• High temperature lube oil 

• Low wet well level 

• Overspeed 

• Barring device 

• High temperature main bearing 

• High vibration 

• Low pressure control air 

• GRI safety 

• High temperature jacket water 

• Low pressure lube oil 

• Low pressure jacket water 

• Low pressure fuel oil 
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• Low pressure turbo lube oil 

Additionally, the engine can be shut down by pressing the emergency stop pushbutton located in 
the control room. 

Below are the alarm signals that are annunciated to the engine control panel when the pre-
determined setpoint is exceeded.  These alarm signals are combined together for a common alarm 
to the plant control room. 

• High temperature lubricating oil 

• High temperature jacket water 

• High temperature engine cylinders 

• High temperature turbocharger intercooler 

• High temperature engine cooling water 

• High temperature generator winding 

• High temperature generator bearing 

• High temperature gas booster discharge header 

• High temperature gas header 

• Low pressure lube oil 

• Low pressure turbo lube oil 

• Engine cooling water pressure 

• Gas header change to fuel oil pressure 

• Gas header pressure 

• Fuel oil pump strainer A delta pressure 

• Fuel oil pump strainer B delta pressure 

• Gas booster intake filter delta pressure 

• Engine lube oil filter delta pressure 

• Starting air header pressure 

• Starting air manifold pressure 

• Turbo intercooler water pressure 

• B&A lubricating oil pump pressure 
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• Gas mixing tank vacuum pressure 

• Gas booster suction header vacuum pressure 

• Gas booster cooling water pressure 

• Heat recovery silencer water level high 

• Heat recovery silencer water level low 

• Fuel oil day tank #1 level high 

• Fuel oil day tank #1 level low 

• Fuel oil day tank #2 level high 

• Fuel oil day tank #2 level low 

• Lube oil sump tank level low 

• Wet well No. 1 level low 

• Wet well No. 2 level low 

• Ring flush water low flow 

• Jacket water standpipe level low 

• Low pressure fuel oil standby pump on 

• Seal water low flow 

• P.C. power failure 
 

A review of the fire alarm and ventilation drawings was also conducted in conjunction with the 
engine control panels to determine if upon detection of a fire in the engine room there are any 
interlocks with the ventilation systems.  Contracts 7A, 8A, 8B, and 28 were reviewed and smoke 
detectors are located in the supply duct to de-energize the supply fans upon sensing alarm 
conditions.  
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Operational Event Timeline 

The following partial list of operational time events, that involved operation of the MSP engines on 
the day of the fire event, were taken from  North River  Trend List, daily log sheets, and pump 
engine operational data sheets: 

Recorded Time   Event 
 

9:26 am Pump operational data sheet indicated MSP #1 shut down 
due to low fuel pressure 

9:30 am Daily log sheet indicated “C/I #4 MSP as trial run.  MSP #1 
C/O by itself.  Could not start due to fuel oil pressure.  Oilers 
working on #1MSP.  #4 MSP flow reading on Trend is not 
working” 

10:00 am Trend List indicated MSP # 4 and MSP # 5 operating 

11:03 am Trend List indicated MSP #1 rpm at approximately 375 

11:10 am Trend List indicated MSP #5 rpm dropped to zero 

11:15 am Daily log sheet indicated “C/I #1 after fixing oil leak.  C/O #5 
MSP” 

11:35 am Trend List indicated MSP # 1 rpm dropped to zero and the 
total station pump output capacity dropped in half 

11:47 am Trend List indicated MSP #4 rpm dropped to zero and the 
total station pump output capacity dropped to zero 

01:30 pm Power shut down to plant by DEP (approximate time per 
NYPA load data) 
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Sources of Fuel 

This section evaluates the potential sources of fuel that possibly started and fed the fire that 
occurred.  Figure 2 provides a schematic arrangement of engine fuel supply components.  Figure 3 
indicates the approximate location of the system components in question. 

 

Engine Fuel Supply Schematic 

Figure No. 2 
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Engine Component Locations 

Figure No. 3 

FUEL METERING SHUT OFF VALVES 

After the fire event, the shut off valve in the fuel meter return line was found to have been severed.  
During the removal of the return valve for additional testing and inspection it was determined that 
supply valve adjacent to it also had failed and had a crack in its body.    Initially it was thought the 
valves failed from fatigue due to engine vibration over extended time periods.  Inspection and 
testing of the valves by the metallurgist indicated the valves were embrittled by liquid metal 
embrittlement.   Because both valves failed at approximately the same time and because of the 
nature of the aluminum penetrating the valve body and fracture surfaces, the metallurgist 
concluded that the embrittlement and subsequent valve fractures most likely occurred during the 
fire due to contact from the melting aluminum of the turbocharger air inlet.  The failed valves are 
located on the front of the engine approximately 36 inches above the floor.  From the Hydraulic 
Handbook the following formula can be used to estimate the vertical discharge height of fluid from 
the failed valve: 

 Capacity, GPM = 5.68 KD2 H ½ 

D = Internal Diameter (ID) of Pipe, inches 

H = Vertical Height of water jets, inches 

K = a constant, varying from .87 to  

       .97 for 2 to 6 in. dia. 

        
   

Figure No. 4 
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For an open pipe, the vertical discharge height would be approximately 35 inches.  This is based on 
the following: 

Inside diameter of Schedule 40, ½ inch diameter pipe, which is 0.622 inches. 

Pump capacity of 12 gpm provided by NYCDEP  

Constant for K of 0.92 

Assuming that the separation of pipe is approximately one half the diameter of the pipe and half the 
flow continues through the pipe and the other half discharges vertically.  Based on the following 
input the vertical discharge would be approximately 25 feet:   

Half of Schedule 40, ½ inch diameter pipe minus the wall thickness, which is 0.2565 inches. 

Capacity of 6 gpm   

Constant for K of 0.92 

This indicates the range at which diesel fuel could potentially discharge vertically from the failed 
return valve.  The turbocharger is located approximately seven feet above the failed shut off valves.  
This is within the potential vertical discharge height of the fuel.   The valve failures were not the 
likely cause of the fire but continued to feed the fire with fuel until the power to the remote fuel 
supply pumps was shut off.  

 
MSP No. 1 Engine Fuel Metering Return Valve (circled).  Note: The top of the severed valve and 
vertical piping section above it was removed prior to the B&V site assessment. 
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FUEL INJECTION SYSTEM 

Each cylinder on the engine has an individual fuel injection (jerk) pump and a fuel injector to inject 
the correct amount of diesel fuel into the cylinder.  The fuel supply to each fuel injection pump is 
from a common header that operates at approximately 55 psi.  A separate high pressure line 
connects each pump to its associated fuel injector.   The high pressure lines are located along the 
side of each head and valve cover.  The intended operation of the fuel injector is to open at 
approximately 3,000 psi which atomizes the diesel fuel into a spray.  The findings of the 
metallurgical report indicated there was a failure of the fuel injector connection fitting to the fuel 
injector pump.  The report revealed damage to the first thread due to potentially over tightening of 
the connector.  It also showed microscopic signs of erosion which indicates a flow of liquid.      The 
spray from a failed connection could be the initial source of fuel for the fire by spraying the exterior 
of the turbocharger with diesel fuel. 

 
MSP No. 1 Engine Cylinder No. 1 Fuel Injection Pump 

 and high pressure line (see arrows). 
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Our understanding is that MSP No. 1 Engine was operating using 90 percent digester gas and 10 
percent diesel fuel at the time of the fire.  It is not possible to know the size or shape of the failure of 
the connector on the fuel injection pump.  Therefore it was assumed the failure was the size of a pin 
hole.  From the Hydraulic Handbook the following formula was used to determine the amount of 
flow possible through a hole the size of a pin. 

Q = 19.636Kd2 H1/2  

Q = Capacity, GPM 

K = Discharge coefficient 

D = Diameter of the orifice, inches 

H = Head at office, feet of liquid 

The amount of flow of diesel through an opening the size of a pin hole is approximately one quarter 
of a cup per minute.  This is based on the following: 

Diameter of orifice hole of 0.004 inches 

Head at orifice of 6,921 feet  

Constant for K of 0.61 

The separation distance between the connection on the fuel injector pump and the turbocharger is 
approximately 4’-6”, which is within possible distance for a fuel leak to spray the turbocharger.  
This is not calculated scientifically due to a number of unknown factors concerning the size, shape, 
and orientation of the hole.  The separation between the connection and the turbocharger is well 
within a plausible distance a small high pressure leak could spray.    

DUPLEX FUEL FILTER 

The duplex fuel filter located on the north side of the engine 
was found to be leaking on the left filter at approximately 9:30 
am on the day of the fire event.  Plant personnel indicated the 
spray direction from the leaking filter was horizontal and not 
vertical towards the exhaust system (See Appendix B – Safety 
Bulletins for a Safety Alert on engine exhaust fires).  Log 
reports indicate the gasket was replaced and confirmed not to 
be leaking after replacement.  The two filter shell assemblies 
butt up under the duplex fuel filter cap.  Each shell assembly 
contains an air vent screw and a drain cock assembly.    The 
air vent screws were found to be in place after the fire event.  
Both filter shells contained unburned fuel oil when 
disassembled after the fire.  The areas immediately 
surrounding the fuel filter assembly did not show the same 
signs of intense heat damage that were observed near the 

Duplex fuel filter assembly 
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metering valve area and on top of the engine near first cylinder and turbocharger areas.  The 
location of the filter and lack of indication of intense fire in the area make the fuel filter an unlikely 
source of fuel for the fire.     

FLEXIBLE CONNECTOR 

The flexible connector is constructed of a liner that is surrounded by braided stainless steel to 
provide strength.  It is located on the front side of the engine and just below the header pipe that 
supplies fuel to each fuel injector.   Upon inspection at the testing laboratory, it was found that the 
liner located beneath the braiding of the flexible connector was missing.   Since it was missing, it is 
assumed the liner was constructed of a rubber elastomeric material and melted during the fire.  
Rubber elastomeric materials have a shelf life up to 20 years depending on the rubber type.  
Exposure to temperatures over 80 °F will decrease the service life of the rubber.  Even a small 
failure in this portion of the line could permit fuel to spray towards the turbocharger that is located 
approximately 5 feet away.  This spray potential is not calculated scientifically due a number of 
unknown factors concerning the size, shape, and orientation of the hole, but the separation distance 
is well within a plausible spray distance.  Once a fire started, the rubber liner would be destroyed 
and allow fuel, up to approximately 12 gallons per minute, to discharge through the braided portion 
of the flexible connector until the engine shuts down.  Because of the location and construction of 
the flexible connector, the spray from a hole in the flexible connector could be the initial source of 
fuel for the fire by spraying the exterior of the turbocharger.   Because of the lack of physical 
evidence of initial failure on the stainless steel braid assembly, it is our opinion that the flexible 
connector it is not as likely a probable cause of the fire as the failed fuel injector connection.  
Flexible connectors from other MSP engines were observed for comparison purposes, but they 
were from different manufacturers, construction, and age from the one used on the MSP No. 1 
Engine, and the only observation that can be used for comparison is that they showed signs of wear 
from abrasion. 

 

Sources of Ignition 

Explosive conditions are possible any time the right mixtures of oxygen, fuel, and heat are available 
and combined in a room.  In addition to the sources of fuel required for the fire to occur, a source of 
ignition or heat is also required.  The source of ignition must be hot enough to ignite the fuel source.  
Heat sources in the vicinity of the engine, as observed during the site data gathering, included a 
potentially faulted electrical system and heat sources from the engine such as the exhaust system or 
turbocharger.  Any heat source must be at least as hot as the auto ignition temperature of the fuel 
present for a fire to start. 

Damage to MSP No. 1 Engine from the July 20, 2011 fire event at the North River WPCP was 
extensive, and included the inlet housing to the turbocharger, which had partially melted and fallen 
away from the engine.   The following are items considered to be possible sources of ignition of the 
ensuing fire. 
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BACKFIRE 

Backfire is an explosion produced by a combustion engine that occurs in the exhaust system rather 
than inside the combustion chamber.   This occurs when unburned fuel is ignited somewhere along 
the exhaust system.   From the Triodyne Inc. Safety Brief ISSN 1041-9489, “A destructive backfire is 
evidenced by a damaged turbocharger outlet elbow.  Typically, the part is broken off of the 
turbocharger and “blown” clear of the main fire area.”  Note that the outlet elbow of the 
turbocharger on the MSP No. l Engine was still located on the turbocharger and that the inlet 
housing was missing.  Based on this information, a backfire is not a likely source of ignition.    

TURBOCHARGER 

There are a several possibilities for a turbocharger internal failure.  If the bearings for the 
turbocharger blades were to fail, it would be anticipated that they would produce a loud squealing 
noise before they would seize.  No witness indicated hearing noise from the unit.  Another possible 
cause of a turbocharger failure is when carbon builds up on the turbocharger blades.  This occurs if 
the engine is operated for long periods of time at a reduced load.  In these operating conditions, all 
the fuel will not be consumed, and the unburned fuel will be deposited on the blades.  A fire will 
occur once the unit reaches operating temperatures; the carbon will burn off the turbocharger 
blades.  It is also possible that a failure of a bearing seal in the turbocharger caused a lube oil leak 
and ignition internal to the turbocharger.  These are possible sources of ignition but are not likely 
as the disassembly of the turbocharger did not indicate any unusual damage.  The turbocharger  
will be re-used in the re-building of the engine.  The inspection of the turbocharger blades did not 
indicate an excessive amount of carbon build up on the blades.  Since the carbon build up on the 
turbocharger blades was on the exhaust side of the turbocharger and since the exhaust side was 
intact, there is no indication the fire started on the inside of the turbocharger. 

As noted in the Sources of Fuel 
section, the exterior housing 
temperature of the turbocharger, on 
the exhaust discharge side, at 
operating conditions is sufficiently 
above the auto-ignition temperature 
to ignite diesel fuel on direct contact.  
As a result, the exterior housing of 
the turbocharger is the likely source 
of ignition.  Appendix B – Safety 
Bulletins, includes a reference Safety 
Bulletin discussing surface ignition 
of fuel and oil on turbochargers.   

South End of Turbocharger (picture left). 

Connecting Aluminum Inlet Melted Away 
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FUEL CONTROL 

A fuel control failure, such as both diesel fuel and digester gas being supplied to the engine cylinder 
at the same time, was investigated.  It is anticipated the detonation would be a catastrophic type 
failure on the interior of the engine.  No visible indication from the outside of engine such as a hole 
in the engine block or damaged pistons indicated this type of failure.  It was thus initially 
determined that this was not a likely source of ignition.  This possibility as a source of ignition was 
further eliminated during disassembly of the engine as no unusual damage was found inside the 
engine from an explosion. 

COMBUSTION AIR 

The location of the combustion air inlet to the engine is such that diesel fuel or lubrication oil 
vapors could be drawn into the engine air intake if there was a failure in either system.  Once the 
vapors are drawn into the combustion air intake filter, the vapors could travel into the 
turbocharger, where they could be ignited due to the internal temperature of the turbocharger (See 
Figure No. 1).   Due to the location of the combustion air intake filter with respect to the flexible 
connector, fuel injection system, and the fuel metering shut off valves, this is a possible source of 
ignition.  However, internal inspection of the turbocharger, as previously indicated, reveals no 
notable damage from an internal explosive ignition.  Therefore, this is not a likely source of ignition 
in this fire event. 

ELECTRICAL SYSTEMS 

During the field data gathering, electrical systems were reviewed for potential ignition sources.  No 
potential electrical sources of ignition were found.  The electrical systems that were still intact in 
the vicinity of the fuel sources did not have indications of an electrical fault.  Additionally, electrical 
systems that were damaged during the fire were not in proximity to the fuel sources, nor were 
there any observed fire patterns indicating that the electrical systems ignited any of the possible 
fuel sources. 

GAS SUPPLY BLOCK & VENT VALVE 

The block & vent valve located downstream of the flexible connector on the engine supply line was 
severely damaged with one end of the valve containing the diaphragm and flange cover found to be 
completely missing.  The valve is not currently vented to the atmosphere and therefore only 
operates as a shut off valve.  On engine shut down it appears the valve closed as intended.  Since the 
valve is not vented, the gas trapped inside the valve and in the gas supply line from the shut off 
valve to the engine blew off the diaphragm and flange cover.  This was due to the increased 
pressure in the gas line when exposed to the heat from the fire.  This was not the cause of the fire, 
but the damage sustained to this assembly was due to the fire.  It is our opinion that the blowing off 
of the flanged cover did not have sufficient power to be the cause of the explosion that was seen 
blowing smoke from out of the doorway onto the roadway from the security camera.   The valve 
remaining in the shut off position prevented further gas from escaping into the fire.     
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Enhancements 

Site visits to the North River Water Pollution Control Plant were performed on July 26 and July 27.  
During these visits several items were observed in the engine room that may enhance the overall 
operational safety and reliability of the engine drives.  These enhancement items were not 
developed to specifically address any laws or regulations, as this report is not intended to scrutinize 
these existing engine systems as though they were a new installation.  A detailed analysis of how to 
best implement these enhancements will be required.  The analysis will require a review of 
alternatives that are available to implement the enhancements and selection of the alternative that 
is the most appropriate for the application.  These enhancements are intended to prevent or 
minimize the impact of a future fire, and are not intended to conclude that this fire event could have 
been prevented had these measures already been in place. 

FIRE-TITE MANUAL SHUTOFF VALVES 

Use of fire-tite type  shut off valves in the fuel oil and lubrication oil lines.  Fire-tite valves utilize a 
secondary metal seating surface to ensure an acceptable level of shut off of the valve if it is closed 
and the primary seats of the valve are destroyed by fire.  See attached manufacturer catalog 
information in Appendix C.   

EMERGENCY SHUTOFF AND FIRESAFE VALVES 

Use of automatic shutoff valves when either fuel oil or lubrication oil changes floors or rooms, and 
at all take-offs from header piping.  These valves are normally open and provide automatic closure 
in the event of a fire or high temperatures.  See attached manufacturer catalog information in 
Appendix D. 

FLEXIBLE CONNECTORS 

Installation of flexible connectors in all piping connections to equipment and at locations in the 
piping system to reduce stress due to equipment vibration and/or thermal stresses.  Flexible 
connectors need to be constructed of all stainless steel.  This includes the liner and the braid around 
the liner.  See attached manufacturer catalog information in Appendix E. 

COMBUSTION AIR INTAKE 

The combustion air intake filter for each engine is currently located approximately 12 feet from the 
front of each MSP engine.  To prevent fuel oil vapors, gas, or lubrication oil vapors from being 
drawn into the engine, relocate the combustion air intake filter to outside the room or install a 
divider to shield the air intake filter from any vapors that could be directed toward the filter from 
the engine.  The divider need not be permanent but should be removable to allow access around the 
unit to change out the air filter elements.  It should be noted that the fuel metering system for each 
engine driven blower is located near the associate combustion air intake filter.  Diesel fuel vapors 
could be potentially drawn into the engine while performing maintenance and/or during any 
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system failure on the fuel meters.   This enhancement is in agreement with the recommendations 
provided by the New York City Fire Department.  

INSPECTION AND MAINTENANCE 

Continue and enhance existing inspection and maintenance practices, including engine inspections 
and maintenance for all engines as indicated in the Transamerica Delaval Instruction Manual 
Volume 1 Section 5 for the Suggested Maintenance Schedules.  Inspections and maintenance include 
accessory equipment associated with each engine. 

DRY STARTING 

Continue current engine starting procedures of cranking the engine with the fuel supply shutoff to 
clear out any unused fuel remaining in the exhaust system.  In addition to the current practices, 
include clearing out (dry starting) the system if an engine fails to start after a couple of unsuccessful 
start attempts.   This prevents a backfire in the exhaust system as unburned fuel is forced out of the 
engine exhaust system.  

EMERGENCY STOP 

The function of the engine emergency stop push button in the control room should include stopping 
of all fuel oil transfer pumps and lubrication pumps, or adjacent fuel oil and lubricating oil 
emergency stop push buttons should be installed.   This enhancement is in agreement with the 
recommendations provided by the New York City Fire Department.  

LOW PRESSURE SWITCH  

Installation of a low pressure switch on the engine fuel oil supply and lubrication oil supply headers 
to shut down pumps in the event of a pipe failure.  

SUPPLEMENTAL MONITORING 

Monitoring of the engines could be refined by adding remote monitoring of the Engine Room floor 
via a camera system, increasing the number of alarm points routed to the Plant Control Room, and 
adding Engine Room fire detection equipment.  A combination of these methods permits increased 
observation capability without placing personnel in harm’s way to visually confirm a fire situation.  
It should be noted that it cannot be determined if this particular fire event would have been 
prevented with additional monitoring, but increased monitoring combined with the other 
enhancements included in this section could provide improved evacuation and fire department 
notification time in the event of a future fire situation.  Increased monitoring could include remote 
indication of all alarms and shutdown signals in the Plant Control Room as well as logging of all 
engine alarm and shutdown signals by the SCADA system.   There is no indication in the Control 
Room to differentiate why an engine shuts down; only general indication that an engine shut down.  
Plant personnel have to physically view the local control panel at each engine to determine the 
cause of the shut down.  Fire detection in the Engine Room could be added via monitored heat 
detectors.  Additional fire alarm system recommendations are included in Appendix A - Fire 
Investigation Report. 
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TURBOCHARGER SHIELD 

Install a shield around the turbocharger to prevent the potential of a fuel or lubrication leak coming 
into contact with the turbocharger.   

FUEL SUPPLY PIPING 

Replace all fuel supply piping from the fuel header to the fuel injector using carbon steel pipe and 
all stainless steel flexible connectors.  Also add the frequent inspections of all connections to the 
maintenance procedures of the units. 

TURBOCHARGER ALARMS 

Add alarm and shutdown of engine for turbocharger high temperature.   

RELOCATION OF DIESEL FUEL ELECTRIC SHUT OFF VALVE 

Relocate the diesel fuel electric shut off valve further upstream of the duplex fuel filter in the 1 ½ 
inch header supply piping.  This will reduce engine vibration to the valve and will shut off the fuel 
before it is routed in front of the engine.   In the event the engine shuts down for any reason, or 
failure of the flexible connector, the electric valve will shut off fuel to the engine. 

FUEL HOOD 

The New York City Fire Department recommendations also included “Provide a hood over the 
supply line to prevent any fuel under pressure from reaching turbo.”  This may not be possible to 
achieve as the fuel supply has numerous lines that are located at various locations along the side of 
the engine and up the front of the engine and would include the fuel injector lines. 

AUTOMATIC SAFETY SHUT OFF VALVE 

Replace the existing block and vent valve with two (2) new automatic safety shut off valves.  The 
new valves should be located in the fuel supply line upstream of the flexible connector.  Current 
NFPA 37 code requirements require two (2) automatic safety shut down valves to close within one 
(1) second of engine shut down, or one automatic shut down valve is permitted if the gas train 
includes one of the following: 

1. Carburetion valve 

2. Zero governor 

3. Auxiliary valve 
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Opinion of Probable Cause 
The North River / Trend List: TR1416 Raw Sewage Speed PD 1411-1415 indicated the rpm for MSP 
No. 1 Engine dropped to zero at approximately 11:35 am (see Appendix F).  The individual cylinder 
temperature Trend List: TR 1411 PUMP ENG #1 shows an exhaust temperature range of 765 F to 
1000 F at 11:35 am, which is above the auto ignition temperature of diesel fuel.  The Time Line of 
Fire Event in the Fire Investigation Report (see Appendix A) indicates at 11:42 am that the smoke 
was barely visible from top of the garage doorway as viewed from the security camera.  This could 
be from the diesel fuel spraying the turbocharger and the early stages of the fire.  At 11:43 am the 
report indicated steady stream of smoke from the top of the doorway which indicates the fire 
growing in intensity.  At 11:45 am the report indicated an explosion blows out of the doorway.  This 
could be due to the fuel and lubrication oil igniting on the floor around the engine from the failure 
of the fuel metering shut off valves, flexible connector on the turbocharger oil drain line, and the 
rubber couplings around the engine driven lube oil pump. 

It is not possible to determine the start time of the fire in relationship to first indications of smoke, 
as there were no witnesses or sufficient monitoring to determine when it first started.  It is likely 
the engine shut down as indicated on the Trend List at 11:35 am, since there was no unusual 
damage found inside the engine due to the engine operating without being properly lubricated.  
However plant personnel have indicated there was no alarm condition in the Control Room to 
indicate an engine shut down.  In any fire investigation and observation report it is the intent to 
narrow the possibilities of the failure to those that are most likely the cause.  The following possible 
causes of the fire are plausible based on the information yielded by the investigation: 

• Failure of the fitting connection from the fuel injector line to the fuel injector pump which in 
turn ignited the diesel fuel by spraying the turbocharger.  

• Failure of the flexible fuel line and ignition of the diesel fuel by spraying the turbocharger. 

These potential causes listed above are both viable possibilities of probable cause.  It is not possible 
to determine the exact cause of the fire as crucial evidence may have been destroyed by the fire or 
destroyed as a result of the fire being extinguished.  Our opinion of the most likely probable cause 
of the fire, based on site investigation and metallurgical observations and testing, is the failure of 
the diesel fuel connector on the discharge side of the fuel injector pump.    The fire investigation 
report included as Attachment A lists additional possible causes that have been eliminated. 

FUEL INJECTOR SYSTEM FAILURE 

Based on the findings of the metallurgical report, the fuel injector fitting to the fuel injector pump 
likely failed.  It is possible for the spray from the fuel injector pump or the failed fitting to be the 
initial source of fuel for the fire by spraying the exterior of the turbocharger with diesel fuel.  The 
ensuing fire would cause the aluminum inlet on the turbocharger to melt.  The melting portion of 
the falling aluminum would splatter the manual shut off valves in the fuel metering lines causing 
them to fail due to embrittlement.   The failed valves then further sprayed additional fuel onto the 
turbocharger, enhancing the fire.  The failure of the valves would have permitted fuel to continue to 
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feed the fire because the electric shut off valve for the diesel fuel supply is located downstream of 
the take off to the fuel meters.     Interviews indicated the intense fire continued until power to the 
plant was shut off.  The fuel supply pumps then stopped, which ceased supplying fuel to the fire. 

FLEXIBLE CONNECTOR FAILURE 

A possible cause is the flexible connector located above the fuel header on the east side of the 
engine developing a leak and spraying the turbocharger with diesel fuel.  The ensuing fire would 
cause the aluminum inlet on the turbocharger to melt.  The melting portion of the falling aluminum 
would splatter the manual shut off valves in the fuel metering return and supply lines causing them 
to become embrittled.  The embrittled valves would have then failed further spraying fuel onto the 
turbocharger.  The enhanced fire then melted the liner of the flexible connector on the fuel supply 
line that is located downsteam of the duplex filer,  the connectors on the engine driven lube oil 
pump, and the flexible connector on the on the turbocharger drain line failed permitting the 
lubrication oil to feed the fire as well.  The failure of the valves would have permitted fuel to 
continue to feed the fire because the electric shut off valve for the diesel fuel supply is located 
downstream of the take off to the fuel meters.    Interviews indicated the intense fire continued until 
power to the plant was shut off.  The fuel supply pumps then stopped which ceased supplying fuel 
to the fire. 
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NORTH RIVER WASTEWATER TREATMENT PLANT  
725 WEST 135TH STREET 
NEW YORK, NEW YORK  

 
 
 In accordance with instructions from Black and Veatch on Monday, 
July 25, 2011 at approximately 9:55 a.m., this firm conducted joint fire scene 
examinations and interviews at North River Wastewater Treatment Plant 
with Black and Veatch on Tuesday, July 26, 2011, Wednesday, July 27, 
2011 and Thursday, July 28, 2011.  Follow-up examinations were conducted 
on the following dates: 
 

Thursday, August 11, 2011  
Monday, August 15, 2011  
Thursday, September 1, 2011  
Tuesday, September 13, 2011   

 
The purpose of these onsite examinations and interviews was to 

ascertain the origin and/or cause of a fire which occurred at the 
aforementioned address on Wednesday, July 20, 2011.   
 
 This examination was conducted with the prior consent of 
Kathryn Mallon, Deputy Commissioner, NYC Department of 
Environmental Protection (DEP) and in the presence of Patrick O'Connor, 
Director of In-House Design, DEP.  During the course of our examinations, 
several engine parts, pieces of material and mechanisms were identified for 
further analysis.  These items were extracted on the following dates: 

 
Thursday, July 28, 2011  
Monday, August 15, 2011  
Thursday, September 1, 2011  
Wednesday, September 21, 2011  

 
The items were collected as evidence and taken to Affiliated 

Engineering Laboratories, Inc.’s secure laboratory facility in Edison, 
New Jersey for metallurgic analysis and testing.   Each item of evidence was 
photographed and labeled in accordance with standard evidence collection 
procedures.  At the request of the DEP, some pieces were returned to the plant 
for re-use on Thursday, September 29, 2011.  (Please refer to the evidence 
list contained within this report). 
 
SURROUNDING PROPERTIES 
 
To the North : parkland 
To the South : West 135th Street 
To the East : Westside Highway superstructure and access roadway 

APPENDIX A - FIRE INVESTIGATION REPORT A4



FR-9393-11 

2 

To the West : Hudson River 
 
EXTERIOR EXAMINATION  
 

Exterior examination revealed a large, masonry and concrete 
wastewater treatment plant approximately 90' tall (above sea level) designed 
with architectural archways and encompassing 27 acres with a park on the 
roof.  In the southeast quadrant of the plant were the plant stacks and the 
primary means of access was on the north side of the plant via a gate and 
enclosed stairwell.  Access for trucks was via a covered roadway along the 
north and east sides of the plant and access to the rooftop park was via an 
elevated road and walkway. 

  
NOTE: This plant was partially constructed over the Hudson River and 

construction was completed in 1985.  We were advised that the 
plant was one of 14 wastewater treatment plants that serve 
New York City and this was the first known fire incident 
involving an engine at the plant. 

 
INTERIOR EXAMINATION  
 

Interior examination revealed that the plant contained several waste 
water processing areas, including the primary settling tanks, aeration and 
secondary treatment tanks and sludge facilities. Effluent passes through the 
facility by means of five rotary sewer pumps driven by five, six-cylinder, right 
angle drive engines located on the engine room floor (aka + 28). Directly 
below the engine floor is the utility floor (aka +5) containing electrical 
conduits and the lube oil tanks.  Below that level is the venturi floor (aka -15 
floor) containing the waste oil tanks and pumps.  Below the venturi floor is 
the pump room floor (aka - 43 floor).  The evidence of fire damage was 
observed on the top three floors (engine, utility and venturi floors) with the 
greatest volume of fire on the engine floor. 

Passing through the north gate provides entry to the northeast stairwell 
affording access to the top floor of the plant and top floor roadway. A garage 
door from the roadway provides access to the engine room floor (Photograph 
No. 5) and on the north side of the top floor are the lobby, administrative 
offices and the control room.  To the south is the engine floor which houses 
the five 1,700 horsepower, fuel injected, main sewer pump (msp) engines on 
the east side and five air circulating blowers on the west side.  The 
aforementioned pump engines were diesel/flex fuel manufactured by Delaval / 
Enterprise.  These msp engines are able to operate on a combination of 90% 
digester gas and 10% diesel (#2 diesel) and pump an average of 100,000,000 
gallons of waste water per day.  At times when there is normal demand, the 
procedure is to run two msp engines and keep the others in reserve. Diesel 
fuel is supplied to the engines by remote fuel transfer pumps located on the 
utility floor at a rate of approximately 12 gallons per minute each. Procedures 
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specify that operators start the engines on 100% diesel fuel and then switch 
over to the fuel combination once running.  Similarly, the engines are 
switched to all diesel when they are shut down. All msp engines came on line 
in 1986.  It was described as a robust engine that had been running properly.   
 
NOTE: The manufacturer, DeLaval / Enterprise, is no longer in 

business and replacement parts for the engines are purchased 
from Cooper Cameron Energy who retain the original drawings 
and machine replacement parts to those specifications.  We 
were advised that there are no material substitutions unless 
substitution improves upon the part; i.e. there are no material 
downgrades.   

 
A fuel metering system was installed for each engine in mid 1996 by 

an outside contractor under contract 31P.  The metering system was installed 
to monitor diesel fuel usage and consisted of .5" pipe with elbow joints and 
valves.  The metering plumbing was mounted close to floor level on the east 
side of each engine below the turbocharger and was supported at floor level 
only. The .5" piping contained right angle joints and extended vertically from 
its header approximately 3' above floor level (Photograph No. 51).  During 
our scene examination, we observed noticeable vibration to the metering 
system piping on engine # 4 while in use.  We were advised that the metering 
valves do not have to be turned on or off when the engine is shut down or 
started up but rather work independently when usage readings are desired.  
We were also informed that the valves could be turned easily by hand and did 
not require a wrench or excessive pressure to turn.  Metallurgic testing 
disclosed that the valves on msp engine #1 were manufactured by a different 
manufacturer than those found on other engines.  Fuel pressure within the 
metering lines was 55 psi. 
 
AREA OF FIRE ORIGIN  
 

Our scene examination revealed that the main body of fire was in the 
region of the #1 msp engine on the northeast quadrant of the engine floor.  
The fire area extended vertically to the insulated steel "I" beam and concrete 
roof structure approximately 30' feet above floor level and extended 
horizontally across the floor east and west of msp engine #1.  While the 
insulation protected the above mentioned "I" beam, we observed deflection of 
an un-insulated steel "I" beam at ceiling level above msp engine # 1 and 
spalling of the concrete ceiling above engine #1's turbocharger and exhaust 
piping (Photograph No. 8).  The latter resulted in pieces of concrete falling 
down onto engine #1 and surrounding piping, apparatus and floor.  The area 
of greatest damage and highest heat intensity was on the east side of msp 
engine #1 in and around the turbocharger and exhaust piping.   
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The evidence of extensive heat damage was also observed to the east 
side and southeast corner of the engine beginning at floor level as well as the 
control panel and combustion air intake duct (approximately 11’) to the east of 
the #1 engine.  Heat damage in this area is consistent with a floor level fuel oil 
fire traveling to the floor drain on the south side of msp engine #1.  
Notwithstanding, damage appeared to be greatest at upper areas where the 
turbocharger and (aluminum constructed) inlet bell were connected to the 
combustion air intake duct above the engine block.  Intense heat deformation 
was observed to the insulation on the exhaust piping in the area of the 
turbocharger and inlet bell housing as well as an un-insulated steel "I" beam to 
the east and above of the turbocharger.  Intense heat was also observed to the 
west of the turbocharger where the governor and selectomatic valves were 
mounted (Photograph No. 21) and the #1 cylinder's valve cover whose 
housing (Photograph No. 22) melted.  This area was in alignment with the 
melted inlet bell.   

 
Finding intense heat in this area led us to inspect the area closely for 

potential fuel sources.  Two potential fuel sources were found, a braided 
flexible connector and a high pressure fuel injector line. Both were removed 
and sent for analysis at Affiliated Engineering Laboratories, Inc.   

 
The braided flexible connector (Photograph No. 23) could not be 

pressure tested because its internal elastomeric liner was destroyed by the fire.  
Visual inspection showed that there was no indication of a puncture to the 
outer sheath or damaged threads.  However, there was an area of significant 
narrowing (Photograph No. 24).  The DEP had no record of the age of this 
flexible connector, though it would degrade over time due to age and exposure 
to elevated temperature, owing to its position on top of the engine and below 
the turbocharger. This could have resulted in cracking and/or failure of the 
inner liner resulting in the release of diesel fuel. 

 
Inspection of the high pressure fuel injector line under electron 

microscope revealed an anomaly on one of the tapered fitting ends where 
there appeared to be corrosion and erosion forming a small channel 
(Photograph No. 28).  Though invisible to the naked eye, such a channel could 
have resulted in the release of a fine mist of atomized diesel fuel whose spray 
could have encompassed the aforementioned components and reached the hot 
turbocharger surface.  Based on this laboratory finding, we believe that this 
may also have been the source of the initial fuel of ignition. 

 
After analysis, we have determined that the inlet bell melted during the 

fire event where a quantity of melted aluminum from the inlet bell was 
observed beneath its location on the pipes (Photograph No. 42) and floor 
below (east side of #1 engine).  In addition, splattered pieces of aluminum 
(approximate melting temperature – 1,218o F) were found on the top of the 
engine and on the floor some 30' away (Photograph No. 62).  Metallurgic 
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analysis indicates that aluminum pieces found on the floor had a different 
chemical composition than melted aluminum deposits found beneath the inlet 
bell.  It should be noted that a partial cleanup of the area of fire origin by a fire 
restoration company was conducted preceding our scene examination.  As a 
result, the inlet bell housing's transition section was discarded prior to our site 
visit and was unavailable for inspection.  However, our consultation with the 
NYC Fire Marshal's Office revealed that it was examined immediately after 
the fire on the floor to the east of the #1 engine, intact.  They provided us with 
a photograph (see Photograph No. 35).   
 

Based on the pronounced heat damage in the upper region of engine 
#1's east end, we have concluded that the fire originated in the vicinity of the 
turbocharger, exhaust piping and inlet bell housing through which inflowing 
combustion air enters the turbocharger.  Examination of the interior of the 
turbocharger (air inlet side) revealed the presence of residue on the blades 
(Photograph No. 38) and what appeared to be melted aluminum.  Samples of 
both were extracted for analysis primarily to determine the chemical 
composition of the residue and the source of the aluminum.  After laboratory 
analysis, it was determined that the residue was chemically consistent with 
diesel fuel and the aluminum sample was the same chemical composition as 
the aluminum found on the pipe directly below the inlet bell housing. Based 
on this finding, we believe that as the inlet bell housing melted, fuel spray 
entered and deposited on the intake side of the turbocharger blade. Sources of 
fuel include the high pressure fuel injector line, the braided fuel line located 
below the governor and the metering line valve. Atomized diesel fuel from 
any of these components could have been the source of the deposit once the 
aluminum constructed inlet bell melted.   

 
Physical examination of the area of origin also uncovered a break in 

the metering return line shut-off valve located just above the fuel supply 
header on the east side of the #1 engine (see Photograph Nos. 43 - 51).  This 
piping carried #2 diesel fuel under pressure.  A 4" section of pipe attached to 
the fractured valve body was collected as evidence and taken along with the 
metering piping and valves for metallurgical analysis where it was determined 
that the pipe was low carbon alloyed steel and the valve was brass.  No weld 
or epoxy was found at the connection.  It was learned through interviews that 
the diesel fuel pressure in the return pipe ranged between 55 psi and 70 psi.  
Such pressure could allow diesel fuel to escape the pipe in both a horizontal 
and vertical direction and depending on the proximity and angle of the broken 
halves could form a pressurized stream of semi-atomized diesel droplets.  
Black and Veatch did an analysis of the potential discharge height and 
horizontal reach of such a stream of fuel escaping the pipe.  Please refer to 
their report for further details (sent under separate cover).  As will be 
discussed in detail later in this report, we believe this failure occurred during 
the fire event and served to intensify the fire condition but was not the 
initiating cause of the fire. 
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During the course of our scene examination, we took surface 

temperature readings at several locations on engine #5 while in operation.  
Based on those readings, we determined that the hottest surface was the 
exterior turbocharger housing where we received readings of 402-415° F. (see 
Photograph No. 41).  Documents provided by the DEP indicate that the 
interior turbocharger temperature can reach 900° - 1,000° F.  All the 
aforementioned temperatures are sufficient to ignite atomized #2 diesel fuel 
vapors whose flashpoint is 126° F - 204° F and ignition temperature range is 
351° - 494° F1 depending on conditions. On the day of the fire New York was 
experiencing a heat wave with temperatures in the 90's and high humidity. 

 
EVIDENCE COLLECTED  
 
 During the course of our analysis, various components and pieces of 
equipment were removed from the North River Plant for laboratory and/or 
metallurgical analysis.  All evidence was brought to Affiliated Engineering 
Laboratories, Inc. in Edison, New Jersey.  These items included: 
 
1.    Diesel return line nipple - #1 engine 
2.    Diesel fuel shut-off valve - #3 engine (exemplar) 
3.    Diesel fuel shut-off valve - #3 engine (exemplar) 
4 a, b, c Diesel return line piping and valves #1 engine 
5.   Lube oil drain pipe from turbocharger - #1 engine 
6.    Scrapings from turbocharger blade 
7.  Combustion air filter 
8.  Turbocharger flange bolts 
9.  Turbocharger internal bolts 
10.  Melted aluminum found in turbocharger 
11.  Melted aluminum found below turbocharger 
12.  Debris found in turbocharger 
13.      Melted aluminum on floor 30’ NW of turbocharger 
14.  Diesel fuel shut-off valves from engines #2, #3 and #5 
  (exemplar) 
15.  Injector fuel line and braided fuel line from engine #1 
16.  Fuel pump and fuel injector from engine #1 
17.  Three flexible connectors as exemplars 
 
NOTE: At the request of AETC, the contractor repairing engine #1, 

Item 16 was returned to the plant on 9/29/11.  All other pieces 
of evidence remain at Affiliated Engineering Laboratories, Inc. 

 
SUMMARY OF METALLURGICAL FINDINGS  
 
 A review of the metallurgical findings of Affiliated Labs (reviewed 
and verified by Black and Veatch metallurgists) revealed the following:   
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a) No fractures or cracks were observed on bolts attached to the air intake 

side of the turbocharger. 
 

b) Black oxide and soot deposits on the surface of the cracked metering 
valves indicate that they failed at some point during the fire event. 

  
c) The fracture surface of the metering valves exhibited grain growth as
 the result of heat exposure. 
 
d) The fracture mode is consistent with a brittle fracture, not metal 

fatigue or vibration. 
 
e) The cause of a brittle fracture is most probably liquid metal 

embrittlement, the result of molten aluminum dripping onto and 
penetrating into the valves. 

 
f) Such embrittlement can occur instantaneously, resulting in rapid 

fracturing of the embrittled valve. 
 
g) Laboratory analysis of residue on the south facing turbocharger blade 

was shown to be consistent with a diesel fuel deposit 
 

h) The flexible connector (braided fuel line) showed a marked decrease in 
diameter to the outer sheath at the approximate midpoint, however the 
inner liner was destroyed in the fire and could not be examined for a 
failure point. 

 
i) Corrosion and material losses were observed by microscope at the tips 

of both ends of the high pressure fuel injector line as well as within the 
mating contact surfaces of both the male (pressure line) and female 
(pump and injector) ends.  The tip attached to the fuel pump also 
exhibited signs of erosion consistent of a high pressure jet escaping at 
that point. 

 
j) The presence of a broken thread was found on the connection between 

the fuel pump and the fuel injector line.  Such breakage could occur as 
the result of over tightening in an attempt to control a leak.   
 
NOTE: We were advised that there are no torque standards for 

that connection.  
 

Metallurgist's conclusion:  Given the condition of the contact surfaces of the 
seal within the fitting and the relatively high pressure (3000 psi), it is MOST 
probable that a diesel fuel leak did occur at that location. 
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PRE-FIRE ACTIVITIES   
 

Interviews were conducted with over a dozen DEP employees who 
provided us with logs and narrative accounts of the activities on the engine 
room floor the morning the fire occurred.  Based on the information they 
provided, we have learned that engines #1 and #4 were running at the time of 
the fire.  Engine #1 was operating on a combination of digester gas and diesel 
fuel and engine #4 was operating on diesel fuel only.  Engines #2 and #5 were 
not in use and engine #3 was down for a maintenance project (the machinists 
were installing a connecting rod and cylinder).  Blowers #1, #3 and #5 were in 
operation on the west side of the engine room floor fueled by a combination of 
digester gas and diesel.  Two workers were cleaning the engine room floor on 
the north side of the plant with a power washer.  Their proximity to engine #1 
that morning is not known.  However, it was pointed out that the Zamboni® 
floor cleaner was not in use that morning due to charging problems.   

 
Stationary engineers were doing preventative maintenance on the 

blower engines on the west side of the engine floor and oilers were monitoring 
the engines periodically.  The times given by the employees relative to when 
they left the engine room floor were approximate.  However, lunch hour for 
the working shift began at 11:00 a.m. 
 
 We were advised that msp engine #1 runs on a combination of digester 
gas and diesel but not natural gas because natural gas makes it knock.  
According to the log provided, engine #1 cut out (shut down) by itself at 
approx. 9:26 a.m. due to low fuel pressure, as indicated by an alarm in the 
control room and at the local control panel. The assigned operations oiler 
restarted it and brought it up to speed; but when he attempted to load it, it cut 
out again.  It was at this point that the operations oiler noticed fuel oil 
spraying from the dual canister fuel filter on the north side of the engine, 
specifically, fuel was spraying horizontally out of the left side of the canister 
fuel filter.  The fuel pressure going into the canister was estimated to be 42 - 
44 psi. The canister was temporarily switched to the right side to stop the fuel 
spray.  After fabricating a new gasket "O" ring for the fuel filter, reinstalling 
the left side canister and tightening it into place, engine #1 was restarted at 
approximately 11:03 a.m. following normal start-up procedures. We were 
advised that start-up customarily takes approximately three minutes.  After 
shutting down msp engine #5 and adjusting the rpm on #4, (approx. four - five 
minutes), the operations oiler returned to engine #1 where he rechecked the 
lube oil sump and canister fuel filter.  No leaks were observed at the filter at 
that time. Cylinder, oil and water jacket temperature readings were within 
normal ranges and the operations oiler placed the engine in combination mode 
(digester gas and diesel fuel) and continued monitoring.  Nothing out of the 
ordinary was noticed, no leaks, odors, sprays or squealing sounds were 
detected. We were advised that the oilers did not ascend the ladder that 
provides access to the top of the engine that morning, but focused only on 
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floor level operations.  This would have inhibited the oiler's ability to detect a 
problem on the upper portion of the engine. 
 
 After approximately 10-12 minutes of monitoring engine #1, the 
operations oiler reported to the control room where he informed the control 
room engineer of what was done.  The operations oiler recalled that he was in 
the control room for several minutes before he heard and felt an explosion.  
He reported that no alarm sounded in the control room prior to the explosion 
indicating an engine shut down nor was there a wet well alarm. After the 
explosion, the operations oiler attempted to go out on the engine floor to see 
what the matter was but encountered a wall of thick black smoke coming 
towards him and retreated to the control room.  Our interview with the control 
room stationary engineer also indicates that an explosion was heard and felt in 
the control room prior to an engine shutdown signal.  The control room 
engineer recalled that he was monitoring engines #1 and #4 and both appeared 
to be running normally on the computer.  He noted that the only trouble alarm 
showing on the control room panel was from engine #3 which was down for 
repairs and there was no trouble alarm for msp engine #1.   
 
NOTE: Based on employee information, msp engine #1 was in use and 

appeared to be operating properly at the time of the explosion. 
The Engine Trend List provided to us indicates that engine #1's 
rpms dropped to "0" at approximately 11:35 a.m. several 
minutes prior to the explosion.  Automatic shut downs can 
occur for several reasons.  This shutdown most likely coincided 
with the fire event, specifically the embrittlement and failure of 
the metering valve.  Engine #4 continued to operate until 
11:47 a.m. when it was shut down from the control room.  

 
Our interviews indicate that no workers were on the engine room floor 

immediately prior to or during the event because it was lunch time. Only one 
employee saw the fire area and that was immediately after the explosion.  
From a vantage point on the north side of the engine room floor, he peered 
through the hallway door for a split second.  He described pockets of orange 
flames both large and small everywhere on the floor.  The employee was not 
sure if flames reached the ceiling at that time, but he did not recall seeing any 
blue flames (indicative of a methane gas fire). 
  
TIME LINE OF FIRE EVENT  
 

The plant supervisor provided our team with a surveillance video from 
a camera mounted at ceiling level outside the plant on the upper roadway.  
The aforementioned camera was facing south and displayed the open garage 
door leading to the engine floor.  A second camera was directed on the 
northeast exit door.   
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11:00 a.m. Lunch hour begins, gasket on msp engine #1 fuel filter  
  replaced 
 
11:03 a.m. MSP Engine #1 restarted 
 
11:10 a.m. MSP Engine #5 shut down (trend list) 
 
11:22 a.m. Operations oiler returned to control room (time approximate) 
 
11:35 a.m. MSP Engine #1 shut down (trend list) 
 
11:42 a.m. Wisps of smoke (barely visible) can be seen from top of the 

garage door bay 
 

11:43 a.m. Steady stream of smoke from the top of doorway  
 
11:45 a.m. Explosion blows smoke out of doorway and onto roadway – 

smoke level lowers 
 

11:46 a.m. “911” call received at NYC fire dispatch center 
 
11:47 a.m. MSP Engine #4 shut down (trend list) 
 
11:48 a.m. Smoke is thicker and banking down - plant supervisor views 

smoke from roadway and runs back inside to sound alarm and 
hit E stops 
 

11:49 a.m. The first workers are seen exiting plant from exit door (second 
camera) 

 
11:50 a.m. Smoke visible at northeast exit door (second camera) 
 
01:30 p.m.    Power shut down to plant by DEP (approximate time per 

NYPA load data) 
 
NOTE: As mentioned above, control room records show that engine #1 

shut down at approximately 11:35 a.m.  It should be noted that 
the control room trend list is not necessarily in sync with the 
clock on the surveillance camera and since the plant lost power 
for an extended period of time, it is not possible determine the 
time differential with certainty.  It should also be noted that 
there was an undetermined time delay from when the fire 
initially started until it became visible to the camera while 
smoke migrated approximately 150' to doorway. 

 
POTENTIAL FIRE SCENARIOS REVIEWED AND ELIMINATED   
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 When conducting a fire cause analysis, it is essential to objectively 
consider all possible fire causes and evaluate each in light of the potential fuel 
and ignition sources present in the area of fire origin.  In order for a fire to 
occur, a fuel source, whether liquid, solid or vapor, must come into contact 
with a competent ignition source for a sufficient amount of time to raise the 
fuel to its ignition temperature.  Potential fuel sources at the North River Plant 
comprised diesel fuel, natural gas, digester gas and lubricating oil.  Competent 
sources of ignition included the interior and exterior of the turbocharger and 
exhaust manifold as well as electrical circuitry in and around msp engine #1 
and its control panel.   
 
 During the course of our inquiry into the fire cause, engineers from 
Black and Veatch reviewed potential fire scenarios with Russo Consultants.  
At the same time metallurgists from Affiliated Engineering Laboratories, Inc. 
conducted tests on evidence brought to them from the plant.  Based on these 
findings and our ongoing analysis, potential fire scenarios were developed, 
reviewed and either ruled in or out. 
 

1. In the first scenario, we considered the possibility of a backfire 
of exhaust gases within the turbocharger due to a procedural 
failure to "blow out" or purge the engine exhaust system.   
This scenario was considered and eliminated as a potential 
source of the fire and explosion due to the absence of any fire 
damage in or around the waste recovery boiler, expansion 
bellows or damage to the turbocharger outlet elbow.  
Moreover, such a backfire is internal and not known to cause a 
fire externally.  In addition, there is no physical evidence to 
support a conclusion that the concussion from an explosion 
forced breakage of any piping or components that released an 
ignitable fuel.  Examination of the interior of the turbocharger 
showed no indication of deflection or fracture to the 
turbocharger blades or other internal components that would 
have been damaged by an explosion. 

 
2. Backfires and explosions can occur in turbochargers when an 

ignitable liquid (fuel oil, lubricating oil, etc.) comes into 
contact with the hot interior surface of the turbocharger in just 
the right fuel/air mixture.  Therefore we considered the 
possibility that pressurized, preheated lubricating oil escaped 
from a faulty bearing within the turbocharger and ignited when 
it came into contact with 900+° F turbocharger parts and 
exhaust gases within the turbocharger causing a fire that lead to 
an explosion and melting of the aluminum inlet bell from 
within.   
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Often turbocharger failures are preceded by a squealing sound.  
After the turbocharger was lowered by crane and disassembled, 
the interior of the exhaust side was made available for 
inspection on Sept. 8, 2011.  That inspection revealed the 
absence of any evidence of an internal break down, seal failure 
or backfire.  There was no melting, heat deflection or fracturing 
of internal parts nor was there any oily residue from a failed 
seal or lubricating oil leak observed by Black and Veatch or 
Vroney, the repair contractor.  On the exterior, there was no 
significant damage to the turbocharger's expansion bellows or 
heat recovery boiler.  Moreover, the separation plate within the 
turbocharger would have prevented fire spread to the inlet bell 
housing.  Therefore, we have eliminated an internal 
turbocharger failure as a potential fire cause. 

 
3. We also considered that a brass valve on the east side of  

engine #1, close to floor level, in the metering return line failed 
as the result of impact, over tightening, long term vibration, 
stress or metal fatigue resulting in the release of diesel fuel 
under pressure. In this scenario, vibration at the fracture point 
would have directed escaping fuel in both a vertical and 
horizontal direction as the two halves offset and continued to 
vibrate. Combustible fumes and droplets emitted by diesel fuel 
spraying from the broken valve could then have come into 
contact with the hot turbocharger housing serving as the source 
of ignition.  This scenario was initially considered carefully as 
the most likely cause.  However, after metallurgical analysis by 
Affiliated Engineering Laboratories, Inc., it was determined 
that the failure was not due to metal fatigue, etc. but rather 
liquid metal embrittlement which occurred after the fire started, 
not before. The embrittlement finding negated the possibility of 
a progressive failure mode as would be expected if the failure 
was due to impact, vibration or fatigue. Further, the metering 
piping and valves are essentially protected from physical 
damage by piping and engine accessories from all directions as 
well as top and bottom. Employees informed us that the valves 
were easy to turn and did not require excessive torque or a 
wrench.  Although the valve clearly fractured and released 
diesel fuel that created a secondary fire at floor level, it failed 
after the fire started and was not the initial cause of the fire.  

 
4. An electric arc or short circuit on the control panel ignited 

combustible fumes.  This potential source of ignition was 
eliminated based on the physical examination conducted by 
Black and Veatch, Electrical Engineers, who found no physical 
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evidence of an electrical fault or failure at the control panel or 
any nearby electrical circuits, wiring or fixtures.   

 
5. A methane or digester gas explosion at the block and vent 

valve.  Although these gases are ignitable, their ignition 
temperatures are higher than potential sources of ignition in 
and around the #1 msp engine2 prior to the fire.  In addition, 
this valve was not vented to the atmosphere and therefore only 
a limited amount of gas in the valve and riser could have 
released.  Moreover, there was a fire prior to an explosion as 
indicated by surveillance video.  Therefore, we have 
determined that the damage to the block and vent valve 
illustrated in Photograph No. 36 occurred as a result of the fire, 
which heated the valve and was not the cause of the fire. 

 
6. A leak spraying from the duplex fuel filter mounted on the 

north side of the engine block. A vertical plume of diesel fuel 
reaching the exhaust manifold could readily ignite and start a 
fire on the north side of the engine.  Employees had discovered 
a leak at this filter earlier that morning and had replaced a 
gasket shortly before the engine was restarted.  Nonetheless, 
there are no burn or heat patterns on the north side of the 
engine in proximity to the duplex fuel filter.  In addition, the 
construction of the fuel filter cap inhibits vertical spray.  
Although the duplex fuel filter does provide a source of fuel 
below the exhaust manifold, we do not feel this is a likely fire 
cause scenario.   

 
7. An intentional act of sabotage.  Based on our discussions with 

plant personnel and after consultation with the NYC Fire 
Marshals’ Office, we see no evidence that indicates an 
intentionally set fire.  Accordingly, we have eliminated 
incendiary as a potential cause for this fire.    

8. We also considered the possibility that the fire resulted from an 
internal failure of the engine.  However, engineers in the 
process of tearing down the #1 msp engine have found no signs 
of any damage internally to the engine or its components at this 
time.  The #1 piston was pulled and measurements have been 
taken which show that it is in undamaged condition according 
to Vroney engineers.  The covers were pulled to expose the 
other cylinders and no damage has been found there either.  
There was no erosion of the piston crown or evidence of 
exhaust gases mixing with lubrication or piston cooling oil.  
With no observed internal damage, we have ruled out the 
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possibility of a fire starting due to overheating or an internal 
engine explosion.  

CONSENSUS FIRE SCENARIO 
 
 After extensive review and discussion, the members of the Black and 
Veatch engineering team along with Russo Consultants have concluded that 
the following is the most plausible fire development scenario. 
 
Fire Scenario:   Either the braided flexible fuel line (aka flexible connector) 
below the turbocharger failed or the high pressure fuel injector line west the 
turbocharger on msp engine #1 (supplying fuel to the # 1 cylinder) loosened 
or failed at its connection to the fuel pump.  Fuel escaping under high pressure 
(3,000 psi) expelled droplets onto the valve cover, governor, selectomatic 
valve and turbocharger.  When these atomized droplets contacted the 
turbocharger surface, a fire ignited on the turbocharger and top of the engine 
(east end) causing the aluminum inlet bell housing to melt.  Dripping 
aluminum coated the surface of the brass metering valves located below. The 
hot aluminum caused rapid embrittlement of the valve castings.  This caused 
one of the valves to crack and one to fracture completely and separate.  This 
fracture resulted in the release of diesel fuel from the metering return line.  
The release triggered a low fuel pressure shut down of the #1 engine at 11:35 
a.m. (trend list) while the fire continued to burn in and around the 
turbocharger.  Diesel fuel continued to pump from the fractured metering 
valve at floor level and a growing pool of diesel fuel accumulated on the floor 
in the ensuing minutes.  Molten aluminum with a surface temperature of over 
1,200° F continued to drip from the inlet bell housing onto the growing pool 
of diesel fuel resulting in the explosive ignition of diesel fuel vapors and 
causing a second and larger fire at floor level at 11:45 a.m. (camera).  Flames 
from the burning fuel oil on the floor's surface impacted the nearby rubber 
bellows for the lube oil supply line causing it to fail and add additional 
combustible liquid fuel to the fire. Similarly, flames impinged on the flexible 
fuel line attached to the turbocharger lube oil drain and it too released 
additional lube oil into the flame zone. Heat from the floor level fire also 
impacted the block and vent valve which, in turn, also failed eventually.   
 
 As the fire developed, the diesel and fuel oil pumps continued to 
operate until the plant's power was shut down, increasing the size of the 
burning combustible liquid puddle which eventually spread to the floor grate 
at the southeast corner of the #1 engine.  From there, it flowed down through 
floor openings to the auxiliary floor (aka + 5 floor) spreading fire to cables 
and conduit close to ceiling level.  The sewage line gaskets for msp engine #1 
on this level were also destroyed by flowing combustible liquid fire. As diesel 
and lube oil continued to flow, it pooled on the auxiliary level floor, flowed to 
and through a floor grate and again dropped down, this time to the venturi 
level (aka - 15 floor) causing the waste oil reservoir to ignite.   

APPENDIX A - FIRE INVESTIGATION REPORT A17



FR-9393-11 

15 

 
RESPONSE OF PLANT PERSONNEL 
 

On Wednesday, July 20, 2011 there were 88 individuals working at the 
North River Wastewater Treatment Plant3.  The fire and explosion occurred 
during lunch hour when there were no plant employees on the engine floor.  
This prevented immediate injuries and precluded a hazardous rescue situation.    
Based on the information provided by plant employees during their 
interviews, all employees were either in the offices, lunch rooms, parts 
department, machine shop or the control room when the fire occurred.  Most 
employees either felt or heard the explosion.  Some described the sound as a 
"whoosh"; others as a "boom" like a container was being dropped; others felt 
the building shake while still others noticed nothing until they heard the alarm 
signal and/or evacuation order come over the loud speaker. 

 
The evacuation alarm was sounded immediately followed by a voice 

notification over the loud speaker from the plant supervisor advising all plant 
personnel to evacuate immediately followed by the statement "this is not a 
drill."  Existing evacuation plans were followed and all plant employees 
exited the building expeditiously.  Supervisors led their personnel to the 
exterior and conducted head counts to ascertain that all personnel were 
accounted for, as practiced during quarterly evacuation drills. One area of 
concern was smoke travel.  Several employees reported that smoke entered 
these exit pathways quickly, diminished visibility and made it difficult to 
breathe.  Moreover, personnel operating in the control room encountered 
rapidly increasing smoke levels that eventually rendered it untenable to 
remain there.  
 

During the early stages of the event, certain employees took initiative 
to activate the alarm, shut off "E-Stop" buttons, shut down digester gas 
compressors, shut off the natural gas supply to the plant, contact Con Edison 
to shut off feeder cables (they eventually shut off the electrical service 
themselves) and activate the zinc burner to light off the waste gas flares. Four 
employees attempted to enter the engine room to assess the problem but were 
met with a thick wall of black smoke and had to retreat.  One employee called 
“911” from the control room. One factor that allowed the fire to develop was 
the inability to cut off the fuel and lubricating oil supply from the control 
room.  We were told that in spite of pressing the emergency stop buttons, 
these (fuel and lubricating oil) systems continued to operate.  In addition, the 
natural gas, electrical feeder cables and digester gas lines had to be shut off 
from outside of the plant not from the control room.  The delay in shutting off 
these systems allowed the continued release of diesel fuel and lubricating oil 
onto the fire until power was shut down to the plant at approximately 1:30 
PM.  During this time period, some 3,000 gallons of additional diesel fuel may 
have flowed onto the fire (assuming a rate of 24 gpm).  Though the plant 
supervisor followed the emergency action plan (EAP), there was no fire safety 
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director nor is there an automatic central station fire alarm.  This firm would 
suggest that a comprehensive fire plan include an enhanced central station 
automatic alarm system and that an individual be trained to function as a fire 
safety director for the plant.   

 
RESPONSE BY FIRE DEPARTMENT 

 
Dispatch records show that the New York City Fire Department 

received a “911” call from the North River Wastewater Treatment Plant 
reporting a fire at 11:46 a.m.  Initial fire suppression operations were 
conducted under the command of Battalion Chief Sessa of the 16th Battalion.  
Due to the heavy smoke condition, fire suppression operations began with a 
search of the plant using life lines to locate the fire which was found on three 
levels of the plant.  Initial size-up uncovered a fuel oil fire. According to Chief 
Sessa, fire suppression efforts required the use of foam both on the utility 
level where they encountered flaming fuel oil dropping down from the engine 
floor and on the engine floor where they encountered the main body of fire.   

 
Foam is customarily utilized in the suppression and extinguishment of 

flammable liquid fires.  After the fire was darkened down on these two levels, 
fire was found on the venturi level in the waste oil tank.  The fire was brought 
under control at approximately 3:02 p.m. and the Fire Department remained 
on the scene until after 9:00 p.m.   

 
 
GENERAL FIRE SAFETY RECOMMENDATIONS  
 
 The North River Wastewater Treatment Plant is constructed of steel 
reinforced concrete and contains steel/metal constructed machinery.  The 
primary fire hazards at this facility are associated with an ignitable liquid or 
explosive gas release.  Such fires are subject to rapid development.  The 
following recommendations are made to enhance fire safety at the plant: 
 
a) Consider appointing and training a fire safety director for the plant 
 
b) Consider installing an automatic central station fire alarm system with 

enhanced electronic monitoring (heat and smoke detectors, additional 
surveillance cameras, etc.) 

   
c) The installation of smoke control devices such as self-closing fire 

doors could be designed into the plant to prevent smoke entry into 
areas of fire egress and pathways of exit travel. 

 
d) Consider redesigning the control room to be smoke tight and fire 

resistant for one hour in accordance with standards for Type 1 (fire 
resistive) construction so that supervisory personnel can work there 
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safely in the event of an emergency.  This recommendation is not 
meant to circumvent the EAP or suggest that personnel put themselves 
at risk by remaining inside for extended periods, but to provide 
enhanced safety while notifications are being made and systems are 
being shut down. 

 
e) Add an emergency cut-off for ventilation and HVAC system to the 

control room 
 
f) Add emergency cut-offs for digester gas, lube and fuel oil pumps to 

control room 
 
g) Conduct a study to identify all hot engine surfaces with thermal 

imaging cameras and develop shielding wherever temperatures exceed 
fuel ignition temperatures 

 
h) A comprehensive fire emergency plan could be incorporated into the 

EAP that encompasses notification, shutdown and isolation procedures 
 
i) Install a fire suppression system over the day tank and waste oil 

reservoir.  Should DEP wish to review fire safety conditions beyond 
these recommendations, an architectural review by a fire protection 
design consultant would be advantageous. 

 
 

********************   
 

OPINION AND CONCLUSION  
 

After having reviewed all data gathered to date, which encompassed 
our scene examination, information provided by plant employees, conferral 
with Black and Veatch engineers, review of metallurgical data, and after 
having considered and eliminated the above listed potential fire scenarios, to 
date we have ascertained the following: 
 

1. Our examination disclosed that the msp engines at the North 
River Wastewater Treatment Plant are turbocharger enhanced 
ship engines.  A review of literature pertaining to ship engine 
room fires shows that 56% of all ship engine room fires are 
caused by oil leakage onto a hot surface4.  In general terms, we 
believe that is essentially the cause of the fire at the North 
River Plant as well.   

 
2. On July 20, 2011, a fire followed by an explosion occurred at 

the North River Wastewater Treatment facility.  A review of 
the surveillance video showed smoke exiting the engine room 
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doorway approximately two minutes prior to the explosion.  
Following the explosion, there was a rapid increase in the 
amount of smoke generated.  Based on this observation, we 
have concluded that a smoke producing fire originated on the 
exterior of msp engine #1 preceding the explosion. Fire was 
intensified, not initiated, by the explosion. Had the fire been 
caused by a natural gas or digester gas explosion, etc., we 
would not expect to see smoke showing prior to the explosion. 
Fire development, as indicated by surveillance video, is 
consistent with an ignitable liquid release.  This fire may have 
developed for several minutes before smoke migrated to the 
garage door, approximately 150 feet northeast of msp engine 
#1 where it was picked up by the camera.   

 
3. No employees were on the engine room floor at the time to 

witness the fire and there were no surveillance cameras 
mounted there.  Having no eyewitness accounts describing the 
early stages of fire development, we have based our findings 
on heat patterns, physical evidence and likely failure points.  
However, because fire destroys evidence, the absence of 
eyewitness accounts reduces the degree of certainty in our 
findings to the levels of probability. 

 
4. Physical examination revealed the greatest heat damage 

occurred at the east and southeast quadrants of the #1 engine 
with comparatively greater heat damage to the upper region. 
Based on the pronounced heat damage in the upper region of 
engine #1's east end, we believe that the fire originated in the 
vicinity of the turbocharger, exhaust piping, inlet bell in 
proximity to and east of the cylinder #1 and that the 
turbocharger provided the source of ignition.   

 
Heat measurements taken on the exterior of the #5 
turbocharger while in use show that its surface temperature is 
hot enough to ignite atomized diesel vapors but not methane or 
digester gas.  Two potential sources of readily ignitable diesel 
fuel in proximity to the turbocharger are the high pressure fuel 
injector line and the braided flexible fuel line (aka flex 
connector).  The injector line was located in proximity to the 
governor and selectomatic valve adjacent to the melted valve 
cover (Photograph No. 22) and approximately 53” from the 
turbocharger.  A leak in the injector line could release a high 
pressure spray of atomized diesel fuel, up to 3,000 psi.  The 
braided flexible fuel line was located below the turbocharger.  
If the braided flexible fuel line failed, it could have released a 
significant volume of fuel oil at a lower pressure (40-55 psi).  
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5. The braided flexible fuel line exhibited narrowing at a point 

along its length, but could not be pressure tested due to the 
extent of heat damage it sustained during the fire, which 
consumed its elastomeric inner liner. As such it could not be 
determined if it sustained a failure of the liner. On the other 
hand, laboratory analysis of the high pressure fuel injector line 
revealed evidence of corrosion and erosion on the conical tip 
that mated with the fuel pump (Photograph No. 28).  According 
to Affiliated metallurgists, the erosion pattern is consistent with 
a high pressure spray passing over the surface of the tip.  In 
addition, they observed thread damage to the connecting nut.  
This damage is discussed in more detail in the Black and 
Veatch report. 

 
6. Maintenance records indicate that in June 2011, machinists did 

preventive maintenance to replace all the fuel injectors on the 
#1 engine.  This would have required the unfastening and then 
refastening of fuel injector line fittings.  There is no torque 
specification in the Engine O & M manual for the connecting 
nut over the tip at the fuel pump.  Hence, it is possible that 
during the following month, the nut loosened, allowing a leak.   

 
7. Given the high pressures involved, an atomized stream of 

diesel fuel spraying from either the flexible connector or the 
fuel injector tip, reached an ignition source on the surface of 
the turbocharger and ignited a fire in the upper region of the #1 
engine that continued to be fueled by the diesel spray.     

 
8. Heat from the fire impacted the aluminum constructed inlet 

bell housing causing it to melt. A significant quantity of melted 
aluminum from the inlet bell was observed beneath its location 
on the pipes below where the brass metering valves were 
located.  When the melting aluminum from the inlet bell 
housing fell onto and coated the aforementioned metering 
valves, a liquid metal embrittlement process occurred resulting 
in the rapid and complete failure of the valve on the left (south) 
and subsequent release of diesel fuel at floor level. Spray from 
the failed valve discharging vertically could have reached the 
turbocharger and ignited. At the same time, aluminum 
continued to drip from the melting inlet bell housing.  These 
aluminum drops were also hot enough to ignite the pool of 
diesel fuel at floor level causing a second and larger fire 
condition below.   
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9. The failure of the metering valve likely coincided with the 
11:35 a.m. (trend list) shut down of engine #1 on the trend list.  
Both the operations engineer and the control room stationary 
engineer reported to us that there was no alarm in the control 
room prior to the explosion at 11:45 a.m. (camera).  The most 
likely explanation for the absence of an engine shut down 
alarm is that the signal wires had already been damaged by fire 
precluding transmission of the signal to the control board. 

 
10. Flames burning at floor level destroyed the rubber bellows of 

the lube oil supply riser resulting in the release of combustible 
lubricating oil that intensified the fire.  Heat and flames also 
impinged on the digester gas riser causing the block and vent 
valve to fail releasing methane into the flame zone.  Black and 
Veatch estimates that there was probably less than one cubic 
foot of digester gas in the piping leading to the block and vent 
valve when it blew.  Such a limited amount of gas would not be 
enough to produce an explosion the magnitude of which we 
observed on the surveillance video.   

 
11. The surveillance video shows an explosion at 11:45 a.m. that 

pushed a plume of black smoke out of the garage door. The 
only potential cause of this explosion is the ignition of the 
diesel fuel at floor level. We believe that the rapid ignition of 
the pool of diesel fuel on the floor resulted in the explosion 
seen on the surveillance video (Photograph No. 65). 

 
12. Although the plant supervisor shut down all engines from the 

control room moments after the explosion, this action did not 
stop the fuel and lube oil pumps which continued to pump 
combustible liquid onto the fire.  This additional fuel allowed 
the fire to grow and spread to other floors via floor drains and 
openings. 

 
13. The burning combustible liquid puddle eventually spread to the 

floor grate at the southeast corner of the #1 engine from where 
it flowed down through floor openings to the auxiliary floor 
(+5) spreading fire to cables and conduit close to ceiling level.  
As burning diesel and lube oil continued to flow, it pooled on 
the auxiliary level floor, flowed to and through a floor grate on 
that level and again dropped down, this time to the venturi 
floor level, (-15) resulting in two fires there, including the 
ignition of the waste oil reservoir. 

 
14. In summary, it is our consensus that the most probable cause of 

this fire is accidental, the result of diesel fuel escaping from a 
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fitting and coming into contact with a hot surface at the upper 
(east) section of msp engine # 1.   

 
 Although our file is in closed status, we remain ready to reactivate 
upon request from your office to render any further assistance you may 
require in your ongoing analysis of this case. 
 
     Respectfully submitted, 

     T. J. RUSSO CONSULTANTS, INC. 

     Douglas E. Leihbacher 

     Douglas E. Leihbacher, C.F.I. 
     Fire Investigator 
 
DEL/cg 
October 19, 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 
1.hypertextbook.com/facts/2005/EileenTang.shtml 
2.http://www.aristatek.com/newsletter/0606june/techspeak.aspx 
3.According to "City Time" payroll records. 
4.http://exchange.dnv.com/Documentation/Maritime/FireSafety/FIRE%20ma
ppe%202.qxd.pdf 
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This photograph depicts an 

overall view of the control 

room.  

E-Stop switches on the console 

in the control room. 

Photographs 
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6 

Doorway from roadway in 

northeast quadrant of plant 

leading to engine room floor.   

This photograph was taken 

from the north end of the 

engine room floor with the 

camera facing south and 

depicts an overall view of same 

with msp engine #1 in 

foreground.  

Photographs 
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8 

This photograph depicts a 

closer view of the north side of 

the #1 msp engine.  The control 

panel is on the left side of the 

photo (arrow). 

This photograph depicts the 

ceiling above the # 1 engine. 

Note the spalled concrete, 

exposed re-bar, the hot spot on 

the steel and the bent ceiling 

“I” beam (arrows) 

Photographs 
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10 

Closer view of north facing 

side of #1 msp engine.  

Location of dual fuel filter 

indicated by arrow. 

Dual fuel filter located on north 

facing side of engine #1, 

approximately four feet  west 

of the metering line.  Work was 

done to repair a leak at this 

filter the morning of the fire. 

Photographs 
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12 

Overall view of control panel 

for engine #1 

Pattern on right side of control 

panel (discharge cone valve 

controls) closest to fractured 

metering line valve 

Photographs 
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14 

View of  west side of msp 

engine #1 with camera facing 

east 

View of south side of engine 

#1 with  camera facing 

northeast  

Photographs 
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16 

Manufacturer’s plates on south 

side of engine #1 

Heat recovery boiler to the 

south of engine #1 exhibits no 

significant damage. 

Photographs 
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18 

The east side of engine #1 with 

the camera facing northwest 

with lube oil, air intake and 

digester gas pipes in the 

foreground. 

. 

Another view of the east side 

of engine #1 with lube oil, air 

intake and digester gas pipes in 

the foreground. 

Photographs 
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Closer view of the east side of 

engine #1 with the camera 

facing southwest 

Another view of the east side 

of engine #1.  Note paint 

burned off and splattered  

aluminum on side of block.  

(failed metering valve in fore-

ground). 

Photographs 
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Selectomatic valve in close 

proximity to  turbocharger 

sustained intense heat 

Cylinder head in proximity to 

turbocharger sustained intense 

heat and melted.  High pressure 

fuel in jector line (arrow) was 

taken for analysis. (see photo-

graph No. 25) 

Photographs 
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24 

Braided fuel line aka flexible 

connector in proximity to 

turbocharger was removed and 

sent for analysis. 

Tapered section of braided fuel 

line measured 

Photographs 
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26 

Fuel injector pump, high 

pressure fuel line (arrow) and 

injector removed from msp 

engine #1 

High pressure fuel injector line 

Photographs 
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High pressure fuel injector line 

where it enters fuel pump 

(arrow) on msp engine #1 

Tip of high pressure fuel injec-

tor line shows signs of erosion 

and corrosion.  (photo courtesy 

of Affiliated Engineering) 

Photographs 
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View of msp engine #1 from 

above depicts the exhaust 

piping on east side of same. 

View of turbocharger (arrow) 

above the east side of engine 

#1 (arrow) with the camera 

facing west and upward.  Inlet 

bell melted and transition 

section is missing 

Photographs 
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View of exhaust side of 

turbocharger and transition 

section.  Note that mounting 

bolt is bent (arrow). 

U n d a ma g e d  e xe mp la r 

turbocharger mounted above 

msp engine #2 

Photographs 
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A noth e r  v ie w  o f  th e 

turbocharger from floor level 

without inlet bell and transition 

section 

View of undamaged inlet bell 

and transition section from 

engine #2 as exemplar 

Photographs 
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Inlet bell transition section 

found on floor beneath where it 

was mounted.  (photo courtesy 

of NYC Fire Marshal’s Office). 

This piece was discarded prior 

to our examination. 

Isolation and block and vent 

valve in digester gas line 

Photographs 
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38 

View of turbocharger from on 

top of engine #1. 

View of residue on blade of 

t u r b o c h a r ge r  ( a r r o w ) .  

Scrap ings were taken as 

ev idence fo r laborato ry 

analysis. 

Photographs 
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40 

Interior of turbocharger after 

disassembly.  Note presence of 

melted aluminum (arrow). 

Turbocharger blade shows no 

evidence o f fractu res or 

deflection. 

Photographs 
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H ea t  gun  r ead ing  on 

turbocharger of engine #5 

while running.  Temperature 

reads 402°F. on the surface 

(red dot). 

Melted aluminum on 6” pipe 

directly below where the inlet 

bell was mounted to the 

turbocharger (arrow) 

Photographs 
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Metering pipes and valves at 

east end of engine #1 (arrow) 

Failed pipe valve in metering 

return line 

Photographs 
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Another view of fractured 

valve through which diesel fuel 

escaped 

Pipe nipple that was found by 

DEP at fracture site 

Photographs 
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View of fractured valve with 

pipe nipple replaced 

View of fractured surface 

Photographs 
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Horizontal fracture found in 

adjoining metering valve 

(arrow) as valves were being 

removed as evidence 

Closer view of fracture 

Photographs 
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Overall view of metering 

piping from engine #2 as 

exemplar 

Failed bellows in lube oil line 

on east side of engine #1.  This 

rubber bellows caught fire and 

burned, releasing combustible 

lube oil. 

Photographs 
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54 

Combustion air intake duct 

approximately 11’ east of 

metering lines 

Another view of combustion 

air intake duct 

Photographs 
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Another view of combustion 

air intake with louvered door 

open 

Opening in floor on east side of 

engine #1 through which 

burning diesel and lube oil 

flowed to floor below (arrow) 

Photographs 
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Another opening in floor on 

east side of engine #1 through 

which burning diesel and lube 

oil flowed to floor below 

(arrow) 

Fire damage to the upper areas 

of the auxiliary level (the floor 

below the engine room floor) 

Photographs 
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Fire damage to the upper areas 

of the auxiliary level - burned 

wiring at ceiling level 

Burn patterns on the waste oil 

tank located on the venturi 

level, (two floors below engine 

room floor) 

Photographs 
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Fire damage to the venturi 

level, (two floors below engine 

room floor) 

Melted aluminum found on 

engine room floor approxi-

mately 30’ northwest of 

turbocharger 

Photographs 
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64 

Fire alarm panel in control 

room 

Two of four feeders, each 

carrying 13KV of power into 

the plant 

Photographs 
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Smoke plume from explosion 

exits garage doorway and is 

cap tu red by  su rveillance 

camera at 11:45:31 

Photographs 
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The Jamesbury® Series 4000 ball valves offer the three
most desirable attributes of high-quality valves:
exceptional performance, great versatility, and eco-
nomical cost.

This valve line includes both standard-port valves (to
2-1/2" [DN 65]) and full-port valves (to 2" [DN 50]) with
three available end connections-threaded end, socket
weld, and butt weld.

There are two basic groups of Series 4000 valves.

Fire-Tite® Valves

The first consists of Fire-Tite valves fire-tested to meet
API 607, Edition 5 and British Standard BS6755-Part 2
requirements. They are ideal for handling petroleum
products and other flammable or hazardous substances,
as well as for an extremely broad range of normal and
corrosive services.These Series 4000 valves are available
in materials conforming to NACE MR0103 requirements,
and specifically prepared for oxygen or high-vacuum
service. They are also available to conform to ANSI, API,
BS and MSS standards.

Standard body and trim materials for Fire-Tite valves
are carbon steel with 316 stainless steel trim and all
316 stainless steel. Seat material options are PTFE (T)
and Xtreme® (X) for applications involving chemicals,
petrochemicals, acids, caustics and steam. Delrin® (R)
seats are for higher pressures, while PFA (B) seats resist
the effects of polymerizing monomers such as butadiene
and styrene. Metal (D) seats are also available for use
with high-temperature fluids, saturated steam, and
other heat-transfer media at pressures to 300 psi (20.7
bar)and temperatures to 600˚F (316˚C).

1/2" – 2-1/2" (DN 15 – 65)
STANDARD PORT AND
1/2" – 2" (DN 15 – 50)
FULL PORT SERIES 
4000 BALL VALVES 
Threaded End – Socket
Weld – Butt Weld

Non Fire-Tite Valves

Non Fire-Tite valves are available in the same body and
trim materials as Fire-Tite valves with a wider range of
seat material options. The standard seat material is
Xtreme (X), while PTFE (T), UHMW (U) polyethylene
seats and Peek (L) seats are also available.

*ANSI Class 400 standards for 2” (DN 50) full-port and 
2-1/2” (DN 65) standard-port valves.

FEATURES AND BENEFITS
■■ New Xtreme seat provides longer life, expanded

performance boundaries, and greater value.

■■ Polymeric flexible lip-seat design offers tight
shut-off in either direction and extended cycle life
with minimum maintenance.

■■ Available to meet ANSI Class 600 standards per
B16.34, B31.1, B31.3, and B31.4.

■■ 3-piece construction facilitates servicing

■■ Fire-Tite version with non-metallic seats meets API
607, Edition 5, and BS6755-Part 2 requirements

■■ NACE MR0103 compliance available

NEW FEATURES AND BENEFITS
For 1/2" – 2" (DN 15 – 50) standard port and

1/2" – 1-1/2" (DN 15 – 40) full bore valves
■■ New stem seal system is live loaded and engineered

to assure long sealing life – patent pending.

■■ ISO 5211 Bonnet for global conformity.

■■ CE Marking option.

■■ New stainless steel linkage for VPVL, V-Series and
ADC-Series actuators has a guided coupling to align
topworks during assembly and eliminate side load
stress on stem seals for long life, clean environment
and reduced maintenance.
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TECHNICAL BULLETIN  7/112

M E T S O B 1 0 5 - 1 E N

Internal Entry Stem

Thrust bearings.

Compression plate with disc
springs for uniform stem seal
compression to extend cycle life.

Handle with Slide Lock

Heavy wall thickness
and bolt cross section.

Flexible lip seats adjust automatically
for changing pressures, temperatures
and wear. Xtreme, PTFE, Peek, PFA,
Delrin, UHMW Polyethylene and
metal seats available.

ISO bonnet pad for simplified
mounting of actuators and
accessories.

Permanently attached corrosion resistant metal
nameplate for positive identification on all ANSI
and API valves.

Composite PTFE and
graphite seals for a tight
joint that outperforms
API 607 5th edition
requirements.

Full interchangeability of body and
end caps for standard or full port.
Threaded, socket weld and butt
weld end connections available.

For 2"  (DN 50) full bore and 2-1/2" (DN 65) standard port, refer to page 6.
All constructions marked comply with MSS SP-25.

Xtreme seats provide longer life, expanded performance
boundaries, and the greatest possible value. Xtreme is a
unique material that resulted from a technological

Xtreme Performance and Value

breakthrough in our polymer research lab.The material is a
fluoropolymer-based blend proprietary to Jamesbury that
provides superior quarter-turn performance.

Valve Performance and Value
1/2" – 2" (DN 15 – 50) Standard Port and 1/2" – 1-1/2" (DN 15 – 40) Full Bore Valves

1

Patented stem seal (70017915) has
3 engineered sealing zones to

provide multiple barriers for long
term sealing.

3

2

1

3

2
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Fully guided stem, coupling
and precision  bracket
assures optimum form, fit
and performance

Compression plate and disc
springs to accomodate thermal
and pressure cycles.

Jamesbury 'The Ultimate Process Automation Package'
for VPVL Pneumatic Actuators, V-Series and ADC-Series Electric Actuators

For 1/2" – 2" (DN 15 – 50) Standard Port and 1/2" – 1-1/2" (DN 15 – 40) Full Port Series 4000

Available for general purpose
and hazardous duty service

Digital valve communication terminals
for full automation capability

Series 4000 valves combined with Jamesbury actuators,
network capable valve monitors and communication
devices offer a total value and performance package.
Available with pneumatic Valv-Powr® VPVL actuators,

Automation Performance and Value

V-Series and ADC-Series electric actuators and with
Stonel® Quartz®, Eclipse®, and Hawkeye® digital monitors
or VCTs, the packages have a wide range of applications.
Visit our website at www.metso.com/automation.

Stainless steel linkages for
Jamesbury ISO Actuators

• Self aligning
• Engineered for optimum

stem seal performance
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These ratings are based on differential pressure with valve
ball in the fully closed position and refer to seats only.
Refer to valve body ratings on page 5 to be sure that all
components are satisfactory for the application.

Valve Seat Ratings

Valves in carbon steel are suitable for service to -20˚F
(-29˚C), valves in 316 stainless steel to -60˚F (-51˚C) or
-40˚F (-40˚C) with Delrin seats. Lower temperature limits
for body boltings are B7: -20˚F (-29˚C), B7M: -50˚F (-46˚C),
L7M: -60˚F (-51˚C), B8: -60˚F (-51˚C).
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1/2" – 2" (DN 15-50) Standard Port,
1/2" – 1-1/2" (DN 15-40) Full Port Valves

2-1/2" (DN 65) Standard Port,
2" (DN 50) Full Port Valves

X–Xtreme T–PTFE    M–Filled PTFE    R–Delrin    L–Peek   
U–UHMW polyethylene B–PFA

*Full port sizes in parenthesis.
Note: All 1/2" (DN 15) Series 4000 valves have 1/2" (DN 15) port.

Metal-Seated Valves
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For on-off applications

Saturated
Steam

Saturated
Steam

Carbon steel body rating
for 1/2" – 1-1/2" 
(DN 15 – 50) Standard
Port, 1/2" – 1-1/2" 
(DN 15 – 40) Full Port ANSI
B16.34 Class 600.

Low
temperature
limit for
carbon steel

U

Carbon steel body
rating for 2-1/2" (DN
65) Standard Port, 2"
(DN 50) Full Port ANSI
B16.34 Class 400.
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Series 4000 valves are available in types that meet the following
industry specifications.

Specification Description
ANSI B1.20.1 Pipe Threads
ANSI B16.11 Steel Fitting Socket Welding & Thread
ANSI B16.25 Buttwelding Ends
ANSI B16.34 Valves-Flanged and Buttwelding Ends
ANSI B31.1 Power Piping
ANSI B31.3 Chemical Plant & Petroleum Refining Piping
ANSI B31.4 Liquid Petroleum Piping
API 598 Valve Inspection & Testing
API 607-5 Fire Test for Soft-seated Valves 

(Div. of Refining)
API 608 Metal Ball Valves - Flanged, Threaded and

Welding End
BS 21 Specification for pipe threads for tubes and

fittings where pressure-tight joints are made on
the threads (metric dimensions)

BS 6755-Part 2 Testing of Valves – Specification for Fire Type-
Testing Requirements

BS 5351 British Standard Specification for Steel Ball
Valve for the Petroleum, Petro-chemical and
Allied Industries

DIN 2999-1 Pipe threads for tubes and fittings; parallel
internal thread and taper external thread;
tread dimensions

Valve Body Ratings

These are the maximum working pressure ratings of the
valve body only. The seat ratings on page 4 determine the
practical pressure limitation in actual service. Working
pressure rating is at -20˚F to +100˚F (-29˚C to +38˚C).

Standard Version - Body Rating

*Full-port sizes in parentheses

Working Pressure -
Valve Size* Body Material: Carbon Steel and

316 Stainless Steel

Inches DN psi bar
1/2 – 1 15 – 25 2500 172

(1/2 – 3/4) (15 – 20)

1-1/4 – 2 32 – 50 2250 155
(1 – 1-1/2) (25 – 40)

2-1/2 65 1000 69
(2) (50)

ISO 7-1 Pipe threads where pressure-tight joints are
made on the threads -- Part 1: Dimensions,
tolerances and designation

MSS SP-25 Standard Marking System for Valves
MSS SP-55 Quality Standard for Steel Fittings for Valves
MSS SP-72 Ball Valves with Flanged or Buttweld End
NACE MR0103 Materials Resistant to Sulfide Stress Cracking

in Corrosive Petroleum Refining Environments

Flow Data

The table below provides flow coefficients, Cv, of Series
4000 valves. The Cv values represent the flow of water at
+60˚F through the valve in U.S. gallons per minute at a
pressure drop of 1 psi.

*Cv =1.167 Kv.

Maximum Leakage Rates

All series 4000 valves are factory tested with air. Polymeric
seated valves are verified to be bubble tight using 100 psi
air. Metal seats are also tested with air to ensure that leakage
does not exceed the rates shown below.

SPECIFICATIONS

Valve Size Standard port Full port
Inches DN Cv* Cv*

1/2 15 13 13
3/4 20 33 40

1 25 44 65
1-1/4 32 46 90
1-1/2 40 95 135

2 50 111 251
2-1/2 65 216 —

ANSI Version - Body Rating

Valve Size - inches
Leakage Rate - scfm at 
Differential Pressure

Standard Port Full Port 100 psi 200 psi 300 psi
1/2 1/2 5.0 7.0 8.6

3/4 — 7.0 9.9 12.1

1 - 2 3/4 – 1-1/2 9.0 12.7 15.5

— 2 11.0 14.0 17.0

Valve Size - DN
Leakage Rate - m3/hr 
Differential Pressure

Standard Port Full Port 7 bar 14 bar 20 bar
15 15 8.5 11.9 14.6

20 — 11.9 16.8 20.6

25 – 50 20 – 40 15.3 21.6 26.3

— 50 18.7 23.8 28.8

ANSI Class 600 1/2" – 2" (DN 15 – 50) Standard Port ANSI Class 400 2-1/2" (DN 65) Standard Port
Temperature 1/2" – 1-1/2" (DN 15 – 40) Full Port 2" (DN 50) Full Port

Carbon Steel Stainless Steel Carbon Steel Stainless Steel
˚F psi psi psi psi

-20 to +100 1480 1440 990 960
200 1360 1240 900 825
300 1310 1120 875 745
400 1265 1025 845 685
500 1205 955 800 635

Shell Test Pressure 2250 2200 1500 1500

ANSI Class 600 1/2" – 2" (DN 15 – 50) Standard Port ANSI Class 400 2-1/2" (DN 65) Standard Port
Temperature 1/2" – 1-1/2" (DN 15 – 40) Full Port 2" (DN 50) Full Port

Carbon Steel Stainless Steel Carbon Steel Stainless Steel
˚C bar bar bar bar

-29 to +38 102.1 99.3 68.3 66.2
100 93.2 84.4 61.9 56.2
150 90.2 77.0 60.3 51.2
200 87.6 71.3 58.5 47.6
250 83.9 66.8 55.7 44.4

Shell Test Pressure 154 150 103 100
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Approximate Dimensions - Inches
Valve Screwed End & Butt Weld Approx.
Size Socket Weld Valves Valves

Common Dimensions
Weight 

inches A B A B D E F G H J L M R S T X Y lb
Standard Port

1/2 2.59 1.29 2.80 1.40 2.06 0.50 1.06 1.63 5.00 2.36 M5 1.42 0.31 0.18 1.28 – 0.41 1.9
3/4 3.01 1.50 3.36 1.68 2.25 0.69 1.22 1.79 5.00 2.52 M5 1.42 0.31 0.18 1.43 – 0.53 2.7

1 3.69 1.85 3.90 1.95 2.59 0.88 1.65 2.58 6.50 3.29 M5 1.65 0.50 0.31 1.99 – 0.53 4.8
1-1/4 4.22 2.11 4.56 2.28 2.84 1.00 1.78 2.71 6.50 3.42 M5 1.65 0.50 0.31 2.12 – 0.53 6.3
1-1/2 4.58 2.29 5.40 2.70 3.33 1.25 2.08 3.30 8.00 4.27 M6 1.97 0.62 0.37 2.54 – 0.53 9.8

2 5.11 2.55 5.90 2.95 3.66 1.50 2.26 3.49 8.00 4.46 M6 1.97 0.62 0.37 2.73 – 0.64 12.7
2-1/2 6.47 3.22 – – 4.50 2.00 2.26 5.00 14.00 – 1/2–13 3.00 0.88 0.63 4.38 5.38 0.64 25.5

Full Port
1/2 2.59 1.29 2.80 1.40 2.06 0.50 1.06 1.63 5.00 2.36 M5 1.42 0.31 0.18 1.28 – 0.41 1.9
3/4 3.69 1.85 3.90 1.95 2.59 0.88 1.65 2.58 6.50 3.29 M5 1.65 0.50 0.31 1.99 – 0.53 5.2

1 4.22 2.11 4.56 2.28 2.84 1.00 1.78 2.71 6.50 3.42 M5 1.65 0.50 0.31 2.12 – 0.53 6.8
1-1/4 4.58 2.29 5.40 2.70 3.33 1.25 2.08 3.30 8.00 4.27 M6 1.97 0.62 0.37 2.54 – 0.53 10.3
1-1/2 5.11 2.55 5.90 2.95 3.66 1.50 2.26 3.49 8.00 4.46 M6 1.97 0.62 0.37 2.73 – 0.53 13.7

2 6.19 3.09 6.19 3.09 4.50 2.00 2.26 5.00 14.00 – 1/2–13 3.00 0.88 0.63 4.38 5.38 0.64 25.3

2-1/2" (DN 65) STANDARD PORT
2" (DN 50) FULL PORT VALVES

1/2" – 2" (DN 15 – 50) STANDARD PORT
1/2" – 1-1/2" (DN 15 – 40) FULL PORT VALVES

DIMENSIONS

H

ØR

G

D

S

ØE

B
A

Y

X

H

4 Holes øL on a øM
Bolt Circle

Approximate Dimensions - mm
Valve Screwed End & Butt Weld Approx.
Size Socket Weld Valves Valves

Common Dimensions
Weight 

DN A B A B D E F G H J L M R S T X Y kg
Standard Port

15 66 33 71 36 52 13 27 41 127 60 M5 36 8 5 33 – 10 0.9
20 76 38 85 43 57 18 31 45 127 64 M5 36 8 5 36 – 13 1.2
25 94 47 99 50 66 22 42 66 165 84 M5 42 13 8 51 – 13 2.2
32 107 54 116 58 72 25 45 69 165 87 M5 42 13 8 54 – 13 2.9
40 116 58 137 69 85 32 53 84 203 108 M6 50 16 9 65 – 13 4.4
50 130 65 150 75 93 38 57 89 203 113 M6 50 16 9 69 – 16 5.8
65 164 82 – – 114 51 57 127 356 – 1/2-13 76 22 16 111 137 16 11.6

Full Port
15 66 33 71 36 52 13 27 41 127 60 M5 36 8 5 33 – 10 0.9
20 94 47 99 50 66 22 42 66 165 84 M5 42 13 8 51 – 13 2.4
25 107 54 116 58 72 25 45 69 165 87 M5 42 13 8 54 – 13 3.1
32 116 58 137 69 85 32 53 84 203 108 M6 50 16 9 65 – 13 4.7
40 130 65 150 75 93 38 57 89 203 113 M6 50 16 9 69 – 13 6.2
50 157 78 157 78 114 51 57 127 356 – 1/2-13 76 22 16 111 137 16 11.5

Y
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FTG
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SOCKET WELD END
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BILLS OF MATERIALS AND PARTS LIST
Fire-Tite 1/2" – 2" (DN 15 – 50) Standard Port, 1/2" – 1-1/2" (DN 15 – 40) Full Port Valves

Part No. Part Name
Body Material

Carbon Steel (22) 316 Stainless Steel (36)

1 Body Carbon steel ASTM A216 Type WCB 316 Stainless steel ASTM A351 Type CF8M

2 Body Cap Carbon steel ASTM A216 Type WCB 316L Stainless steel ASTM A351 Type CF3M

3 Ball 316 Stainless steel, Monel, Hastelloy C

4 Stem 316 Stainless steel, 17-4 PH Stainless steel, Monel, Hastelloy C

5 Seat PTFE, Xtreme, 17-4 PH, PFA, Delrin®#, UHMW polyethylene, as specified

6/18 Body Seals PTFE & Graphite, Spiral wound 316 Stainless steel graphite/PTFE (with Peek, metal seats or configuration L)

7 Secondary Stem Seal Graphite

8 Primary Stem Seal PTFE, TFM® (Xtreme-Seated Valves), Graphite (w/metal seats), UHMWPE (w/UHMWPE seats)

10 Stem Guide Peek (Metal-Seated Valves)

13 Stem Bearing Filled PTFE (Peek when metal-seated) (Delrin when Delrin-seated), UHMWPE (w/UHMWPE seats)

16 Hex Nut 316 Stainless steel

17 Handle Carbon steel (zinc plated) 300 Series Stainless steel

19 Lock Washer 300 Series Stainless steel

20 Compression Plate 316 Stainless steel

25 Socket Cap Screw 316 Stainless steel

26 Handle Stop Spacer 316 Stainless steel

29 Hex Cap Screw 316 Stainless steel

31 Disc Springs Inconel

52 Body Bolt/Tie Rod ASTM A193 Gr. B7 ASTM A193 Gr. B8M

53 Hex Nut ASTM A194 Gr. 2H ASTM A194 Gr. 8

54 Weld End Tag Paper

# Requires 17-4 PH stem

Non Fire-Tite 1/2" – 1-1/2" (DN 15 – 40) Full Port & 1/2" – 2" (DN 15 – 50) Standard Port  Valves

Part No. Part Name
Body Material

Carbon Steel (22) 316 Stainless Steel (36) 

1 Body Carbon steel ASTM A216 Type WCB 316 Stainless steel ASTM A351 Type CF8M

2 Body Cap Carbon steel ASTM A216 Type WCB 316L Stainless steel ASTM A351 Type CF3M

3 Ball 316 Stainless steel, Monel, Hastelloy C

4 Stem 316 Stainless steel, 17-4 PH Stainless steel, Monel, Hastelloy C

5 Seat PTFE, Peek #, as specified

6/18 Body Seal PTFE & Graphite, Spiral wound 316 Stainless steel graphite/PTFE (with Peek seats or configuration L)

8 Primary Stem Seal PTFE, Graphite (with Peek seats)

10 Stem Guide Peek (Peek seated valves)

13 Stem Bearing Filled PTFE (Peek when Peek-seated)

16 Hex Nut 316 Stainless steel

17 Handle Carbon steel (Zinc plated) 300 Series Stainless steel

19 Lock Washer 300 Series Stainless steel

20 Compression Plate 316 Stainless steel

24 Stem Bearing Filled PTFE (Peek when Peek-seated)

25 Socket Cap Screw 316 Stainless steel

26 Handle Stop Spacer 316 Stainless steel

29 Hex Cap Screw 316 Stainless steel

31 Disc Springs Inconel

52 Body Bolt/Tie Rod ASTM A193 Gr. B7 ASTM A193 Gr. B8M

53 Hex Nut ASTM A194 Gr. 2H ASTM A194 Gr. 8

54 Weld End Tag Paper

# Requires 17-4 PH stem
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BILLS OF MATERIALS AND PARTS LIST
Fire-Tite 2" (DN 50) Full Port and 2 1/2" (DN 65) Standard Port Valves

Part No. Part Name
Body Material

Carbon Steel (22) 316 Stainless Steel (36)

1 Body Carbon steel ASTM A216 Type WCB 316 Stainless steel ASTM A351 Type CF8M

2 Body Cap Carbon steel ASTM A216 Type WCB 316L Stainless steel ASTM A351 Type CF3M

3 Ball 316 Stainless steel

4 Stem 316 Stainless steel or 17-4 PH Stainless steel

5 Seat PTFE, Xtreme, 17-4 PH, as specified

6 Body Seal Spiral wound 316 Stainless steel graphite/PTFE

7 Secondary Stem Seal Graphite

8 Stem Seal PTFE, TFM (Xtreme-Seated Valves)

12 Indicator Stop 316 Stainless steel

16 Stem Nut Carbon steel Stainless steel

17 Handle Ductile Iron

19 Shakeproof Washer Carbon steel

21 Compression Ring 316 Stainless steel

22 Identification Tag Stainless steel

24 Stem Bearing Filled PTFE (Peek when metal-seated)

25 Hex Cap Screw** ASTM A193 Gr. B7, B7M, A320 Gr. L7M ASTM A193 Gr. B7, B8, A453 Gr. 660

52 Body Bolt/Tie Rod** ASTM A193 Gr. B7, B7M, A320 Gr. L7M ASTM A193 Gr. B7, B8, A453 Gr. 660

53 Hex Nut** ASTM A194 Gr. 2H, 2M, 7M ASTM A194 Gr. 2H, 2M, A453 Gr. 660

54 Weld End Tag Paper

** A193 Gr. B7 Body Fasteners unless otherwise specified.

Non Fire-Tite 2" (DN 50) Full Port and 2-1/2" (DN 65) Standard Port Valves

Part No. Part Name
Body Material

Carbon Steel (22) 316 Stainless Steel (36)

1 Body Carbon steel ASTM A216 Type WCB 316 Stainless steel ASTM A351 Type CF8M

2 Body Cap Carbon steel ASTM A216 Type WCB 316L Stainless steel ASTM A351 Type CF3M

3 Ball 316 Stainless steel

4 Stem 316 Stainless steel* or 17-4 PH Stainless steel (PEEK-seated valves)

5 Seat PTFE, Xtreme, Peek, UHMW PE, as specified

6 Body Seal Spiral wound 316 Stainless steel graphite/PTFE, EPT (UHMWPE seated valves)

8 Stem Seal PTFE, TFM (Xtreme-Seated Valves), UHMW PE (UHMW PE-seated valves)

12 Indicator Stop 316 Stainless steel

16 Stem Nut Carbon steel Stainless steel

17 Handle Ductile Iron

19 Shakeproof Washer Carbon steel

21 Compression Ring 316 Stainless steel

22 Identification Tag Stainless steel

24 Stem Bearing Filled PTFE (Xtreme and PTFE seats) same as seat material for Peek and UHMW PE Seats

25 Hex Cap Screw** ASTM A193 Gr. B7, B7M, A320 Gr. L7M ASTM A193 Gr. B7, B8, A453 Gr. 660

52 Body Bolt/Tie Rod** ASTM A193 Gr. B7, B7M, A320 Gr. L7M ASTM A193 Gr. B7, B8, A453 Gr. 660

53 Hex Nut** ASTM A194 Gr. 2H, 2M, 7M ASTM A194 Gr. 2H, 2M, A453 Gr. 660

54 Weld End Tag Paper

** A193 Gr. B7 Body Fasteners unless otherwise specified.
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Use these torque charts for Series 4000 valves as a guide
for actuator selection. For torque output values and actuator
selection tables refer to actuator bulletins.

Additional requirements may be imposed by media char-
acteristics, trim, and frequency of valve operation.

For difficult service (slurries, semi-solids) increase values by
50%. If in doubt, select a larger actuator.

Values shown in the charts are based on using standard
factory procedures for valve-actuator assembly.

VALVE TORQUE DATA
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Xtreme (X) Seated Standard-Port Valves 
(Full-port sizes in parentheses)
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PTFE (T) Seated Standard-Port Valves

Metal (D) Seated Standard-Port Valves 
(Full-port sizes in parentheses)

2-1/2" (2") / DN 65 (DN 50)

1/2" (1/2") / DN 15 (DN 15)

3/4" / (DN 20)

1" (3/4") / DN 25 (DN 20)1-1/4" (1") / DN 32 (DN 25)
1-1/2" (1-1/4") / DN 40 (DN 32)2" (1-1/2") / DN 50 (DN 40)
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1/2" & 3/4" (1/2") / DN 15 & DN 20 (DN 15)

1" (3/4") & 1-1/4" (1") / DN 25 (DN 20) & DN 32 (DN 25)

1-1/2" (1-1/4") / DN 40 (DN 32)

2" (1-1/2") / DN 50 (DN 40)

2-1/2" (2") / DN 65 (DN 50)

1/2" (1/2") / DN 15 (DN 15)

(3/4" ) / (DN 20)

1" (3/4" ) / DN 25 (DN 20)1-1/4" (1") / DN 32 (DN 25)

1-1/2" (1-1/4") / DN 40 (DN 32)
2" (1-1/2") / DN 50 (DN 40)

2-1/2" (2") / DN 65 (DN 50)
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1/2" – 2-1/2" STANDARD PORT AND 1/2" – 2" FULL PORT SERIES 4000 BALL VALVES Threaded End – Socket Weld – Butt WeldB 1 0 5 - 1 E N

Round Handles

Series 4000 ball valves have
optional round handles  available.
To order handles separately,specify
the part number shown in the
accessories table below.

Oval handles 
with slide-lock

Optional oval handle saves space
and may be padlocked to retain
the valve in the open or closed
position.

Stainless steel linkages for
Jamesbury ISO Actuators

• Self aligning
• Engineered for optimum stem

seal performance

ACTUATORS

ACCESSORIES

Centerline of Valve

A

H

Centerline of Valve

A

H

* Specify LD 64 when a locking device is required for 2" (DN 50) full bore and 2-1/2" (DN 65) standard port valves.
† For valves with Peek (L), Delrin (R) or 17-4 PH SS (D) seats.

Metso offers a full line of integrally designed actuators for
automated systems or for easier control of inaccessible or
remote valves. Pneumatic actuators that include double-
acting and spring-return piston, vane, and rack and pinion
units, spring-diaphragm types, and electric actuators are
available for all valves. Electric actuators are available 
with both watertight and hazardous location enclosures.

For further information on actuators for Series 4000 valves,
see the following:

Type Bulletin
Spring-Diaphragm Actuators A110-4
VPVL Mod D Actuators A111-5
V-Series Electric Actuators A200-1
ADC-Series Electric Actuators A201-1

Cavity Fillers

Cavity fillers are available in 4000
series full bore valves. The fillers
are PTFE and used for sanitary
applications and in processes
where cross contamination is a
concern. Food processing, phar-
ma-chemicals, cosmetics, paints,
solvents, finishes and dyes are typ-
ical applications where fillers are
employed.

Bonnet/Stem Extensions 
SE-096, 097 & 098

4" (102 mm) bonnet/stem exten-
sions are available for applications
that require insulated pipe,particu-
larly useful for automated products,
extension can also be used to
prevent interference between
actuators and companion pipelines
and equipment. They are ideal as
extension that require locking
lever or locking oval handle capa-
bility. Stainless steel construction
offers the option of using the
extension to complement the
carbon steel stem extension (SE-
093, 094 & 095) offerings.

Stem Extensions 
SE-093, 094 & 095

A standard 4" (102 mm) stem
extension is offered for Series 7000
valves (1/2" – 2") for improved
accessibility, particularly when
used in insulated pipelines. Stem
extension kits can be ordered
factory-mounted or shipped sep-
arately for field mounting.

4" (102 mm)

4" (102 mm)

Accessories Table - inches (DN/mm)
Valve Size* Bonnet/Stem† Stem Locking Oval Round

Round/Oval Handle Allowable Max.Torque FT•LBS (N•m)

Standard Bore Full Bore Extension Extension Dimension A Dimension H Round Oval

1/2" (15) 1/2" (15) SE-096 SE-093 112-0108-30 112-0105-30 4.00 (101.6) 2.96 (75.2) 9 (14) 9 (14)

3/4" (20) — SE-096 SE-093 112-0108-30 112-0105-30 4.00 (101.6) 3.11 (79.0) 9 (14) 9 (14)

1" (25) 3/4" (20) SE-097 SE-094 112-0109-30 112-0106-30 4.50 (114.3) 3.70 (94.0) 18 (25) 18 (25)

1-1/4" (32) 1" (25) SE-097 SE-094 112-0109-30 112-0106-30 4.50 (114.3) 3.83 (97.3) 18 (25) 18 (25)

1-1/2" (40) 1-1/4" (32) SE-098 SE-095 112-0110-30 112-0107-30 5.75 (146.0) 4.75 (120.7) 25 (34) 25 (34)

2" (50) 1-1/2" (40) SE-098 SE-095 112-0110-30 112-0107-30 5.75 (146.0) 4.94 (125.5) 25 (34) 25 (34)

2-1/2" (65) 2" (50) — — — — — — — —
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2 Body Style
4A Standard Port NPT
4B Full Port NPT
4C Std. Port socket weld
4D Full port socket weld
4F Std. port butt weld Schedule-5
4G Std. port butt weld Schedule-10
4H Std. port butt weld Schedule-40
4J Full port butt weld Schedule-5
4K Full port butt weld Schedule-10
4L Full port butt weld Schedule-40
4M Std. port NPT x soc. weld ends
4N Full port NPT x soc. weld ends
4P Full port butt weld Schedule 80
4Q Std. port butt weld Schedule 80
4R Std. port ISO 7 Rp (BS21 parallel DIN 2999)
4S Std. port ISO 7 Rc (BS21 taper)
4T Full port ISO 7 Rp (BS21 parallel DIN 2999)
4U Full port ISO 7 Rc (BS21 taper)

4 Special Service
– (no entry if standard)
N NACE MR0103 w/exposed body fasteners
O Oxygen (specify w/ANSI configuration B)
Q PTFE Cavity Filler (Full Bore, 316 SS only)
V High vacuum (specify w/ANSI configuration B)

VC High vacuum certified (specify w/ANSI configuration B)
C Chlorine (specify w/ANSI configuration B)

TG Top Ground
STGR Top and Bottom Ground

LA Standard Emission Pak w/o Leakoff Connection
LL Standard Emission Pak with Leakoff Connection

HOW TO ORDER SERIES 4000 BALL VALVES
To specify a Series 4000 valve, select the body style, the combination of body and trim material,
the proper seat material, and the appropriate body bolts for the application. Code numbers are
fully descriptive of a valve. They are made up of size and a figure designation based on the fol-
lowing coding:
EXAMPLE: This order code calls for a 3/4" standard-
port NPT Fire-Tite valve with carbon steel body, 316
stainless steel ball and stem, Xtreme seats and PTFE
seals, and ASTM A193 Gr. B7 bolts with ASTM A194
Gr 2H nuts.

1
Size - 1/2 – 2-1/2 (DN 15-65) Standard Port,
1/2 – 2 (DN 15-50) Full Port

inches 1/2 3/4 1 1-1/4 1-1/2 2 2-1/2

DN 15 20 25 32 40 50 65

1 – 2 3 4 – 5 6 7 – 8 9
3/4 4A – – 22 36 XT B 1

3 Configuration
– (no entry if Fire-Tite)
X Non-Fire-Tite
B ANSI B16.34, B31.1, B31.3, and 31.4

M3* ANSI B16.34 & BS5351 Class 600 with metric nameplate

5 Body Material
22 Carbon steel

36 316 Stainless steel

8 Valve Model
B Series 4000 Model B

6 Ball and Stem Material
00 Same as body (Carbon steel not available)

36 316 Stainless steel

HB 316 Stainless steel ball, 17-4 PH stem
(required for RT & LG seats & seals)

71 Monel

73 Hastelloy C (non NACE MR0103 valves)

9
Body Fasteners

Bolts or Tie Rods Nuts
1 ASTM A193 Gr. B7 ASTM A194 Gr. 2H

2
ASTM A193 Gr. B8M*

ASTM A194 Gr. 8, 8C, 8M.

BT, or 8F

51 ASTM A193 Gr. B7M ASTM A194 Gr. 2HM

71 ASTM A320 Gr. L7M ASTM A194 Gr. 7M

81 ASTM A453 Gr. 660 ASTM A453 Gr. 660

* For 1/2" – 2" (DN 15 – 50) standard port and 1/2" – 1-1/2" (DN 15 – 40)
full bore valves

** For 2" (DN 50) full bore and 2-1/2" (DN 65) standard port only.
1 Exposed bolting options for NACE MR0103 service.
2 Requires high strength stem.
3 Valves larger than 1" (DN 25) are CE marked.
4 Not a self-relieving seat design.
TFM is a registered trademark of Dyneon Co.
Delrin is a registered trademark of DuPont Co.

7
Seat and Seal Material

Seats Seal
Standard Fire-Tite Options

XT Xtreme TFM & Graphite

TT PTFE PTFE & Graphite

DH 17-4 PH Stainless steel Graphite

UU UHMW Polyethylene* UHMW PE & Graphite

RT2,4 Delrin* PTFE & Graphite

BT PFA PTFE & Graphite

Non Fire-Tite Options
TT PTFE PTFE

UB UHMW Polyethylene UHMW Polyethylene & EPT

LG2,4 Peek* Peek & Graphite

LT2,4 Peek** PTFE & Graphite

Subject to change without prior notice.

Metso Automation Inc.

Europe, Vanha Porvoontie 229, P.O. Box 304, FI-11301 Vantaa, Finland.
Tel. +358 20 483 150. Fax +358 20 483 151
North America, 44 Bowditch Drive, P.O. Box 8044, Shrewsbury, MA 01545, USA.
Tel. +1 508 852 0200. Fax +1 508 852 8172
South America, Av. Independéncia, 2500- Iporanga, 18087-101, Sorocaba-São Paulo
Brazil. Tel. +55 15 2102 9700. Fax +55 15 2102 9748/49
Asia Pacific, 20 Kallang Avenue, Lobby B, #06-00, PICO Creative Centre, Singapore 339411, Singapore.
Tel. +65 6511 1011. Fax +65 6250 0830
China, 19/F, the Exchange Beijing, No. 118, Jianguo Lu Yi, Chaoyang Dist, 100022 Beijing, China.
Tel. +86-10-6566-6600. Fax +86-10-6566-2575
Middle East, Roundabout 8, Unit AB-07, P.O. Box 17175, Jebel Ali Freezone, Dubai,
United Arab Emirates. Tel. +971 4 883 6974. Fax +971 4 883 6836

www.metso.com/automation
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Note 1: Meets NEMA 4 specifications.
Note 2: Meets NEMA 4, 7 - Groups C and D, and 9 -
Groups E, F, and G specifications.

Unless otherwise specified, assemblies with limit
switches are adjusted at the factory so that one switch
is actuated when the valve is closed, and the other
when the valve is fully open.

Spring-return handles may be specified with optional
accessories when FM approval is not a consideration.
Locking devices to padlock the handle in position or
electrothermal links to allow connection to a remote
device like a smoke or heat detector are available. See
Bulletin B160-1 for non-FM-approved standard
spring-return handles and various accessories.

EMERGENCY SHUTOFF AND FIRESAFE VALVES 
FIGURE 1075
The Jamesbury FM (Factory Mutual) approved Emergency
Shutoff and Firesafe Valves Figure 1075 are manual
assemblies consisting of the Jamesbury Fire-Tite®
valves and the Jamesbury Torque Handles®. These
assemblies provide automatic closure of a normally open
valve in the event of a fire or excessive temperature.
These assemblies are used for all types of media
including flammable gases, liquids, and toxic fluids.

Figure 1075 assemblies carry FM approval as Firesafe
Valves, specifically designed for flammable liquid
service. To meet the requirements of this category,
the Jamesbury FIRE-TITE valves have been tested and
qualified to resist direct exposure typical of uncontrolled
fire for at least 15 minutes.

Included in the line of Figure 1075 Emergency Shutoff
Valve assemblies are 1/2"-2" (DN 15-50) Series 5150
flanged ball valves and 1"-2" (DN 25-50) Series 2000
Clincher® screwed-end ball valves equipped with
TORQ-HANDLE spring-return handles and a choice of
fusible links for specific temperature requirements.

FEATURES

■■ Automatic closure in the event of a fire.
■■ FM approved for Emergency Shutoff service.
■■ FM approved as Firesafe Valves for flammable liquid

service.
■■ Quarter-turn operation for quick shutoff in the

event of an emergency.
■■ Flexible-lip seat design for reliable long-lasting sealing.
■■ PTFE seats and seals for easy cycling, even when

operated infrequently.

ACCESSORIES

Limit switches can be provided for remote indication
of valve position or for various electrical interlocks.
Switch arrangements available with these assemblies
are:

Designation Switch Type Enclosure

EW2 (2) SPDT Dustight, Watertight 1

32EX6 (2) SPDT Watertight, Hazardous Location 2

34EX6 (2) DPDT Watertight, Hazardous Location 2
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VALVE BODY RATINGS

Seat ratings, indicated by solid lines in the charts, are
based on differential pressure with the valve ball in the
fully closed position and refer to seats only. In the charts
below the dotted lines indicate maximum working  pres-
sures for carbon steel valve bodies. Maximum working
pressure of 316 stainless steel bodies are shown below.
The combination of dotted and solid lines indicates the

maximum valve rating at specific pressure and temperature
conditions. Valves with PTFE, XTREME TM and filled PTFE
seats can be used in service to -60˚F (-51˚C) provided the
valve body material and body fasteners are suitable for
such temperatures. Note: Fasteners for FM-approved
Series 2000 valves are rated for -20˚F only.

These are maximum working pressure ratings of the valve
body only. The seat ratings, shown above, determine the
practical pressure limitations according to actual service
conditions. Test pressures are for hydrostatic test with ball
half open.

The tables to the right provide flow coefficients for
JAMESBURY valves covered in this section. The Cv values
represent the flow of water at +60˚F through the valve in
U.S. gallons per minute at a pressure drop of 1 psi. The
metric equivalent, Kv, is the flow of water at 16˚C through
the valve in cubic meters per hour at a pressure drop of 1
kg/cm3. To convert Cv to Kv, multiply by 0.8569

FLOW DATA

Series 5150 Valves

Valve Size

Inches DN
Cv

1/2 15 9

3/4 20 19

1 25 45

1-1/2 40 125

2 50 165

1"-2" (DN 25-50) Series 2000 Valves Body Ratings

Carbon Steel or 
316 Stainless Steel Body

Parameter ˚F ˚C with ASTM A193 
Gr. B7 Body Bolts

psi bar

Working -20 to -29 to
pressure +100 +38

800 55

Test pressure 1200 83

1/2"-2" (DN 15-50) Series 5150 Valves Body Ratings

Carbon Steel 316 
Parameter ˚F ˚C Stainless Steel

psi bar psi bar

-20 to -29 to
285 20 275 19

+100 +38

200 93 260 18 240 17
Working Pressure

300 149 230 16 215 15

400 214 200 14 195 13

500 260 170 12 170 12

Test Pressure 450 31 425 29

Series 2000 Valves

Valve Size

Inches DN
Cv

1 25 49

1-1/4 30 49

1-1/2 40 100

2 50 115

1"-2" (DN 25-50) Series 2000 Valves
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1/2"-2" (DN 15-50) Series 5150 Valves
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DIMENSIONS

Series 2000 1"-2" (DN 25-50) CLINCHER Screwed-End Valves - inches (mm)

11.00
(279)

H

B
A

E Port
Diameter

VALVE WITH OPTIONAL
LIMIT SWITCH

Approximate Dimensions - inches

Valve Size Approx.
inches

A B W X E H
Weight lb.

1 3.41 1.70 3.63 1.81 0.88 6.13 7.6

1-1/4 3.75 1.88 3.63 1.81 1.00 6.25 9.2

1-1/2 4.03 2.02 3.88 1.94 1.25 6.75 11.3

2 4.38 2.19 4.25 2.13 1.50 7.00 13.3

EW-4.31 (109)
EX-5.06 (129)

EW-1.75 (44)
EX-3.84 (96)EW - 1/2-14

EX - 3/4-14 NPT

EW-5.06 (128)
EX-8.69 (221)

3.69
(94)1.75

(44)
1.75
(44)

X
W

Approximate Dimensions -mm

Valve Size Approx.
DN

A B W X E H
Weight kg.

25 87 43 92 46 22 156 3

30 95 48 92 46 25 159 4

40 102 51 99 49 32 171 5

50 111 56 108 54 38 178 6
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DIMENSIONS

Series 5150 1/2"- 2" (DN 15-50) ANSI Class 150 Flanged Valves - Inches (mm)

11.00
(279)

H

B
A

E Port
Diameter

VALVE WITH OPTIONAL
LIMIT SWITCH

Approximate Dimensions - inches

Valve Size Approx.
inches

A B C D E H K M N T
Weight lb.

1/2 4.25 1.81 3.50 2.38 0.50 6.25 0.88 4.00 0.63 0.44 8.1

3/4 4.63 2.00 3.88 2.75 0.68 6.38 1.00 4.00 0.63 0.44 9.1

1 5.00 2.19 4.25 3.13 0.88 6.88 1.38 4.00 0.63 0.63 12.9

1-1/2 6.50 2.44 5.00 3.88 1.25 7.75 2.19 4.00 0.63 0.63 16.5

2 7.00 2.44 6.00 4.75 1.50 7.88 2.38 4.00 0.75 0.69 21.1

EW-4.31 (109
EX-5.06 (129)

EW-1.75 (44)
EX-3.84 (96)EW - 1/2-14

EX - 3/4-14 NPT

EW-5.06 (128)
EX-8.69 (221)3.69

(94)
1.75
(44)

1.75
(44)

C

T

Approximate Dimensions - mm

Valve Size Approx.
DN

A B C D E H K M N T
Weight kg.

15 108 46 89 60 13 159 22 102 16 11 4

20 118 51 99 70 17 162 25 102 16 11 4

25 127 56 108 30 22 175 35 102 16 16 6

40 165 62 127 99 32 197 56 102 16 16 7

50 178 62 152 121 38 200 60 102 19 18 10

K

M Number of Holes
N Hole Size Through
D Diameter Bolt Circle
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HOW TO ORDER EMERGENCY SHUTOFF AND FIRESAFE VALVES

The designation for Emergency Shutoff Valves is made up of numbers and letters that fully describe all features of the
available variations of these units. Coding is as follows:

Valve Size

Inches DN

3* 1/2 15

4* 3/4 20

5 1 25

6** 1-1/4 30

7 1-1/2 40

8 2 50

Body 
Style

1– Series 2000 
screwed end

2– Series 5150 
flanged end

3– Series 2000 
screwed end

4– Series 5150 
flanged end

Seat Material

T - PTFE

M- Filled PTFE

X - XTREME

Torq-Handle®
Release Mode

1- Spring-to-close

2- Spring-to-open

Optional Limit
Switch

0 - No switch

1 - EW2

2 - 32EX6

3 - 34EX6

Temperature
Rating of 

Fusible Link

0– 165˚F (74˚C)

1– 135˚F (57˚C)

2– 212˚F (100˚C)

3– 286˚F (141˚C)

Example: A 1-1/2" (DN 40) Emergency Shutoff Valve
Assembly Series 2000, screwed end in carbon steel with 316
stainless trim and PTFE seats with +165˚F (74˚C) fusible
link and TORQ-HANDLE set for spring-to-close operation
without limit switches is designated as Figure 1075-
71T010.

* Series 5000 valves only              ** Series 2000 valves only

Figure 1075

Body and Trim 
Materials

Carbon steel with
316 stainless trim

Carbon body with
316 stainless trim

316 Stainless steel

316 Stainless steel

Available Sizes by Valve Type and Seat Material

Style X* and T Seats M Seats

Inches DN inches DN

2000 
5150

1-2 25-50 1-1-1/4 25-30

5150 1/2-2 15-50 1/2-1 15-25

* Series 5000 valves only
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METSO AUTOMATION

Installation Instructions, Maintenance and Operation
IMO’s (Installation, Maintenance and Operating instructions) are shipped with the products. Additional copies 

of these instructions are available. Call your local Metso Automation Distributor, or visit our website.
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for12701
Callout
MSP No. 5ShutdownApprox. 11:10

for12701
Callout
MSP No. 1Start Approx. 11:03

for12701
Callout
MSP No. 4ShutdownApprox. 11:47

for12701
Callout
Pump flowdrops indicating only one pump still running

for12701
Callout
MSP No. 1ShutdownApprox. 11.35



APPENDIX F - NORTH RIVER WPCP DAILY LOG SHEET F2

for12701
Rectangle



APPENDIX F - NORTH RIVER WPCP RAW SEWAGE 
PUMP ENGINE NO. 1 OPERATIONAL DATA SHEET

 
F3



APPENDIX G - LABORATORY TESTING AND APPENDICES G1



APPENDIX G - LABORATORY TESTING AND APPENDICES G2



APPENDIX G - LABORATORY TESTING AND APPENDICES G3



APPENDIX G - LABORATORY TESTING AND APPENDICES G4



APPENDIX G - LABORATORY TESTING AND APPENDICES G5



APPENDIX G - LABORATORY TESTING AND APPENDICES G6



APPENDIX G - LABORATORY TESTING AND APPENDICES G7



APPENDIX G - LABORATORY TESTING AND APPENDICES G8



APPENDIX G - LABORATORY TESTING AND APPENDICES G9



APPENDIX G - LABORATORY TESTING AND APPENDICES G10



APPENDIX G - LABORATORY TESTING AND APPENDICES G11



APPENDIX G - LABORATORY TESTING AND APPENDICES G12



APPENDIX G - LABORATORY TESTING AND APPENDICES G13



APPENDIX G - LABORATORY TESTING AND APPENDICES G14



APPENDIX G - LABORATORY TESTING AND APPENDICES G15



APPENDIX G - LABORATORY TESTING AND APPENDICES G16



APPENDIX G - LABORATORY TESTING AND APPENDICES G17



APPENDIX G - LABORATORY TESTING AND APPENDICES G18



APPENDIX G - LABORATORY TESTING AND APPENDICES G19



APPENDIX G - LABORATORY TESTING AND APPENDICES G20



APPENDIX G - LABORATORY TESTING AND APPENDICES G21



APPENDIX G - LABORATORY TESTING AND APPENDICES G22



APPENDIX G - LABORATORY TESTING AND APPENDICES G23



APPENDIX G - LABORATORY TESTING AND APPENDICES G24



APPENDIX G - LABORATORY TESTING AND APPENDICES G25



APPENDIX G - LABORATORY TESTING AND APPENDICES G26



APPENDIX G - LABORATORY TESTING AND APPENDICES G27



APPENDIX G - LABORATORY TESTING AND APPENDICES G28



APPENDIX G - LABORATORY TESTING AND APPENDICES G29



APPENDIX G - LABORATORY TESTING AND APPENDICES G30



APPENDIX G - LABORATORY TESTING AND APPENDICES G31



APPENDIX G - LABORATORY TESTING AND APPENDICES G32



APPENDIX G - LABORATORY TESTING AND APPENDICES G33



APPENDIX G - LABORATORY TESTING AND APPENDICES G34



APPENDIX G - LABORATORY TESTING AND APPENDICES G35



APPENDIX G - LABORATORY TESTING AND APPENDICES G36



APPENDIX G - LABORATORY TESTING AND APPENDICES G37



APPENDIX G - LABORATORY TESTING AND APPENDICES G38



APPENDIX G - LABORATORY TESTING AND APPENDICES G39



APPENDIX G - LABORATORY TESTING AND APPENDICES G40



APPENDIX G - LABORATORY TESTING AND APPENDICES G41



APPENDIX G - LABORATORY TESTING AND APPENDICES G42



APPENDIX G - LABORATORY TESTING AND APPENDICES G43



APPENDIX G - LABORATORY TESTING AND APPENDICES G44



APPENDIX G - LABORATORY TESTING AND APPENDICES G45



APPENDIX G - LABORATORY TESTING AND APPENDICES G46



APPENDIX G - LABORATORY TESTING AND APPENDICES G47



APPENDIX G - LABORATORY TESTING AND APPENDICES G48



APPENDIX G - LABORATORY TESTING AND APPENDICES G49



APPENDIX G - LABORATORY TESTING AND APPENDICES G50



APPENDIX G - LABORATORY TESTING AND APPENDICES G51



APPENDIX G - LABORATORY TESTING AND APPENDICES G52



APPENDIX G - LABORATORY TESTING AND APPENDICES G53



APPENDIX G - LABORATORY TESTING AND APPENDICES G54



APPENDIX G - LABORATORY TESTING AND APPENDICES G55



APPENDIX G - LABORATORY TESTING AND APPENDICES G56



APPENDIX G - LABORATORY TESTING AND APPENDICES G57



APPENDIX G - LABORATORY TESTING AND APPENDICES G58



APPENDIX G - LABORATORY TESTING AND APPENDICES G59



APPENDIX G - LABORATORY TESTING AND APPENDICES G60



APPENDIX G - LABORATORY TESTING AND APPENDICES G61



APPENDIX G - LABORATORY TESTING AND APPENDICES G62



APPENDIX G - LABORATORY TESTING AND APPENDICES G63



APPENDIX G - LABORATORY TESTING AND APPENDICES G64



APPENDIX G - LABORATORY TESTING AND APPENDICES G65



APPENDIX G - LABORATORY TESTING AND APPENDICES G66



APPENDIX G - LABORATORY TESTING AND APPENDICES G67



APPENDIX G - LABORATORY TESTING AND APPENDICES G68



APPENDIX G - LABORATORY TESTING AND APPENDICES G69



APPENDIX G - LABORATORY TESTING AND APPENDICES G70



APPENDIX G - LABORATORY TESTING AND APPENDICES G71



APPENDIX G - LABORATORY TESTING AND APPENDICES G72



APPENDIX G - LABORATORY TESTING AND APPENDICES G73



APPENDIX G - LABORATORY TESTING AND APPENDICES G74



APPENDIX G - LABORATORY TESTING AND APPENDICES G75



APPENDIX G - LABORATORY TESTING AND APPENDICES G76



APPENDIX G - LABORATORY TESTING AND APPENDICES G77



APPENDIX G - LABORATORY TESTING AND APPENDICES G78



APPENDIX G - LABORATORY TESTING AND APPENDICES G79



APPENDIX G - LABORATORY TESTING AND APPENDICES G80



APPENDIX G - LABORATORY TESTING AND APPENDICES G81



APPENDIX G - LABORATORY TESTING AND APPENDICES G82



APPENDIX G - LABORATORY TESTING AND APPENDICES G83



APPENDIX G - LABORATORY TESTING AND APPENDICES G84



APPENDIX G - LABORATORY TESTING AND APPENDICES G85



APPENDIX G - LABORATORY TESTING AND APPENDICES G86



APPENDIX G - LABORATORY TESTING AND APPENDICES G87



APPENDIX G - LABORATORY TESTING AND APPENDICES G88



APPENDIX G - LABORATORY TESTING AND APPENDICES G89



APPENDIX G - LABORATORY TESTING AND APPENDICES G90



APPENDIX G - LABORATORY TESTING AND APPENDICES G91



APPENDIX G - LABORATORY TESTING AND APPENDICES G92



APPENDIX G - LABORATORY TESTING AND APPENDICES G93



APPENDIX G - LABORATORY TESTING AND APPENDICES G94



APPENDIX G - LABORATORY TESTING AND APPENDICES G95



APPENDIX G - LABORATORY TESTING AND APPENDICES G96



APPENDIX G - LABORATORY TESTING AND APPENDICES G97



APPENDIX G - LABORATORY TESTING AND APPENDICES G98



APPENDIX G - LABORATORY TESTING AND APPENDICES G99



APPENDIX G - LABORATORY TESTING AND APPENDICES G100



APPENDIX G - LABORATORY TESTING AND APPENDICES G101



APPENDIX G - LABORATORY TESTING AND APPENDICES G102



APPENDIX G - LABORATORY TESTING AND APPENDICES G103



APPENDIX G - LABORATORY TESTING AND APPENDICES G104



APPENDIX G - LABORATORY TESTING AND APPENDICES G105



APPENDIX G - LABORATORY TESTING AND APPENDICES G106



APPENDIX G - LABORATORY TESTING AND APPENDICES G107



APPENDIX G - LABORATORY TESTING AND APPENDICES G108



APPENDIX G - LABORATORY TESTING AND APPENDICES G109



APPENDIX G - LABORATORY TESTING AND APPENDICES G110



APPENDIX G - LABORATORY TESTING AND APPENDICES G111



APPENDIX G - LABORATORY TESTING AND APPENDICES G112



APPENDIX G - LABORATORY TESTING AND APPENDICES G113



APPENDIX G - LABORATORY TESTING AND APPENDICES G114



APPENDIX G - LABORATORY TESTING AND APPENDICES G115



APPENDIX G - LABORATORY TESTING AND APPENDICES G116



APPENDIX G - LABORATORY TESTING AND APPENDICES G117



APPENDIX G - LABORATORY TESTING AND APPENDICES G118



APPENDIX G - LABORATORY TESTING AND APPENDICES G119



APPENDIX G - LABORATORY TESTING AND APPENDICES G120



APPENDIX G - LABORATORY TESTING AND APPENDICES G121



APPENDIX G - LABORATORY TESTING AND APPENDICES G122



APPENDIX G - LABORATORY TESTING AND APPENDICES G123



APPENDIX G - LABORATORY TESTING AND APPENDICES G124



APPENDIX G - LABORATORY TESTING AND APPENDICES G125



APPENDIX G - LABORATORY TESTING AND APPENDICES G126



APPENDIX G - LABORATORY TESTING AND APPENDICES G127



APPENDIX G - LABORATORY TESTING AND APPENDICES G128



APPENDIX G - LABORATORY TESTING AND APPENDICES G129



APPENDIX G - LABORATORY TESTING AND APPENDICES G130



APPENDIX G - LABORATORY TESTING AND APPENDICES G131



APPENDIX G - LABORATORY TESTING AND APPENDICES G132



APPENDIX G - LABORATORY TESTING AND APPENDICES G133



APPENDIX G - LABORATORY TESTING AND APPENDICES G134



APPENDIX G - LABORATORY TESTING AND APPENDICES G135



APPENDIX G - LABORATORY TESTING AND APPENDICES G136



APPENDIX G - LABORATORY TESTING AND APPENDICES G137



APPENDIX G - LABORATORY TESTING AND APPENDICES G138



APPENDIX G - LABORATORY TESTING AND APPENDICES G139



APPENDIX G - LABORATORY TESTING AND APPENDICES G140



APPENDIX G - LABORATORY TESTING AND APPENDICES G141



APPENDIX G - LABORATORY TESTING AND APPENDICES G142



APPENDIX G - LABORATORY TESTING AND APPENDICES G143



APPENDIX G - LABORATORY TESTING AND APPENDICES G144



APPENDIX G - LABORATORY TESTING AND APPENDICES G145



APPENDIX G - LABORATORY TESTING AND APPENDICES G146



APPENDIX G - LABORATORY TESTING AND APPENDICES G147



APPENDIX G - LABORATORY TESTING AND APPENDICES G148



APPENDIX G - LABORATORY TESTING AND APPENDICES G149



APPENDIX G - LABORATORY TESTING AND APPENDICES G150



APPENDIX G - LABORATORY TESTING AND APPENDICES G151



APPENDIX G - LABORATORY TESTING AND APPENDICES G152



APPENDIX G - LABORATORY TESTING AND APPENDICES G153



APPENDIX G - LABORATORY TESTING AND APPENDICES G154



APPENDIX G - LABORATORY TESTING AND APPENDICES G155



APPENDIX G - LABORATORY TESTING AND APPENDICES G156



APPENDIX G - LABORATORY TESTING AND APPENDICES G157



APPENDIX G - LABORATORY TESTING AND APPENDICES G158



APPENDIX G - LABORATORY TESTING AND APPENDICES G159



APPENDIX G - LABORATORY TESTING AND APPENDICES G160



APPENDIX G - LABORATORY TESTING AND APPENDICES G161



APPENDIX G - LABORATORY TESTING AND APPENDICES G162



APPENDIX G - LABORATORY TESTING AND APPENDICES G163



APPENDIX G - LABORATORY TESTING AND APPENDICES G164



APPENDIX G - LABORATORY TESTING AND APPENDICES G165



APPENDIX G - LABORATORY TESTING AND APPENDICES G166



APPENDIX G - LABORATORY TESTING AND APPENDICES G167



APPENDIX G - LABORATORY TESTING AND APPENDICES G168



APPENDIX G - LABORATORY TESTING AND APPENDICES G169



APPENDIX G - LABORATORY TESTING AND APPENDICES G170



APPENDIX G - LABORATORY TESTING AND APPENDICES G171



APPENDIX G - LABORATORY TESTING AND APPENDICES G172



APPENDIX G - LABORATORY TESTING AND APPENDICES G173



APPENDIX G - LABORATORY TESTING AND APPENDICES G174



APPENDIX G - LABORATORY TESTING AND APPENDICES G175



APPENDIX G - LABORATORY TESTING AND APPENDICES G176



APPENDIX G - LABORATORY TESTING AND APPENDICES G177



APPENDIX G - LABORATORY TESTING AND APPENDICES G178



APPENDIX G - LABORATORY TESTING AND APPENDICES G179



APPENDIX G - LABORATORY TESTING AND APPENDICES G180



APPENDIX G - LABORATORY TESTING AND APPENDICES G181



APPENDIX G - LABORATORY TESTING AND APPENDICES G182



APPENDIX G - LABORATORY TESTING AND APPENDICES G183



APPENDIX G - LABORATORY TESTING AND APPENDICES G184



APPENDIX G - LABORATORY TESTING AND APPENDICES G185



APPENDIX G - LABORATORY TESTING AND APPENDICES G186



APPENDIX G - LABORATORY TESTING AND APPENDICES G187



APPENDIX G - LABORATORY TESTING AND APPENDICES G188



APPENDIX G - LABORATORY TESTING AND APPENDICES G189



APPENDIX G - LABORATORY TESTING AND APPENDICES G190



APPENDIX G - LABORATORY TESTING AND APPENDICES G191



APPENDIX G - LABORATORY TESTING AND APPENDICES G192



APPENDIX G - LABORATORY TESTING AND APPENDICES G193



APPENDIX G - LABORATORY TESTING AND APPENDICES G194



APPENDIX G - LABORATORY TESTING AND APPENDICES G195



APPENDIX G - LABORATORY TESTING AND APPENDICES G196



APPENDIX G - LABORATORY TESTING AND APPENDICES G197



APPENDIX G - LABORATORY TESTING AND APPENDICES G198



APPENDIX G - LABORATORY TESTING AND APPENDICES G199



APPENDIX G - LABORATORY TESTING AND APPENDICES G200



APPENDIX G - LABORATORY TESTING AND APPENDICES G201



APPENDIX G - LABORATORY TESTING AND APPENDICES G202



APPENDIX G - LABORATORY TESTING AND APPENDICES G203



APPENDIX G - LABORATORY TESTING AND APPENDICES G204



APPENDIX G - LABORATORY TESTING AND APPENDICES G205



APPENDIX G - LABORATORY TESTING AND APPENDICES G206



APPENDIX G - LABORATORY TESTING AND APPENDICES G207


	Site Incident and Observations Report FINAL.pdf
	Table of Contents
	Executive Summary
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	A review of potential causes for the MSP No. 1 Engine fire yielded the following probable causes:
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	During site investigations on July 26 and 27, a reading of 0.5 inches of water column pressure drop across the filter elements on MSP engine No. 5 air intake filter was taken while the engine was operating.  This reading was taken to evaluate the air ...
	During operation, the following temperature readings were taken at various locations on MSP No. 5 Engine.  This engine is of the same manufacturer and age as MSP No.1 Engine.
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	/
	Figure No. 1
	engine fluids
	The engines and Engine Room contain numerous combustion gases, combustion liquids, and lubrication liquids.   The National Fire Protection Agency (NFPA) classifies flammable and combustible liquids based on the flash point temperature of the liquid.  ...
	Flash Point Temperature Auto-Ignition Temperature
	Natural Gas    -                          1,076  F
	Diesel Fuel    125  F    410  F
	Lubrication Oil          420  F – 485  F        465  F – 815  F
	Definitions:
	Flash Point is the minimum temperature that a combustible fluid produces sufficient vapor to yield a combustible mixture.
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