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Motivation for Configured Fireside Simulator (CFS)

▪ Incineration is a likely treatment technology to destroy residual 
chemical and biological (CB) threat agents from a contamination 
incident
• On-site
• Off-site

▪ Substrates on which these agents will be bound have a profound 
impact on the behavior of the waste streams in the incinerators.

▪ Full-scale testing may not be able to encompass the variety of 
materials and agents.

▪ Logistical and public perception issues may make it very difficult or 
impossible to do testing at a specific incineration facility with the 
specific types of materials that would be containing these trace 
level contaminants.
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History of CFS Software

▪ The Configured Fireside Simulator 
(CFS)
• Originally developed for the 

Department of Defense to evaluate 
operations of the chemical 
demilitarization incinerators 
processing the US’s chemical 
warfare agent stockpile

▪ Destruction kinetics developed for 
US warfare agent stockpile
• GB, VX, HD, H, HT
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CFS Software for EPA
▪ Adapted to provide for the ability to run “what if” scenarios of 

waste streams contaminated with CB agents
• EPA’s pilot-scale Rotary Kiln Incinerator Simulator (RKIS)
• Three commercial incinerators based on design criteria for actual operating 

facilities
o Medical/Pathological Waste Incinerator
o Hazardous Waste Burning Rotary Kiln
o Waste-to-Energy Stoker type combustor. 

▪ CFS uses chemical kinetic data for destruction of chemical warfare 
agents

▪ Added biological agent destruction kinetic data derived from 
bench- and pilot-scale experiments performed at EPA’s Research 
Triangle Park, NC facility
• Also a generic agent Arrhenius destruction input has been added
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Incinerators in the CFS
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Incinerator Modeling Approach

Zonal Furnace Model
- less than 5 zones to represent 

furnace

Mimics unsteady operation of primary furnace & afterburner

- agent vaporization; burner turndown; quench flow

Provides

- Reality check
- Flow rates for detailed CFD simulation

Afterburner
1. CFD Combustion
2.  Agent Destruction

CFD Furnace Model
- 106 “zones” to represent furnace

Full, 3D Combustion flow field
- gas velocity, temperature, composition 
- wall/shell heat transfer, temperature

Localized mixing

Predict Agent Destruction
- CWA / Simulant

Streamline calculation
- use detailed chemical mechanism 

CFD based calculation
- using a global model



Transient Zonal Incinerator Model

▪ Solve a set of Ordinary Differential Equations (ODEs)
• Gas (Furnace)

o Mass, Enthalpy, Material

• Contaminated Substrate Matrix (Bundle)
o Discretized to capture gradients of temperature, material

▪ Gas Approach
• One control volume for each zone

▪ Equilibrium at each time step
• Enthalpy, elemental composition => Temp., Xspecies

▪ Runge-Kutta integration with time step control
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Transient Model RKIS Results
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Incinerator Model

Zonal Furnace Model
- 3 (4) zones to represent furnace

Mimics operation of primary furnace & afterburner

- agent vaporization; burner turndown; quench flow

Provides

- Reality check
- Flow rates for detailed CFD simulation

CFD Furnace Model
- 106 “zones” to represent furnace

Full, 3D Combustion flow field
- gas velocity, temperature, composition 
- wall/shell heat transfer, temperature

Localized mixing



CFD Model

▪ In House Code BANFF

▪ Full Equilibrium Chemistry
• “Mixed is burnt” assumption

• Good assumption for combustion flow field

▪ Major species, heat release, flow patterns

▪ Only need thermodynamic data

▪ Inadequate when kinetics are important 
• Need kinetics to predict agent destruction, NOx, Metals, PICs
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RKIS Gas Temperature Distribution
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Gas Temperature Distribution
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Agent Destruction

Zonal Furnace Model
- 3 zones to represent furnace

Mimics unsteady operation of primary furnace & afterburner

- agent vaporization; burner turndown; quench flow

Provides

- Reality check
- Flow rates for detailed CFD simulation

Afterburner
1. CFD Combustion
2.  Agent Destruction

CFD Furnace Model
- 106 “zones” to represent furnace

Full, 3D Combustion flow field
- gas velocity, temperature, composition 
- wall/shell heat transfer, temperature

Localized mixing

Predict Agent Destruction
- CWA / Simulant

Streamline calculation
- use detailed chemical mechanism 

CFD based calculation
- using a global model



Agent Destruction
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CFS Added Capabilities

▪ Multiple Feed types
• Commercial Kiln Model 

allows for different 
material at each feed 
event.

• Medpath and Stoker 
feed defined from a set 
of different materials.
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Summary

▪ The Configured Fireside Simulator (CFS)
• Originally developed for the Department of Defense to evaluate 

operations of the chemical demilitarization incinerators processing 
the US’s chemical warfare agent stockpile

▪ Adapted to provide for the ability to run “what if” scenarios of 
waste streams contaminated with CB agents
• EPA’s pilot-scale Rotary Kiln Incinerator Simulator (RKIS)
• Three commercial incinerators based on design criteria for actual 

operating facilities
o Medical/Pathological Waste Incinerator
o Hazardous Waste Burning Rotary Kiln
o Waste-to-Energy Stoker type combustor
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Disclaimer

Reference herein to any specific commercial products, process, or 
service by trade name, trademark, manufacturer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, 
or favoring by the United States Government. The views and opinions 
of authors expressed herein do not necessarily state or reflect those of 
the United States Government, and shall not be used for advertising or 
product endorsement purposes.


