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NOMENCLATURE 
 
ABTR Advanced Breeder Test Reactor 
CFD Computational Fluid Dynamics 
IHTS Intermediate Heat Transport System 
IHX Intermediate Heat Exchanger 
LDRD Laboratory Directed Research and Development 
PCHE Printed Circuit Heat Exchanger 
PHTS Primary Heat Transport System 
PIRT Phenomena Identification and Ranking Table 
SNL Sandia National Laboratories 
TRU Transuranic 
 
Chemical Formulas 
 
CO2  Carbon Dioxide 
Mo  Molybdenum 
Na  Sodium 
Na2O  Sodium Oxide 
Na2O2  Sodium Peroxide 
S-CO2  Supercritical Carbon Dioxide 
U  Uranium  
 
Symbols 
 
atm  Standard Atmosphere 
°C  Degrees Centigrade 
g  Gram 
K  Degrees Kelvin  
kg  Kilo-gram 
s  Second 
m  Meter 
MWe  Megawatt Electric 
MWt  Megawatt Thermal 
Pa  Pascal 
W  Watt 
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1 INTRODUCTION 
1.1 Overview 
 

This report documents the results of a Phenomena Identification and Ranking Table 
(PIRT) exercise performed at Sandia National Laboratories (SNL) as well as the experimental 
and modeling program that have been designed based on the PIRT results. 
 

A PIRT exercise is a structured and facilitated expert elicitation process.  In this case, the 
expert panel was comprised of nine recognized fire science and aerosol experts.  The objective of 
a PIRT exercise is to identify phenomena associated with the intended application and to then 
rank the current state of knowledge relative to each identified phenomenon.  In this particular 
PIRT exercise the intended application was sodium fire modeling related to sodium-cooled 
advanced reactors. 
 

The panel was presented with two specific fire scenarios, each based on a hypothetical 
sodium leak in an Advanced Breeder Test Reactor (ABTR) design.  For both scenarios the figure 
of merit was the ability to predict the thermal and aerosol insult to nearby equipment (i.e.  heat 
exchangers and other electrical equipment).  When identifying phenomena of interest, and in 
particular when ranking phenomena importance and the adequacy of existing modeling tools and 
data, the panel was asked to subjectively weigh these factors in the context of the specified figure 
of merit. 
 

Given each scenario, the panel identified all those related phenomena that are of potential 
interest to an assessment of the scenario using fire modeling tools to evaluate the figure of merit.  
Each phenomenon is then ranked relative to its importance in predicting the figure of merit.  
Each phenomenon is then further ranked for the existing state of knowledge with respect to the 
ability of existing modeling tools to predict that phenomena, the underlying base of data 
associated with the phenomena, and the potential for developing new data to support 
improvements to the existing modeling tools. 
 

For this PIRT two hypothetical sodium leak scenarios were evaluated for the ABTR 
design.  The first scenario was a leak in the hot side of the intermediate heat transport system 
(IHTS) resulting in a sodium pool fire.  The second scenario was a leak in the cold side of the 
IHTS resulting in a sodium spray fire.     
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2 OVERVIEW OF THE PHENOMENA IDENTIFICATION RANKING 
TABLE PROCESS APPLIED 

2.1 Background 
 

A PIRT exercise is a formal expert elicitation process with the final output being the 
ranking tables.  The goal of the PIRT exercise was to develop input for the Metal Fire Laboratory 
Directed Research and Development (LDRD) experimental program.  The input from this 
exercise has been used for the design of the discovery sodium fire experiments.  This data will be 
used to develop sodium fire modeling codes.  This PIRT process provides insight to those areas 
of sodium fire modeling that experts consider to be (1) important, (2) poorly understood or 
poorly dealt with given the current state of the art, and (3) amenable to additional research.   
 
2.2 Selection of Panelists 
 

Members of the PIRT panel were identified by the SNL staff.  The selected panelists 
represent a range of specific expertise areas and backgrounds.  Metal fire/combustion and 
advanced reactor technology are highly specialized fields of expertise, and the number of 
individuals in the world with suitable expertise, experience, and recognition is limited.  
 

The individuals who made up the expert panel include eight SNL technical staff members 
and one University of Buffalo Professor.  The panel members were: 
 

• Amalia R. Black 
• John E. Brockmann 
• Tze Yao (T.Y.) Chu 
• Paul E. DesJardin 
• Stefan P. Domino 
• Kenneth L. Erickson 
• John C. Hewson 
• Dana A. Powers 

 
The three SNL staff technical area experts were:  
 
• Thomas K. Blanchat 
• Jeanne A. Dion 
• Gary E. Rochau 
 
The two SNL staff facilitators were: 
 
• Vernon F. Nicolette 
• Tara J. Olivier 

 
All of the selected panelists and technical area experts are widely recognized and 

published.  Appendix A presents the resumes supplied by each PIRT participant.   
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2.3 The PIRT Process Applied 
 

This section describes the PIRT process as exercised for this project.  The scenarios were 
evaluated together as most of the identified phenomena were the same if not similar.  For the two 
fire scenario, the panelists were asked to complete the following stages of assessment: 
 

1. Understand the given fire scenario and figure of merit, and ask clarifying questions as 
needed. 

2. Identify phenomena of interest.  
3. Rank the importance of each phenomenon in the context of the figure of merit. 
4. Rank the state of knowledge of each phenomenon relative to the model adequacy, code 

adequacy, available input data, feasibility of obtaining new input data, available 
validation data, and the feasibility of obtaining new validation data.  This step was only 
performed on those phenomena that were ranked with a high or medium importance. 

 
To complete the first stage of analysis, the given fire scenario was presented to the 

panelists.  Panelists were given an opportunity to ask any clarifying questions, and the technical 
area experts supporting the process often played a key role in answering such questions.  Once a 
list of phenomena had been developed, the next stage of the analysis was to rank each 
phenomenon for importance relative to the figure of merit.  The panel was asked to rank 
phenomena importance according to the descriptors provided in Table 2-1.   

 
Table 2-1: Phenomena importance ranking definitions 

 
Descriptor: Definition: 
High (H) First order importance to figure of merit of interest. 
Medium (M)  Secondary importance to figure of merit of interest. 

Low (L) Negligible importance to figure of merit of interest.  Not 
necessary to model this parameter for this application. 

Uncertain 
(U) 

Potentially important.  Importance should be explored through 
sensitivity study and/or discovery experiments and the PIRT 
revised accordingly. 

 
 
The state of knowledge rankings were performed next on those phenomena that were 

ranked with a high importance ranking as well as most of the phenomena ranked with a medium 
importance ranking.  There were six categories ranked for each phenomenon in respect to the 
state of knowledge.  The first category was the assessment of model adequacy.  This was meant 
as the general adequacy of existing fire modeling tools to meet the needs for modeling each 
identified phenomenon.  This stage also includes ranking the code adequacy, which is specific to 
actual computer code adequacy.  The descriptors for model and code adequacy are shown below 
in Table 2-2.  The panelists were then asked to rank the adequacy of existing data needed to 
support model development and model validation.  These descriptors are shown in Table 2-3.  
During the last stages the experts were to rank the feasibility of obtaining new model input and 
validation data if the existing data adequacy were ranked as anything other than “high”.  The 
description for this stage of the state of knowledge rankings are defined in Table 2-4.   
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Table 2-2: Model adequacy ranking definitions 

 
Descriptor: Definition: 
High (H) At least one mature physics-based or correlation-based model is 

available that is believed to adequately represent the phenomenon 
over the full parameter space of the applications. 

Medium (M) Significant discovery activities have been completed.  At least one 
candidate model form or correlation form has emerged that is 
believed to nominally capture the phenomenon over some portion of 
the application parameter space. 

Low (L) No significant discovery activities have occurred and model form is 
still unknown or speculative. 

Uncertain (U) The panel is unaware of the existing state of fire modeling tools with 
respect to this phenomenon.   

 
Table 2-3: Data adequacy descriptors for existing model input and validation data 

 
Descriptor: Definition: 
High (H) A high resolution database (e.g., validation grade data set) exists, or 

a highly reliable assessment can be made based on existing 
knowledge.  Data needed are readily available. 

Medium (M) Existing database is of moderate resolution, or not recently updated.  
Data are available but are not ideal due to age or questions of 
fidelity.  Moderately reliable assessments of models can be made 
based on existing knowledge. 

Low (L) No existing database or low-resolution database in existence.  
Assessments cannot be made with even moderate reliability based 
on existing knowledge. 

 
Table 2-4: Data adequacy descriptors for the potential to develop new data to support 

model development and validation. 
 

Descriptor: Definition: 
High (H) Data needed are readily obtainable based on existing experimental 

capabilities. 
Medium (M) Data would be obtainable but would require moderate, readily 

attainable extensions to existing capabilities. 
Low (L) Data are not readily obtainable and/or would require significant 

development of new capabilities. 
 

 10



3 PIRT SCENARIO DESCRIPTIONS 
 

As mentioned above, this PIRT exercise consisted of two fire scenarios related to the 
ABTR design.  The first scenario is a sodium leak in the hot side of the IHTS resulting in a 
sodium pool fire.  The second scenario is a sodium leak in the cold side of the IHTS resulting in 
a sodium spray fire.  This section explains the details of these two scenarios that were presented 
to the panel.  All of the information about the design of the ABTR was taken from the Advanced 
Burner Test Reactor Preconceptual Design Report [1].   
 
The ABTR design was chosen for this exercise for the following reasons: 

• the design supports the development of prototype full scale Advanced Burner 
Reactors 

• design aspects are similar to previous sodium cooled reactors, and 
• details of the design are readily available. 

 
The ABTR is a pool type sodium cooled reactor whose characteristics are listed in Table 3-

1.  The ABTR utilizes a pool-type primary cooling system where the reactor core, primary 
pumps, intermediate heat exchanger (IHX), and direct reactor auxiliary cooling system heat 
exchangers are submerged in a pool of liquid sodium.   
 

Table 3-1: ABTR Design Parameters [1] 
 

Reactor Power 250 MWt, 95 MWe 
Coolant Sodium 
Coolant Temperature, 
Inlet/Outlet 

355°C/510°C 

Driver Fuel Reference: Metal (~20% TRU, 80% U) 
Backup: Oxide 

Cladding and Duct Material HT-9 
Cycle Length 4 Months 
Plant Life 30 years with the expectation of life 

extension 
Reactor Vessel Size 5.8 m diameter, 16 m height 
Structural and Piping 
Material 

Austenitic Stainless Steel 

Primary Pump Reference: Electromagnetic 
Backup: Mechanical (centrifugal) 

Power Conversion Cycle Reference: Supercritical CO2 Brayton 
Backup: Steam Rankine 

Thermal Efficiency 38% 
 
 

The hot primary sodium transfers heat to the secondary sodium via a shell-in-tube IHX.  
The primary sodium is re-circulated with pumps through the core again.  The secondary sodium 
travels through pipes to the auxiliary room where the heat exchangers are located for the power 
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generation production.  Two forms of power generation are being considered: a Brayton cycle 
supercritical carbon dioxide (S-CO2) system and a Rankine cycle steam system.   
 

The containment building and the passage ways used to transport the fuel assemblies to 
and from the reactor are inerted to prevent oxygen reactions with sodium.  The auxiliary room 
containing the heat exchangers for power generation and the intermediate loop pumps are not 
inerted.   
 
3.1 Details of Scenario 1: Sodium Pool Fire in Hot Leg 
 

The first fire scenario is a postulated leak in the hot side of the IHTS, which results in a 
sodium pool fire.  The IHTS circulates the secondary sodium coolant, which transfers heat 
between the primary heat transport system (PHTS) and the S-CO2 power generation system.  The 
PHTS transfers heat to the IHTS through a shell-in-tube sodium to sodium intermediate heat 
exchanger (IHX).  The secondary sodium is heated in the IHX, exits the reactor containment and 
then travels to the S-CO2 production facility (located within the reactor building).  A compact 
heat exchanger design, called the printed circuit heat exchanger (PCHE), is used for sodium to S-
CO2 heat transfer.  After the secondary sodium exits the PCHEs, an electromagnetic pump (EM) 
circulates the sodium back to the cold side of the IHX in the reactor containment.  The major 
components are the EM pump, PCHE, sodium storage tank, and the piping that connects these 
components to each other and the IHX [1].   
 

The IHX has secondary sodium flowing through tubes and primary sodium in the shell 
side.  The tubes are made from modified 9Cr-1Mo steel while the other components are made 
from austenitic steel.  Dissimilar metal welds are required since the secondary sodium flows to 
the IHTS pipes.   
 

The PCHEs are compact counter flow heat exchanger designs where sodium and CO2 
liquid flow through micro-etched channels in 316 stainless steel sheets which have been welded 
together.  Each of these heat exchangers is 1m long, by 0.6 m wide, by 0.6 m high and weighs 
1.73 tons with a channel void fraction of 0.309.  All IHTS pipes are made from 304 stainless 
steel (40.6 cm outer diameter and 1.27 cm wall thickness) and are enclosed in secondary piping.   
 

The specifications for the leak in Scenario 1 are described here.  For this scenario the panel 
considered a leak in the hot leg of the secondary system as shown in Figure 3.1.  The secondary 
sodium characteristics are: 
 
 Temperature: 488°C 
 Pressure: ~1 atm 
 Density: ~ 900kg/m3 
 Pipe Flow Rate: 628 kg/s   
 Pipe Flow Velocity: 5.2 m/s 
 Leak Flow Velocity: 15 m/s 
 Leak Flow Rate: ~5 kg/s 
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The figure of merit for this scenario is the ability to predict the thermal and aerosols insult 
to nearby equipment (i.e.  PCHEs and electrical equipment).  How important are the identified 
phenomena to predict the thermal and aerosols insult to nearby equipment, and with what 
adequacy can they be modeled? 
 

 
 

Figure 3-1: The IHTS System [1] 
 
3.2 Details of Scenario 2: Sodium Spray Fire in Cold Leg 
 

The second fire scenario is a postulated leak in the cold side of the IHTS, which results in a 
sodium spray fire.  The location of the leak is in a pipe joint in the cold leg of the secondary 
loop, immediately downstream from an EM pump (shown in Figure 3-1).  The properties of the 
sodium flowing through this pipe are listed below: 
 
 Temperature:  326 °C 
 Density: ~940 kg/m3 
 Pressure:  0.2 MPa (gauge) 
 Pipe Flow Rate:  645 kg/s 
 Pipe Flow Velocity: 6.5 m/s 
  

A small crack develops at this joint, resulting in a sodium spray fire with a flow rate of 0.2 
kg/s.  This spray persists for nearly 10 minutes before corrective actions are taken, resulting in 
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approximately 120 kg of sodium being released.  As seen in Figure 3-2, the spray region could 
include the heat exchangers for the power conversion unit.  These heat exchangers could be 
either sodium-to-CO2 PCHE’s or sodium-to-water (steam generators).   
 

The figure of merit for Scenario 2 is the ability to predict the thermal and aerosols insult to 
nearby equipment (i.e.  PCHEs and electrical equipment).   

 
 

Figure 3-2: Potential Configuration of PCHE’s [1]. 
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4 PIRT PHENOMENA 
 

This section will present the results of the PIRT exercise for both scenarios.  It should be 
noted that there was a second cut at the importance rankings for the phenomena that were 
identified as high importance, because after reviewing the initial table it was apparent that over 
half the total phenomena were ranked as high importance.  Therefore, the second cut was applied 
to some of the high importance ranking phenomena in order to delineate and make a finer 
gradation between them.  There were some phenomena that were not in the second cut by the 
panel and their rankings remain high importance based on the previous description.  The second 
cut ranking scheme is as follows: 
 
 High3 (H3): of the very highest importance to the figure of merit 
 High2 (H2): of moderately high importance to the figure of merit 

High1 (H1): of less importance than either of the above, but still important to the figure 
of merit. 

 
The phenomena list that was identified by the panelists for both scenarios is listed below.  

The number scheme will remain the same for both scenarios.  Not all phenomena are applicable 
to both scenarios.   
 
1.  Pool Fire Surface Burning 

A. Radiation Flux from Pool Burning Surface 
B. Radiation Flux to Pool Burning Surface 
C. Mass Burning Rate  
D. Pool Heating Rate 
E. Mass Burning Rate if Radiation is Important  
F. Conduction/Convective Flux 
G. Near Surface Size and Distribution of Aerosol Particles 
H. Damaged State (Complex Surfaces) 
I. Gaseous Products of Metal Reaction and Velocity of Gaseous Products Coming off of 

the Surface 
J. Source of Sodium Aerosols 
K. Treatment of the Oxide Crust 
L. Film Thickness in Sodium Pool Spreading (Viscosity Issue) 
M. Burning on Surface 
N. Pressure Effect on Combustion (Vapor) 

2.  Plume Dynamics 
A. Momentum Transport (i.e.  Velocity Field) 
B. Turbulence Production 
C. Mixing (Turbulence Model), Oxidizer Transport 
D. Temperature Distribution (Fluctuations) 

3.  Spray Dynamics 
A. Prediction of Droplet Particle Average Velocity  
B. Prediction of Droplet Particle Velocity Distribution/Range  
C. Prediction of Single Droplet Particle Average Size 
D. Prediction of Droplet Particle Size Distribution/Range 
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E. Droplet Particle Velocity Variation/Range 
F. Particle Clouds over Multiple Control Volumes (Basic Capability) 
G. Particle Clouds over Multiple Control Volumes (Effects of  Solid Interactions/Flow 

Strain) 
H. Basic Evaporation/Combustion Models 
I. Finite-Slip Corrections to Evaporation/Combustion Models 
J. Transition to Group Combustion Mode  
K. Multi-Component Droplet Capabilities 
L. Source for Sodium Aerosols  
M. Chemical Kinetics of Sodium Combustion 
N. Molecular Diffusion Coefficient Across Diffusion Flame  
O. Gas-Band Radiation from Diffusion Flames 
P. Radiation from Aerosols in Diffusion Flame 
Q. Mass Flux of Aerosols through Diffusion Flame (i.e.  diff-diff) 
R. Sodium Particle Collision 
S. Inertial Impact of Molten Sodium  
T. Burning on Surface 

4.  Aerosol Dynamics 
A. Source of Sodium Aerosols 
B. Thermopheric Transport of Aerosols 
C. Radiation to/from Individual Aerosols 
D. Electrical Properties 
E. Turbulent Inertial Deposition 
F. Gravitational Settling 
G. Interception 
H. Electro-Static Deposition  
I. Aerosol Agglomeration 
J. Hydrolysis of Peroxides 
K. Aerosol Particle Charging 
L. Sodium Carbonate Deposition 
M. Sodium Hydroxide Aerosol Deposition  
N. Sodium Peroxide Aerosol Deposition  
O. Thermal Interaction of Deposit Layer for Aerosol Mixture (i.e.  an Effective 

Conductivity Model or other Treatment) 
P. Effective Emissivity of Deposit Layer 
Q. Thermophoresis Effect on Deposition Flux 

5.  Radiation Heat Transfer 
A. Radiation to/from Individual Aerosols 
B. Radiation Transport for Absorption/Emission 
C. Radiation Transport for Scattering 
D. Lagrangian Absorption/Emissive Coupling with Radiation Field 
E. Spectral Dependence of Radiation Field 
F. Lagrangian Scattering Coupling with Radiation Field 
G. Overall Joint-Temperature-Absorption Coefficient Distribution    
H. Gas-Band Radiation from Diffusion Flames 

6.  Concrete-Sodium Interactions 
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A. Hydrogen Production 
7.  Liquid Molten Jet 

A. Liquid Splashing on Solid 
B. Liquid into Pool 
C. Liquid Jets, Jet Breakup 
D. Vapor Jet into Liquid 
E. Spray Formation in Vapor Jet 

8.  Chemistry (Needed for Quenching) 
A. Burning on Surface 
B. Condensed-Phase Reactions with Substrate 
C. Wetting/Sticking Properties of Sodium on Expected Surfaces 
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5 PIRT RESULTS AND DISCUSSION 
 

The phenomena identification and ranking tables themselves are the output of the PIRT 
process.  However, as a part of the reporting process, the raw tables have been analyzed and the 
identified phenomena have been summarized based on four levels of overall importance.  The 
overall importance is judged based on two factors; namely, the importance ranking assigned by 
the panelists and the state of knowledge ranking.  The overall importance levels are defined as 
follows: 
 

• Level 1: The highest level of overall importance is assigned to those phenomena that 
were ranked with a high level of importance and a low state of knowledge. 

• Level 2: The second level of overall importance was assigned to those phenomena 
that were ranked with either a high importance and medium state of knowledge or 
medium importance and low state of knowledge.   

• Level 3: The third level was assigned to those phenomena that were given one of the 
following rankings: high importance with a high state of knowledge; medium 
importance with either a medium or high state of knowledge; or low importance 
given with having a low, medium, or high state of knowledge.  These rankings reflect 
a panel opinion that the phenomena are either important but well understood, or are 
relatively unimportant.   

• Level 4: The fourth level of overall importance was assigned to those phenomena that 
were ranked as uncertain by the panelists for importance ranking and/or state of 
knowledge rankings.  This level represents areas that might require further 
exploration before a true assessment of importance and state of knowledge is 
possible.   

 
This section of the report presents the phenomena presented by the overall importance 

levels described above.  These levels were identified in order to delineate research priority for 
the sodium fire experiments and modeling.  The detailed results for each phenomenon can be 
found in Appendix B.   
 
5.1 Scenario 1, Sodium Pool Fire PIRT Results 
 

This section presents the results of the PIRT specifically for Scenario 1, which is a sodium 
pool fire.   Table 5-1 presents the Level 1 phenomena.  Table 5-2 presents the Level 2 
phenomena.  Table 5-3 through Table 5-7 displays the Level 3 phenomena.  Table 5-8 presents 
the Level 4 Phenomena.   

 
In reviewing Table 5-1, the Level 1 phenomena for Scenario 1 will be discussed.  For Pool 

Fire Surface Burning there are four sub-phenomena that were analyzed as having Level 1 
research priority.  The first is mass burning rate if radiation is important, which was ranked with 
a high importance ranking because this phenomena for pool fires will affect the heat release rate.  
The state of knowledge rankings were low for all categories and it was noted that the 
uncertainties with this phenomenon are the sodium optical properties.  The next sub-phenomena 
is near surface size and distribution of aerosol particles, which was ranked with an importance 
ranking of Medium to High2 based on the uncertainty associated with the near field distribution.  
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This uncertainty is reflected in the low state of knowledge rankings.  The next sub-phenomenon 
is source of sodium aerosols, which was ranked with High3 importance and low state of 
knowledge rankings.  This refers to the fraction of oxide that is released as aerosol versus the 
fraction deposited within the pool, the former having consequences for radiative heat transfer and 
especially for the aerosol exposure of surrounding equipment.  In previous work related to 
sodium combustion there has been little research done for sodium aerosols, and the available 
data shows substantial scatter.  This topic area was a reoccurring theme throughout the PIRT.  
The final sub-phenomenon for this topic was the film thickness in sodium pool spreading 
(viscosity issue), which was ranked with an importance ranking from Medium to High3. These 
rankings were associated with the uncertainty in this phenomenon.  The overall state of 
knowledge rankings for this phenomenon were low. 

 
The next topic for the Level 1 phenomena is Aerosol Dynamics, which has one sub-

phenomenon associated with it.  This sub-phenomenon is source of sodium aerosols, which was 
ranked with a high importance ranking and a low state of knowledge.  Past research does not put 
an emphasis on this phenomenon.   

 
The Concrete-Sodium Interaction topic has the sub-phenomenon, hydrogen production 

associated with it.  As shown in Table 5-1 this phenomenon was ranked with a high importance 
ranking with an overall low state of knowledge.  This is important in nuclear power plant 
applications because of the large amounts of concrete in these facilities.  There has been research 
done in the past, the panelists mentioned the uncertainties associated with the large variety of 
concrete compositions.    

 
The next topic in Table 5-1 is Liquid Molten Jet with one sub-phenomena associated with 

it.  This sub-phenomenon is liquid into pool that refers to the formation of a pool from liquid 
molten sodium impinging on a surface.  It was ranked with a high importance ranking with an 
overall low state of knowledge.  The most significant uncertainties with this phenomenon are 
with the rate of spreading of the sodium pool and the physics of quenching the sodium pool in 
regards to the heat transfer balance. 

 
The final topic in Table 5-1 is Chemistry, which also has one sub-phenomenon associated 

with it.  This sub-phenomenon is condensed-phase reaction with substrate, which was also 
analyzed with a Level 1 research priority.  The high importance ranking for this phenomenon is 
based on the potential for sodium-concrete reaction, which will produce hydrogen gas.  As 
indicated above, there is some available data with corresponding phenomenological models, but 
the applicability of these is unknown given the wide variety of concrete compositions and 
characteristics. 
 
5.2 Scenario 2, Sodium Spray Fire PIRT Results 
 

This section presents the results of the PIRT specifically for Scenario 2, which is a sodium 
spray fire.   Table 5-9 presents the Level 1 phenomena.  Tables 5.10 and 5.11 present the Level 2 
phenomena.  Tables 5.12 through 5.14 display the Level 3 phenomena.  Table 5.15 presents the 
Level 4 Phenomena.   
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In reviewing Table 5-9, the Level 1 phenomena for Scenario 2 will be discussed.  The first 
topic is Pool Fire Surface Burning, which has two sub-phenomena associated with the Level 1 
research priorities.  Both of these phenomena are related to the possible deposition of non-
oxidized sodium droplets on surfaces, and the potential for this deposit to burn on the surface.  
The first sub-phenomena is the film thickness in sodium pool spreading (viscosity issue), which 
was also a Level 1 research priority for Scenario 1.  This phenomenon was ranked with an 
importance ranking from Medium to High3, which was associated with the large uncertainty in 
the range of scenarios: for a range of leak characteristics the deposit of burning droplets will be 
sensitive to the spreading (or lack of spreading) of the deposit.  The overall state of knowledge 
rankings for this phenomenon was determined to be low.  The next sub-phenomenon is burning 
on surface which is important for a sodium spray fire.  The state of knowledge rankings overall 
were low, in particular because of the uncertainties in the spreading rates and the effect of the 
oxidation that already occurred in the spray mode.  The adequacy of the models and codes were 
low, but the available input data was medium since some research has been performed.   
 

The next Level 1 topic in Table 5-9 is Spray Dynamics.  The first of two sub-phenomena 
associated with this topic is source of sodium aerosols, which was ranked with a high importance 
and a low state of knowledge.  This phenomenon pertains to the fraction of oxides that remain 
with the droplet versus the fraction that aerosolizes.  The second sub-phenomenon is burning on 
surface which has been a recurring theme for the Level 1 research priority for this PIRT.  This 
phenomenon was ranked with a high importance ranking and an overall low state of knowledge.   
 

The next topic is Liquid Molten Jet with one sub-phenomenon associated with it.  This 
sub-phenomenon is liquid into pool, which is specific to the non-oxidized sodium spray, 
potentially containing larger liquid slugs, collecting on a surface.  This is associated with the 
aforementioned pool fire surface burning issues.  It was ranked with a high importance ranking 
with an overall low state of knowledge.  The uncertainties with this phenomenon are based on 
the difficulties with the heat transfer balance of quenching the pool of sodium that is forming on 
the surface.  
 

The final topic in Table 5-9 is Chemistry (Needed for Quenching), which has two sub-
phenomena associated with it.  The first sub-phenomenon is burning on surface, which was 
specific to the sodium hitting an object and burning.  This phenomenon was ranked with a high 
importance and an overall low state of knowledge.  The second sub-phenomenon is condensed-
phase reaction with substrate, which was also analyzed with a Level 1 research priority.  The 
high importance ranking for this phenomenon was based on the potential for sodium-concrete 
reaction, which will produce hydrogen gas.   

 
5.3 Summary of Research Priority Phenomena  
 

This section will present a summary of the general research priorities obtained through the 
PIRT process for both scenarios.  The focus for this section is on the research priorities that will 
be further researched throughout this program.  The general topics include aerosol dynamics and 
surface burning, radiative heat transfer, and sodium chemistry related to quenching.    
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5.3.1 Oxides aerosol, crust, or solution 
Sodium can oxidize on its surface, but tends towards steady-state oxidation in the gas phase.  

Oxides of sodium can form aerosols, particularly if the oxidation occurs in the gas phase, but it 
has been observed that only a fraction of the oxide produced forms an aerosol with the fraction 
of aerosol reported ranging from 0.1 to 0.7.  The remaining oxide forms either a crust on the 
surface of the sodium metal or ends up within the metal (either as a solution or precipitate).  
Previous work has discussed the evolution of surface oxide crusts to solutions or precipitates as a 
function of the pool temperature.  The fraction that forms an aerosol is important for two reasons: 
this oxide is removed from the crust (next paragraph) and the consequences of the aerosolized 
oxide, being a significant hazard to electrical equipment, can extend much farther.    

5.3.2 Surface burning and oxygen transport through oxide crusts 
Sodium oxidation is generally observed to be limited by oxygen transport (models based on 

this concept have performed well in the past).  However, existing correlations of burning rates 
are for pools at steady-state temperatures on the order of 1000 K where oxides melt and sink to 
the bottom of pools.  At lower temperatures relevant to suppression and consequence mitigation, 
oxides form a porous crust on the surface that may inhibit oxidizer transport and thereby the rate 
of heat release associated with pools.  Since substantial thermal damage is hypothesized to occur 
in close vicinity to sodium pool fires the prediction of the oxidation rate will be important for 
predicting thermal damage to surfaces on which sodium pools form.   

5.3.3 Radiative heat transfer 
Oxidizing sodium can lose a substantial thermal energy through radiative transport.  This 

radiative transport takes thermal energy away from the sodium that deposits on surfaces and can 
put that thermal load on nearby equipment.  We are unaware of heat transfer measurements in 
sodium pool fires that measure this radiative heat transfer, and propose to carry out appropriate 
measurements.   These measurements are carried out using heat flux gauges around spray and 
pool fires.     

5.3.4 Thermal coupling of sodium pools to surfaces 
The high thermal conductivity of sodium that makes it desirable as a reactor coolant also 

leads to rapid heat transfer between sodium that pools on surfaces following sprays and pours.  
Initial analysis carried out by our group suggests that, until the facility surfaces reach the sodium 
temperatures, the fastest heat transfer will often be through thermal coupling (conduction) of 
sodium pools to surfaces.  For example, the thermal conductivity time scale (thickness2/thermal 
diffusivity) for sodium for a centimeter thick layer is less than one second.  This is much less 
than the oxidation time for pool burning so that we can expect pool fires for many spills to be 
occurring at temperatures close to the surface temperatures where the sodium pools.  We are not 
aware of any measurements of the thermal insult to surfaces below sodium pools.  These 
measurements are also useful for characterizing pool oxidation rates when the majority of the 
heat release is transmitted through the pool to the surface below.   



Table 5-1: Level 1 Phenomena for Scenario 1, Sodium Pool Fire 
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1.  Pool Fire Surface Burning               
E.  Mass Burning Rate if Radiation is Important H1 L L L L L L 

G.  Near Surface Size and Distribution of 
Aerosol Particles 

H2 to M L L L L L L 

J.  Source of Sodium Aerosols H3 L L L L L L 
L.  Film Thickness in Sodium Pool Spreading 
(Viscosity Issue) 

H3 to M M L L M L L 

4.  Aerosol Dynamics               
A.  Source of Sodium Aerosols H L L L L L L 
6.  Concrete-Sodium Interactions               
A.  Hydrogen Production H M L L M L L 
7.  Liquid Molten Jet               
B.  Liquid into Pool H L L L H L M 
8.  Chemistry (Needed for Quenching)               
B.  Condensed-Phase Reactions with Substrate H M L L L L L 
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Table 5-2: Level 2 Phenomena for Scenario 1, Sodium Pool Fire 

 
Importance Rankings State of Knowledge Rankings 
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1.  Pool Fire Surface Burning               
C.  Mass Burning Rate  H3 M L M H M M 
D.  Pool Heating Rate H2 M L M H M M 
4.  Aerosol Dynamics               
B.  Thermopheric Transport of Aerosols H M M L M L M 
D.  Electrical Properties H M M L M L M 
L.  Sodium Carbonate Deposition H M M M M M M 
M.  Sodium Hydroxide Aerosol Deposition  H M M M M M M 
N.  Sodium Peroxide Aerosol Deposition  H M M M M M M 
Q.  Thermophoresis Effect on Deposition Flux H M M L M L M 

5.  Radiation Heat Transfer               
G.  Overall Joint-Temperature-Absorption 
Coefficient Distribution    

M M L L L L L 

7.  Liquid Molten Jet               
A.  Liquid Splashing on Solid H M L M M M M 
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Table 5-3: Level 3 Phenomena for Scenario 1, Sodium Pool Fire (1 of 5) 
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1.  Pool Fire Surface Burning               
A.  Radiation Flux from Pool Burning Surface L X* X X X X X 
B.  Radiation Flux to Pool Burning Surface L X X X X X X 
F.  Conduction/Convective Flux H2 H H H NA† L L 
I.  Gaseous Products of Metal Reaction and  
Velocity of Gaseous Products Coming off of 
the Surface 

L             

K.  Treatment of the Oxide Crust L X X X X X X 
M.  Burning on Surface L L L M M L L 
N.  Pressure Effect on Combustion (Vapor) L X X X X X X 
2.  Plume Dynamics   X X X X X X 
A.  Momentum Transport (i.e.  Velocity Field) H H H H NA H NA 
B.  Turbulence Production M H H M M H NA 
C.  Mixing (Turbulence Model), Oxidizer 
Transport 

H H H H NA H NA 

D.  Temperature Distribution (Fluctuations) M H H M M H NA 

                                                 
* The “X” in the tables represents where the panel did not provide input. 
† The “NA” stands for Not Applicable. 
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Table 5-4: Level 3 Phenomena for Scenario 1, Sodium Pool Fire (2 of 5)  

 
Importance Rankings State of Knowledge Rankings 
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3.  Spray Dynamics               
A.  Prediction of Droplet Particle Average 
Velocity  

L H H H NA H NA 

B.  Prediction of Droplet Particle Velocity 
Distribution/Range  

L             

C.  Prediction of Single Droplet Particle 
Average Size 

L M M L L L L 

D.  Prediction of Droplet Particle Size 
Distribution/Range 

L M M L L L L 

E.  Droplet Particle Velocity Variation/Range L M M L L L L 
F.  Particle Clouds over Multiple Control 
Volumes (Basic Capability) 

L X X X X X X 

G.  Particle Clouds over Multiple Control 
Volumes (Effects of  Solid Interactions/Flow 
Strain) 

L X X X X X X 
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Table 5-5: Level 3 Phenomena for Scenario 1, Sodium Pool Fire (3 of 5) 
 

Importance Rankings State of Knowledge Rankings 
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3.  Spray Dynamics (Cont.)               
H.  Basic Evaporation/Combustion Models L H H M NA H NA 
I.  Finite-Slip Corrections to 
Evaporation/Combustion Models 

L H H H H H H 

J.  Transition to Group Combustion Mode  L X X X X X X 
K.  Multi-Component Droplet Capabilities L X X X X X X 
L.  Source for Sodium Aerosols  L L L L L L L 
M.  Chemical Kinetics of Sodium Combustion L X X X X X X 
N.  Molecular Diffusion Coefficient Across 
Diffusion Flame  

L H H H NA M L 

O.  Gas-Band Radiation from Diffusion Flames L X X X X X X 
P.  Radiation from Aerosols in Diffusion Flame L L L L L L L 
Q.  Mass Flux of Aerosols through Diffusion 
Flame (i.e.  diff-diff) 

L L L L L L L 
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Table 5-6: Level 3 Phenomena for Scenario 1, Sodium Pool Fire (4 of 5) 
 

Importance Rankings State of Knowledge Rankings 
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3.  Spray Dynamics (Cont.)               
R.  Sodium Particle Collision L X X X X X X 
S.  Inertial Impact of Molten Sodium  L M L M L M L 
T.  Burning on Surface L L L M M L L 
4.  Aerosol Dynamics               
F.  Gravitational Settling H H H M H M H 
I.  Aerosol Agglomeration H H H M M M M 
O.  Thermal Interaction of Deposit Layer for 
Aerosol Mixture (i.e.  an Effective 
Conductivity Model or other Treatment) 

L X X X X X X 

P.  Effective Emissivity of Deposit Layer L X X X X X X 
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Table 5-7: Level 3 Phenomena for Scenario 1, Sodium Pool Fire (5 of 5) 

 
Importance Rankings State of Knowledge Rankings 
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5.  Radiation Heat Transfer               
B.  Radiation Transport for 
Absorption/Emission 

H H H M M H NA 

C.  Radiation Transport for Scattering H H H L M H NA 
D.  Lagrangian Absorption/Emissive Coupling 
with Radiation Field 

L H L NA NA NA NA 

F.  Lagrangian Scattering Coupling with 
Radiation Field 

L H L L M H NA 

H.  Gas-Band Radiation from Diffusion Flames L X X X X X X 
7.  Liquid Molten Jet               
C.  Liquid Jets, Jet Breakup L M M H NA H NA 
D.  Vapor Jet into Liquid L X X X X X X 
E.  Spray Formation in Vapor Jet L X X X X X X 
8.  Chemistry (Needed for Quenching)               
A.  Burning on Surface L L L M M L L 
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Table 5-8: Level 4 Phenomena for Scenario 1, Sodium Pool Fire 

 
Importance Rankings   State of Knowledge Rankings 
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1.  Pool Fire Surface Burning                 
H.  Damaged State (Complex Surfaces) H3-H1   X X X X X X 
4.  Aerosol Dynamics                 
C.  Radiation to/from Individual Aerosols M   X X X X X X 
E.  Turbulent Inertial Deposition M   X X X X X X 
G.  Interception M   X X X X X X 
H.  Electro-Static Deposition  M   X X X X X X 
J.  Hydrolysis of Peroxides M   X X X X X X 
K.  Aerosol Particle Charging U   X X X X X X 
5.  Radiation Heat Transfer                 
A.  Radiation to/from Individual Aerosols M   X X X X X X 
E.  Spectral Dependence of Radiation Field U   H L L M H NA 
8.  Chemistry (Needed for Quenching)                 
C.  Wetting/Sticking Properties of Sodium on 
Expected Surfaces 

H   M L U U U U 
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Table 5-9: Level 1 Phenomena for Scenario 2, Sodium Spray Fire 

 
Importance Rankings State of Knowledge Rankings 
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1.  Pool Fire Surface Burning               
L.  Film Thickness in Sodium Pool Spreading 
(Viscosity Issue) 

H M L L M L L 

M.  Burning on Surface H L L M M L L 
3.  Spray Dynamics               
L.  Source for Sodium Aerosols  H L L L L L L 
T.  Burning on Surface H L L M M L L 
7.  Liquid Molten Jet               
B.  Liquid into Pool H L L L H L M 
8.  Chemistry (Needed for Quenching)               
A.  Burning on Surface H L L M M L L 
B.  Condensed-Phase Reactions with Substrate H M L L L L L 
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Table 5-10: Level 2 Phenomena for Scenario 2, Sodium Spray Fire (1 of 2) 

 
Importance Rankings State of Knowledge Rankings 
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Plume Dynamics               
Turbulence Production M H H M M H NA 
Temperature Distribution (Fluctuations) M H H M M H NA 
3.  Spray Dynamics               
C.  Prediction of Single Droplet Particle 
Average Size 

H M M L L L L 

P.  Radiation from Aerosols in Diffusion Flame M L L L L L L 
Q.  Mass Flux of Aerosols through Diffusion 
Flame (i.e.  diff-diff) 

M L L L L L L 

S.  Inertial Impact of Molten Sodium  M M L M L M L 
4.  Aerosol Dynamics               
B.  Thermopheric Transport of Aerosols H M M L M L M 
D.  Electrical Properties H M M L M L M 
L.  Sodium Carbonate Deposition H M M M M M M 
M.  Sodium Hydroxide Aerosol Deposition  H M M M M M M 
N.  Sodium Peroxide Aerosol Deposition  H M M M M M M 
Q.  Thermophoresis Effect on Deposition Flux H M M L M L M 
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Table 5-11: Level 2 Phenomena for Scenario 2, Sodium Spray Fire (2 of 2) 

 
Importance Rankings State of Knowledge Rankings 
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5.  Radiation Heat Transfer               
D.  Lagrangian Absorption/Emissive Coupling 
with Radiation Field 

H H L NA NA NA NA 

F.  Lagrangian Scattering Coupling with 
Radiation Field 

H H L L M H NA 

6.  Concrete-Sodium Interactions               
A.  Hydrogen Production H M L L M L L 
7.  Liquid Molten Jet               
A.  Liquid Splashing on Solid H M L M M M M 
C.  Liquid Jets, Jet Breakup H M M H NA H NA 
8.  Chemistry (Needed for Quenching)               
C.  Wetting/Sticking Properties of Sodium on 
Expected Surfaces 

H M L U U U U 
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Table 5-12: Level 3 Phenomena for Scenario 2, Sodium Spray Fire (1 of 3) 

 
Importance Rankings State of Knowledge Rankings 
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1.  Pool Fire Surface Burning               
A.  Radiation Flux from Pool Burning Surface L X X X X X X 
B.  Radiation Flux to Pool Burning Surface L X X X X X X 
C.  Mass Burning Rate  L M L M H M M 
D.  Pool Heating Rate L M L M H M M 
E.  Mass Burning Rate if Radiation is Important L L L L L L L 

F.  Conduction/Convective Flux L H H H NA L L 
H.  Damaged State (Complex Surfaces) L X X X X X X 
I.  Gaseous Products of Metal Reaction and  
Velocity of Gaseous Products Coming off of 
the Surface 

L X X X X X X 

K.  Treatment of the Oxide Crust L X X X X X X 
N.  Pressure Effect on Combustion (Vapor) L X X X X X X 
2.  Plume Dynamics               
A.  Momentum Transport (i.e.  Velocity Field) H H H H NA H NA 
C.  Mixing (Turbulence Model), Oxidizer 
Transport 

H H H H NA H NA 
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Table 5-13: Level 3 Phenomena for Scenario 2, Sodium Spray Fire (2 of 3) 
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3.  Spray Dynamics               
A.  Prediction of Droplet Particle Average 
Velocity  

H H H H NA H NA 

B.  Prediction of Droplet Particle Velocity 
Distribution/Range  

L X X X X X X 

D.  Prediction of Droplet Particle Size 
Distribution/Range 

M M M L L L L 

E.  Droplet Particle Velocity Variation/Range M M M L L L L 
F.  Particle Clouds over Multiple Control 
Volumes (Basic Capability) 

L X X X X X X 

G.  Particle Clouds over Multiple Control 
Volumes (Effects of  Solid Interactions/Flow 
Strain) 

L X X X X X X 

H.  Basic Evaporation/Combustion Models H H H M NA H NA 
I.  Finite-Slip Corrections to 
Evaporation/Combustion Models 

M H H H H H H 

J.  Transition to Group Combustion Mode  L X X X X X X 
K.  Multi-Component Droplet Capabilities L X X X X X X 
M.  Chemical Kinetics of Sodium Combustion L X X X X X X 
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Table 5-14: Level 3 Phenomena for Scenario 2, Sodium Spray Fire (3 of 3) 
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3.  Spray Dynamics (Cont.)               
N.  Molecular Diffusion Coefficient Across 
Diffusion Flame  

H H H H NA M L 

O.  Gas-Band Radiation from Diffusion Flames L X X X X X X 
R.  Sodium Particle Collision L X X X X X X 
4.  Aerosol Dynamics               
F.  Gravitational Settling H H H M H M H 
I.  Aerosol Agglomeration H H H M M M M 
O.  Thermal Interaction of Deposit Layer for 
Aerosol Mixture (i.e.  an Effective 
Conductivity Model or other Treatment) 

L             

P.  Effective Emissivity of Deposit Layer L X X X X X X 
5.  Radiation Heat Transfer               
B.  Radiation Transport for 
Absorption/Emission 

H H H M M H NA 

C.  Radiation Transport for Scattering H H M L M H NA 
G.  Overall Joint-Temperature-Absorption 
Coefficient Distribution    

M M L L L L L 

H.  Gas-Band Radiation from Diffusion Flames L X X X X X X 
7.  Liquid Molten Jet               
D.  Vapor Jet into Liquid L X X X X X X 
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Table 5-15: Level 4 Phenomena for Scenario 2, Sodium Spray Fire 
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4.  Aerosol Dynamics               
C.  Radiation to/from Individual Aerosols M X X X X X X 
E.  Turbulent Inertial Deposition M X X X X X X 
G.  Interception M X X X X X X 
H.  Electro-Static Deposition  M X X X X X X 
J.  Hydrolysis of Peroxides M X X X X X X 
K.  Aerosol Particle Charging U X X X X X X 
5.  Radiation Heat Transfer               
A.  Radiation to/from Individual Aerosols M X X X X X X 
E.  Spectral Dependence of Radiation Field U H L L M H NA 

 
 
 



6 PROJECTED EXPERIMENTAL AND MODELING PROGRAM 

6.1 Initial Fire Modeling 
 

Fire from sodium leaks can be categorized into the canonical forms of spray fires or pool 
fires.  Spray fires result when droplets burn up appreciably before they fall on surfaces, and pool 
fires result when the bulk of the sodium forms a pool on the surface prior to oxidizing.   The 
primary factor that determines which of these fires results is the degree of reaction prior to 
pooling on a surface, if pooling even occurs.  The degree of reaction prior to falling onto a 
surface will depend on the initial droplet sizes and, to a lesser degree, the initial velocities.  Other 
factors include how much the sodium is spread out prior to falling on a surface since excessive 
dispersion could result in a collection of particles quenched on surfaces.  In experiments to 
simulate accidents, nozzles will be employed to generate an initial distribution of droplets to 
either burn as a spray or fall to a surface and burn as a pool.  For the purpose of designing 
experiments, we have carried out preliminary sodium spray-fire simulations.  The objective is to 
develop an approximate understanding of the degree of reaction in the spray mode (versus pool 
mode) that will occur for varying droplet sizes.  In this section, some scoping simulations will be 
described that have been carried out to estimate the degree of oxidation of the sodium in the 
spray mode for different initial droplet size distributions.   

 
6.1.1 Inputs and assumptions for the sodium spray fire model 
 

These initial calculations were performed using an existing code (Vulcan) at Sandia.  
Vulcan is a computational fluid dynamics (CFD) code that solves the Reynolds-averaged Navier-
Stokes equations including a k-ε model for turbulence to predict the evolution of the gas phase.  
Sodium particles evolve simultaneously using a Lagrangian approach [2-4].  Sodium oxidation is 
carried out using a conserved-scalar approach to predict the subgrid transport of heat and 
oxidizer around the burning droplets; this model includes particle transient heating due to 
reactions and also radiative cooling [5].  When a spray forms, the initial droplet size is generally 
a function of the Weber number (the ratio of the kinetic energy to the surface energy), and for 
sodium, typical droplet sizes are on the order of millimeters.  For the present design simulations, 
we considered the effects of mean droplet sizes of 3mm, 1mm, and 0.5 mm.  Generally, a 
distribution of droplet sizes occurs, and for the present purposes the distribution was presumed to 
be lognormal with a variance of 0.15 orders of magnitude.  Simulations were carried out in a 
simplified volume geometry (100 m3) and general form (rectangular prism with dimensions 3.33 
m x 3.33 m x 9 m high) similar to the Surtsey vessel (described in the subsequent section) where 
experiments will be carried out.  In this volume, there is sufficient oxidizer for approximately 25 
kg of sodium to fully oxidize, so simulations were carried out with that mass injected at 1 kg/s.  
A solid cone spray angle of 20 degrees was also presumed, and particles were injected at 8 m 
above the vessel floor.  Initial particle temperatures are taken to be 500 K, approximately the 
temperature of a reactor secondary cooling stream.   While convective and radiative heat transfer 
to the walls occurs, the walls are presumed to be thermally massive and thus isothermal.  The 
sodium is assumed to fully oxidize to sodium peroxide (Na2O2), but in the latter parts of these 
simulations, oxygen depletion is likely sufficient to cause partial oxidation to sodium oxide 
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(Na2O); this would over-predict heat release and oxygen consumption late in the simulated 
evolution.   The sodium particles participate radiatively, but the radiative properties for the 
sodium peroxide aerosol were not included so that the oxide aerosol does not participate; this 
would tend to over predict radiative transport away from the spray since the oxide should absorb 
some of the radiant flux. 

   
6.1.2 Results of initial sodium spray fire modeling 
 

Based on these modeling simplifications, simulations were carried out for the three mean 
droplet sizes (3mm, 1mm, and 0.5 mm) to develop an understanding of the degree of reaction 
that could be expected in the spray mode.  While the CFD approach offers detailed spatial 
resolution, only global results are presented here.  Overall, results showed that the range of 
droplet sizes considered spans the range from where the spray-fire mode dominates (smaller 
droplets) to where a pool-fire mode will dominate (the pool fire evolution was not simulated 
here).  This is demonstrated in Figures 6-1 and 6-2 where the distribution of the total mass 
deposited on surfaces (for pool burning) in Figure 6-1 is contrasted with the total mass oxidized 
in the spray in Figure 6-2. The three red lines in these figures represent the mass injected for the 
three different simulations. For the 3 mm droplets, the majority of the sodium is deposited on 
surfaces and only 15-20% of the mass is oxidized.  Sodium oxidation roughly follows the so-
called d2-burning-rate law where the burning time is proportional to the initial droplet area, so 
smaller droplets burn substantially faster.   With a mean size of 1 mm, roughly half (44%) of the 
sodium is oxidized in the spray mode, and with a mean size of 0.5 mm roughly three-quarters 
(72%) of the sodium is oxidized in the spray mode.  (Given the limited current degree of 
validation, substantial uncertainties should be ascribed to predictions.)   Heat release in the spray 
mode is fast compared to that in pool-fire mode, and the temperature rise and pressure rise can 
both be substantial in this mode.  Predicted temperatures rose to the 1500 K range and pressures 
approached 20 atmospheres assuming a well-sealed vessel.  Oxygen depletion is also significant 
for the 0.5 mm droplets, and it is clear that sodium oxide rather than sodium peroxide would 
form during part of the spray combustion.  This suggests that the temperatures and pressures 
indicated above may be over-predicted and future predictions will account for the differences in 
degree of oxidation appropriate for the different oxygen levels. 

 
The current simulations have not been carried through the pool burning stage because of 

the importance of the thermal coupling between the deposited sodium and the vessel surfaces.  
The thermal density of steel is substantial compared to that of sodium (about eight times greater 
where the thermal density is the product of the density and the specific heat), and the thermal 
conductivities are high so the sodium is expected to cool upon contact with the vessel floor.  This 
degree of coupling is not currently tied to the full CFD code, but will be employed in subsequent 
simulations.   
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Figure 6-1: Total sodium mass deposited on surfaces 

 
Figure 6-2: Total sodium mass oxidized 

 

 39



6.2 Overview of Experimental Design and Setup 
The design and setup for the liquid sodium spray and pool fire experimental program is 

currently taking place at Sandia.  The Surtsey vessel was chosen as the test vessel following a 
search of available pressure vessels at Sandia.  This vessel was designed and used for similar 
combustion experiments (high-pressure thermite melt ejection, direct containment heating, 
hydrogen combustion, etc.) and is well-fitted for the experiments. 

 
The Surtsey vessel is an ASME-approved steel pressure vessel.  It has a cylindrical shape 

with removable, dished heads attached to both ends, and is 3.6 m in diameter by 10.3 m high.  
The Surtsey vessel has a maximum allowable working pressure of 1 MPa at 533 K, but has a 
burst diaphragm installed to limit the pressure in the vessel to less than 0.9 MPa.   

 
The first sodium experiments are going to be scoping tests with small amounts of sodium 

(up to 7.5 kg).  The objectives of these initial experiments are to: 
 

1. investigate quenching a sodium spill with the stainless steel substrate, 

2. demonstrate the conversion of the sodium combustion products to sodium bi-
carbonate with the introduction of carbon dioxide gas, 

3. understand the performance of the sodium spray nozzles, 

4. and gain experience performing small-scale liquid metal experiments with the melt 
generator system that will be used for the full-scale experiments. 

The results of the initial outdoor scoping tests and additional computational analysis will be used 
to further develop the full-scale in-vessel experiments.    

 
The continuing experimental and model development will focus on sodium spray and pool 

fires.  The data collected from these experiments will be used to develop sodium fire models.  A 
continued review of advanced reactor designs will take place.  With this, a pilot safety analysis 
for one advanced reactor design and one advanced fuel cycle facility design will be performed.  
Also, guidance for mitigation techniques will be suggested based on the experimental data and 
modeling results.   
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E. L., Hotchi, T., Thatcher, T., Sippola, M., Sextro, R., Pletcher, R. (2007) “Final Report 
of the Tracer Particle Study of Aerosol Transport in a Transportation Facility Performed 
October 24-28, 2005,” SAND2007-1913, Sandia National Laboratories, Albuquerque, 
NM (USA) 
 
Durbin, T. L., Brockmann, J. E., Lucero, D. A., Rudolph, T., Brown, G., Leonard, J., 
Souza, C. A., West, T. H. (2007) “Evaluation of Native Air Samples for Augmenting the 
BioWatch System: Proof of Concept,” SAND2007-0099. Sandia National Laboratories, 
Albuquerque, NM (USA) 
 
Molecke, MA; Brockmann, JE; Lucero, DA; et.al. (2006) Spent Fuel Sabotage Aerosol 
Test Program: FY 2005-06 Testing and Aerosol Data Summary, SAND 2006-5674, 
October 2006, Sandia National Laboratories, Albuquerque NM (USA) 
 
Betty, R. G., Brockmann, J. E., Lucero, D A.; Tucker, M. D., Levin, B., Leonard, J., 
Rudolph, T., Souza, C. A. (2005) Knockdown and Neutralization of Aerosolized CBW 
Agent Simulant Clouds, SAND2005-6989, Sandia National Labs., Albuquerque, NM 
(USA) 
 
Swansiger, W. A., Platt Barrows, A., Blewett, W. K., Rossman, R., Brockmann, J. E., 
Homicz, G. F., Sparks, M. H., Stern, S. M., and Pegram, D. (2005) “Performance Testing 
of a Prototypical Stairwell Safe Haven,” SAND2005-0509, Sandia National Laboratories, 
Albuquerque, NM (USA) 
 
Brockmann, J. E. (2003) “Appendix R – Rail Car Releases of Toxic Industrial 
Chemicals,” in “A Guide to Defending DOE Sites Against Chemical Attacks – Volume 
III: Appendices,”, Swansiger, W. W. and Platt, A. D., eds., SAND2003-8614, Sandia 
National Laboratories, Albuquerque, NM (USA) 
 
Brockmann, J. E., Larsen, M., Homicz, G., Platt, A., and Swansiger, W. W. (2003) 
“Appendix C – Helicopter Spraying of Chemical Agents,” in “A Guide to Defending 
DOE Sites Against Chemical Attacks – Volume III: Appendices,”, Swansiger, W. W. and 
Platt, A. D., eds., SAND2003-8614, Sandia National Laboratories, Albuquerque, NM 
(USA) 
 
Williams, C. V., Brockmann, J. E., Lucero, D. A., Betty, R. G., Levin, B. L., Tucker, M. 
D. (2003) “Technology Development for Immune Buildings: Spray Systems for the  
Mitigation and Decontamination of CBW Agents in Immune Buildings – Phase I,” 
SAND2003-2891, Sandia National Laboratories, Albuquerque, NM (USA) 
 
Hawley, Marilyn F., Hoffman, Edward L., Holt, Kathleen Caroline, Johnson, Michael M, 
Kataoka, Dawn, Lucero, Daniel A., Martin, Marion, Ramsey, James L., Jr., Rousseau, 
Lisa, Sa, Timothy J., Salas, Fred Manuel, Snell, Mark Kamerer, Wilcox, William B., 
Yoshimori, A., Griffith, Richard O., Allendorf, Mark D., Ammerlahn, Heidi R., Barney, 
Jeremy, Brockmann, John E., Djordjevich, Donna D., Edwards, Donna M., Finn, John T., 
Goldsby, Michael E., Gordon, Susanna P. (2003)” Biological Defense Initiative 
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Albuquerque Test bed: Access Control Point Monitoring (Albuquerque Airport),” 
SAND1003-2070, Sandia National Laboratories, Albuquerque, NM (USA)  
 
Brockmann, J. E. (2002) “Appendix A - Spray Nozzle Characterization and Sprayer 
Design,” in “A Guide to Defending SNM Facilities Against Chemical Attacks – Update 
#1,”, Swansiger, W. W.  et al., SAND2002-0338, Sandia National Laboratories, 
Albuquerque, NM (USA) 
 
Brockmann, J.E. (1998) “Removal of Sarin Aerosol and Vapor by Water Sprays,” 
SAND98-1890, Sandia National Laboratories, Albuquerque, NM (USA) 
 
J.E. Brockmann, R. O. Griffith, D. R. Bradley (1995) CORCON-MOD3 Validation 
Study,  SAND93-0295, Sandia National Laboratories, Albuquerque, NM (USA) 
 
J.E. Brockmann, C.M. Erickson, and P. Ho (1995) Gas Phase Nucleation Project: 1994 
Report, SEMATECH Technology Transfer Report # 95052815A-TR. 
 
J. E. Brockmann (1995), in Probabilistic Accident Uncertainty Analysis, Appendix A, 
Expert Rationales, as Unprocessed Deposition Data, prepared by F. T. Harper et al., 
NUREG/CR-6244, EUR 15855EN, SAND94-1453, Sandia National Laboratories, 
Albuquerque, NM (USA) 
 
J.E. Brockmann, D.J. Rader, D.J. Morrison (1994) “Calibration of the Air Sampling Test 
Bed (ASTB) for Aerosol Sampling Efficiency in Continuous Mode and Grab Mode 
Sampling,” SAND93-2161, Sandia National Laboratories, Albuquerque, NM (USA) 
 
J.E. Brockmann, C.M. Erickson, P. Ho, A. Gupta, N. Alvi (1994) “Gas Phase Nucleation 
Project Report,” SEMATECH Technology Transfer Report. 
 
J.E. Brockmann, G. Pentecost, D.A. Lucero, T. Romero (1993) “Calibration of the On-
Line Aerosol Monitor (OLAM) with Ammonium Chloride and Sodium Chloride 
Aerosols,” SAND93-0046, Sandia National Laboratories, Albuquerque, NM (USA) 
 
D.R. Bradley, D.R. Gardner, J.E. Brockmann, R.O. Griffith (1993) “CORCON-MOD3: 
An Integrated Computer Model for Analysis of Molten Core-Concrete Interactions,” 
NUREG/CR-5843, SAND92-0167, Sandia National Laboratories, Albuquerque, NM 
(USA) 
 
R.E. Blose, D.A. Powers, E.R. Copus, J.E. Brockmann, R.B. Simpson, D.A Lucero 
(1993) ”Core-Concrete Interactions with Overlying Water Pools,” NUREG/CR-5907, 
SAND92-1563, Sandia National Laboratories, Albuquerque, NM (USA) 
 
Brockmann, J.E, Adkins, C.L.J., and Gelbard, F. (1991) "Alternate Particle Removal 
Technologies for the Airborne Activity Confinement System at the Savannah River Site," 
WSCR-RP-91-0928, Westinghouse Savannah River Company, Savannah River Site, 
Aiken, SC, 29808. Sept., 1991 
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Copus, E. R., Blose, R. E., Brockmann, J. E., Lucero, D. A., Gomez, R. D. (1990) 
“Experimental results of core-concrete interactions using molten steel with zirconium,” 
NUREG/CR-4794, SAND86-2638, Sandia National Labs., Albuquerque, NM (USA) 
 
Brockmann, J.E., Arellano, F.E., and Lucero, D.A. (1989) "Validation of models of gas 
holdup in the CORCON code," NUREG/CR-5433, SAND-89-1951, Sandia National 
Labs., Albuquerque, NM (USA) 
 
Powers, D.A., Brockmann, J.E., and Shiver, A.W. (1986) "VANESA:  a mechanistic 
model of radionuclide release and aerosol generation during core debris interactions with 
concrete," NUREG/CR-4308, SAND-85-1370, Sandia National Labs., Albuquerque, NM 
(USA). 
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TZE YAO (T.Y.) CHU (tychu@sandia.gov) 
Sandia National Laboratories, MS 0824, Albuquerque, NM; 505-845-3217 

 
T.Y. Chu received his B.S. from Purdue University, and MS and PhD from the University of 
Minnesota, all in Mechanical Engineering. He is a Senior Scientist at Sandia, which is the highest 
technical position at Sandia National Laboratories. It is a "Special Appointment" position in 
recognition of sustained high performance and the ability to provide strategic vision and direction to 
major Laboratory programs. Over his 37-year career, he has made contributions to a wide range of 
applications in heat transfer including electronics manufacturing, reactor safety, geothermal energy and 
most recently, science-based nuclear weapon stewardship. His great strength lies in his ability to 
conceive and lead multi-disciplinary research and develop programs to investigate complex processes, 
and then extract physical insights from these to develop practical engineering solutions. A hallmark of 
his problem solving approach is the synergistic use of analysis, experimentation and numerical 
simulation. 
 
He held a broad leadership role in advancing experimental strategy to achieve the validation of ASC 
models for assessment and qualification of nuclear weapons. He served as the key interface between 
the Sandia model and simulation (M&S) community and the nuclear weapon engineering community 
to implement strategy to validate M&S tools and to integrate M&S into nuclear weapon qualification, 
e.g. W76-1. From 2001 to 2004 he served as the Senior Advisor to the Director of the Office of 
Stockpile Assessments and Certification (Dr. Kevin Greenaugh) at NNSA/DOE, Washington DC. 
 
In 1996 he was elected Fellow of ASME (American Society of Mechanical Engineers) in recognition 
of his sustained contribution to the Mechanical Engineering profession. He received the Sandia 
Employee Recognition Award in 1997 (Individual Technical Excellence) and 1999 (Team). He served 
an Associate Editor of the Journal of Heat Transfer from 1999 to 2002. He is a recipient of the 2004 
Asian American Engineers of the Year Award given by the Chinese Institute of Engineers, USA. 
 
He started his professional career at AT&T in 1971 and joined Sandia Labs in 1977. A summary of his 
key accomplishments are given below: 
• Fundamentals of Buoyancy-Induced Flow 

His Ph.D. research in turbulent thermal convection is a classical reference in the field.  
• Electronics Assembly and Manufacturing (1971-1976) 

He co-invented the "Condensation Soldering" process and contributed to the initiation of modeling 
and simulation of transport processes in electronic materials manufacturing at AT&T. (6 Patents)  

• Nuclear Reactor Safety (NRC, DOE & OECD) and Geothermal Energy (DOE) (1977-1996) 
He developed key facilities and conducted experiments and simulations in coremelt/material 
interaction, ex-vessel boiling for accident mitigation, and creep rupture of reactor pressure vessels 
under severe accident conditions. He demonstrated the feasibility of magma energy extraction and 
contributed to the "High Energy Gas Fracturing" technology for geothermal well stimulation. 

• Nuclear Weapon Safety and Qualification - Model Validation Strategy (1996-Present) 
He participates in Sandia corporate level strategic alignment of ASCI and the needs of weapon 
engineering, and led a multi-disciplinary team in developing a shared vision between the M&S and 
weapon engineering communities integrating M&S into the W76-1 Qualification Plan. 
He coordinated, initiated and participated in model validation projects for abnormal thermal 
environments including fire environment characterization and thermal response modeling. 
Currently, he serves as the Sandia technical Coordinator for the NNSA Weapons Systems 
Engineering Assessment Technology Campaign (Campaign 6 of the Engineering Campaign). 
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Selected Listing of Publications 
  
Hobbs, M.L., Erickson, K.L., Chu, T.Y., Borek, T.T., Thompson, K.R., Dowding, K.J., Clayton, D., 
Fletcher, T. H., “CPUF—A chemical-structure-based polyurethane foam Decomposition and foam 
Response model,” Sandia National Laboratories Report SAND2003-2282, 2003. 
 
Humphries, L. and T.Y. Chu, et al., OECD Lower Head Failure Project Final Report, 
OECD/NEA/CSNI/R(2002)27, Sandia National Laboratories, Albuquerque, NM, 2003. 
 
Tieszen, S.R., and Chu, T.Y. et al., Integrated Modeling and Simulation Validation Plan for W76-1 
Abnormal Thermal Environment Qualification – Version 1.0, SAND 2002-1740, Sandia National 
Laboratories, Albuquerque, NM, 2002. 
 
Hobbs, M.L., K.L. Erickson and T.Y. Chu, "Modeling Decomposition of Unconfined Rigid 
Polyurethane Foam," Polymer Degradation and Stability, Vol. 69, pp. 47-66, 2000. 
 
Chu, T.Y. et al., “Ex-Vessel Boiling Experiments -- Laboratory and Reactor Scale Testing of the 
Flooded Cavity Concept for In-Vessel Core Retention, Part I & II” Nuclear Engineering and Design, 
Vol. 169, pp. 77-88 and pp. 89-99, 1997. 
 
Chu, T.Y. and C.E. Hickox, “Thermal Convection With Large Viscosity Variation in an Enclosure 
with Localized Heating,” Journal of Heat Transfer, Vol. 112, pp. 388-395, 1990. 
 
Chu, T.Y., In Situ Experiments of Geothermal Well Stimulating Using Gas Fracturing Technology, 
SAND87-2241, Sandia National Laboratories, Albuquerque, NM, 1988. 
 
Chu, T.Y. et al., Report on Large Scale Molten Core/Magnesia Interaction Test, SAND83-1692 
NUREG/CR-3438, Sandia National Laboratories, Albuquerque, NM, 1984. 
 
Chu, T.Y., “A Hydrostatic Model of Solder Fillets,” Third International American Welding Society 
Soldering Conference, Houston, TX, 1974.  See also Welding Journal, Vol. 54 (1), 1975. 
 
Chu, T.Y., J.C. Mollendorf, and R.C. Pfahl, Jr., “Soldering Using Condensation Heat Transfer,” 
Proceeding NEPCON West, Anaheim, CA, 1974. See also Western Electric Engineering, Vol. 19,  
pp. 24-30, 1975 
 
Chu, T.Y. and R.J. Goldstein, “Turbulent Convection in a Horizontal Layer of Water,” Journal of 
Fluid Mechanics, Vol. 60, Part 1, pp. 141-159, 1973. 
 
Selected Listing of Patents 
 
Tze Yao Chu et al., “Method for Avoiding Undesirable Deposits in Crystal Growing Operations,” U.S. 
Patent #4238274, Dec. 9, 1980. 
 
Tze Yao Chu, Joseph Charles Mollendorf and Robert Christian Pfahl, Jr., “Apparatus and Method for 
Soldering, Fusing, and Brazing,” U.S. Patent #3904102, Sept. 9, 1975. 
 

 
 

-A-22-



 
                   Risk and Reliability Department org 6761 • Sandia National Laboratories • 

MS 0748 • Albuquerque, NM 87185 
Phone (505)284-8644 • E-mail jdion@sandia.gov 

Jeanne A. Dion 

Experience 2008- present U.S. Nuclear Regulatory Commission Washington, D.C.
Intergovernmental Personnel Assignee- Digital Instrumentation and Controls 
Engineer 
• Supported the Digital Instrumentation and Controls Branch in the Office of 

Regulatory Research by planning, developing, organizing, and coordinating 
research projects concerning safety aspects of digital systems in commercial 
nuclear power plants.   

• Recent research includes identifying and analyzing failure modes in digital 
systems and digital system risk quantification issues.   

2005-2008 Sandia National Laboratories Albuquerque, NM 
Nuclear Engineer, Member of Technical Staff 
• Supported Nuclear Risk and Reliability group by conducting reliability and 

vulnerability assessments of reactor systems.   
• Participated in advanced Probabilistic Risk Assessment research including 

investigation of severe accident uncertainty propagation methods, 
methodologies to include passive safety features of new reactors, and dynamic 
methodologies for digital instrumentation and control systems.   

• Experienced programming and developing applications on multiple control 
system platforms.  Developed and implemented data acquisition application for 
Insulation Resistance Measurement System (IRMS) for cable fire experiments 
and for cyber security control platform penetration testing.       

2003-2005 National Instruments Austin, TX 
Mechanical Engineering Co-op 
• Designed electronics used in industrial and academic data acquisition, signal 

processing, and control applications.    
• Duties include circuit board layout, designing mechanical packaging, and 

ensuring thermal and mechanical integrity through modeling, prototyping, and 
environmental/benchmark testing.   

• Experience integrating hardware and software applications to produce solutions 
for automated data acquisition and monitoring of test applications.   

  

Education 2002–2005 The University of Texas at Austin Austin, TX 
• B.S. in Mechanical Engineering 

2005–2007 Georgia Institute of Technology Atlanta, GA 
• M.S. in Nuclear and Radiological Engineering,  
• Sandia Labs Special Masters Program 
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Publications November 2008, draft NUREG/CR-XXXX, “A Benchmark Implementation of 
Two Dynamic Methodologies for the Reliability Modeling of Digital 
Instrumentation and Control Systems”   
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Paul E. DesJardin 
Mechanical and Aerospace Engineering Department 

University at Buffalo, the State University of New York 
318 Jarvis Hall 

Buffalo, NY 14260 
phone: (716) 645-2593, ext. 2314 

fax:  (716) 645-3875 
email:  ped3@buffalo.edu 

website:  http://www.mae.buffalo.edu/people/faculty/desjardin/ 
________________________________________________________________________________________________ 

  
EDUCATION   

 
PURDUE UNIVERSITY, West Lafayette, Indiana 
Doctor of Philosophy in Mechanical Engineering (1998) 

 
PURDUE UNIVERSITY, West Lafayette, Indiana 
Master of Science in Mechanical Engineering (1995)  

 
UNIVERSITY at BUFFALO, the STATE UNIVERSITY of NEW YORK, Buffalo, New York 
Bachelor of Science in Aerospace Engineering with mathematics minor (1993), Summa Cum 
Laude 

 
EMPLOYMENT   
 

University at Buffalo      Buffalo, New York 
2007– present: Associate Professor 
2002 – 2007:   Assistant Professor 
 
Sandia National Laboratories     Albuquerque, New Mexico 
1998 – 2002:  Senior Member of the Technical Staff (SMTS) 

 
Purdue University      West Lafayette, Indiana 
1993 – 1998:   Research Assistant  
1994 – 1998:  School of Mechanical Engineering Computer Consultant 
 

HONORS AND AWARDS 
 
National Science Foundation Career Award (2004) 
Honorary Member, PI TAU SIGMA, National Mechanical Engineering Honor Society (2004) 
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Wunsch, S.E., ”On the Development of the Large Eddy Simulation Approach for Modeling 
Turbulent Flow:  LDRD Final Report,” Sandia National Laboratories Technical Report , 
SAND2002-0807 (2002). 

 
67. Gritzo, L.A., Strickland, J.H. and DesJardin, P.E., “Radiation in a Emitting and Absorbing 
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SAND2000-0960 (2000). 
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170,000,000 combined degree-of-freedom
SIERRA/Fuego/Syrinx/Calore simula-
tion; shown is the volume rendered tem-
peraturefield.

1

Stefan Paul Domino

Thermal Fluids Computational Engineering Sciences
Sandia National Laboratories

Albuquerque, NM
e-mail: spdomin@sandia.gov

EDUCATION

University of Utah
Ph.D., Chemical Engineering (Professor P. J. Smith)

December 1999
•”Methods Toward Improved Simulations for the Oxides of Nitrogen in Pulverized-Coal Furnaces”

University of Washington
Autumn 1994 - Spring 1995

University of Utah
B.S. Chemical Engineering, June 1994

PRINCIPLE MEMBER OF THE TECHNICAL STAFF
SANDIA NATIONAL LABORATORIES (October, 2005 - Present)

• On going responsibilities as Principle Investigator for SIERRA/Fuego/Syrinx (a low Mach
number, heterogenous toplogy, control-volume-finite-element, massively parallel turbulent
reacting flow code) that includes both technical leadership and project management.

SENIOR MEMBER OF THE TECHNICAL STAFF
SANDIA NATIONAL LABORATORIES (July, 2001 - September 2005)

• Advanced numerical and physical model development for CFD fire simulation codes.
• Promotion to Principle Investigator of SIERRA/Fuego/Syrinx starting in 2003.

POSTDOCTORATE APPOINTEE
SANDIA NATIONAL LABORATORIES (May, 2000 - July, 2001)

• Development of a transient turbulent Finite Volume CFD code capable of modeling smoke
transport in cargo bay compartments.

• Half time code developer on SIERR/Fuego, within the object oriented architecture, SIERRA.
• Advanced numerical and physical model development for CFD fire simulation codes.

RESEARCH ASSOCIATE
UNIVERSITY OF UTAH with Professor Philip J. Smith (1995-1999)

• Implemented an advanced carbon burnout model within a multiphase turbulent reacting flow
code.

• Researched the intimate coupling between carbon burnout and NOx emissions in pulverized
coal furnaces.

• Implementation of improved nitrogen release rates for increased accuracy of gas phase  nitro-
gen mass source terms by the incorporation of additional turbulent progress variables; imple-
mentation and research of a joint -PDF mixing model.

PRIVATE CONSULTING EXPERIENCE

• Expert CFD witness for the Commerce and Industry Insurance Company.
• Contracted by EM Assist to develop a computer program capable of calculating multicompo-

nent evaporation rates.
INDUSTRIAL EXPERIENCE

• Summer professional intern at Gore Hybrid Technologies, of W.L Gore.

β

Stefan Paul Domino
cv (1/2)
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2 SIMULATED NO CONCENTRA-
TION PROFILES IN A CYCLONE
REACTOR

• Research towards the increased biocompatibility of mammalian cells at a PDMS surface.
TEACHING EXPERIENCE

• Two time teaching assistant for University of Utah graduate multicomponent mass transfer
class. Topics taught: Estimation of multicomponent diffusion coefficients; Numerical solution
techniques for exact Generalized Maxwell-Stefan equations; General review of boundary
layer theory and the effects of simultaneous heat and mass transfer; Guest lecturer for U of U
undergraduate fundamentals of combustion class, CHFEN 5153.”Fundamentals of Turbulent
Reacting Flow Simulation”.

COMPUTER SKILLS and CFD CODES

• Proficient in many computer operating systems and software platforms including Unix, Win-
dows and Windows N.T.; languages of FORTRAN, C, and C++.

• CFD codes SIERRA/Fuego FLUENT, FLUENT/UNS, Banff, Glacier; mesh packages of
GeoMesh and Tgrid.

AWARDS and HONORS

• Western States Section of The Combustion Institute Student Award. Presented to outstanding
graduate students for technical conference presentations of accepted research papers.

• Research Assistantship award from the University of Washington and the University of Utah.
• Multiple Dean’s List awards as an undergraduate chemical engineering student.
• Undergraduate Division I full athletic scholarship (soccer).

PAPERS and PRESENTATIONS

•C. Moen, S. P. Domino and G. Wagner, “Approximate Projection Methods and Time Integration Stability”. Third
MIT Computational Fluid and Solid Mechanics, paper number 176-313, 2005.

•C. Moen and S.P. Domino, “A Review of Splitting Errors for Approximate Projection Methods”, CFD2003,
Orlando, FL, 2003.

•C. Moen G. H. Evans, S.P. Domino and S. Burns, “A Multi-Mechanics Approach to Computaitonal Heat Trans-
fer”, International Mechanical Engineering Congress and Exposition, New Orlean, Gaithersburg, MD, 2001.

•S. P. Domino and P. J. Smith, “State Space Sensitivity to a Prescribed PDF Shape in Coal Combustion Systems:
Joint -PDF vs. Clipped Gaussian PDF”, Proc. Combust. Institute: 20, 2001 in press.

•D. Blake, S.P. Domino, W. Gill, L. Gritzo, J. Williams, “Initial Development of Improved Aircraft Cargo Com-
partment Fire Detection Certification Criteria”, Proc. of the 12th Conference on Automatic Fire Detection, Gaith-
ersburg, MD, 2001.

•S. P. Domino and P. J. Smith, “Burnout Model Validation in Coal Combustion Simulations”, ASME, HTD, (Publi-
cation) HTD; 1999; v.364-2, p.395.

•S. P. Domino and P. J. Smith, “Loss on Ignition in Coal Combustion Simulations”, submitted to Combustion and
Flame. Second draft corrections are in process.

•S. P. Domino and J. M. Veranth, “Modeling of Elemental Vaporization and Partitioning During Pulverized-Coal
Combustion”, paper and technical presentation, The 17th Annual Conference of the American Association for
Aerosol Research, Cincinnati, Ohio, June 22-26, 1998.

•S. P. Domino and P. J. Smith, “Improved NOx predictions in Pulverized Coal Furnaces”, Paper and technical pre-
sentation, The Fall Meeting of the Western States Section, The Combustion Institute, Pittsburgh, South Coast Air
Quality Management District, Diamond Bar, Ca., October 23-24, 1997.

•S. P. Domino and P. J. Smith, “Thermal Annealing, Reactivity Distribution and Ash Inhibition Effects on Char
Burnout: A Comparison of 3-D Turbulent Multiphase CFD Theoretical Burnout Calculations and Experimental
Burnout Measurements”, Poster Session, American Flame Research Committee Meeting, Salt Lake City, UT,
April 1-3, 1998.

β
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Sandia National Laboratories - Albuquerque, New Mexico 
     Current Position: Principal Member of Technical Staff 
          Research Assignments 
 
                 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
United States Army 
         Assignments      

Experience 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Education 
 
 
 
Professional 
Societies 
 
 
Interests 
 
Publications 
 
References 

10/96 to present  
• Experimental investigations (TGA, FTIR, GC-MS, DSC) to determine mechanisms and 

kinetics controlling thermal decomposition of polymer materials pertinent to critical 
weapon components and fire modeling. Principal investigator for four Sandia projects 
including Campaign 6 Foam Decomposition Chemistry Project, which involves 
activities in several Sandia organizations, as well as work at BYU and GA Tech.  
Project also involves collaborative work with the  All Russian Research Institute of 
Automatics (Moscow) and the Mendeleev Institute (Moscow). 

• Development of multi-component, 3-D models/codes predicting base metal dissolution 
and inter-metallic compound growth in solder joints (models/codes for manufacturing 
and reliability applications). Coordinator/spokesperson for Sandia’s ASCI Solder 
Program, which involves activities in several Sandia organizations. 

10/88 to 09/96 
• Experimental and theoretical work to determine chemical and physical processes 

controlling solder joint aging and to develop 1-D computer codes for design and 
reliability analyses. Coordinated experiments with model and code development. 

• Development of advanced diagnostics for studying high-temperature, rapid thermal 
decomposition of high explosives using TOFMS and thin-film samples. Developed 
vapor deposition equipment and techniques for preparing samples. 

• Experimental investigations to determine condensed-phase decomposition chemistry 
of high explosives using FTIR and thin-film samples. 

12/76 to 09/88 
• Experimental investigation of reaction kinetics and development of ignition models for 

pyrotechnic materials involving both gas-solid and liquid-solid reactions.  
• Development of advanced tracer techniques for studying pore structures in granular 

materials and providing more detailed pore structure characterization. 
• Experimental investigations of radio-nuclide sorption and transport in geologic media. 

09/71 to 08/73:  Staff officer, U. S. Army Combat Developments Command, Field Artillery 
Agency, Ft Sill. OK. Honorably discharged. 

09/70 to 09/71:  Assistant Operations Officer 1st Bn 82nd Field Artillery, U. S. Army             
Vietnam. Promoted to captain. 

02/70 to 09/70:  Field Artillery Basic (Ft Sill, OK), Ranger School (Ft Benning, GA)  
08/68 to 02/70:  Commissioned 2Lt. Granted leave for graduate school. Promoted to 1Lt 

American Institute of Chemical Engineers - member 1968 to present 
American Chemical Society - member 1976 to present 
The Minerals, Metals and Materials Society - member 1997 to present 
 

Ph. D.  Chemical Engineering    1977   University of Texas at Austin 
M. S.    Chemical Engineering    1973   University of Arizona 
B. S.    Chemical Engineering    1968  University of Arizona 

Kenneth L. Erickson 
P.O. Box 92708 Albuquerque, NM 87199-2708   (H) 505-856-1440   (W) 505-844--4133  

Martial arts, skiing, canoeing, history/military history 
 

Will be furnished on request 

List enclosed 
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PUBLICATIONS  
 
K.  L. Erickson, “Thermal Decomposition of Polymers in Nitrogen and in Air,” to be published in 
Proceedings of SAMPE Fall Technical Conference, Cincinati, OH, October 2007. 
 
K. L. Erickson, S. M. Trujillo, and K. R. Thompson, “ Physical behavior and Decomposition Chemistry of 
Polymer Foams exposed to Fire Environments,” to be published in Proceedings of Interflam 2007, London, 
UK, September 2007 
 
K. L. Erickson, “Thermal Decomposition Mechanisms Common to Polyurethane, Epoxy, Poly(diallyl 
phthalate), Polycarbonate, and Poly(phenylene sulfide),”  Journal of Thermal Analysis and Calorimetry, 
Volume 89, Issue 2, 2007, pp. 427-440. 
 
V. S. Sirenko, R. A. Koslovskiy, E. I. Popova, S. G. Mulyashow, and K. L. Erickson,  “Use of Multiple 
Experimental Techniques to Study Thermal Decomposition of Polyurethane Foam,” Proceedings of 
SAMPE 2007, Baltimore, MD, June 2007. 
 
K. L. Erickson, “Thermal Decomposition Mechanisms Associated with Functional Groups in Selected 
Polymers,” Proceedings of NATAS 2006, Bowling Green, KY, Aug 5-9, 2006. 
 
K. L. Erickson, “Development of  Rate Expressions for Polymer Decomposition,” Proceedings of  SAMPE 
Fall Technical Conference, Dallas, Texas, November 2006 
 
K. L. Erickson, “Thermal Decomposition Mechanisms of Epoxies and Polyurethanes,” Proceedings of 
SAMPE 2006, Long Beach, Ca, April 30 – May 5, 2006. 
 
B.E. Vembe, V.F. Nicolette, and K. L. Erickson, “Numerical Simulation of Combustion of PMMA,” 
Proceedings of International Technical Conference: Computational Simulation Models in Fire Engineering 
and Research, hosted by the University of Cantabria (Spain), October 2004, ISBN 84-8102-383-3. 
 
V. F. Nicolette, K. L. Erickson, and B. E. Vembe, “Numerical Simulation of Decomposition and 
Combustion of Organic Materials”. In Proceedings of  Interflam 2004, 10th International Conference on 
Fire Science and Engineering, held in Edinburgh, Scotland, July 5-7, 2004, Interscience Communications 
Ltd. London, 1257-1268 (2004). 
 
K. L. Erickson, S. M. Trujillo, K. R. Thompson, A. C. Sun, M. L. Hobbs, and K. J. Dowding, “Liquefaction 
and flow behavior of a thermally decomposing removable epoxy foam,” in Computational Methods in 
Materials Characterization, WIT Press, Southhampton, 217-242 (2003). 
 
A. S. Tappan, A. M. Renlund, G. T. Long, S. H. Kravitz, K. L. Erickson, W. M. Trott and M. R. Baer, 
“Microenergetic Processing and Testing to Determine Energetic Material Properties at the Mesoscale,” to 
be published in Proceedings of 12th International Detonation Symposium, San Diego, CA, August 11-16, 
2002. 
 
P. T. Vianco, K. L. Erickson, P. L. Hopkins, and A. C. Kilgo , “Computational Model for Predicting Solid-
State Reactions in Porous Materials: Case Study – the Reliability of Hybrid Microelectronics,” in 
(electronic) Proceedings of  National Space & Missile Materials Symposium 2002, Colorado Springs, CO, 
24-27 June 2002. 

M. L. Hobbs, K. L. Erickson, and T. Y. Chu, “ Modeling Decomposition of Unconfined Rigid Polyurethane 
Foam,” Polymer Degradation and Stability, 69 (1), 47-66 (2000). 

T. Y. Chu, M. L. Hobbs, K. L. Erickson, T. A. Ulibarri, A. M. Renlund, W. Gill, L. L. Humphries, and T. 
T. Borek, “Fire-Induced Response in Foam Encapsulants,” Proceedings of SAMPE ‘99 - 44th International 
SAMPE Symposium & Exhibition , Long Beach, CA, May 24-27,  1999. 
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K. L. Erickson, P. L. Hopkins, and P. T. Vianco, “Modeling the Solid-State Reaction Between Sn-Pb 
Solder and a Porous Substrate Coating,” Journal of Electronic Materials, Vol. 27, No. 11, 1998 

N. R.  Sorenson, J. W. Braithwaite, K. L.  Erickson, and P. L. Hopkins, "Modeling of Atmospheric Sulfi-
dation of SA-1388 Diodes," Proceedings of the 21st Aging, Compatibility and Stockpile Stewardship 
Conference, September 30 - October 2, 1998, Albuquerque, NM. 

A. M. Renlund, W. M. Trott, K. L. Erickson, M. L. Hobbs, and M. R. Baer, “Characterization of Thermally 
Degraded Energetic Materials,” Proceedings of the 11th Symposium (International) on Detonation, 
Snowmass, Colorado (August 30 - September 5, 1998).  

P. T. Vianco, P. L. Hopkins, K. L. Erickson, D. R. Frear, and R. Davidson, “Modeling Non-Isothermal 
Intermetallic Layer Growth in the 63Sn-37Pb/Cu System,” Design & Reliability of Solders and Solder 
Interconnections, 161, The Minerals, Metals & Materials Society, Warrendale, PA (1997). 

P. T. Vianco, Erickson, K.L., and P. L. Hopkins, “Model-Based Predictions of Solid State Intermetallic 
Compound Layer Growth in Hybrid Microelectronic Circuits,” Proceedings of the Life Cycle Systems 
Engineering Workshop, Redstone Arsenal, Huntsville, AL, 4-5 November 1997. 

A. M Renlund, J. C. Miller, W. M. Trott, K. L. Erickson, and M. L. Hobbs, “Characterization of Energetic 
Materials at Temperatures Approaching Cookoff,” Proceedings of the 1997 JANNAF Propulsion Systems 
Hazards Meeting, West Palm Beach, FL  27-31 October 1997.  

A. M. Renlund, J. C. Miller, and K. L. Erickson, “Characterization of Energetic Material Response to 
Thermal Environments,” Proceedings of the 1996 JANNAF Propulsion Systems Hazards Meeting , 
Monterey, CA, 4-8 November 1996.  

K. L. Erickson, W. M. Trott, and A. M. Renlund, “Condensed-Phase Decomposition in Thermally-Aged 
Explosives,” Proceedings of the 1995 JANNAF Propulsion Systems Hazards Meeting , Huntsville, 
Alabama, 23-27 October 1995. 

P. T. Vianco, K. L. Erickson, and P. L. Hopkins, “Solid State Intermetallic Compound Growth Between 
Copper and High Temperature Tin-Rich Solders - Part I: Experiment,” Journal of Electronic Materials, 23 
(8) 721 (1994).  

K. L. Erickson, P. L. Hopkins, and P. T. Vianco, “Solid State Intermetallic Compound Growth Between 
Copper and High Temperature Tin-Rich Solders - Part II: Modeling,” Journal of Electronic Materials, 23 
(8) 729 (1994).  

K. L. Erickson, W. M. Trott, and A. M. Renlund, “Decomposition Mechanisms in Thermally Aged Thin-
Film Explosives,” Proceedings of 1994 JANNAF Propulsion Systems Hazards Meeting, San Diego, CA, 
August 1-4, 1994. 

K. L. Erickson, W. M. Trott, and A. M. Renlund, “Thermal Decomposition Studies using EM thin Films,” 
Proceedings of the Joint USA-Russia Energetic Material Technology Symposium, Livermore, CA, May 18-
25, 1994.  

K. L. Erickson, W. M. Trott, and A. M. Renlund, “Examination of Phase Transformations and 
Decomposition Chemistry in Thermally Aged Thin-Film Explosives,” Proceedings of 1993 JANNAF 
Propulsion Systems Hazards Meeting, Fort Lewis, WA, 11-13 May 1993. 

K. L. Erickson, W. M. Tottt, and A. M. Renlund, “Thin-Film Methods for Examining the Decomposition 
Chemistry of Explosives.” Proceedings of the 10th Symposium (International) on Detonation, Boston, MA, 
11-15 July 1993. 
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K. L. Erickson, R. Behrens, and S. Bulusu, “Development of Rate Expressions for the Thermal 
Decomposition of RDX,” Proceedings of the 29th JANNAF Combustion Meeting, NASA Langley Research 
Center, Hampton, Virginia, 19-23 October 1992. 

K. L. Erickson, W. M. Trott, and A. M. Renlund, “Use of Thin-Film Samples to Study Thermal 
Decomposition Chemistry of Explosives,” Proceedings of the Eighteenth International Pyrotechnics 
Seminar, 241, Breckenridge, Colorado, hosted by IIT Research Institute, 13-17 July 1992. 

K. A. Grosser, K. L. Erickson, and R. G. Carbonell, “Enhanced Dispersion Resulting from Solute 
Exchange between Phases, AIChE Journal, Vol. 37, No. 4, 512, April 1991. 

W. M. Trott, A. M. Renlund, K. L. Erickson, and R. D. Skocypec, “High Rate Heating Driven 
Decomposition of Energetic Materials -- Diagnostics Evaluation,” Proceedings of the 28th JANNAF 
Combustion Meeting, Brooks Air Force Base, San Antonio, Texas, 28 October – 1 November 1991. 

R. D. Skocypec, A. R. Mahoney, M. W. Glass, R. G. Jungst, N. A. Evans, and K. L. Erickson, “Modeling 
Laser Ignition of Explosives and Pyrotechnics: Effects and Characterization of Radiative Transfer,” 
Proceedings of the Fifteenth International Pyrotechnics Seminar, 239, Boulder, Colorado, hosted by IIT 
Research Institute, 9-13 July 1990. 

K. L. Erickson, R. D. Skocypec, W. M. Trott, and A. M. Renlund, “Development of Thin-Film Samples for 
Examining Condensed-Phase Chemical Mechanisms Affecting Combustion of Energetic Materials,” 
Proceedings of the Fifteenth International Pyrotechnics Seminar, 239, Boulder, Colorado, hosted by IIT 
Research Institute, 9-13 July 1990. 

J. W. Rogers Jr., K. L. Erickson, D. N. Belton, R. W. Springer, T. N. Taylor, and J. G. Beery, “ Low 
Temperature Diffusion of Oxygen in Titanium and Titanium Oxide Films,” Applied Surface Science, Vol. 
35, 137 (1988-1989) 

R. D. Skocypec, K. L. Erickson, A. M. Renlund, and W. M. Trott, Fast Transient Gas- and Condensed-
Phase Chemistry of Energetic Materials,” Proceedings of the 26th JANNAF Combustion Meeting, Jet 
Propulsion Laboratory, Pasadena, CA, October 23-27, 1989. 

K. L. Erickson, R. D. Skocypec, J. W. Rogers, Jr., and T. M. Massis, “Powder Morphology Effects in the 
Ignition of Titanium-Based Pyrotechnics,” Proceedings of the Fourteenth International Pyrotechnics 
Seminar, Jersey, Channel Islands, Great Britain, 18-22 September, 1989, p. 157. 

R. D. Skocypec and K. L. Erickson, “Time-Resolved Mass Spectrometry Technique for Studying Fast 
Transient CHNO Explosive Decomposition Experiments,” Proceedings of the 9th Symposium (Inter-
national) on Detonation, 1140, Portland, OR, August 28 – September 1, 1989 

K. L. Erickson, “Gaseous Tracer Techniques for Pore Structure of Granular Materials,” Proceedings of the 
Thirteenth International Pyrotechnics Seminar, 227, Grand Junction, Colorado, hosted by IIT Research 
Institute, 11-15 July 1988. 

R. D. Skocypec and K. L. Erickson, “Development of an Experimental System for Studying Fast Transient 
Ignition Phenomena,” Proceedings of the Thirteenth International Pyrotechnics Seminar, 731, Grand 
Junction, Colorado, hosted by IIT Research Institute, 11-15 July 1988. 

J. W. Rogers, Jr., and K. L. Erickson, “Thermal Ignition of Ti-Based Pyrotechnics I: Ti Oxidation 
Mechanisms and Kinetics,” Proceedings of the Twelfth International Pyrotechnics Seminar, 407, Juan-Les-
Pins, France, June 8-12, 1987.  

K. L. Erickson, J. W. Rogers, Jr., and R. D. Skocypec, “Thermal Ignition of Ti-Based Pyrotechnics II: Ti 
Oxidation Kinetics Applied to Analysis of Slow Ignition (DTA) Experiments,” Proceedings of the Twelfth 
International Pyrotechnics Seminar, 49, Juan-Les-Pins, France, June 8-12, 1987. 
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K. L. Erickson, “Development of Gaseous Tracer Techniques for Pore Structure Characterization of 
Granular Materials,” Proceedings of 1987 JANNAF Propulsion Systems Hazards Meeting, NASA Marshall 
Space Flight Center, Huntsville, AL, 30 March - 3April 1987. 

R. D. Skocypec, K. L. Erickson, J. W. Rogers, Jr., and T. M. Massis, “Mechanistic Approach to Predicting 
Cook-Off Hazards: Reaction Kinetics Verification,” Proceedings of 1987 JANNAF Propulsion Systems 
Hazards Meeting, NASA Marshall Space Flight Center, Huntsville, AL, 30 March- 3April 1987. 

K. L. Erickson, J. W. Rogers, Jr., and S. J. Ward, “Titanium Oxidation Kinetics and the Mechanism for 
Thermal Ignition of Titanium-Based Pyrotechnics,” Proceedings of the Eleventh International Pyrotechnics 
Seminar, 679, Vail, Colorado, hosted by IIT Research Institute, 7-11July 1986. 

J. W. Rogers, Jr., K. L. Erickson, D. N. Belton, and S. J. Ward, “Thermal Diffusion of Oxygen in Titanium 
and Titanium Oxide Films,” Journal of Vacuum Science and Technology A 4 (3), 1685 May/June 1986. 

K. L. Erickson, M. S. Y. Chu, and M. D. Siegel, “Approximate Methods to Calculate Radionuclide 
Discharges for Performance Assessment of HLW Repositories in Fractured Rock,” Waste Management 86: 
Proceedings of the Symposium on Waste Management, 377, Tucson, Arizona, March 2-6, 1986 (copyright 
1986, Arizona Board of Regents). 

M. D. Siegel and K. L. Erickson, “Geochemical  Sensitivity Analysis for Performance Assessment of 
Speciation and Matrix Diffusion,” Proceedings of the Symposium on Groundwater Flow and Transport 
Modeling for Performance Assessment, Albuquerque, NM, May 20-21, 1985. 

K. L. Erickson, W. E. Seyfried, G. R. Heath, J. L. Krumhansl, and V. T. Bowen, “Geochemical Studies 
with Abyssal Red Clays,” Marine Geotechnology, V. 5, No.3/4, 297 (1984). 

K. L. Erickson and M. D. Siegel, “Geochemical Sensitivity Analysis for HLW Repository Risk 
Assessment: I Radioelement Speciation,” Transactions of the American Nuclear Society, Vol. 46, 1984. 

J. W. Rogers, Jr., K. L. Erickson, and R. W. Bickes, Jr., “The Effect of Thermal Aging on the Output of a 
Pyrotechnic Actuator,” Proceedings of the Ninth International Pyrotechnics Seminar, 457, Colorado 
Springs, Colorado, hosted by IIT Research Institute, 6-10 August 1984. 

K. L. Erickson, “Effect of Oxide Coating Thickness on Thermal Ignition of Titanium-Based Pyrotechnics,” 
Proceedings of the Ninth International Pyrotechnics Seminar, 799, Colorado Springs, Colorado, hosted by 
IIT Research Institute, 6-10 August 1984. 

M. D. Siegel and K. L. Erickson, “Radionuclide Releases from a Hypothetical Nuclear Waste Repository: 
Potential Violations of the Proposed EPA Standard by Radionuclides with Multiple Aqueous Species,” 
Waste Management 84: Proceedings of the Symposium on Waste Management, 541, Tucson, Arizona, 
March 11-15, 1984 (copyright 1984, Arizona Board of Regents). 

D. F. McVey, K. L. Erickson, and W. E. Seyfried, “Thermal, Chemical and Mass transport Processes 
Induced in Abyssal Sediments by the Emplacement of Nuclear Wastes: Experimental and Modeling 
Results,” Wastes in the Ocean, Vol. 3 Radioactive wastes in the Ocean, 360, P. K. Park, et al. eds., John 
Wiley & Sons (1983). 

K. L. Erickson, “Approximations for Adapting Porous Media Radionuclide Transport Models to Analysis 
of Transport in Jointed, Porous Rock,” The Scientific Basis for Nuclear Waste Management VI, 473, D. G. 
Brookins, ed., Elsevier Science Publishing Co., Inc., (1983). 

K. L. Erickson and D. R. Fortney, “Experimental and Theoretical Analysis of Small-Scale Radionuclide 
Migration Field Experiments,” The Scientific Basis for Nuclear Waste Management V, 371, S. V. Topp, ed. 
Elsevier Science Publishing Co., Inc. (1982). 
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K. L. Erickson, W. E. Seyfried, G. R. Heath, J. L. Krumhansl, and V. T. Bowen, “Geochemical Studies 
Supporting the U. S. Subseabed Disposal Program,” Marine Technology 80, 500, The Marine Technology 
Society, Washington, D. C. (1980). 

K. L. Erickson, “Radionuclide Sorption Studies on Abyssal Red Clays – Actinides,” Scientific Basis for 
Nuclear Waste Management, Vol. 2, 641, C. J. Northrup, Jr., ed., Plenum Publishing Corp. (1980). 

K. L. Erickson, “Preliminary Rate Expressions for Analysis of Radionuclide Migration Resulting from 
Fluid Flow Through Jointed Media,” The Scientific Basis for Nuclear Waste Management, Vol. 2, 729, C. 
J. Northrup, Jr., ed., Plenum Publishing Corp. (1980). 

K. L. Erickson, “Radionuclide Sorption Studies on Abyssal Red Clays,” Radioactive Waste in Geologic 
Storage, ACS Symposium Series 100, S. Fried, ed., American Chemical Society, Washington, D. C. 267 
(1979). 

K. L. Erickson and H. F. Rase, Fixed-Bed Ion Exchange with Differing Ionic Mobilities and Nonlinear 
Equilibria: Ethylenediamine Dihydrochloride and Ammonium Chloride System,” Industrial & Engineering 
Chemistry Fundamentals, Vol. 18, No. 4, 312 (1979). 

K. L. Erickson, “Rate Expressions for Analysis of Radionuclide Migration by Fluid Flow Through Jointed 
Media,” EOS, Transactions, American Geophysical Union, Vol. 59, No. 12, 1224, December 1978 

 

PATENTS 
 Patent No. US 6,276.276 B1, August 21, 2001, Kenneth L. Erickson, Thin-Film Optical Initiator. 

 

 
TECHNICAL  REPORTS  
 
M. L. Hobbs, K. L. Erickson, …, D. Clayton, and T. H. Fletcher, CPUF – A Chemical-Structure-Based 
Polyurethane Foam Decomposition and Foam Response Model, SAND2003-2282, Sandia National 
Laboratories, Albuquerque, NM, printed July 2003 
 
A. S. Tappan, …, K. L. Erickson, …. LDRD Final Report: Microenergetic Materials: Energetic Material 
Burn and Detonation at the Mesoscale, SAND2002-4101, Sandia National Laboratories, Albuquerque, NM 
printed December 2002. 
 
T. A. Ulibarri, D. K. Derzon. K. L. Erickson, J. N. Castenada, T. T. Borek, A. M. Renlund, and J. C. Miller, 
Preliminary Investigation of the Thermal Decomposition of Ablefoam and EF-AR20 Foam (Ablefoam 
Replacement), SAND 2002-0183, Sandia National Laboratories, Albuquerque, NM 87185, Printed January 
2002. 

N. R. Sorenson, J. W. Braithwaite, S. J. Lucero, J. R. Michael, J. N. Sweet, D. W. Peterson, D. G. 
Robinson, K. L. Erickson, and C. C. Battaile, Physical Models for Predicting the Effect of Atmospheric 
Corrosion on Microelectronic Reliability, SAND2000-3008, Sandia National Laboratories, Albuquerque, 
NM, December 2000. 

M. L. Hobbs, K. L. Erickson, T. Y. Chu, Modeling Decomposition of Unconfined Rigid Polyurethane 
Foam, SAND99-2758, Sandia National Laboratories, Albuquerque, NM (1999). 
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W. M. Trott and K. L. Erickson, Ultra-High-Speed Studies of Shock Phenomena in a Miniaturized System: 
A preliminary Evaluation, SAND97-2214, Sandia National Laboratories, Albuquerque, NM, September 
1997. 

R. W. Bickes, Jr., M. C. Grubelich, Juan A Romero, D. J. Staley, R. J. Buss, P. P. Ward, and K. L. 
Erickson, A New Concept for Very Low Energy Detonators and Torches, SAND 96-0703, March 1996.  

K. L. Erickson, P. L. Hopkins and P. T. Vianco,  Analysis of Physiochemical Processes During Solder 
Aging, SAND94-0691, Sandia National Laboratories, Albuquerque, NM, November 1994.  

M. D. Siegel, C. D. Leigh, K. L. Erickson, M.S. Y. Chu, E. J. Bonano, S. L. Phillips, L. F. Silvester, V. S. 
Tripathi, J. O. Leckie, H. E. Nuttall, J. Catasca, A. T. Trujillo, and S. E. Bayley, Progress in Development 
of a Methodology for Geochemical Sensitivity Analysis for Performance Assessment: Parametric 
Calculations, Preliminary Databases, and Computer Code Evaluation, SAND85-1644, Sandia National 
Laboratories, Albuquerque, NM, August 1989. 

K. L. Erickson, Kinetic Model for a Solid-Liquid Reaction (U), SAND84-2635, Sandia National 
Laboratories, Albuquerque, NM, 1984. 

B. C. Bunker and K. L. Erickson, The Influence of Carbonate Complexes on Uranium Migration Through 
Abyssal Red Clays, SAND83-1153, Sandia National Laboratories, Albuquerque, NM, September 1983. 

K. L. Erickson, E. P. Roth, and J. F. Lackner, Thermophysical Properties of Uranium Hydride, SAND83-
1531, Sandia National Laboratories, Albuquerque, NM, July 1983. 

K. L. Erickson and D. R. Fortney, “Preliminary Transport Analyses for Design of the Tuff Radionuclide 
Migration Field Experiment,” SAND81-1253, Sandia National Laboratories, Albuquerque, NM, September 
1981. 

B. R. Erdal, K. Wolfsberg, J. K. Johnston, K. L. Erickson, A. M. Friedman, S. Fried, and J. J. Hines, 
Nuclide Migration Field Experiments – Program Plan, LA-8487, Los Alamos National Laboratory, Los 
Alamos, NM, 1981. 

K. L. Erickson, A Fundamental Approach to the Analysis of Radionuclide Transport Resulting from Fluid 
Flow through Jointed Media, SAND80-0457, Sandia National Laboratories, Albuquerque, NM, February 
1981. 

 
PRESENTATIONS (since January 2002) 
 
K.  L. Erickson, “Thermal Decomposition of Polymers in Nitrogen and in Air,” to be presented at SAMPE 
Fall Technical Conference, Cincinati, OH, October 2007. 
 
K. L. Erickson, S. M. Trujillo, and K. R. Thompson, “ Physical behavior and Decomposition Chemistry of 
Polymer Foams exposed to Fire Environments,” to be presented at  Interflam 2007, London, UK, 
September 2007 
 
V. S. Sirenko, R. A. Koslovskiy, E. I. Popova, S. G. Mulyashow, and K. L. Erickson “Use of Multiple 
Experimental Techniques to Study Thermal Decomposition of Polyurethane Foam,” SAMPE 2007, 
Baltimore, MD, June 2007. 
 
K. L. Erickson, “Development of  Rate Expressions for Polymer Decomposition,” SAMPE Fall Technical 
Conference, Dallas, Texas, November 2006. 
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K. L. Erickson, “Thermal Decomposition Mechanisms Associated with Functional Groups in Selected 
Polymers,” NATAS 2006, Bowling Green, KY, Aug 5-9, 2006. 
 
K. L. Erickson, “Thermal Decomposition Mechanisms of Epoxies and Polyurethanes,” SAMPE 2006, Long 
Beach, Ca, April 30 – May 5, 2006. 
 
K. L. Erickson, “Thermal Decomposition – GC – FTIR System,” SNL – VNIIA Technical Exchange, 
Moscow, Russia, 13-17 June 2005. 
 
K. L. Erickson, P. L. Hopkins, and P. T. Vianco, “Modeling the Effect of Finite Material Boundaries on 
Multi-Component Base Metal Dissolution and Inter-Metallic Compound Growth,” TMS Annual Meeting, 
San Francisco, California, 13-17 February 2005. 
 
B.E. Vembe, V.F. Nicolette, and K. L. Erickson, “Numerical Simulation of Combustion of PMMA,” 
International Technical Conference: Computational Simulation Models in Fire Engineering and Research, 
hosted by  the University of Cantabria (Spain), October 2004. 
 
K. L. Erickson, S. M. Trujillo, and V. F. Nicolette, “Thermal Decomposition of Organic Materials,” 
Warhead Safety and Security Exchange (WSSX) - Hazardous Environment Protection Workshop, Joint 
United States and Russian Federation Meeting, 27 September – 1 October 2004, Albuquerque, New 
Mexico. 
 
V. F. Nicolette, K. L. Erickson, and B. E. Vembe, Numerical Simulation of Decomposition and 
Combustion of Organic Materials. Interflam 2004, Edinburgh, Scotland, July 5-7, 2004. 
 
K. L. Erickson, P. L. Hopkins, P. T. Vianco, J. Martin, and G. Zender, “Multi-Component Base Metal 
Dissolution and Inter-metallic Compound Formation in Porous Noble Metal Thick Films,” Annual TMS 
Meeting, Charlotte, NC, March 14-18, 2004. 
 
K. L. Erickson, S. M. Trujillo, K. R. Thompson, A. C. Sun, M. L. Hobbs, and K. J. Dowding, “Liquefaction 
and flow behavior of a thermally decomposing removable epoxy foam,” Materials Characterization 2003, 
Santa Fe, NM, November 5-7, 2003 
 
K. L. Erickson, P. L. Hopkins, P. F. Hlava, P. T. Vianco, and J. A. Rejent, “Preferential Dissolution and 
Inter-metallic Compound Formation with  Multi-component Base Metal and Solder Alloys,” Annual TMS 
Meeting, San Diego, CA, March 2-6, 2003. 
 
A. S. Tappan, A. M. Renlund, G. T. Long, S. H. Kravitz, K. L. Erickson, W. M. Trott and M. R. Baer, 
“Microenergetic Processing and Testing to Determine Energetic Material Properties at the Mesoscale,” 12th 
International Detonation Symposium, San Diego, CA, August 11-16, 2002. 
 
P. T. Vianco, K. L. Erickson, P. L. Hopkins, and A. C. Kilgo , “Computational Model for Predicting Solid-
State Reactions in Porous Materials: Case Study – the Reliability of Hybrid Microelectronics,” National 
Space & Missle Materials Symposium 2002, Colorado Springs, CO, 24-27 June 2002. 
 
K. L. Erickson, P. L. Hopkins, P. F. Hlava, P. T. Vianco, and J. A. Rejent, “Preferential Dissolution and 
Intermetallic Compound Formation with Multi-Component Base Metal and Solder Alloys,” 2002 Annual 
TMS Meeting Seattle, WA, February 17-21, 2002 
 
P. T. Vianco, K. L. Erickson, and P. L. Hopkins, “Pb-Free Soldering and Hybrid Microcircuit Technology,” 
Auburn University – Materials Science and Engineering Seminar, Auburn, AL, 29 January 2002. 
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John Christopher Hewson 
 

Educational Background 
University of California, Berkeley  Mechanical Engineering  B.S.  1990 
University of California, San Diego  Engineering Sciences   M.S.  1993  
University of California, San Diego  Engineering Sciences   Ph.D.  1997 
 Thesis: Pollutant Emissions from Nonpremixed Hydrocarbon Flames  
 Advisor: Prof. Forman A. Williams 
 
Professional Experience: 
9/02 – present: Principal Member of the Technical Staff, (11/07-present), Senior Member of the 

Technical Staff, (9/02-11/07), Sandia National Laboratories, Albuquerque, NM. 
12/98 – 9/02: Postdoctoral Appointee, Limited-Term Member of Technical Staff, Sandia National 

Laboratories, Livermore, CA. 
8/97 – 12/98: Visiting Postdoctoral Chemist, Lawrence Berkeley National Laboratory, Berkeley, 

CA. 
9/91 – 8/97: Research Associate, University of California, San Diego, CA. 
1/95 – 3/95: Teaching Assistant, University of California, San Diego, CA. 
9/94 – 11-94: Visiting Researcher, Institut fur Technische Mechanik, RWTH-Aachen, Germany. 
8/93-12/93: Visiting Researcher, Department of Thermal Energy and Hydropower, The 

Norwegian Institute of Technology, Trondheim, Norway. 
8/90 – 8/91: Mechanical Engineer, Systron-Donner Safety Systems Division, Concord, CA. 
 
Current and Recent Research Projects: 
Fundamental studies of turbulent nonpremixed flame evolution with emphases on trace 

species/pollutant formation and destruction and on localized extinction and reignition. 
Developing models for the transport of aerosols relative to gases, focusing on the varying 

thermochemical state.  
Implementing conditional moment closure models into production multiphysics analysis code to 

track enthalpy and aerosol evolution in complex geometries where substantial conjugate 
heat transfer occurrs.  

Developing models for multi-source mixing evolution when length and time scales vary between 
sources.  

Modeling spray evolution using Lagrangian particle tracking methods.  Developing improved 
models for particle combustion and for droplet impact. 

Developing models of the thermochemistry of metal oxidation and metal-metal alloying reactions 
to predict the thermochemical evolution of metals in high-temperature environments.   

Analyzing the sensitivity of ignition to the mixing process and fuel composition with model for full 
range of length and time scales.  Using this to develop control strategies for HCCI 
engines. 

Modeling the dynamics of localized extinction and reignition in turbulent flames with stochastic 
modeling. 

Development of detailed chemical-kinetic mechanisms and simplified models related to main-
flame chemistry and pollutant emissions from flames. 
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Selected Publications  
R. Sankaran, H. G. Im, J. C. Hewson, “Analytical model for autoignition in a thermally stratified 

HCCI engine,” Combust. Sci. Tech., 179(9):1963—1989, 2007. 
J. C. Hewson, A. J. Ricks, S. R. Tieszen, A. R. Kerstein, and R. O. Fox, "Conditional moment 

closure with differential diffusion for soot evolution in fire," Studying Turbulence Using 
Numerical Simulation Databases – XI, Proceeding of the 2006 Summer Program, Center 
for Turbulence Research, Stanford University, December, 2006. 

S. Liu, J. C. Hewson, J. H. Chen, “Nonpremixed n-heptane autoigntion in unsteady counterflow”, 
Combust. Flame, 145(4):730—739, 2006  

S. S. Yoon, P. E. DesJardin, J. C. Hewson, C. Presser, C. T. Avedisian, “Numerical Modeling 
and Experimental Measurements of Water Spray Impact and Transport over a Cylinder,” 
International Journal of Multiphase Flow, 32:132—157, 2006. 

J. C. Hewson, S. S. Yoon, “On Sampling from Prescribed Droplet PDF’s Using Computational 
Parcels,” Atomization and Sprays, 15:11—131, 2005. 

S. Liu, J. C. Hewson, J. H. Chen and H. Pitsch, “Effects of Strain Rate on High-Pressure 
Nonpremixed n-Heptane Autoignition in Counterflow,” Combust. Flame, 137(3):320-339, 
2004. 

S. S. Yoon, J. C. Hewson, P. E. DesJardin, D. J. Glaze, A. R. Black, R. R. Skaggs, “Numerical 
modeling and experimental measurements of a high speed solid-cone water spray for 
use in fire suppression applications,” International Journal of Multiphase Flow, 
30(11):1369-1388, 2004. 

J. C. Hewson and A. R. Kerstein, “Local Extinction and Reignition in Nonpremixed Turbulent 
CO/H2/N2 Jet Flames,” Combust. Sci. Tech., 174 (5-6):35-66, 2002. 

J. C. Hewson and A. R. Kerstein, “Stochastic Simulation of Transport and Chemical Kinetics in 
Turbulent CO/H2/N2 Flames,” Comb. Theory Modeling, 5:669-697, 2001.  

J. C. Hewson and F. A. Williams, “Rate-Ratio Asymptotic Analysis of Methane-Air Diffusion 
Flame Structure for Predicting Production of Oxides of Nitrogen,” Combust. Flame, 117: 
441-476, 1999. 

 
Other Recent Activities 
Member of the Organizing Committee for the Workshop on Fire Models and Validation (2007, 

2006) and Workshop on Heat Transfer in Fires (2007, 2006, 2005, 2004, 2003) These 
annual workshops are organized to provide a venue for the international research 
community to address physics modeling and validation in fire environments.   

Member of the Organizing Committee for the International Workshop on Combustion-Generated 
Fine Carbon Particles (Anacapri, Italy), May 13-16, 2007.  This workshop was organized to 
bring together the international soot research community to assess and review recent 
progress. 

Moderator for Department of Energy Science Bowl, an annual outreach program to high school 
and middle school students encouraging excellence in the sciences (1999-2007)  
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Vernon F. Nicolette, PhD          

Sandia National Laboratories 
Fire and Aerosol Sciences Dept. 
PO Box 5800, MS 1135 
Albuquerque, NM 87185-1135 
vfnicol@sandia.gov 

Work Experience 
 

Sandia National Laboratories (1985 – present) 
Job Title: Principal Member of Technical Staff 

• Principal investigator (PI) with project management responsibilities 
o Product manager for the Fuego fire code (2007 – 2008) 
o PI for Fuego propellant fire code V&V (2007 – 2008) 

• CFD computer code development 
o Developed the Vulcan CFD fire code (1993 – 2008) 
o Developed the Gray Gas model for predicting radiation boundary 

layers in convective environments (1989 – 1990) 
o Developed a thermal battery computer code (1990 – 1993) 
o Developed a computer code for simulation of hydrogen burns in 

nuclear reactor accident environments (1985 – 1989) 
• Numerical and analytical studies of fires, buoyant flows, and heat transfer 

o Numerous studies of accident environments and thermal response 
Accomplishments 
 

Designated  “Founding Father” of the Fire Science & Technology Program at 
Sandia National Laboratories 

Activities 
 

Member of ASME, IAFSS. Co-chairman of Weapons Effects Strategic 
Collaboration Fire Working Group. 

Interests 
 

Fires and combustion environments (nuclear facilities, accidents, aircraft), thermal 
radiation, probabilistic risk assessment, verification and validation 

Hobbies Running, tennis, bible study. Youth pastor (1997 – 2007). 
Education 
 

University of Notre Dame 
Department of Aerospace and Mechanical Engineering 
Notre Dame, Indiana 
Dates: 1984 – 1985 
Degree: Postdoctoral research on buoyant flows and natural convection 
 
University of Notre Dame (received scholarship) 
Department of Aerospace and Mechanical Engineering 
Notre Dame, Indiana 
Dates: 1980– 1984 
Degree: Doctor of Philosophy in Mechanical Engineering. Dissertation: Transient 

Natural Convection in Enclosures (Advisor: K.T. Yang) 
 
University of California at Berkeley (received scholarship) 
Department of Nuclear Engineering 
Berkeley, California 
Dates: 1979 – 1980 
Degree: Master of Science in Nuclear Engineering 
Thesis: Two-Phase Fanno Flow Using a Homogeneous Equilibrium Model 
(Advisor: V.E. Shrock) 
 
University of Notre Dame (received scholarship) 
Department of Aerospace and Mechanical Engineering 
Notre Dame, Indiana 
Dates: 1975– 1979 
Degree: Bachelor of Science in Mechanical Engineering 

Special 
Appointments 

Visiting Researcher, Norwegian Technical University, Trondheim, Norway (1993 
and 1995) 
Visiting Scientist, FAA Technical Center, New Jersey (1993 – 1995) 
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Partial List of Publications 
o V.F. Nicolette, S.R. Tieszen, L.A. Gritzo, “Numerical Simulation of Fire in an Aircraft Engine Nacelle,” 

Annual Conference on Fire Research, NIST, Gaithersburg, MD, October 1996. 
o V.F. Nicolette, S.R.. Tieszen, and J.L. Moya, “Interfacing Materials Models with Fire Field Models,” 

Proceedings of the 41st SAMPE Symposium, Anaheim, CA, March 1996. 
o V.F. Nicolette, "Fire Model Simulations for the Dual Capable Aircraft Program," Sandia National Laboratories 

report, SAND 2000-1729, Specified Dissemination, Official Use Only, August 2000. 
o V.F. Nicolette, “Computational Fire Modeling For Aircraft Fire Research,” Sandia National Laboratories report, 

SAND96-2714, November 1996. 
o V. F. Nicolette, W. Gill, and T. K. Blanchet, “Reconciliation of Experimental Observations with Zone Models 

and Field Models in Large-Scale Non-Conventional Compartment Fires,” HT 99-WA/HT-10007, 1999 ASME 
Int. Mech. Eng. Congress and Exposition (IMECE), Nashville, TN, Nov. 15-20, 1999. 

o V.F. Nicolette, S.R. Tieszen, A.R. Black, S.P. Domino, T.J. O'Hern, A Turbulence Model for Buoyant Flows 
Based on Vorticity Generation, Sandia National Laboratories report, SAND 2005-6273, 2005. 

o V.F. Nicolette, Vulcan Simulations of ICFMP Benchmark Exercise 4, Test 3, Sandia National Laboratories 
report, SAND2006-1721, 2006. 

o V.F. Nicolette, K.L. Erickson, and B.E. Vembe, Numerical Simulation of Decomposition and Combustion of 
Organic Materials, Proceedings of the INTERFLAM Conference, Edinburgh, Scotland, July 5-7, 2004. 

o V.F. Nicolette and B.E. Vembe, Numerical Simulation of Solid Material Decomposition and Combustion, 
SAMPE Conference, Long Beach, CA, May 19, 2004.  

o V.F Nicolette, Gritzo, L.A., Moya, J.L., and Tieszen, S.R., “Comparison of Large JP4- and JP8-Fueled Pool 
Fires,” Proceedings of the International Conference on Fire Research and Engineering, Orlando, Florida, 
September 10-15, 1995, SFPE, Quincy, MA, 1995. 

o V.F. Nicolette, A.L. Brown, and A. R. Black (eds.), VULCAN Users Manual, Sandia National Laboratories 
report SAND2008-1205, 2008. 

o V.F. Nicolette and J.C. Hewson, Modeling the thermal environment from ambient atmosphere solid propellant 
fires, JANNAF Proceedings, Boston, March 2008. 

o J.C. Hewson and V.F. Nicolette, Predicting aluminum droplet burning rates with varying oxidizers, JANNAF 
Proceedings, Boston, March 2008. 

o W. Gill, W.W. Erikson, V.F. Nicolette, and J.C. Hewson, Heat flux from ambient air solid propellant fire 
plumes, JANNAF Proceedings, Boston, March 2008. 

o H. Noravian, V.F. Nicolette, K.A. Woodbury, L.E. Reinhart, and N.R. Keltner, Vulcan/SINDA loosely coupled 
analysis methodology for the NASA/JPL rod calorimeter, JANNAF Proceedings, Boston, March 2008. 

o W.W. Erikson, V.F. Nicolette, and W. Gill, Uncertainty in propellant fire heat flux – an experimental and 
modeling approach, Department of Defense Explosives Safety Seminar, Palm Springs, CA, Aug. 12-14, 2008. 

o Brundage, A.L., Kearney, S.P, Donaldson, A. B., Nicolette, V. F., Gill, W, "A Joint Computational and 
Experimental Study to Evaluate Inconel-Sheathed Thermocouple Performance in Flames", SAND2005-3978, 
June 2005. 

o L. A. Gritzo and V.F. Nicolette, Coupling of Large Fire Phenomenon with Object Geometry and Object 
Thermal Response, Journal of Fire Sciences, vol. 15, December 1997. 

o S.R. Tieszen, V.F. Nicolette, L.A. Gritzo, J.K. Holen, D. Murray, and J.L. Moya, Vortical Structures in Pool 
Fires: Observation, Speculation, and Simulation, Sandia National Laboratories report, SAND96-2607, 1996. 

o Gritzo, L.A., and Nicolette, V.F. “Coupled Thermal Response of Objects and Participating Media in Fires and 
Large Combustion Systems,” Numerical Heat Transfer, Part A, 28:531-545, 1995. 

o Gritzo, L.A., Nicolette, V.F., Tieszen, S.R., and Moya, J.L. “Heat Transfer to the Fuel Surface in Large Pool 
Fires,” Transport Phenomenon in Combustion, S.H. Chan, ed., Taylor and Francis, 1995. 

o Gritzo, L.A., Gill, W., and Nicolette, V.F., “Estimates of the Extent and Character of the Oxygen-Starved 
Interior in Large Pool Fires,” Very Large Scale Fires, ASTM STP 1336, N.R. Keltner, N.J. Alvares and S.J. 
Grayson, Eds., American Society for Testing and Materials, 1998. 

o Gritzo, L.A., Nicolette, V.F, Moya, J.L., Skocypec, R.D., and Murray, D., “Wind-Induced Interaction of a 
Large Cylindrical Calorimeter and an Engulfing JP-8 Pool Fire,” Proceedings of the Symposium on Thermal 
Sciences in Honor of Chancellor Chang-Lin Tien, Berkeley, CA, November 14, 1995. Printed by the 
Department of Mechanical and Industrial Engineering, University of Illinois at Urbana-Champaign. 

o Gritzo, L.A., Moya, J.L., Nicolette, V.F, and Gilliland, J., “Characterization of Large JP4 Pool Fires and Heat 
Fluxes Incident on an Adjacent Flat Surface,” Proceedings of the International Conference on Fire Research and 
Engineering, Orlando, Florida, September 10-15, 1995, SFPE, Quincy, MA, 1995. 

o A.L. Brown, K.J. Dowding, V F. Nicolette, and T.K. Blanchat, Fire model validation for gas temperatures and 
radiative/convective partitioned heat flux, Proc. Int. Assoc. of Fire Safety Science, Karlsruhe, Germany, August 
2008. 
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Tara J. Olivier 
 
Risk & Reliability Analysis Department 
Sandia National Laboratories 
P.O. Box 5800, MS 0748 
Albuquerque, NM 87185-0748 
Email: tjolivi@sandia.gov 
 
Education: 

M.S. in Fire Protection Engineering, Worcester Polytechnic Institute, (WPI) (2007) 
B.S. in Mechanical Engineering, WPI (2005) 

  
Relevant Courses: Enhancements to FDS, Combustion, Process Safety 
Management, Fire Modeling, Failure Analysis, Performance Based Design, Fire 
Dynamics, Fire Protection Systems, Building Fire Safety, Operations Risk 
Management  

 
     

Work Experience: 
 

2005-Present Member of the Technical Staff, Sandia National 
Laboratory, Risk and Reliability Analysis Department 

     Albuquerque, NM 
 

2004-2005 Volunteer Lab Assistant:  Fire Testing for the U.S. 
Navy Holden Labs, Holden MA 
- Testing the Performance of Fire Fighting Clothing  
- Monitoring the Flow Controller and Thermocouples 

 
 
Research and Professional Experience: 
 

2008    Sodium Fast Reactor Safety Training, Japan Atomic Energy Association 
2007 EPRI/NRC-RES Fire PRA Course 

 
Selected Publications: 

 
Olivier, T.J., R.F. Radel, S.P. Nowlen, T.K. Blanchat, and J.C. Hewson, Metal Fire 
Implications for Advanced Reactors, Part 1: Literature Review, SAND2007-6332. Sandia 
National Laboratories, Albuquerque, NM, October 2007. 
 
Olivier, T.J., T.K. Blanchat, J.C. Hewson, S.P. Nowlen, R.F. Radel, Metal Fires and Their 
Implication for Advanced Reactors, ANS PSA 2008 Topical Meeting- Challenges to PSA 
during the nuclear renaissance. Knoxville, TN, September 7-11, 2008, on CD-ROM, 
American Nuclear Society, LaCrange Park, IL (2008).  

 
Professional Activities: 

- Member of ANS Trinity Section (2008) 
- Member of SFPE (2005-Present) 
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 RESUME 
 
Dana Auburn Powers 
Born:  July 16, 1948 
 
Sandia National Laboratories 
MS 0736 
P. O. Box 5800 
Albuquerque, NM  87185 
Voice (505) 845-9838 
Fax (505) 844-0955 
E-mail: dapower@sandia.gov 

      
 
EDUCATION 
 
PhD  Chemistry, Chemical Engineering and Economics 

California Institute of Technology, 1975 
Thesis: "Magnetic Behavior of Basic Iron Compounds" 
 

BS  Chemistry 
California Institute of Technology, 1970 

 
Engineer-in-Training Certificate, State of California 
 
PROFESSIONAL SOCIETIES 
 

American Chemical Society 
American Nuclear Society 

· elected to Executive Committee of the Nuclear Installation 
Safety Division 2004 

· Chairman Program Committee for the Nuclear Installations 
Safety Division 2006-2007 

· Vice Chairman Program Committee for the Nuclear installations 
Safety Division 2006 

· secretary Program Committee for the Nuclear Installation Safety 
Division 2004-2005 

· member Program Committee for the Nuclear Installation Safety 
Division 2001- present 

Tau Beta Pi 
 
EXPERIENCE 
 
November 2007  Theos J. “Tommy” Thompson award from the American Nuclear 

Society “in recognition of outstanding contributions to the field of 
nuclear reactor safety”. 
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June 2002   Elected Fellow of the American Nuclear Society 

Member of the Program Committee for the Nuclear Installations 
Safety Division of the American Nuclear Society 

 
June 2001   Distinguished Service Award from US Nuclear Regulatory 

Commission 
 
1994 - Present  Member, Advisory Committee on Reactor Safeguards 

U.S. Nuclear Regulatory Commission 
 

1999, 2000    Chairman Advisory Committee on Reactor Safeguards 
U.S. Nuclear Regulatory Commission 

 
1997, 1998    Vice-Chairman Advisory Committee on Reactor Safeguards 

U.S. Nuclear Regulatory Commission 
 

As a member of the Advisory Committee, chaired subcommittees on Reactor 
Fuels, Fire, Human Factors and Reactor Safety Research; served on 
subcommittees dealing with reactor thermal hydraulics and probabilistic risk 
assessment. 

 
 
1998 - Present  Senior Scientist, Nuclear and Risk Technologies Center 
    Sandia National Laboratories  
 

Responsible for organization of Senior Scientists’ review of technical issues for 
Sandia management; consults with the Nuclear Regulatory Commission on 
international reactor safety research programs (ARTIST, PHEBUS, MASCA); 
conducts thermal analysis for launch safety analysis for the New Horizons 
mission to Pluto; part of the international team developing a state-of-the-art 
report on nuclear aerosols for Organization for Economic Cooperation and 
Development (OECD).  

 
 
1992 - 1998    Manager (ML-1) Nuclear Facilities Safety Department 
    Sandia National Laboratories 
 

Responsible for the development of safety research programs for Department of 
Energy nuclear facilities; development of knowledge-based expert system for 
facility safety surveys. 

 
Participated in the team conducting The System Requirements Review for the 
Hanford Tank Waste Remediation System. 

 
Consultant for Chemical Reactions Subcommittee of the Tank Advisory Panel 
(DOE/EM-36) examining safety issues of radioactive wastes stored by the 
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Department of Energy. 
 

Served on Experts Group on Risk Acceptance Criteria for In-Facility Personnel, 
Co-located Workers, and the Public for DOE/EH-10.  

 
Lecturer in the IAEA Severe Accident Analysis and Accident Management 
Program to Beijing, China. 

 
 
1991 August-1992 March 
    Acting Manager Department 6420 
    Sandia National Laboratories 
 

Managed the work of four divisions involving 58 Sandia employees and about 30 
contractors conducting in-pile experiments, out-of-pile experiments and 
phenomenological modeling of nuclear reactor accidents and the development of 
plasma-facing components for fusion reactors. 

 
Lecturer for the IAEA Accident Management and Accident Analysis course 
December 2-13, 1991, South Korea. 

 
 
1981 – 1991 August  Supervisor  

Sandia National Laboratories 
 

Supervised the work of about 10 staff members, eight technicians and up to 10 
contractors conducting experimental and analytic investigations of severe reactor 
accident phenomena on behalf of the U.S. Nuclear Regulatory Commission and 
the Department of Energy; large-scale field tests of core debris/concrete 
interactions, sodium/concrete interactions, molten aluminum/concrete 
interactions, melt/water interactions, direct containment heating, and fission 
product/aerosol interactions with reactor structures were conducted in the 
division; computer models of sodium/concrete interactions (SLAM), core 
debris/concrete interactions (CORCON/VANESA), fission product release and 
transport (VICTORIA), melt flow (PLUGM), concrete dehydration (USINT), and 
direct containment heating (TCE) were developed for the analysis of severe 
reactor accidents; methods for quantitative scaling and uncertainty analyses 
were devised. 

 
 
1988 March - 1991 November 
    Member 

Department of Energy Advisory Committee on Nuclear Facility 
Safety (J. Ahearne, Chairman) 

 
Provided the Secretary of Energy advice on the safety of reactor and nuclear 
facilities operated by or for the DOE; chaired subcommittees dealing with restart 
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of the Savannah River K reactor, Rocky Flats operational safety, and safety 
issues at the Hanford tank farms. 

 
 
1988    Member, National Research Council Steering Committee for the 

Workshop on Chemical Processes and Products in Severe 
Reactor Accidents (J. Margrave, Chairman) 

 
1986 - 1988   Member, National Research Council Committee to Assess 

Safety and Technical Issue at Department of Energy Reactors 
(R. Meserve, Chairman) 

 
1986    Consultant, International Nuclear Safety Advisory Group (IAEA) 

on the Chernobyl accident. 
 

Lecturer in IAEA courses on Severe Accident Phenomena held 
in Rio de Janero, Brazil; Ljubljana, Yugoslavia; Johannesburg 
and Capetown, South Africa; and Veracruz, Mexico. 

 
1974 - 1981   Staff Member, Chemistry and Metallurgy Division 

  Sandia National Laboratories 
 

Developed techniques for the hot pressing of metallothermic reaction mixtures.  
Studied the nature of metallothermic reaction ignition. 

 
Conducted experimental studies of high temperature core debris interactions with 
concrete, steel, firebrick, borax, high alumina cement and magnesia; developed 
models of the kinetics of concrete decomposition; studied the heat transfer from 
high temperature melts to steel structures and urania-coated steel structures; 
developed methods to use x-rays for observing in real time melt interactions with 
materials. 

 
Served as a consultant to the President's Commission on the accident at Three 
Mile Island. 

 
Served on a working group for the Rogovin Commission's investigation of the 
reactor accident at Three Mile Island. 

 
Served as a consultant to the Advisory Committee Reactor Safeguards 
Subcommittee on Class 9 accidents (D. Okrent, Chairman) and control room 
habitability (D. Moeller, Chairman).   
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APPENDIX B: DETAILED PIRT TABLES 
 
 This appendix presents the detailed tables of the Phenomena Identification and 
Ranking Table (PIRT) exercise. 

-B-1-



Scenario 1: Pool Fire

Scenario 2: Spray Fire

C
om

m
en

ts

Model Adequacy

Code Adequacy

Available Input Data 

Feasibility of Getting New 
Input Data

Available Validation Data

Feasibility of Getting New 
Validation Data

C
om

m
en

ts

1.
 P

oo
l F

ire
 S

ur
fa

ce
 B

ur
ni

n g
A

. R
ad

ia
tio

n 
Fl

ux
 fr

om
 P

oo
l B

ur
ni

ng
 S

ur
fa

ce
L

L
X

X
X

X
X

X
B

. R
ad

ia
tio

n 
Fl

ux
 to

 P
oo

l B
ur

ni
ng

 S
ur

fa
ce

L
L

Th
is

 is
 le

ss
 im

po
rta

nt
 th

an
 th

e 
ph

en
om

en
on

 
ra

di
at

io
n 

flu
x 

fro
m

 th
e 

su
rfa

ce
.

X
X

X
X

X
X

C
. M

as
s 

B
ur

ni
ng

 R
at

e 
H

3
L

Th
e 

m
as

s 
bu

rn
in

g 
ra

te
 is

 h
ig

hl
y 

im
po

rta
nt

 fo
r t

he
 

po
ol

 fi
re

 a
nd

 lo
w

 im
po

rta
nc

e 
fo

r t
he

 s
pr

ay
 fi

re
.

M
L

M
H

M
M

Th
e 

m
od

el
s 

fo
r t

hi
s 

ph
en

om
en

on
 a

re
 d

ec
en

t 
if 

al
l t

he
 in

pu
t a

re
 a

va
ila

bl
e.

  T
he

 
co

m
pl

ic
at

ed
 is

su
es

 a
re

 th
e 

su
rfa

ce
 re

ac
tio

n 
w

ith
 th

e 
ox

id
e 

de
po

si
tio

n.
 

D
. P

oo
l H

ea
tin

g 
R

at
e

H
2

L
Th

e 
hi

gh
 im

po
rta

nc
e 

ra
nk

in
g 

fo
r t

he
 p

oo
l f

ire
 is

 
sp

ec
ifi

c 
to

 th
e 

in
iti

al
 h

ea
t u

p 
fro

m
 fe

ed
ba

ck
.

M
L

M
H

M
M

E
. M

as
s 

B
ur

ni
ng

 R
at

e 
if 

R
ad

ia
tio

n 
is

 Im
po

rta
nt

 
H

1
L

Th
e 

hi
gh

 im
po

rta
nc

e 
fo

r t
he

 p
oo

l f
ire

 is
 b

as
ed

 o
n 

th
at

 th
is

 p
he

no
m

en
on

 a
ffe

ct
s 

th
e 

he
at

 re
le

as
e 

ra
te

.  
Th

e 
lo

w
 im

po
rta

nc
e 

ra
nk

in
g 

fo
r t

he
 s

pr
ay

 
fir

e 
is

 p
re

su
m

in
g 

th
at

 th
e 

so
di

um
 s

pr
ay

 is
 n

ot
 

de
po

si
tin

g 
on

 th
e 

gr
ou

nd
.

L
L

L
L

L
L

Th
e 

un
ce

rta
in

tie
s 

w
ith

 th
is

 p
he

no
m

en
on

 a
re

 
th

e 
so

di
um

 o
pt

ic
al

 p
ro

pe
rti

es
. T

he
 

ab
so

rp
tio

n 
is

 la
rg

el
y 

re
fle

ct
iv

e.
 

F.
 C

on
du

ct
io

n/
C

on
ve

ct
iv

e 
Fl

ux
H

2
L

H
H

H
N

A
L

L
G

. N
ea

r S
ur

fa
ce

 S
iz

e 
an

d 
D

is
tri

bu
tio

n 
of

 
A

er
os

ol
 P

ar
tic

le
s

H
2-

M
N

A
Th

is
 p

he
no

m
en

on
 w

as
 ra

nk
ed

 b
y 

th
e 

pa
ne

l w
ith

 
a 

st
at

e 
of

 k
no

w
le

dg
e 

ra
ng

e 
fro

m
 m

ed
iu

m
 to

 H
2 

du
e 

to
 th

e 
un

ce
rta

in
ty

 a
ss

oc
ia

te
d 

w
ith

 th
e 

ne
ar

 
fie

ld
 d

is
tri

bu
tio

n.
  

L
L

L
L

L
L

Th
er

e 
is

 fa
r f

ie
ld

 d
at

a 
fro

m
 p

er
vi

ou
s 

ex
pe

rim
en

ta
l w

or
k 

th
at

 g
iv

es
 in

fo
rm

at
io

n 
ab

ou
t t

he
 fa

r f
ie

ld
 d

is
tri

bu
tio

n.
  T

he
 la

ck
 o

f 
in

fo
rm

at
io

n 
is

 fo
r t

he
 n

ea
r f

ie
ld

 d
at

a.
H

. D
am

ag
ed

 S
ta

te
 (C

om
pl

ex
 S

ur
fa

ce
s)

H
3-

H
1

L
It 

w
as

 n
ot

ed
 th

at
 th

e 
ra

nk
in

gs
 c

ou
ld

 b
e 

di
ffe

re
nt

 
de

pe
nd

in
g 

w
he

re
 th

e 
so

di
um

 p
oo

l o
r s

pr
ay

 is
 

lo
ca

te
d 

(c
on

ca
ve

 o
r c

on
ve

x 
su

rfa
ce

).

X
X

X
X

X
X

I. 
G

as
eo

us
 P

ro
du

ct
s 

of
 M

et
al

 R
ea

ct
io

n 
an

d 
 

V
el

oc
ity

 o
f G

as
eo

us
 P

ro
du

ct
s 

C
om

in
g 

of
f o

f 
th

e 
S

ur
fa

ce

L
L

N
ot

e 
th

at
 th

e 
hy

dr
og

en
 p

ro
du

ct
io

n 
w

as
 h

an
dl

ed
 

in
 a

 s
ep

ar
at

e 
ph

en
om

en
on

 u
nd

er
 s

od
iu

m
-

co
nc

re
te

 in
te

ra
ct

io
ns

. 

X
X

X
X

X
X

J.
 S

ou
rc

e 
of

 S
od

iu
m

 A
er

os
ol

s
H

3
N

A
L

L
L

L
L

L
K

. T
re

at
m

en
t o

f t
he

 O
xi

de
 C

ru
st

L
L

S
om

e 
of

 th
e 

qu
es

tio
ns

 th
at

 w
er

e 
no

te
d 

fo
r t

hi
s 

ph
en

om
en

on
 w

er
e:

 (1
) i

f t
he

 c
ru

st
 o

n 
th

e 
po

ol
 

su
rfa

ce
 a

ffe
ct

s 
th

e 
ox

yg
en

 tr
an

sp
or

t d
oe

s 
th

is
 

af
fe

ct
 th

e 
qu

en
ch

in
g 

an
d 

(2
) w

ill
 th

e 
so

di
um

 
ig

ni
tio

n 
te

m
pe

ra
tu

re
 b

e 
hi

gh
er

 w
ith

 th
e 

ox
id

e 
cr

us
t?

X
X

X
X

X
X

St
at

e 
of

 K
no

w
le

dg
e 

R
an

ki
ng

s

Ph
en

om
en

on

Im
po

rt
an

ce
 R

an
ki

ng
s

Table B-1: Summary of PIRT Results (1 of 7)
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