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FUEL CYCLE FACILITY SAFETY RESEARCH PROGRAM
RESEARCH REVIEW GROUP (RRG) MEETING #8

INTRODUCTION

On July 21-22, 1982 the eighth RRG meeting on the Fuel Cycle Facility Safety

Research Program (FCFSRP) was held at the Factory Mutual Research Corporation
Conference Center in Norwood, Massachusetts. A list of attendees is included
as Enclosure A. An agenda of the meeting is included as Enclosure B.

The purpose of this meeting was to receive presentations on the:

Battelle Pacific Northwest Laboratories (PNL) source term model for
fires, FIRINL

available results of the Factory Mutual Research Corporation (FMRC) fire

experiments

problems encountered by NRC is using the Los Alamos National Laboratory

(Los Alamos) fire analysis code (FIRAC)

objectives and plans for the Lawrence Livermore National Laboratory

(LLNL) fire tests

review of selected fire models

iddition of forced ventilatio » the Harvard fire code
FIRAC assessment pr Jram

New Mexico State University Experimental Program

" —y :
Interaction Studies




S. Bernstein, NRC Program Manager, presented a brief overview of the FCFSRP.
He outlined the purpose and scope of the program, discussed the structure and
identified the users of the Fuel Cycle Facility Accident Analysis Handbook
(AAH), and provided some examples of on-going research. Copies of the
viewgraphs used are included as Enclosure C.

2. STATUS AND SCHSDULE OF DELIVERABLES

2.1 PNL Deliverables

PC Owczarski, PNL, presented the status and schedule for each deliverable in
their program. This is given in Enclosure D. Item C2.1, the Combusiion
Product Literature Review, should be finalized by Fall 82. Items C2.5 and
C2.6 should be completed in September 82. Item D.4, the experimental plan for
the glove box fire experiments, may be revised to accomodate the capabilities
of FIRINL.

2.2 Los Alamos Deliverables

WS Gregory, Los Alamos, presented the status and schedule for each deliverable
in their program. This is given in Enclosure E. The report on the filter
plugging experimental apparatus will be delayed from July 82 to September 82.
The lTiterature review report and the reports on material transport modeling
and the material depletion/modification experiments will be delayed from
September 82 to November 82.

3. FIRIN1

3.1 Overview of FIRIN1

PC Owczarski, PNL, presented an overview of PNL's source term fire code,

FIRINL. FIRIN1l is the level one fire source term code to be used in chapter
four of the AAH. It will provide the inputs needed for the Los Alamos' fire
analysis code, FIRAC, as shown on page F-1. Level one FIRIN1 uses an ideal-

ized reference burning model. The assumptions used in this model are shown on
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page F-2. Dr. Owczarski outlined the uncertainties in the source term method
as shown on page F-3. PNL hopes to reduce these uncertainties in higher
levels of analysis through the use of a deterministic burning model and even-
tually a probabilistic burning model. A flow chart outlining the calcula-
tional steps in FIRIN1 is shown on page F-4. The code consists of three main
subroutines, the fire source term calculation, heat and mass transfer consid-
erations, and the computation of radioactive source terms. Detailed flow
charts for each of these subroutines is shown on pages F-5 through F-7.

3.2 Burning Model of FIRIN1

M.K.W. Chan, PNL, began the presentation by identifying the typical combustible
materials found in fuel cycle facilities. These are shown on page F-8. The
physico-chemical properties of some of these materials are available from the
experimental investigations of A. Tewarson, FMRC. The remaining properties
are being obtained by PNL through a sub-contract to FMRC. The FIRINL turning
model performs a mass balance inside the fire compartment. The components
used in this balance for both the hot and cold layers are shown on page F-9.
The continuity equations for these components in both the hot and cold layers
are shown on pages F-10 and F-11, respectively. Flows into or from the venti-
lation system are determined by taking into account filter plugging using the
current Los Alamos filter plugging model shown on page F-12.

The heat transfer aspects of FIRIN1 were presented by PC Owczarski, PNL. FIRIN1
uses the fire plume model developed by E.E. Zukoski as outlined on page F-13.
The following heat transfer mechanisms and effects are included in FIRINI:

0 conduction in solids - includes heat transfer within ceilings, walls,

floor, and equipment walls.

0 concrete decomposition - includes release of water and carbon dioxide
from concrete surfaces due to the heat flux from the fire.

0 direct radiation - includes heat transfer from the fire to the hot layer

and to the walls and equipment surfaces from the hot layer to the floor,

and from/to the hot layer to/from surfaces.
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0 natural convection - includes convection between walls and equipment sur-
faces and the gas layers and convection within equipment.

o equipment heat transfer - includes direct radiation from fire, convective -
losses to cold layer, and convective and radiative interaction with hot
layer; effects include equipment as heat sink, pressurized release of
powders and liquids, and releases from open liquid containers.

Some of the fire modeling experts attending the meeting commented that some of
the heat transfer models and calculational methods used by PNL have been used
in the past and that more sophisticated models are available. The question
remains as to whether these more sophisticated methods are necessary to ade-
quately determine the radioactive release from a fire in light of the uncer-
tainties in the radioactive material source term.

3.3 Radioactive Source Terms in FIRIN1

PC Owczarski, PNL, presented a description of the radioactive source terms
included in FIRIN1. The major mechanisms involved in typical fuel cycle facil-
ity fires were identified and are shown on page F-14. For each mechanism
simple models were developed based on the limited experimental work that has
been done in the past. Most of the models are based on the assumption that a
certain fraction of the radioactive material will be made airborre as a result
of the fire and that this fraction remains constant throughout the accident
event. Some models address entrainment of radioactive material by the fire
plume. The models for each mechanism are shown on pages F-15 through F-27.
Included is in/ormation concerning particle size distribution, a listing of
other potential event defining parameters, and an identification of the
reports from which the models were developed. Some of the limitations of
these models were discussed. The most significant limitation concerns the
fact that the mocels are based on only a limited number of experimenf% that
were designed to examine a specific accident scenario. Questions remain on
the applicability of these models for typical fuel cycle facility fire scenar-
ios. It was noted that there is a high degree of uncertainty in some of the
release fractions used in the models, but they are probably the best available
information.
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3.4 Sample Problem Using FIRIN1

PC Owczarski, PNL, presented the result of using FIRINL to analyze a typical
fuel cycle facility fire scenario. The scenario consists of the hurning of
two cardboard boxes containing PVC bagged cellulosic rags contaminated with
radioactive material. The fire takes place in a compartment of dimensions

3 meters x 3 meters x 3 meters. The details of tiis example fire problem are
given on pages F-28 through F-30. FIRIN1 provides the time history of several
variables in the burn room. These time histories are shown on pages F-31
through F-39. The oscillations in the fire compartment pressure shown on
page F-34 will be examined and changes made in the modeling to rectify this.
[t was noted that similar oscillations resulted in earlier attempts by other
investigators using the same modeling approach as PNL. The linear decrease in
the mass loss rate shown on page F-38 is due to the assumption that the mass
rate is a linear function of the availability of oxygen to the base of the
fire. This linear dependence assumption is supported by limited Factory
Mutual test data.

The gquestion arose on why the release rate for the uranium dioxide, showr on
page F-39, does not reflect the smoke and soot generation rates shown on page
F-37. The two rates should have a similar shape since the radicactive mate-
rial is made airborne as contaminated smoke. The explanation is that the
release rate for the uranium dioxide has the same shape as the mass loss rate,
since the model used in FIRIN1 relates the radioactive source term to the mass
burning rate. The model was developed in this way because the bulk of the
experimental data were taken as release fractions of the total mass of contami-

nation involved in the fire.
4. FACTORY MUTUAL RESEARCH CORPORATION

4.1 Fuel Cycle Combustibles Experimentation

J. Steciak, FMRC, presented some preliminary results of the experiments being
conducted under sub-contract to PNL. The experimental conditions are shown

on page G-1 and the apparatus on page G-2. The combustibles being used in the
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experiments and their characteristics are given on page G-3. The "mixture"
refers to a typical mixture of combustible materials found in fuel cycle facil-
ities. The composition of the "mixture" used in the FMRC tests was identified
by PNL and is given on page G-4. '

The preliminary results for the mass loss rate, the heat generation rate, the
generation rates and fractional yields of the combustion products, and the
combustion efficiencies were presented for experiments conducted with ambient
air and an external heat flux of 50 kw/mz. These results are shown on pages
G-5 and G-6. The -esults of tests performed on the typical “"mixture" for

three different exiernal heat fluxes are given on pages G-7 and G-8. It was
noted that there are some errors in these tables. Radioactive parameters (sub-
script, R) when added to convective parameters (subscript, C) should equal the
actual value of the parameter (subscript, A). There are several places in the
tables where this is not the case.

Time histories for some of the parameters were also presented on viewgraphs
that were overlaid so that a comparison could be made between the results for
each material and the results for the typical "mixture." A conclusion that
can be made from this comparison is that the results for the typical "mixture"
are significantly different than the results obtained for the individual mate-
rials. Knowing the combustion properties of materials provides little informa-
tion on their collective behavior in a fire. It was noted, however, that the
typical "mixture" was prepared by grinding the separate materials into powders
and thoroughly mixing the powders together. This is clearly not representa-
tive of actual fire scenarios so that the applicability of the above conclu-
sion to real fire problems is questionable. This issue will be examinred
further as additional data is obtained by FMRC.

4.2 Factory Mutual Data Applications

Questions have been raised on the applicability of data obtained in the small-
scale FMRC combustion apparatus to analyzing full-scale fire scenarios. In
response to these questions A. Tewarson, FMRC, gave a presentation on FMRC

Data Applications. FMRC has performed a number of experiments in small-,

11/15/82 6 RRG MEETING 8 FCFSRP



intermediate~, and large-scale fire apparatus. These apparatus are shown on
page G-9. Combustion properties of several materials were determined using
these apparatus. Some of these results are given on pages G-10 through G-14.
The data show that for many properties the results obtained from experimenta-
tion in the small-scale apparatus agree with the results obtained in the
larger apparatus, The conclusion reached by FMRC is that the data obtained
from small-scale experiments can be applied, with proper scaling, to analyzing
full-scale, real fires.

5. LOS ALAMOS

5.1 Introduction

WS Gregory, Los Alamos, provided an introduction to the Los Alamos presenta-
tions. He outlined the overall objective of the fuel cycle research program
and identified the Los Alamos role in the program. He identified the organiza-
tions and individuals involved in the fire-related portions of the Los Alamos
effort as shown on page H-1. He also outlined the Los Alamos fire experimenta-
tion program being performed at New Mexico State University and Lawrence
Livermore National Laboratory as shown on page H-2. Additional details on

this program can be found in items seven and eleven.

5.2 Overview of FIRAC

Because some attendees at the meeting were unfamiliar with FIRAC, JW Bolstad,
Los Alamos, presented an overview of FIRAC. This was essentially the same
presentation given at the March 82 RRG meeting when a one day seminar on FIRAC
was conducted by Los Alamos. The details of this seminar are provided in the
minutes of that RRG meeting and will not be repeated here. The minutes of the
March 82 RRG meeting are contained in a memorandum from S. Bernstein, NRC,
dated June 22, 1982.
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6. NRC PROBLEMS WITH FIRAC

5. Bernstein, NRC, outlined some problems the NRC had encountered in using
FIRAC. These problems had been discovered primarily by R. Kratzke, an NRC
fuel cycle licensing engineer, and C. Fasano, a summer intern working in the
NRC research office. They had used the code on some typical problems and had
itei....1ed problems in three areas as shown on page I-1. These areas are:
(a) excessive temperature in burn room, (b) conservation of mass, and

(c) incorrect volumetric addition.

6.1 Excessive Temperature in Burn Room

A typical fual cycle facility licensing problem was analyzed using FIRAC. The
schematic of the facility and the fire scenario are given on page I-2. The
energy input, mass burning rate, and particulate generation rate used in the
problem are shown on pages I-3 through I-5. These were determined using the
procedures in the FIRAC user manual and the Accident Analysis Handbook.

The time history of the temperature in the burn room as determined by FIRAC is
shown on page I-6. As can be seen by examining the graph, the temperatures
predicted by FIRAC are far in excess of what can be considered reascnable.
These excessive temperatures may have been produced by using unrealistic
energy source terms in the problem. To explore this question, some additional
FIRAC runs were made as shown on page I-7. In these additional runs the total
energy input to the burn room was held constant while the burn time and energy
input rate were varied. The energy input rates were held at or below 200 KW
to ensure realistic energy input rates. The results are shown in the table on
page I-7. When particulates were present the system did not achieve a steady
state even after several hours. The temperature in the burn room appears to
be unrealistically high and still increasing at the end of the run. Further
examination revealed that the particulates plugged the HEPA filters éﬁusing
the gas flow rate to drop to essentially zero. Since the only way for heat to
be removed from the burn room is by being carried out in the gas flow, the
high temperatures were produced by the continuous addition of heat. To verify
this idea some runs were made without particulates. As shown in the table,
steady state was achieved in these runs with reasonable final temperatures.
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Los Alamos had examined the problem of the excessive tenperatureé in the
typical licensing problem. They indicated that this problem was caused by an
unrealistic source term. With the heat input given in the source term the
gases in the burn room will be continuous drawn out to the point where there
is no gases left. The given source term does not take into account the fact
that the fire will adjust itself to the changing flow rates. Los Alamos has
correctly analyzed the problem and showed that the temperature in the burn
room reaches a maximum of about 600°F. Since the NRC used the source term
guidelines contained in the FIRAC user manual in analyzing the problem, it was
agreed that these guidelines need to be revised to clarify the procedures for
developing a realistic source term description. Los Alamos will make the
recessary revision in the next few weeks.

6.2 Conservation of Mass Problem

The output produced by FIRAC includes a listing of the mass accumulated on the
HEPA filters and the mass still airborne in the facility. A variety of FIRAC
runs were made, where the mass, particulate, and heat injection rates were
varied as shown in the tables on page I-8 and I-9. It was noted that the sum
of the mass on the filters and the mass airborne in the facility was greater
than the total mass generated in the fire. Clearly, this violates the prin-
ciple of conservation of mass. This problem may be caused by a numerical
error in the computational method used in the computer code. Los Alamos indi-
cated that they would examine this probiem but noted that the percent differ-
ence was large only for very long duration fires. For fires of a realistic
length the percent difference may be small enough to be neglected in the

analysis.

6.3 Incorrect Volumetric Addition Problem

One of the assumptions used to develop FIRAC is that the burn producfs injected
into the burn room are air. The volume of this air is equivalent to the mass
of air injected whirh is equal to the mass of fuel burned. As shown on page

[-10, the actual volume of burn products injected depends upon the chemistry
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of the fire. It is difficult to determine the significance of this problem.
J. Qrintiere, National Bureau of Standards, indicated that it is typical to
assine that burn products are air in these gas dynamics/fire transport codes.

6 . Remaining Issues

5. Bernstein, NRC, identified some issues, as shown on page [-11, that remain
to be resolved. Some of the problems identified in using FIRAC may also uccur
in TORAC and EXPAC since some of the same assumptions were used in developing
all three codes.

The question remains whether FIRAC is a workable fire analysis method without
inclusion of a fire compartment model. The addition of a compartment model
would avoid the problem of trying to use FIRAC with unrealistic source terms.
Los Alamos plans to eventua:ly include a compartment model in FIRAC, how- rer,
their revised source term guidelines should provide the user with an accept-
able method for specifying realistic source terms.

The fire source term model, FIRIN1, being developed by PNL is intended to pro-
vide valid inputs for FIRAC. It remains to be determined whether these two
codes are compatible. This determination will be made when the NRC receives
FIRIN1 from PNL and has an opportunity to run the codes on some typical
problems.

7. REVIEW OF SELECTED FIRE MODELS

PJ Pagni, Un..ersity of California at Berkeley, presented a review of selected
fire models and sume recommendations concerning the NRC fuel cycle fire analy-
sis program. An outline of his presentation is given on page J-1.

Dr. Pagni outlined the basic fire compartment problem. He described.the geom-
etry of the problem as shown schematically on page J-2. Most compartment
models were developed to address the situation of free ventilation where there

is a large opening, such as a doorway, into the compartment. On page J-3 is
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the same diagram modified to show how the geometry changes for the fuel cycle
facility problem. Here the doorway is replaced by an inlet and outlet to the
ventilation system and there is forced, rather than free, ventilation.

As shown on page J-4, Dr. Pagni identified the information that is known by
the analyst at the start of the problem. This includes the basic geometry of
the compartment, the properties of the fuel, and information on the ignition
event. On page J-5 is a listing of possible unknowns for a fire problem. On
page J-6 is a list of categories of information that are important in analyz-
ing fires. DOr. Pagni stressed the importance of fuel chemistry and geometry
especially its relationship to the yield of combustion products found in the
fire compartment. He stated that PNL should be complimented for deciding to
use the FMRC data since, in his opinion, this is best source of this informa-
tion. Dr. Pagni continued by pointing out the information that can be
neglected as shown on pages J-7 and J-8. One of the unique aspects of the
fuel cycle facility fire problem is that the inlet from the ventilation system
is usually located near the top of the room and the outlet is located near the
bottom. This means that during a fire cold air entering at the top is
injected into the hot layer. Dr. Pagni recommended that experimentation is
needed to determina if a stable two layer model is still applicable in analyz-
ing this problem. Dr. Pagni pointed out that the fuel cycle facility fire
problem is easier to address than the general compartment fire problem because
a) ventilation system flows are usually unidirectional and the complex problem
of modeling bidirection flows is eliminated, and b) the types of fuel formed
in these facilities are known and generally controllable.

Or. Pagni outlined, as shown on page J-9, the information that can not be
neglected in analyzing fuel cycle facility fires. For heat and mass transfer
this includes heat feedback to the fuel, the heat flux on combustible mate-
rials, and the heat absorbed by the walls. Plume dynamics is also important
since it affects the location of the hot layer which in turn affects the hot
layer temperature anu the yield of combustion products entering the ventila-

tion system.
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Or. Pagni reviewed the experimental and analytical investigations that have
been conducted in the area of fire analysis. On page J-10 is a listing of the
experimental work that has been performed. The only experiments that have
addressed forced ventilation are those being conducted at LLNL. On page J-11
is a listing of fire models and computer codes developed by various investiga-
tors. Characteristics of some of these models are shown in the table on

page J-12. Or. Pagni provided a more detailed review of the four models being
evaluated in the NRC's Fuel Cycle Facility Safety Research Program.

Some of the cheracteristics of the Cal Tech model are shown on page J-13. The
highlight of the Cal Tech model is the plume model. One of the difficulties
of the Cal Tech model is that it does not calculate the heat loss to walls.
The amount of heat loss must be supplied by the user. On page J-14 is a block
diagram of the Harvard Computer Fire Code showing its modularized form. On
page J-15 is a simplified flowchart showing how this code operates. Some of
the basic features of the Los Alamos fire compartment model are outlined on
page J-16. A potential difficulty with this model is that it does not directly
address feedback of heat from the compartment to the fuel, but instead relies
on the novel approach of maximizing the system's entropy. The details of the
PNL fire model, FIRIN1, are given in section 3. On page J-16 are shown some
of Dr. Pagni's criticisms of this model. In his opinion, the radiocactive and
convective heat transfer models used are "primitive" and duplicate existing
work. He guestioned the importance of outgassing of water and carbon dioxide
as a result of heat fluxes on concrete walls. On page J-17 is Dr. Pagni sche-
matic diagram of the fuel cycle facility fire problem. The diagram shows how
the fire compartment model provides the link between the response of the fuel
and the ventilation system. On page J-18 are Or. Pagni's recommendations con-
cerning the program. His recommendations are:

(1) The Ha-vard Computer Fire Code be used as the basis for a compartmert.
fire model.

(2) PNL be responsible for the development of the fuel response model.

(3) Los Alamos be responsible for appropriately modifying the Harvard code
and integrating this modified code with FIRAC.
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Dr. Pagni noted that the US-Japan Joint Panel on Fire Research and Safety is
planning to recommend the replacement of building fire codes with design crite-
ria and computer modeling analysis. This is similar to the approach being
taken in the Fuel Cycle Facility Safety Research Program with its Accident
Analysis Handbook and ventilation system codes.

8. FIRAC ASSESSMENT

JW Bolstad, Los Alamos, presented some results of the on-going FIRAC assessment
program. A large part of the assessment program consists of FIRAC simulations
of the LLNL fire test facility. A diagram of this test facility is shown on
page K-1. On page K-2 is schematic diagram of the computer simulation of the
facility. Several comparisons were made between FIRAC predictions and the
experimental results. The energy input used in these comparisons is shown on
page K-3. On page K-4 through K-7 are shown some of the results of these com-
parisons. Cxcept for the differential pressure across the HEPA filter, the
comparison with the experimental data is good. The poor comparison for the
differential pressure, shown on page K-7, led Los Alamos to develop an improved
model for filter plugging and this improved model is included in the current
version of FIRAC.

9. HARVARD COMPUTER FIRE CODE

H. Mitler, Harvard, provided a presentation on the Harvard Computer Fire Code
(CFC), on modifications made to the code to make it app.icable to fuel cycle

facility fire scenarios, and on predictions of the LLNL fire tests using the

modified CFC. Dr. Mitler presented some comparisons between CFC predictions

and experimental data that showed good agreement between the code predictions
and the test results.

The Harvard CFC was developed to address the general fire problem involving
compartments with large openings such as doors and windows. Because compart-
ments in fuel cycle facilities do not have these large openings, the CFC must

be modified to be applicable to fire scenarios in these facilities. Dr. Mitler
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identified the two features of special interest in analyzing these fire scenar-
ios. These are oxygen starvation and forced ventilation. His discussion of
these features is included on page L-1.

Or. Mitler described the forced ventilation algorithm he developed for modify-
ing the CFC. This modified CFC was used by Dr. Mitler to predict the results

of the LLNL fire tests. The derivation of the algorithm is described on page
L-1 through L-7. Questions remain concerning the degree of turbulent mixing
caused by injection of cold air from the ventilation inlet into the hot layer.
The modification used by Dr. Mitler is based on the assumption that the injected
air divides between the hot and cold layers according to the temperature ratio.
Turbulent mixing is not included.

Or. Mitler predictions of the LLNL fire tests are shown o. pages L-8 through
L-15. The CFC is one of the four models being evaluated by Los Alamos in its
fire compartment mcdel assessment program. These predictions will be compared
witn the actual data as part of this assessment program.

10. LAWRENCE LIVERMORE NATIONAL LABORATORY FIRE TESTS

10.1 LLNL Fire Test Facility

N. Alvares, LLNL, gave a presentation on the LLNL fire test facility. A sche-
matic diagram of the overall facility is shown on page M-1. On page M-2 is a
section view of the fire test cell and on page M-3 is a plan view of the test
cell. A listing of the test parameters for the facility is given on page M-4.
Dr. Alvares presented examples of the data obtained in previous tests. Some
of these results are shown on pages M-5 through M-12.

Dr. Alvares has sent letters to several fire modeling groups requesting that
they use their models to predict the results of the tests that will 6; conducted
in 1982. On page M-13 is a table showing the tests to be performed. Identi-
fied in the table are the tests that will be used for the pretest predictions.
S. Bernstein, NRC, asked if there were any measures being taken to safeguard

the predictions and the test data so that there would be no question as to the
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independence and pre-test nature of the predictions. After some discussion it
was agreed that Dr. Alvares would send a letter to the NRC identifying the mod-
elers who provided pre-test predictions. The question was raised as to whether
PNL would be making predictions using their FIRINL model. Or. Owczarski, PNL,
indicated that he would submit predictions to Dr. Alvares. Or. Alvares closed
his presentation by outlining the tests planned for FY83. This is given on
page M-14.

10.2 FY82 Fire Experimental Plan

F. Krause, Los Alamos, provided a detailed presentation on the FY82 LLNL fire
tests. The objectives of the tests are given on page N-1. Because of funding
limitations and the fact that the tests are being performed in support of
several programs, there are some programmatic restrictions as outlined on page
N-=2. In spite of these restrictions most of the needed data will be obtained.
The anticipated results are outlined on page N-3. These items reflect the

dual nature of the experimental program: to provide test data for development
of a fire compartment model and for assessment of the FIRAC duct heat transfer
module. The fuels to be used in the tests and their chemistry are shown on
page N-4. They were chosen to provide a range from cleaning burning to smokey
fires. Details of the test facility are given on pages N-5 and N-6. A summary
of the parameters to be measured is given on pages N-7 and N-8. The experi-
mental conditions to be used for each of the fuels are shown on pages N-9 and
N-10. A subset of these conditions has been chosen for the pretest predictions
as shown on page N-11. The specific parameters to be predicted are identified
on page N-12. The logic to be used in selecting the order of the testing is
shown in the flowchart cn page N-13.

11. FYB82 EXPERIMENTAL PROGRAM AT NMSU

RA Martin, Los Alamos, presented the status of the experimental prog;am at
NMSU. The purpose of the experimental program and the areas being addressed
are shown on page 0-1. The characteristics of the material transport modeling
used in FIRAC are given on pages 0-2 and 0-3. DOr. Martin outlined some of the

difficulties encountered in modeling the transport of material made airborne
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in a fire as shown on page 0-4.

On page 0-5 are shown some of the modeling
assumptions used in developing FIRAC. On page 0-6 is a chart showing the struc-
ture of the material transport module used in FIRAC.

11.1 Filter Plugging Experimental Program

Or. Martin outlined the purpose of the filter plugging experimental program
and identified the important parameters as shown on page 0-7. A series of
idealized tests were performed with stea~ic acid and a water spray as the
test aerosols as shown on page 0-8. The experimental data is given in the
table on page 0-9. The results are shown graphically on page 0-10.

The current filter plugging model used in FIRAC and | more complicated model
is shown on page 0-11. Dr. Martin showed a compariscn of the dendrite model
with some of the experimental data. This comparison is shown in the graph on
page 0-12. The results of these idealized tests and some preliminary conclu-
sions regarding the dendrite model are given on page 0-13.

Additional filter plugging tests will be performed during the summer of 1982
using more realistic aerosols. Some of the fuels to be used in these experi-
ments, the modifications to be made to the experimental apparatus, and the
experimental conditions are outlined on pages 0-14 through 0-16.

11.2 Aerosol Depletion/Modification Experimental Program

Or. Martin outlined some of the mechanisms that can act to modify accident-
generated aerosols as shown on page 0-17. The aerosol depletion model in
FIRAC and the information supplied by the user are given on page 0-18. An
outline of the experimental plan is included on page 0-19. The measurements
to be taken are specified on page 0-20. The filter plugging test facility at
NMSU will be modified for use in these experiments. -
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12. MATERIAL INTERACTION STUDIES

RA Martin, Los Alamos, presented some of the results of his studies on mate-
rial interaction models. Some of the factors to be considered in studying
material interaction are shown on page P-1. Dr. Martin has been examining the
MAEROS code for use as an aerosol interaction module in FIRAC, EXPAC, and
TORAC. Dr. Martin outlined some of the features of the MASROS code as shown

on page P-2. Dr. Martin has used MAEROS to study the dynamic behavior of cer-
tain aerosols. The characteristics of the aerosols and the room ventilation
used in his studies are shown on pages P-3 and P-4. Some of the MAEROS results
are shown on the graphs on pages P-5 through P-10. Some of Los Alamos' pre-
liminary conclusions from these studies are given on page P-11. Dr. Martin
also identified some additional MAEROS runs he plans to periorm in his investi-
gations. These are shown on page P-12.

13. ACTION ITEMS

The following action items resulted from this RRG meeting:

(1) Los Alamos will revise the fire source term guideline: contained in the

FIRAC user manual.

(2) PNL will make predictions of the LLNL fire tests using the PNL fire code,
FIRINL. (On August 13, 1982 and August 20, 1982 PNL submitted these
predictions to LLNL.)

(3) LLNL will submit, to the NRC, a list of the predictions th e been
received prior to the performance of the fire tests. (On Auyust 27, 1982
and September 8, 1982, LLNL submitted to the NRC a copy of all pre-test

predictions. )
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SIMULATION OF LARGE FIRES WITH FORCED VENTILATION

by Henri E. Mitler

Presented at FMRC, July 21, 1982

My presentation has two main parts: I will first discuss the model,
and then I will show you the predicted results, and discuss them. If there's
time, I will also show you the results of a sensitivity analysis.

First, then, the model: there really are only two features which are of
special interest for us - oxygen starvation and forced venting.

When the out-venting for a fire is relatively low, the hot layer will
descend as far as it can. In our model, the assumption has been made that air
is entrained only in the lower part of the fire plume - that is, in that part
below the interface between the upper and lower layers. This assumption is
surely not correct, but it may be close enough to reality to be adequate. The
consequencs of this assumption is that when the layer descends to within a
small distance of the fire base, insufficient air will be pulled in to per-
mit combustion of all of the fuel which is being pyrolyzed; I call this situa-
tion "oxygen starvation'. This limits the burning rate, of course, and stops
the further descent of the layer.

Whether this will, in fact, happen, is an interesting question. Oxygen
starvation is predicted for three of the eight cases I've run, and so these
experiments will test our assumption of no entrainment in the upper part of the
plume directly.

The second feature of the model which is important for these tests is
my new forced-venting algorithm, and so I'll spend a few minutes describing
it now: first, consider the fan pulling gas out the vent.

When the hot layer is above the opening - i.e., HL < Ht S

m= md = fzv'
where fh is the density in the lower part of the room, and V is the prescribed

throughput.
When the hot layer is so deep that it covers the opening entirely,

L=



a=d = pi,
where IL is the density of the hot layer. These correspond to readily calculated

pressure drops across the vent, Apd and Apu. I assume that when the hot/cold

layer interface occurs at the vent, the pressure drop across the vent varies

linearly with H between Apd and Av,:

e e€ieing,
e ~
b4
- FIG 1
>
i
Aﬁ'— "'f I A?

This leads directly to the expressicn I use in my algorithm:

H <H ==> &, =pV, h =0 (1)

™ - - - P 2

Hy < Hp < H +H, ==> @y = (1 - E)Vfﬂdpe ’ m, - EVVDLOE ’ (2)
where £ = (HL - Ht)/}lv and 05 = EpL + (1 - E)pd (3)
(4)

> - - . -
Hl.iut+uv.. v 0 . l"u-"l.v :

If anyone would like to see a detailed derivation, please let me know

at the end of the talk.
The emerging material is presumed to mix immediately upon exir;

the resulting density (of outflowing gas) is

£ L



%4 Leh
o= 1A=k, +eh ] b . 2 Sl Rl " (5)

g aL z nv * Ht

Next, suppose flow is into the room: V < 0. The incoming material
is ar density Py (and temperature Ti = Doro/°1)’ and arrives at the rate

(6)
fh - oy v

If o, < p,

we night :xpcct the material to rise (by buoyancy) in the hot layer, to form a
third layei. Instead, we assume that the material mixes with that in the layer,
for o, < P,» @s shown in Figure 2.

Similarly, 1if Py 3-°d’ we assume that the mass plunges down into the lower layer
and mixes with it there, as shown in Figure 3

HOT —

In fl ——

i I
N P ==

FIG 2 FIG 3

The choice is not so obvious for the case Dd > p1 > ou ,» however: Again {f it
maintained its identity, we would expect it to form a third layer between the
other two. If we insist on maintaining just two layers, however, we must have

the material divide, some of it going into the upper layer and some into the lower,
as shown in Figure 4.

=5



FIG &4

How should we make this division? Prof. Emmons has suggested that the fractiom of
the mass going into the upper layer is the same as the temperature ratio - that is,

T~ T T,-T
i “d L i
u i TLT Td d 3 Tl Td

This is what I have used in the program.
Thus we have
Case I: Ti > 'I‘L (oi < OL)
- d - td b o -
g =0V, tu o F A (8)

(This will heat the upper layer further; vubscripts o refer to ambient.)

Case II: TL Z.Ti > Td (pd.> pi Z-QL)

[ M I g, = P
L i . i L .

(9a)
T, = T -
. 1 d] s (Pq = Py . .
R o |=S——=] g Vel L 2 7 E =deT . 9%
u [TL =Ty 1 (od - DL] AR up’1 (9%)



Case II1I:

# =E «0
u u

0, = piﬁ , E

d - ch po'ro

d

(This will cool the lower layer.)

There is, however, no good a priori reason why we could not use the same
reasoning with the density ratio; that is,

Py, = P Py = P
i L d i
,ﬁ.,.[___] ,,.,,,[____] a1
d i Dd-OL u i Dd-DL

Indeed, this seems a little better motivated heuristically, because the buoyant
forces are proportional to the density differences, rather than the temperature
differences. Equation (11) will give rise to somewhat different results than

eq (7), of course, and it should be up to experiment to choose between the two.

I[u neither case, however, do I include the possibility of mixing, which should
be included in a good calculation: Thus, instead of Figures 3 and 4, the
correct situation is as shown in Figures 5 and €, respectively:



APPENDIX

Derivation of equations -
Suppose outflow is from lower layer only = EL < Ht - then
f = ‘d - pdv
and V = vdA
where A is the vent area, V4 the velocity of cutflow.
Thus id = pdvdA;
The corresponding pressure drop is given by [see eq (3) 126 of TR 45)

id = coa /2'pd°a nv /33&
where B is the vent width, C° the vent coefficient (~0.68), p‘ the ambient
density, and Hv the vent height.
Next, consider what happens when the layer interface lies below the vent:
HL > Ht + Hv
Then outflow is from the hot upper layer only, and
- @ =0, v,
where ou < od. The corresponding pressure drop here is given by

ﬁu =BC, v2g PuPa H /hph .

0,Ap 2 9
Hence Apu = —‘!a—d ;"1] =
u d

Finally, consider the case where the interface occurs at the vent mouth:

Ht < HL < Ht + HV.

In order to find the mae outflow rates, we need the pressure drops
across the vent; Ap will be fairly constant (except for a small buoyancy
correction), and thus we need only to find Ap. If we assume that the pressure

drop varies linearly in the layer height, as shown in figure 7,
1
ip uv[("f H) Sp, + (H +H -H) bp,]
O
'—[(“1."“)—'*(“ +H -H)]

Py
= 8p, (5§ -; +(1-8)]

L-6



Then for the hot gas, we have

& =BC Vg, o (u -H) /B

Lp
/ d
Since V = @,/0, = B C Jngo B, 5y "

we can write d\h as
Similarly for the cold gas,
l:‘c'nco',zl—"d_‘)a(H:"'Hv-ﬁ'!..)',A?
=¥p, 1-8 Eﬁ

with the definition

oszspu'&‘(l-ﬁ)od ’

we have Ap--—pE .
e 4
“h'vs'/"d"u]?af"vg'}pu"ﬁ ’

Pa

iac-\'l(l-E) od/—g--V(l-i) '/cdos
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IYRED ANLY MEAT RELEASE

RAT§$ (METHANE FIRFEs)

7w N7

o v 50

1

- we oy

P

ers

———

- e

B SR —
b

4o

PE-———
B i SH— ——

sec

¥

1

| il
il 1
_J_ ! T I
| HEL el __u I '
it ni il . 1
| PRER RN AR il M |
i H At T
*_;.f L H } 1

Hi H “ :

i wl , w t !
_. | m | |
fititN Gt flit
4“ _w . ;._ %s“ .: B R A
1 i [
i _ _; VH | (RS0 RERRAIUES
.,_ __ $88E141, AN 80 GRIRD IARE
e AR f i
| jiflth |

S —

D SR ——
R S e

~ !
“ 1
| ! w
i i m_ BB
i i 4 .ﬂ -+ . SOET
~ ; | f4ikilil
{ | i I H |
i i w il
!

T S e C— — S

V=y

£

. sty

St —

Go(t)

— -

e Ty S w———

o S Sun s —"

B Sl S

L EE SRl S

2=

e e =

SRYFREY

? SSv—
=

rtbfesaideciode e

4§

~

IO M MOYE OD HISSS W T344NAN
samomi o x ¢ Moml 6 0L o1 x o1 3o (

i pisld

itsedoban
Pl

s AR
gt

|

800

1200

1000



LAWRENCE LIVERMORE LABORATORY 3

FULL SCALE FIRE TEST FACILITY

EXPERIMENTAL DATA ACQUISITION AND
VENTILATION SYSTEM FIRE TEST ROOM REDUCTION ROOM

EXPEAIMENTAL
OUC T wOR

PETAINING TANR L
FOR SCRuBBE R L =T l —~ NN
ANALYZED FOR l — 2
POLLUTION BE FORE e
GONG TO SEWER "

POR SIMIRLER. PIT FOR WASTE WATER
waTER , COLLECTION

/ f

Fig. 1. Schematic layout of LLNL
full-scale fire test cell with
associated experimental
ventilation system.
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SECTION VIEW TEST CELL

Radiometer
—
g, &

e o

d ]
_5‘3_ 1 E\ M air out
26" X 26"
\

- R 2 rago;n—e.t-ers D D D D
o~

U0 op

M air in ___[__3‘____3 — ]

Al ) ]

S

3’ dia pan

Radiometer

Room dimension 20’ L X 136" W X 15' H
Door dimension 77 W X 8' H

FIGURE 1B



T-W

Porthole
windows
to
control
room

PLAN VIEW TEST CELL

Anemometer (each side)

«9 Calorimeter

qJ Radiometer

_b/ 4".\ T Thermocouple

l 20 holes both ducts

FIGURE -1A

+6'.6"_‘ 1311
—.{ o — 4020' 91.20; o]
T +10"-3"—1F T +6'-6" 7
k /mnnnnnr\nr\nnr\r\ 27" .
=N o 912 R £
=] |Ceiling{ ™ T i Ceiling
0 g0 3’ Dia burn pan
131" o : +4%17
i g 1G4
-@ " Sp— square
duct
openi
Thermocouple Ceiling pening
|
e e ' mounted
1 19°-6" i
- Closed \' Fuel
( TUTUUOUUUUTUTOUT / ends line
v il vi
/ el - -
(? Zl' dia duct — 11" long 007 oponieny
4" dia holes — 5 1/2"” OC



TEST PARAMETERS

(f) 1.0  FUEL CHARACTERISTICS
1.1 Fuel Type/Mode
1.1 Gas/Burner
1.12 Liquid/Spray
1.121
1.122 Non-Smok y
1.13 Liquid/Pool
1.131  Smok
1.132 Non-ggoky
1.14 Solid/2 dimensional
1.141  Fuel composition
1.142  Fuyel Porosity
1.15 Solid/3 dimensional
1.151  Fuel composition
1.152  Fuel porosity
1.2 Fuel Distribution
1.21 Contiguous Fuel (single)
1.211  Corner/Center of oom
1.212  Floor Plane
1.213  Mid room
1.214  Ceiling Plane
1.22 Miscont iguous fuel (two)
' Corner/Center of room
1. ¢2 Floor plane
1.223  Mid room
1.224 Cei]ing plane
1.225 Mixed plane
1.23 Complex Fuels (multiple)
1.3 Fuel Heat Release Rate
1.31 Fuel flow rate
1.32 Fuel Size (area)
2.0 ENCLOSURE CHARACTERISTICS
-1 Cerling/Walls/Floor
- N 1 Radiation Effect
2.12 Heat Transfer
2.13 Room Volume
2.2 Room Objects
2.21 Heat Transfer
2.22 Size
2.23 Number
3.0 VENTILATION CHARACTERISTICS
. | Forced VentiTation
3.1 Thru inlet
3.111  Position
3.112 Rate
3.12 Thru Qutlet
3.121 Position
3.122 Rate
3.2 Natural Ventilation
4 Position
3.22 Area (Size)
323 Number of openings

3.3 Mixed Ventilation
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MINOR PRODUCTS @ CO OUTLET =CQ NET
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0 L/S 41S KN 27 ¢

O HYDROCARBONS OUTLET
A CO OUTLET /CO2 OUTLET
+ HYDROCARBONS OUTLET / FUEL INLET
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...............

109

P 306 406 563 o ™
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Table 1

1982 Fire Test Series

Test Type _Fuel Formula Q (kW) v (1/s)
Burner Methane CH4 125 250 *
. " - 50 500
- " " 50 100 v
4 . " " 200 100
5 " - " 400 500 ¢
5 - " . 400 100 v
7 . . " 125 250 *
8 Spray Isop. opanol C3H80 400 500 *
9 - . " 800 500 v*
10 o " . 100 100 ¢
11 " » . 100 500
12 “ . . 800 100 ¢
13 ' . . 400 500 *
14 Spray Isooctane C8H18 400 500
15 - » " 800 500
16 " " » 800 100
17 Pool Isoprcpanol C3H80 0.91m 500
18 . " . . 100
19 Pool Isooctane CSHIB " 500
20 Pan Polystyrene (C8H8)n " ~ 500 v
2] " " L - 250
22 " " " " 'm v

v Test for pretest predictions
* Repeats of 1981 tests

M-13



FY '83 TEST SERIES

Combine LASL Source term & ! NL model validation

Change Heat Transfer character of walls (air gap insulation water cooled
panels)

Make different fire distribution (corner-halfway to ceiling)
Add compiicating elements to act as heat sinks
Ventilaticn Changes

Fire Growtn

M-I



OBJECTIVES

ASSESS THE VALIDITY OF EXTENDING AVAILABLE
TEST METHODS AND COMPARTMENT FIRE MODELS TO
SPRAY FIRES IN FORCED-VENTILATION BURN ROOMS.

ADD EXHAUST DUCT HEAT-TRANSFER MEASUREMENTS
TO LAST YEAR'S “CLEAN FUEL" TEST SERIES FOR
FIRAC SENSITIVITY STUDIES,

ExTEND FIRE MODEL ASSESSMENT TO OXYGEN POOR
FIRES, SMOKY FUELS, AND POOL FIRES.

n=;z§X§§ A C—\ﬁ'rJy Vﬁb



' PROGRAMMATIC RESTRICTIONS

o POSTPONE SOLID SURFACE FIRES OF CHARRING
AND NONCHARRING MATERIALS AS WELL AS
DEEP-SEATED FIRE INVESTIGATIONS

® \'0 PARTICLE SIZE AND WATER MEASUREMENTS

o NO INVESTIGATION OF CHANGE OF AIRFLOW
PATTERNS IN THE BURN ROOM

® NO GAS SAMPLING IN THE HOT LAYER

¢ MEASUREMENT OF FILTER MASS DEPOSITION
RESTRICTED TO A FEW REPLICATION TESTS

e

Los Alan

!:ﬂ
=3
©
&)




ANTICIPATED RESULTS

[DENTIFICATION OF FIRE MODELS AND ASSOCIATED
MODULES THAT SHOULD BE INTEGRATED INTO B
FORCED -VENTILATION COMPARTMENT FIRE MODEL

PARTIAL ASSESSMENT OF THE FIRAC DUCT HEAT
TRANSFER MODULE

FIRST COMPREMENSIVE TEST DATA ON FORCED
VENTILATION FIRES

TECHNICAL FEASIBILITY OF SIMULATING OXYGEN
POOR AND VERY SMOKY FIRES

Fire MODEL/FIRAC INTEGRATION REQUIREMENTS

N-3



FueL

METHAME
| SOPROPANOL
1s0-0CTANE

STYRENE GRANULES

FUEL CHEMISTRY

BuLk CHEMISTRY HeaTine VaLue, He
Chy 59.0 kJ/6
C3Hg0 31,5 xd/6
CgHig 47.8 xJ/6
CgHy 41.8 kJ/6

Los Alamcs

N =L



LAWRENCE LIVERMORE

BURN ROOM CHARACTERISTICS

DIMENSIONS: 4.57 M HEIGHT; 4,15 M wiDTH; 6.17 M LENGTH

AIR IMLET : 40 orIFICES 98 MM IN DIAMETER NEAR BURN
ROOM FLOOR

EXHAUST : ,66-M X .66-M DUCT IN MIDDLE OF SIDE WALL
AT 3,58 M CENTERLINE ELEVATION ABOVE FLOOR

Los Alemo$
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LAYRENCE LIVERMORE

BURN ROOM CONSTRUCTION MATERIAL

CEILING

MATERIAL PROPERTY & FLOOR WALLS
SpeciFic HEAT, J/kG K 250 250
DEnsITY, KG/M3 1922 1440
ConpucTiviTY, W/M K .63 41
THERMAL INERTIA OR 2.3 - 105 st/nzK2 10 cm

THICKNESS

Los Alamos
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FIRE TEST DATA COLLECTIOM
TEMPERATURES

o TEMPERATURE DIsTRIBUTION (°C)

@ THREE 3 X 3 HORIZONTAL THERMOCOUPLE
ARRAYS AT .7-M, 2,1-M, AND 3.7-M
ELEVATIONS ABOVE THE FLOOR, THE
CENTER OF THIS THREE-DIMENSIONAL
ARRAY IS IN THE FIRE PLUME.

® VERTICAL BURN ROOM TEMPERATURES
STRATIFICATION AT 1-FT INTERVALS.

¢ WALL AND CENTERLINE GAS TEMPERATURES
IN THE EXHAUST DUCT AT DUCT INLET,
DUCT CENTER, AND UPSTREAM OF HEPA
FILTER.

o WALL AND CEILING TEMPERATURES OF THE
BURN ROOM,

Los Alamos
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FIRE TEST DATA COLLECTION
CHEMISTRY AND FLUXES

FUEL INJECTION RATE M (6/s)

EAST AND WEST AIR INTAKE, - (L/s)
VOLUMETRIC EXHAUST FLOW CONTROL AT
ﬂEPA FILTER END OF EXHAUST DUCT,
VEXH (L/s)

EXHAUST FLOW VOLUME CONCENTRATION OF
02) COZJ COI CHX

PARTICULATE MASS DEPOSITION AT HEPA
FILTER FOR SOME REPLICATED TESTS

CooL-LAYER OXYGEN CONCENTRATION

ENVIRONMENTAL CONDITIONS

RELATIVE HUMIDITY IN %
AMBIENT TEMPERATURE IN OC
ATMOSPHERIC PRESSURE IN ATM,

Los Alaimncs
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POTENTIAL FIRE SCEMARIOS
SPRAY FIRES

MeTHANE SPrAY FIRES

Gy (kW) = 50, 100, 200, 400

Veyy (L/S) = 109, 250, 500

IsoproPANOL SPrAY FIRES

Gy (kM) = 100, 200, 402, 870

Very (L/S) = 190, 250, 500

Iso-0cTANE SprAY FIRES

Qy (kW) = 100, 200, 400, 800
Veyy (L) = 100, 250, 500
Los Alamas

N-9



POTENTIAL FIRE SCENARIOS
POOL FIRES

PooL 1s .91 m pan, 10.16 cm Deep

FUELS: i{SOPROPANOL, ISO-OCTANE, STYRENE
GRANULES

Ve (Us) =100, 250, 500

Los Alamos

N-[0



DESIRED PRETEST PREDICTIONS

VENTILAT]ON

FueL NoMINAL FIRE STRENGTH STRENGTH V.,
METHANE 400 kW 570 L/s
GAs 490 kW 500 s
50 kM 100 Us
IsoProPANOL & 800 wid 500 L/s
[s0-OCTANE SPRAY 800 W 500 L/s
50 kW 100 L/s

POLYSTRENE GRANULE 0.91-M~p1aM PAN/10,16~cM-DEEP 500 U/s
PooL 100 /s

ADDITIONAL PREDICTIONS FOR IN-BETWEEN FIRE AND VENTILATION
STRENGTH WOULD HELP IN DETERMING THE FIRES FOR WHICH THE
PREDI-TION MODEL IS VALID.

Los Alamos



DESIRED PREDICTION FORMAT

I. PRETEST PREDICTION SHOULD PROVIDE, AS FAR AS
PRACTICAL, THE FOLLOWING TIME HISTORIES.

¢ TEMPERATURE, OXYGEN, CARBON MONOX:DE, AND
CARBON DIOXIDE VOLUME CONCENTRATION IN THE
HOT LAYER IN ¥ AND ASSOCIATED EXHAUST
FLUXES IN GRAMS PER SECOND,

o DESCENT OF HOT/COOL LAYER INTERFACE IN M.

o RATE OF HEAT DEPOSITION IN THE GAS
(ENTHALYPHY EXHAUST FLUX MINUS ENTHALPHY
INFLUX OF AIR AND FUEL) IN KW,

o HEAT LOSS TO ALL INTERNAL SURFACES.

o TOTAL AIR INTAKE IN L/s.

11, PRETEST PREDICTIONS ARE TO BE SENT TO N. ALVARES

Los Alafnos



Character of
Dynamics of
irreproducible unpredictable
fire fires

Compare
measured/predict.
exhaust flow

eI -N

vent. rate;

fire

Logic for selection of test fires.

Los Alamos



. FY 1982 EXPERIMENTAL PROGRAM

o THE PURPOSE OF THE Los ALamos FY 1982 TRANSPORT EXPERIMENTAL
PROGRAM 1S TO PROVIDE SUPPORTIVE DATA FOR ASSESSMENT AND IM-
PROVEMENT OF THE 7iRST GENERATION FIRAC, EXPAC, anp TORAC
ACCIDENT ANALYSIS CODES

@ WE HAVE IDENTIFIED A NEED FOR CODE MODULE ASSESSMENT IN iHE

AREAS OF

(1) TRANSPORT INITIATION
(2) MaTer1AL DEPLETION
(3) FILTRATION

o FIRE ACCIDENTS ARE BEING EMPHASIZED

Los Algmos



FIRAC MATERIAL TRANSPORT MCDELING

o FIRAC DESIGNED TO PREDICT FIRE-INDUCED FLOWS,
TEMPERATURES, AND MATERIAL TRANSPORT,

o FIRAC DESIGNED TO ANALYZE SYSTEM OF INTERCONNECTED
ROOMS, DUCTS, AND OTHER COMPONENTS,

o ANY MATERIAL TRANSPORT MODEL WILL NECESSARILY
ADDRESS THE FOLLOWING ELEMENTS:

MATERIAL CHARACTERISTICS
TRANSPORT INITIATION
CONVECTION

INTERACTION

DePLETION

FILTRATION

Los Alamos
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THE PURPOSE OF A MATERIAL TRANSPORT CALCULATION
1S TO ESTIMATE MATERIAL FLOW RATE AND CONCENTRATION
AS A FUNCTION OF TIME AND LOCATION IN THE SYSTEM.

o IDEALLY, PREDICT QUANTITY AND PHYSICAL AND
CHEMICAL CHARACTERISTICS OF MATERIAL

(AEROSOL OR GAS).

¢ TRANSPORT CCC'IRS BECAUSE OF AIRFLOW THROUGH
ROOMS, CELLS, CANYONS, CORRIDORS, GLOVEBOXES,

AND DUCTWORK.

Los AﬂamC@S



SOME OF THE DIFFICULTIES IN PREDICTING MATERIAL
TRANSPORT RESULTING FROM A FIRE ACCIDENT ARE

DIFFERENT MATERIALS,

PHASE CHANGES,

CHEMICAL REACTIONS,

S1ZE DISTRIBUTION,

MATERIAL INTERACTION (COAGULATION),
CONDENSATION,

DIFFUSION, AND

DerosITION

Los m©3



SIMPLIFY THE MATERIAL TRANSPORT MODELING PROBLEM
WITH THESE LEVEL 1 ASSUMPTIONS.

o GAS DYNAMICS DECOUPLED FROM MATERIAL TRANSPORT
o HOMOGENEOUS MIXTURE AND DYNAMIC EQUILIBRIUM

o MuLTiPLE sizes or speciEs (FIRAC onLy)

o No INTERACTION

o DEPOSITION BASED ON SEDIMENTATION ONLY

o DIFFUSION AND PHORETIC EFFECTS NEGLECTED

¢ PHASE CHANGE, CHEMICAL REACTION, AND ELECTRICAL
MIGRATION NOT ALLOWED

o ENTRAINMENT BY TABLES OR CALCULATION

' Los Alamos
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REVIEW FILTER PLUGGING PROGRAM

® THE PURPOSE OF OUR FILTER PLUGGING PROGRAM IS TO SUPPLY
EXPERIMENTAL DATA TO SUPPORT THE PRESSURE DROP MODEL

p/ap, = F("A)(Q/QO)

o For HEPA FILTERS THE FORM OF THE POLYNOMIAL F AND SOME
EMPIRICAL COEFFICIENTS WILL DEPEND ON

(1) AErROSOL TYPE,

(2) AErROSOL SIZE DISTRIBUTION,
(3) AEROSOL CONCENTRATION,

(4) WATER VAPOR,

(5) HEeAT ADDITION, AND

(6) OTHerR THINGS (ELECTROSTATICS, FLOW CONDITIONS,
FILTER MEDIA PARAMETERS)

Los Alamos
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IDEALIZED TESTS WITH
STEARIC ACID AND WATER SPRAY

A UNIQUE NULL-BALANCE FILTER WEIGHING
SYSTEM AND FILTER LOADI:G FACILITY WAS
CONSTRUCTED,

By 2/15/82, WE COMPLETED A TEST MATRIX
ofF 19 EXPERIMENTS TO EVALUATE THE EFFECT
OF AERC3OL CONCENTRATION AND MOISTURE ON
Ap/G VS MA’

THE SMOKE SIMULANT WAS STEARIC ACID
SPHERES GENERATED BY A COMMERCIAL
CONDENSAT ION-TYPE GENERATOR,

AEROSOL CONCENTRATIONS VARIED BETWEEN 60

AND 120 MG/M” FOR THE HIGHEST GENERATION
RATE (BECAUSE OF FILTER PLUGGING).

Los m@g



P - LI

10

13
12
11

16
15
14

summary of idealized filter plugging tests using

stearic acid and water spray.

Stearic Acid
Volumetric Flow
Rate (em’/min)

0.0
0.0
0.0
0.105
0.105
0.105
0.105
0.241
0.241
0.241
0.241
0.%41
0.941
0.941
0.941
2.05
2.05
2.05
2.05

Water
Mass Fiow

Rate (g/min)
100.0
200.0
400.0

0.0
100.0
200.0
400.0

0.0
100.0
200.0
400.0

0.0
100.0
200.0
400.0

0.0
100.0
200.0
400.0

©-9

Plugged
Mass

Akg)
3.447
7.729
6.996
0.415
6.481
8.060
6.583
0.-01
6.179
6.941
6.336
0.550
3.79
5.429
5.450
0.454
4.251
5.345
6.449

Time to
Plug

~n
27.0
9.52
5.27
32.2
32.9
5.787
4.93
20.7
31.5
4.53
4.13
13.4
6.22
6.23
3.90
4.87
5.97
6.05
3.00

Los Alamos
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FILTER PLUGGING MODELS

o ONE FORM OF THE SEMI-EMPIRICAL FILTER PLUGGING
EQUATION IS

ap/ep, = (1 +aMy)(Q/Q,)

THIS LINEAR FORM IS PRESENTLY USED IN OUR CODES.

® ANOTHER MORE COMPLICATED FORM 1S VERN BERGMAN'S
penprITE MopeL (LLNL),

2

p/tp, = (l + ::;-E)(I + ;;:)(Q/QO)

THIS FORM 1S BASED ON THE ASSUMPTION OF THE
FORMATION OF FIBER-LIKE DENDRITE CHAINS.,

Los Alamos
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FILTER PRESSURE DROP,Ap (cm w.g.)

12

10

O————0 EXPERIMENT, TEST 2
—==== DENDRITE MODEL,r=0.244um
—«==-= DENDRITE MODEL,r=0.16 4m

| - ] ]

0.1

0.2 0.3 0.4 0.5 0.6

ACCUMULATED MASS, m, (kg)

Los Alamos
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FINAL RESULTS OF IDEALIZED TESTS

DRY STEARIC ACID WITHOUT MOISTURE PLUGGED
THE HEPA FILTERS WITH SIGNIFICANTLY LESS
Mass LoADInGS (0.49 1o 9.55 k@),

THE EFFECT OF STEARIC ACID PLUS MOISTURE
ADDED BY A SPRAY N0oZzLE AT 200 To 409 &/MIN
RESULTED IN FASTER FILTER PLUGGING (ABOUT

3 10 6 H) WITH HIGHER MASS LOADINGS (ABOUT
5.5 10 8 ka6).

WATER MOISTURE ALONE PLUGGED THE FILTERS
AFTER MASS LOADINGS OF 3.4 10 7.7 Ka.

WiTH A PROPER CHOICE OF R, THE DENDRITE
MODEL COULD BE USED TO APPROXIMATE OUR

DRY LOADING TESTS; HOWEVER, A POLYNOMIAL
CURVE-FIT WOULD BE MORE ACCURATE.

Los Alamos
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FiLTerR PLUGGING EXPERIMENTS
Usine MoRe REALISTIC
SMOKE AEROSOLS

A MORE COMPLICATED SERIES OF TESTS WILL BE CON-
DUCTED THIS SUMMER (AuGUST - SEPTEMBER 1982),

A REPRESENTATIVE FUEL MIXTURE COMPOSITION IS (PHL)

COMPONENT ComposiTiON (%)
1., POLYMETHYLMETHACRYLATE 45
2, CeLLuLosic 26
3, [ELASTOMER 18
4, PorLyvinyL CHLORIDE 8
5, HyprauLic FLuiDs 2
6, POLYSTYRENE 1

To BURN THESE MATERIALS, PNL DESIGNED A SPECIAL
COMBUSTOR FOR INTEGRATION WITH THE Los ALAMOS
FILTER PLUGGING FACILITY,

Los Alamos
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1,

MODIFICATIONS TO FILTER

PLucGING FACILITY

CoupLiNG TO PNL coMBUSTOR

MODIFICATION OF COMBUSTOR FOR LIQUID
FUEL FEED

DESIGN AND INSTALLATION OF A MIXING GRID
CONSTRUCTION OF METAL DUCT FOR HOT SECTION
ADDITION OF DUCTWORK TO BRING TEST SECTION

10 40 FT FOR AEROSOL DEPLETION/INTERACTION
STUDIES

Los Alamos
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FILTER PLUGGING TEST

PLans (Summer 1982)

Burn PMMA anp PS IN THE PNL COMBUSTOR BECAUSE
THEY REPRESENT EXTREMES OF SMOKE=-PRODUCING
MATERIALS,

USe TWO MASS-BURNING RATES BY CONTROLLING THE
INLET AIR-SUPPLY RATE.

REPLICATE THESE FOUR CONDITIONS THREE TIMES FOR
REPRODUCIBILITY (12 TESTS).

We ARE PROPOSING FUTURE TESTS (FY 83) usine
TYPICAL FUEL MIXTURES, ADDING HEAT AND MOISTURE

TO FLOW, AND USING IMPROVED GAS ANALYSIS AND
PARTICULATE-SIZE MEASURING INSTRUMENTATION,

Los Aﬂ@[ﬁ@@g
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AEROSOL DEPLETION

o ENCLOSURES, DUCTS, AND VENTILATION SYSTEMS COMPONENTS
CAN ACT AS AEROSOL FILTERS.,

o THE FLOWS IN VENTILATION SYSTEMS WILL BE FULLY TURBU-
LenT (Re >>2100),

o DEPLETION MECHANISMS (SINK TERMS) OF CONCERN ARE
(1) TurBuLeENT (EDDY) AND MOLECULAR (BROWNIAN)

DIFFUSION (DP <] um),
(2) TURBULENT INERTIAL DEPOSITION (DP > 1 uM), AND
(3) GRAVITATIONAL SETTLING (SEDIMENTATION) AT

ALL SIZES.

Los Alamos
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AEROSOL DEPLETION

o IN GENERAL, J = KN, WHERE

2

J = DEPOSITION FLUX, PARTICLES/ CM“s,

K = TRANSFER COEFFICIENT, CM/S, AND

N = LOCAL AEROSOL CONCENTRATION, PARTICLES/C 3.

o FOR SEDIMENTATION, K = TERMINAL SETTLING VELOCITY
CORRECTED FOR SLIP,

® WE ASSUME STICKY SURFACES AND HOMOGENEOUS MIXTURES.

o USER SUPPLIES AEROSOL SIZE, DENSITY, AND DUCT FLOOR
AREA,

Los Alamos

O-(8



MaTer1AL DePLETION/MODIFICATION
EXPERIMENTAL PLANS
(Summer 1982)

THE PURPOSE OF THESE TESTS IS TO MEASURE
MASS DEPOSITION, AEROSOL SIZE DISTRIBUTION,
AND AEROSOL CONCENTRATION FOR SIMULATED
FIRE CONDITIONS,

THESE DATA WILL BE USED TO ASSESS
(1) THE IMPORTANCE OF DEPOSITION,
(2) THE IMPORTANCE OF AEROSOL DYNAMICS, AND

(3) VARIOUS KNOWN MODELS FOR THE TRANSFER
COEFFICIENT, K.

KNOWN EXPRESSIONS FOR K HAVE BEEN CONFIRMED

ONLY IN SMALL-SIZED FLOW FACILITIES USING
IDEAL AEROSOLS.

Los Aﬂ@ﬁﬁ]@g



MaTer1IAL DEPLETION/MODIFICATION
Tests AND MEASUREMENTS

o USE SAME FACILITY AND TEST MATRIX AS
FOR FILTER PLUGGING.

o PERFORM THE FOLLOWING MEASUREMENTS,

(1) TOTAL MASS DEPOSITION AT ONE
LOCATION ON THREE SURFACES

(2) MasS CONCENTRATION ON THE DUCT
CENTERLINE AT TWO LOCATIONS

(3) AerosOL SIZE DISTRIBUTION AT
TWO LOCATIONS

(4) GAS COMPOSITION SPOT CHECK

)~ 20




AEROSOL INTERACTION
(RECOMMENDATIONS FOR FURTHER STUDY)

UNFORTUNATELY, DURING A FIRE THE QUANTITY AND PHYSICAL
AND CHEMICAL CHARACTERISTICS OF AIRBORNE MATERIAL
CAN BE CHANGING.,

HEAVILY EMPHASIZED IN REACTOR SAFETY PROBLEMS,

How MUCH RESPIRABLE MATERIAL REACHES PLANT BOUNDARY.
OR LEAKS SOMEWHERE ELSE? '

AMOUNT AND CHARACTERISTICS OF MATERIAL CHALLENGING
HEPA FILTERS?

DEPOSITION MECHANISMS ARE SIZE-DEPENDENT,

RELATIVELY HIGH CONCENTRATIGNS OF AEROSOL
(106 PARTICLES/CM3 OR GREATER) COULD BE PRODUCED
BY FIRES,

Use GenerAL Dynamic EQuaTioN (MODELS FOR TERMS) TO
SHUFFLE MATERIAL BETWEEN SIZE INCREMENTS AND SPECIES,

SINGLE VS MULTIPLE SPEC!IES INTERACTIONS,

Los Alamos



MATERIAL INTERACTION STUDIES
Usine MAEROS

MAEROS 1S A COMPUTER CODE WRITTEN BY
FReED GELBARD THAT PREDICTS MULTICOM-
PONENT AEROSOL COMPOSITION AND MASS
CONCENTRATION AS A FUNCTION OF PARTICLE
SIZE AND TIME,

MAEROS MODELS

(1) COAGULATION BECAUSE OF BROWNIAN
MOTION, TURBULENCE, AND GRAVITY;

(2) PARTICLE DEPOSITION BECAUSE OF
GRAVITATIONAL SETTLING, DIFFUSION,
AND THERMOPHORESIS;

(3) PARTICLE GROWTH BECAUSE OF CONDEN-
SATION OF A GAS (WATER VAPOR); AND

(4) TIME-VARYING SOURCES OF PARTICLES
OF DIFFERENT SIZES AND CHEMICAL
COMPOSITIONS,

Los Alaimos
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AssessMENT OF MAEROS
AND PRELIMINARY RESULTS

WE CURRENTLY ARE ASSESSING MAERCS FOR
USE AS AN AEROSOL INTERACTION MODULE
FOR THE LOS ALAMOS FAMILY CF ACCIDENT
ANALYSIS COMPUTER CODES.

We HAVE BEEN STUDYING THE DYNAMICS OF
A TWO-COMPONENT AEROSOL SYSTEM IN A
100 M3 WELL-MIXED CHAMBER.

(1) MONODiSPERSE SMOKE (10 6/M3)

(2) rueL GRADE MOX POWDER SIZE DIS-
TRIBUTION FROM ARH (0.1 6/mM3)

Los Alamos
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MAE 2:
MAE 7:

MAE 4:

MAE 9:

Summary oF MAEROS
Run CoNDITIONS

SMoke (0,2 um) ALONE WITHOUT DEPOSITION

CONTAMINANT (1-70 um, DP = 13 um MMAD,
og = 3,5) ALONE WITH DEPOSITION

Smake (0.2 um) PLUS CONTAMINANT (1-70 um)
WITH DEPOSITION

SMOKE (25 um) PLUS CONTAMINANT (1-70um)
WITH DEPOSITION

ROOM VENTILATION:

For 9 ROOM CHANGES/H, (AT LLNL, 8 = 250 L/S)
1S EQUIVALENT TO 6,67 MIN/ROOM CHANGE

Los Alamos



S -d
o® 10® 10 10° 16* 10° 10° 10 m?o%mqm 0° 16° 10* 0* 10* o' o

|

M

LEGEND
© = COMPONENT 1

i Wt

i v
DIAMETER, ;M




B

MAEROS RESULTS
USING MAEZ DATA
TIME= €U SEC.

gk

LEGEND
o = COMPONENT 1

o R 00 o 6

P ——— L T S ad

A
DIAMETER, M




WY "wIalaNVvIdA

LP‘P P - A a LPDP»PDD A A ‘-DPerb a a bbb»hb

0T

N

¥ LNIANOANOOD = o

Ods 009=4dWNW I.L
V.LVA AV ODNISI

SLITNSdd SO’HHVIN

poo o .m,m&ﬁm%%m lmEm,m,m,m;u,m,m

P-7



\qﬂizu.ru}<~n
e Ot Py OF

K

)

\

\
Sy rudi

#
g

ods O =HW ILL
VILVA 6V ODNISI

SLINSdYd SOHAdVIN

P-2




i S T G

MAEROS RESULTS
USING MAES DATA
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SumMARY OF MAEROS
PRELIMINARY RESULTS

THE PEAK CONCENTRATION (OF 1 KG) OF SMOKE ALONE
AFTER 10 MIN 1S AT ABOUT 2 um BECAUSE OF
COAGULATION,

THE MORE DILUTE CONTAMINANT AEROSOL ALONE IS
DEPLETED BY 52% IN CONCENTRATION MOSTLY IN THE
HIGHER S1ZES BECAUSE OF DEPOSITION,

THE PRESENCE OF A HIGH CONCENTRATION OF 0,2 um
SMOKE APPEARS TO HAVE LITTLE EFFECT ON THE
DEPOSITION OF CONTAMINANT; HOWEVER, THE SIZE
DISTRIBUTIONS OF BOTH AEROSOLS CHANGE SIGNIFI-
CANTLY IN THE RESPIRABLE SIZE RANGE.

THE PRESENCE OF A HIGH CONCENTRATION OF 25 um
SMOKE CAN AFFECT THE CONTAMINANT CONCENTRATION
BY A FACTOR OF TWO LOWER IN THE SIZES BELOW 3 um
AND BY A FACTOR OF TWO HIGHER IN THE SIZES

ABOVE 3 um BY KEEPING MORE CONTAMINANT AIRBORNE.

Los Alamos
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Future MAEROS Runs

WE PROPOSE TO PERFORM ADDITIONAL MAEROS

RUNS TO INVESTIGATE THE EFFECTS OF

@ LARGER SMOKE PARTICLES,
o ELEVATED TEMPERATURE,
o CONDENSING WATER VAPOR, AND

o [EXPERIMENTAL RESULTS
FrRoMm NMSU,

Los Alamos
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AGENDA
for
Fuel Cycle Facility Safety Research Program
Research Review Group Meeting #8

Date: July 21-22, 1982

Locatign: Factory Mutual Research Corporation Conference Center
1151 Boston-Providence Turnpike
Norwood, Massachusetts

TIME ITEM 8Y

July 21, 1982

8:00 a.m. Opening Remarks S. Bernstein, NRC

8:15 a.m, Review of Deliverables P. C. Owczarski, PNL

8:30 a.m. Overview of FIRIN 1 P. C. Owczarski, PNL

9:30 a.m. Burning Model of FIRIN 1 M. K. W. Chan, PNL
(Part 1)

10:00 a.m. Break

10:15 a.m. Burning Model of FIRIN 1 M. K. W. Chan, PNL
(Part 2 - Mass Balances)

11:00 a.m. Heat Transfer in FIRIN 1 P. C. Owczarski, PNL

12:00 Noon Tour of FMR Experimental A. Tewarson, FMR
Facilities

12:30 p.m. Lurich

1:30 p.m. Radioactive Source Terms P, C. Owczarski, PNL

2:30 p.m. FMR Experiments for PNL J. Steciak, FMR

3:15 p.m. 8reak

3:30 p.m. Overview of FMR Lata A. Tewarson, FMR
Applications

4:30 p.m. Adjourn
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TIME ITEM BY

July 22, 1982

8:00 a.m. NRC Problems with FIRAC S. Bernstein, NRC

9:00 a.m. Los Alamos Introduction: W. S. Gregory, Los Alamos
o Status of Deliverables
o FIRAC Input Needs
@ Fire Test Plans/Assessment

10:00 a.m. Break

10:15 a.m. Lawrence Livermore National N. Alvares, LLNL
Laboratories (LLNL) Fire Tests

e LLNL Facility
e Experiments and Results
o Future Objectives

11:15 a.m. Raview of Selected Fire Models P. Pagni, UCB
(including FIRIN 1 approach)
12:15 p.m. Lunch
1:15 p.i. Forced Ventilation Addition H. Mittler. Harvard
to Harvard Fire Code
1:45 p.m. LLNL Experimental Plans F. R. Krause, Los Alamos
and Predicticns
245 p.m, Break
3:00 p.m. FIRAC Assessment J. W. Bolstad, Los Alamos
3:45 p.m. New Mexico State University R. A. Martin, Lus Alamos

Experimental Program

§:20 p.m. Adjourn



FUEL CYCLE FACILITY SAFETY RESEARCH PROGRAM

US NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REGULATORY RESEARCH



PURPOSE

To DEVELOP IMPROVED METHODS FOR DETERMINING AND CHARACTERIZING
THE RELEASE OF RADIOACTIVE MATERIALS CAUSED BY MAJOR ACCIDENTS
AT FUEL CYCLE FACILITIES.



¢ FueL CvcLE FacILITIES
o MixeEp UxIDE FUEL FABRICATION
® AwAy FRoM REACTOR SPENT FUEL STORAGE
o FUEL REPROCESSING
o HiGH LEVEL WASTE SOLIDIFICATION

® URANIUM HEXAFLUORIDE CONVERSION
® MAJOR ACCIDENTS

® FIRE

® EXPLOSION

® TORNADO

o CRITICALITY

o EQuIPMENT FAILURE

® SPILL

=~



EnD-PrODUCT
AcciDeENT ANALYSIS HAanDBOOK (AAH)

0 PURPOSE: PROVIDE ANALYTICAL TECHNIQUES AND REQUIRED
DATA FOR REALISTIC ACCIDENT ASSESSMENT.

o STRUCTURE: CHAPTER 1: [NTRODUCTION
CHAPTER 2: FueL CycLe FaciLiTy DEScCRIPTIONS
CHAPTER 3: Processes AND UniT OPERATIONS
CHAPTER 4: AccIDENT SCENARIOS AND SGURCE

TERM DEFINITIONS

CHAPTER 5: AccIDeNT CONSEQUENCE ASSESSMENT
APPENDI X A: TORAC USER MANUAL
APPENDI X 8: EXPAC USER MANUAL
APPENDIX C: FIRAC USER MANUAL

o [ LLUSTRATIVE EXAMPLES - REPRESENTATIVE FACILITY

o DRAFT AAH ISSUED MARCH 18, 1982



USERS OF ACCIDENT ANALYSIS HanDBCOK

e NRC LicensinGg STAFr
o AppLIcAaNTS FOR NRC FueL CycLe FaciLiTy LICENSE



DOE LABORATORIES

o BATTELLE PaciFic NOoRTHWEST LABORATORIES
o DescripTioN OF FACILITIES, ProcESSES, AND UNIT OPERATIONS
o DEFINITION OF ACCIDENT SCENARIOS
o DeveLoPMENT OF ACCIDENT SOURCE TERMS
o Mixep OxiDe FueL FABRICATION FacILITY
o NEAR FieLD AerosoL CHARACTERIZATION

o 0Ak Ripge NATIONAL LABORATORY
o DescripTiON OF FACILITIES, PRoCESSES, AND UNIT
OPERATIONS
o DJEFINITION OF ACCIDENT SCENARIOS
o DEVELOPMENT OF ACCIDE..r SOURCE TERMS
o JSPeENT FueL STORAGE, REPROCESSIKC, AND SOLIDIFICATION
FACILITIES
o Los ALamos NATIONAL LABORATORY
® FAR FIELD ACCIDENT ANALYSIS
o CompuTer CoDES: TORAC
EXPAC
FIRAC
o GAs Dynamics
o MATERIAL TRANSPORT
o REPRESENTATIVE FACILITY



EXAMPLES OF CURRENT RESEARCH

EXTENSIVE LITERATURE REVIEWS
o ACCIDENT GENEPATED AEROSOLS
o COMBUSTION PRODUCT CHARACTERISTICS
o ENGINEERED SAFETY SYSTEMS

AEROSOL CHARACTERIZATION EXPERIMENTS
@ UNPRESSURIZED AND PRESSURIZED SPILLS
e POWDERS AND LIQUIDS

COMBUSTION PRODUCT CHARACTERIZATION EXPERIMENTS
NEAR FIELD SOURCE TERM MODELS

o SPILLS

o FIRES

FILTER PLUGGING EXPERIMENTS

MATERIAL ENTRAINMENT EXPERIMENTS

SIMPLE ILLUSTRATIVE EXAMPLE
e FIRE IN MIXED OXIDE FUEL FABRICATION FACILITY
e REPRESENTATIVE FACILITY

ASSESSMENT OF FIRE COMPARTMENT MODELS
o PREDICTION COMPARED TO LAWRENCE LIVERMORE
NATIONAL LABORATORY FIPE TEST DATA
o DEVELOPMENT OF IMPROVED MODEL

£%7
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June 25,1982
PNL SCHEDULE/PROGRESS OF DELIVERABLES - FY-82

TASK A. A.A.H. Deliverables

Revise Chapters 2 and 3 to Accomodate FIRIN1 (Sept 82)

Percent Complete 50

Revise Chapter 4 to Accomodate FIRIN1 (Sept §2)

Percent Complete 50

Write FIRIN] User's Manual (Sept 82)

Percent Complete 20

ORNL Material into New Format (Dec 82)

Percent Complete 5

Identify Further Needs in ORNL Material (Dec 82)

Percent Complete 0

First Explosion Problem (See Task C2.)

Percent Complete --

Complete Planning Document with LANL (June 82)

Percent Complete 70



TASK B. Aeroscl Generation Experiment Deliverables

Revised Free Fall Spills Document (Nov 81)

Percent Complete 100

Extended Spills (Dec 81)

Percent Complete 100

Pressurized Powders and Liguids Document (1st Draft Aug 82)

Percent Complete 30

FY-82 RART Plan (July 82)
Percent Complete _g7

Revised Source Tfnn Hiterature Review (Early 82)

Percent Complete 100



TASK C1. Fire Experiments Deliverables

(Factory Mutual Experiments Begin Jan. 82)

Factory Mutual Final Report (Sept 82)
Percent Experiments Complete =0
Percent Monthly Documentation Complete 30

Percent Final Documentation Complete 0

D-3



TASK C2. Fire and Explosion Studies

&

Combustion Products Literature Review (Jan 82)

Percent Complete 100

LANL Smoke Generator (Feb/March 82)
Percent Complete 100

Initiate Explosion Parameters Literature Review (Oct 81)

Draft Explosion Parameters Literature Review (3rd Qtr '83)

Percent Complete 20 (first outline complete)

Develop Preliminary Level One Source Term Models for Expiosions

Percent Completd _60

Develop Radioactive Release Scenario for Each Model in 5.
(Letter Report Sept 82)

Percent (omplete _20

For A.A.H., Provide Step-by-Step Procedures for 'lodels in 5.
(1st Qtr '83)

Percent Complete _ 0

For A.A.H., Provide Sample Explosion Problem
(2nd Qtr, FY-33)

Percent Complete O
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TASK D. Failed Compartment Tests Deliverables

SUSTASK 1. Experiment Planning

1. Aerosol Behavior Code Literature Search [Jan. 82)
Percent Complete 100

2. Summ.rize Historical Data on Glovebox Fires (Informal Report -
April 82)

Percent Complete 80

3. Experimental Plan to Characterize Glovebox (April 82)
Percent Complete _35

4. Preliminary Plan for First Fire Release (Aug. 82)
Percent Complete 10

SUBTASK 2. Experimentation

1. Complete Glovebox Characterization (Juhe 82)
Percent Complete 0

2. Analyze Data (July 82)
Percent Complete 0

3. Prepare Equipment for Fire Experiments (Late 82)
Percent Complete 0

D-5
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TASK E. Models Deliverables

¥

Free Fall Spills (Draft Aug 82)
Percent Complete 40

Combustion Products Computer Codz (Aug 82)
Percent Complete _80

Pressurized Releases (Late 82)

Percent Complete 0

Task D Support - Well Mixed Compartment (Late 82)
Percent Complete O

D-6
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DELIVERABLE

1. Accipent AnaLysis HANDBOOK

A) CHAPTER 5

8) ACCIDENT SCENARIO ANALYSIS » v

O InForMAL LETTER REPORT

_ DARKENED SYMBOLS InDicATE COMPLETION
O DrarT TopicAL REPORT

- = = = SCHEDULED VARIATION
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DELIVERABLE SCHEDULE AND STATUS

cY 1982
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TopicAL REPORYS

A) CoMPARTMENT FiRe MoDEL ASSESSMENT

B) CoMPARTMENT FIRE EXPERIMENTS

c) FiLTER PLUGGING EXPERIMENTS

D) ProGraM PLANNING DOCUMENT

E) LITERATURE REVIEW

F) MaTeriaL TRANSPORT MODELING

6) MATERIAL ENTRAINMENT EXPERIMENTS

H) MaTeriAL DepLETION/MOD(FICATION EXPERIMENTS

DARkeNeD SymoLS INDICATE COMPLETION
- = = =~ SCHEDULED VARIATION

Activity LINE

d Time Now

.
”
4

O IncorMAL LETTER RepoRrt
O DrAFT TopicAL RePORT
O FinaL TopicaL Reporr
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4.

ExPERIMENTAL PLANS
A) ComPARTMENT FIRE EXPERIMENTS
B) FILTER PLUGGING

c¢) MateriAL DepPLETION/MODIFICATION

DARKENED SymBoLS INDICATE COMPLETION
- = = = SCHEDULED VARIATION
_ ActiviTy LINE

J  Time Now

O InForMAL LETTER REPORT
O Drart TopicaL RePorT
O FinaL TopicaL Report
A DRAFT INTERIM REPORT
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FIRIN1

LEVEL-ONE FIRE SOURCE TERM CODE

PROVIDES 3-BASIC INPUTS FOR FIRAC
1. Net Heat Rate to Fire Compartment Gases

2. Airborne Mass Generation Rate'of Combustion
Prodicts (and Particle Characteristics)

3. Airborne Mass Generation Rate of Radioactive
Particles (and Particle Characteristics)

BASIC TOOL OF AAH, CHAPTER 4, SCENARIOS AND
SOURCE TERM FOF FIRES



L(RM FEATURES/ASSUMPTIONS - FIRIN1

Items will Burn Independently.
Total Item Surface Burning.
Flaming Combustion.

Order of Burning Established by Judgement or
by Internal Logic (using critical heat flux)

Radioactive Source Terms by Calculational
Models and by Judgement.

Correction for Underventilated Conditions.

Correction for Heat Losses to Structure
and Equipment.

Correction for H

0 and (:02 Produced from
Heated Concrete.

2

Future Scale Modification.



SOURCE TERM METHOD UNCERTAINTIES

Uncertainty of Ignition Point
Uncertainty of Path of Fire (Fire Growth)

Uncertainty in Completeness of Combustion
and Burn Mode

Uncertainty in Equipment Failure Mode

Uncertainty in Quantities Involved (Exact
Inventories at Time of Accident)

Uncertainty in Timing of All Events

F-3
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FIRINI

OVERVIEW FLOW CHART

2 Heat & Mass Transfer
Consideration

(Compartment Effects

ll Fire Source Terms T
Computation

3 Radioactive Source
Terms Computation

Read Input

Increment Time Step

Lo

STOP
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BLOCK-1

FIRE SOURCE TERMS COMPUTATION

To Block-2

1.2 Compute Heat
Generation Rate

1.3 Compute Gas
Generation Rates

1.1 Compute Mass
Burning Rate
and Maximum

1.4 Compute Smoke
Generation Rates

Fire Duration

From Input

& To Block-3




AR

BLOCK-2 HEAT & MASS TRANSFER CONSIDERATION OF COMPARTMENT EFFECTS

2.3 Compute H20 & C02

Releases from
Concrete

Tolk

2.2

Compute Heat
Transfer to
Concrete Boundary

!

2.4 Compute

Compartment Flows
In/Out

To Block-3

f

2.5 Compute Hezl
Transfer to
Vessels and

Equipment

2.1

Perfov& Heat
Balance in Fire
Compartment

4

From Block-1

—— e e e — e ———

-
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BLOCK-3 RADIQACTIVE SOURCE TERMS COMPUTATION (RST)

-

Compute (RST) from
Burning of
Contaminated
Combustible Liquids

Compute (RST) from
Burning of
Contaminated
Combustible Solids

Compute (RST)
from Heating of
Contaminated
Surfaces

From Block-!

Compute (RST)
from Heating of
Unpressurized
Radioactive Liqui

3.5 Compute (RST)
from Pressurized
Emm— Releases

3.6 Compute (RST)
from Spills

To ET

3.7 Compute (RST)
from Burning of
Pu or U Metal -

F-7



TYPICAL COMBUSTIBLE MATERIALS FOUND IN FUEL

CYCLE FACILITY

- Polymethylmethacrylate (PMMA)

- Polystyrene (PS)

- Polyvinylchloride (PVC)

- Elastomer (i.e. Polychloroprene)

- Cellulose (i.e. wood)

- Cellulosic Material (i.e. paper and rags)

- Organic Fluids (i.e. kerosene, T3P, lubricating/
hydraulic fluids)

- Polypropylen~ (PP)
- Polyethylene (PE)



COMPONENT BALANCES INSIDE THE FIRE

COMPARTMENT

Component Balances in the 'ayers

1. Hot Layer (smoke layer)
e CO

CcO

HC1

Ny

0y

Smoke and soot (mass bal.)

2

2. Cold Layer
LN
e 0

2
2

F-9
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COMPONENT CONTINUITY EQUATIONS (HOT LAYER)

Rate of Change of Moles of (Xth - component) inside hot layer =

Flow of (Xth) into/from hot layer from/out of inlet ventilation
+

Flow of (Xth) from hot layer out of outlet ventilation
+

Decomposition of (Xth) from concrete boundaries into hot layer
+

Generation/consumption of (Xth) in fire
+

Entrainment of (Xth) by fire plume into hot layer
+

Flow of (Xth) into/from hot layer from/out of new flow paths

e ——

e T e
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COMPONENT CONTINUITY EQUATION (COLD LAYER) - 02I N2

Rate of Change of moles of (02, N2) inside cold layer =
Flow of (02.N2) into/from cold layer from/out of inlet ventilation
+
Flow of (02,N2) from cold layer out of outlet ventilation
+

Consumption of (02) in fire
.‘.

Entrainment of (02. N2) by fire plume away from cold layer
+
Flow of (02, N2) into/from cold laver from/out of new flow paths

P e > e
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FILTER PLUGGING MODEL*

AP
Q =

B(1 + amp)

Q = Flow Rate
AP = Pressure Drop Across the Filter

mp = Mass Accumulation on Filter

8, a = Filter Resistance Parameters

* Los Alamos National Laboratory

el
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PLUME PARAMETERS

1. VELOCITY OF CENTERLINE )
o = ¢ [ ¥ (o 5 2T
2. VERTICAL VELoCcITY(2)
o~ = 2
W 'm exp [ (r/lv) ]
3.  RADIAL VELOCcITY(®)
by 2 2 2 2
U= _vg_v r_) exp[- LA ]—5 [l-exp[- LA
rZ {(lv ty 8 ty
4. FLAME HEIGHT(®)
0.4
FLAME HEIGHT = FLAME DIAM (%ﬁﬁ})
References:

(a)

(b)
(¢)

E.E. Zukoski & T. Kubota, Fire & Materials
4 (1980).

By solving continuity equation.

E.E. Zukoski, et al., "Entrainment in Fire Plumes,"
CIT report, 1980.

18
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Major Mechanisms of Release During a Fire

Burning Contaminated Combustible Solids
Burning Contaminated Combustible Liquids
Heating Noncombustible Contaminated Surfaces
Heating Unpressurized Radioactive Liquids

Pressurized Releases of Radioactive Powders
or Liquids

Spills of Radioactive Powders or Liquids

Burning Radioactive Pyrophoric Metals



Burning Contaminated Solids

Powder Contaminant
i = 5.3 x10°% E (BNWL-1730)
r . . 3
Liquid Contaminant
. -4 'r
lr « 1.5%2 10 T (BNWL-1730)
ir = mass rate of radioactive material made
airborne (g/sec)
wr = weight of contaminant on combustible (g)
t = time over which combustible burns (sec)




Burning Contaminated Solids ]

User input 'r (weight of contaminant on combustible)

form of contaminant (powder, liquid)
FIRIN]1 internally calculates t (time to burn combustible)

Other Potential Event Defining Parameters

Velocity of air
Type of combustible (tissue, wood, gloves)

Distribution of contaminant on combustible
(uniform vs. lump)

Particle Size
80% less than 10y AED (BNWL-1730)

F-lo




Burning Contaminated Liquids (Stage 1: Burning)

U or Pu Powder (BNWL-.732)

ir - -00%2 L V < 180 cm/sec

S

\ o W
M. = (1.7 x 107°V - 1.8 x 103)1§ V > 180 cm/sec

U or Pu Liquid

" -4
N - 2.7 xtlo L) d V < 30U cm/sec
(BNWL-B-274)

y = (7.15x107%v - 1.88x1073)wW;

r t

30 < V < 180 cm/sec
(BNWL-1732)

_ (1.45x107%

M

V - .015)Wp
)

V > 180 cm/sec
(BNWL-1732)

Other Radioactive Materials (BNWL-B-274)

y W

“r = ,0074 1; nonvolatiles

. wr

Mr = ,0025 i semivolatiles (CS)
. 'r \\‘

M, = .66 + volatiles (]:)

M_ = mass rate of radioactive material airborne (g/sec)
W_ = weight of contaminant in liquid (g)

V = average velocity in the fire (cm/sec)(ob4o'rcc mmalsa
' Aol

t = time over which combustible burns (sec) F‘*’”e Iz~ )

F-17



Burning Contaminated Liquids (Stage 1: Burning)

User input Wy (weight of contaminant in liquid)
form of contaminant - U or Pu powder
U or Pu liquid

Other nonvolatiles

Semivolatiles
. Volatiles

FIRIN1 internally calculates t (time to burn combustibles)
and V (average velocity in the fire)

Other Potential Event Defining Parameters

Type of Surface (smooth metal, sand, pavement)

Particle o1ze

66% less than 10u AED (BNWL-1732)



Residue)

-6
- 4.5 x 10 w.

5.0 x 10”7 Wy

1.25 x 107° W,

4

M_=3.0x 1074 w,

r

wr = weight of contaminant in 1

Release assumed over 10 minutes

|
|
\
' i
Burning Contaminated Liquids (Stage 2: Entrainmen® of
|

U or Pu (BNWL-1732)

Other nonvolatiles
(BNWL-1732)

Semivolatiles (BNWL-1732)

Volatiles (BNWL-1732)

M_. = mass rate of radioactive material airborne (g/sec)

iquid (g)




Burning Contaminated Liquids (Stage 2: Entrainment of
Residue)

User input 'r (weight of contaminant in liquid)

FIRIN]1 internal calculations determine when fuel is
consumed and entrainment begins

Other Potential Event Defining Parameters
Velocity of air

Temperature

Particle Size

83% less than 10u AED (BNWL-1732)

F-20



Heatin

r

of Noncombustible Contaminated Surfaces

= (1.94 x 1073V + 5.78 x 10"7)W, (BNWL-786)

= mass rate of radioactive material made airborne
(g/sec)

= weight of contaminant on surface (g)

= average velocity in the fire

-2l



Heating of Noncombustible Contaminated Surfaces

User input Ir (weight of contaminant on surface)

guidance given in AAH for surface
contaminaticn

FIRIN1 internally calculates V (average velocity in F [)

the fire) (will use v i1n 1icinity of surface ins

Other Potential Event Defining Parameters
Powder Properties - bulk density
particle density
moisture content
agglomeration tendencies
Temperature of Surface

Thickness of Bed

Particle Size

Distribution given in Figure 9 of BNWL-786

F-22



Heating of Unpressurized Radioactive Liquids

S

19

1.1x10 »

5.0x10"10 w

7

-7 -
(5.67x10 RB - 3.5x10 )'r

7

1.67x10 'r

Preboiling (BNWL-931)

*
RB < .6 m¢/min (BNWL-931)
Ry > .6 mi/min® (BNWL-931)

Heating of Residue
(BNWL-931)
(Release over 2 hours)

mass rate of radioactive material airborne (g/sec)

boiling rate of liquid (m2/min)

weight of radioactive material in the liquid (g)

Fee s

* per am®



Heating of Unpressurized Radioactive Liquids

User input 'r

FIRIN1 internally decides which stage is applicable
and calculates RB

Other Potential Event Defining Parameters
Temperature of Liquid (Preboiling)
Air Velocity (residue)

Temperature (residue)

Particle Size

20.5uy MMD with distribution as given in
Figure 12 of BNWL-931
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Pressurized Releases of Radiocactive Powders or Liquids

Model Under Development

User input weight of material at risk
failure pressure of vessel

powder or liquid characteristics as
specified

| FIRIN1 calculates when vessel fails from heat transfer
| equations
Size of Particles

Liquid - 1.5y AMMD
Powder - 16u AMMD
(most ccanservative RART releases)

F-25




Free Fall Spill of Radioactive Powders or Liquids

Model Under Development

User input weight of material at risk
height of spill
time of spill

powder or liquid characteristics as
specified

Size of Particles

(Most conservative RART releases)



Burning Pyrophoric Radiocactive Metals

W
Y -4 r
M. =4.9 x 10 " &+  (BNWL-357)

i = mass rate of radioactive material made airborne
(g/sec)

'r = weight of radiocactive metal (g)

t = time over which metal is burned (sec)

User Input w

FIRIN]1 estimates t

Other Potential Event Defining Parameters

Temperature
Air Velocity
Exposed Surface Area of Metal

Size of Particles

4.2y MMD
Size distribution given in BNWL-357

F-27



FIRINI

Example Run: BURNING OF CONTAMINATED BOXES OF RAGS

Input Compartment Parameters -

D B W e

Inlet Vent. Height - 3m
Qutlet Vent. Height - 0.ém

Thickness of Walls, Ceilings and Floor - 0.15m

Compartment Volume - 3m x 3m x 3m
Materials of Construction - Firebrick

F-28 |




FIRIN1

Example Run: BURNING OF CONTAMINATED BOXES OF RAGS

Input Fuel Parameters -

1. Cellulosic Materials (cardboard box and rags)
e Mass - 6250 g

e Surface Area - 0.5 m2

2. Polyvinylchloride (b2gs)
e Mass 100 g
e Surface Area - 0.001 m2

Input Contamination Parameters -

1. Contaminated Rags
« 100 g 002 - Powder

2. Contaminated Bags
s 50 ¢g 002 - Powder



S S —

FIRIN1

Example Run: BURNING OF CONTAMINATED BOXES OF RAGS

Initial Compartment Conditions -

1. Temperature - 298°K

2. Pressure - 0.995 ATM

3. Inlet and Outlet Vent. Flows - 0.075 ms/sec

(3 g-mole/sec) (10 air changes
pe:'}\aurﬁ

Inlet Pressure - 1.0 ATM
Outlet Pressure - 0.990 ATM
Height of the Burning Surface - 0.25m

Parameters for Filter Flow Resistance (2' x 2')
1. 8 = 0.067
2. a = 0.018

F-30
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TEMPERATURE (K )

TEMPERATURE OF HOTLAYER .VS

Burning of Contaminated Boxes of Rage
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TINE ( SEC)
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FIRE COMPARTMENT PRESSURE .VS. TIME
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LA

%
(external

hﬁt_.zﬂuﬂ

(3 w/em®)
(5 w/cmz)
(7 w/cmz)
5 w/cm2
5 w/cmz
5 w/cm2
(3 w/en?)

inlet
gas temperature

Experimental Conditions (to simulate approximate fire conditions):

inlet
gas composition

Ambient temperature
Amoient temperature

~ Ambient temperature

100°C

100°C

(200°C)

Ambient temperature

Normal air composttion

Normal air composition

Normal air composition

(normal air composition) Z
(reduced 0,; enhanced COZICO)
Normal air composition

Normal air composition

14% by volume of 0p, 7% CO2, 0.2% CO and 79% Np.

G-l



Exhaust

. T ¢ | to 8 ~Thermocouples
0.2

Pressure
SOm Tmnsducgr(" /inhct Plate
N

4
0.10m
Cm—

01'3"‘ Photo Sensors=[T Collimated
¥ ight
G 1om te A Source
\T\
s |
Stainless & §
0.6Im Steelld [N Sampling
50"‘%""3 . 2 : Probes
BT B
\ T ! Insulation (0.045m Thick)
Exhaust

Collection Cone
(Aluminum Foil)

o
3
o
c
-

N
—
c
o
®

Radiant Heaters

6l Movable
0.Q1m Water Cooled
Pilot Shield
Sample Oxygen
_. Analyzer
1 Electronic
0.45m Manometer Air
Load Cell
Assembly .
\
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TABLE 1
ELEMENTAL COMPOSITION AND HEAT OF COMBUSTION
OF MATERIALS USED IN FUEL CYCLE FACILITIES

Heat of Complete

Combustible Chemical Formula Combustion (kJ/g)
Polymethylmethacrylate (PMMA) CH1 6 0o 4 3.2
Polyvinyl Chloride (PVC) CH1 5 Clo 5 16.4
Polystyrene (PS) CH 39.2
Polychloroprene (PC) cal 25 Clo 25 27
Cellulose CH1.67 00.83 16.2
Kerosene Cﬂl B 47.9
Mixture CHI.SG 00,41 CIO.086 a3l

TABLE 1I

STOICHIOMETRIC FRODUCT YIELD (k)

Combustible kCOZ kCO koz kHC kSéOT(;<>
PMMA 2.2 1.4 1.44 0.08 0.60

PVC 1.42 0.9 1.42 0.19 0.39

PS 3.38 2.15 3.04 0.31 0.92 3
PC 2.0 1.27 1.91 0.23 0.55
Cellulose 1.63 1.04 1.19 0.25 0.44
Kerosene 3.19 2.03 3.36 0.52 0.87
Mixture 1.90 1.21 1.64 0.27 0.52



Composition of "Typical Mixture"

“Typical Mixture", a representing fraction of combustible materials found
in Fuel Cycle Facilities, is defined (by PNL) as follows:

Combustibles Weight Percent
Polymethylmethacrylate (PMMA) 45
Polyvinyl Chloride (PVC) 8
Cellulosic Material 26
Elastomer* 18
Polystyrene (PS) 1
Hydraulic Fluids* 2

100%

*For elastomer - use neoprene

For hydraulic fluids - substitute with kerosene



TABLE III
MASS LOSS RATE AND GENERATION RATES OF HEAT AND CHEMICAL COMPOUNDS AT 50 k"/-z IN AMBIENT AIR

Combustible &' (g/m’s) cgoz(s/-zs) bu e/a’s)  Gpo(e/m’s) & (/ml) Q@ (kw/e®) 4 ow/a®)

PMMA 34 70 4 .02 820 560 260
PVC 22.7 14.4 1.6 0.5 175 145 40
PS 40 75 59 1.6 930 325 615
PC 30 21.8 2.5 1.25 333 120 213
Cellulose 17.5 25 .04 .01 290 190 100
Kerosene® 11 3N .32 .01 480 300 180
Mixture . 16.0 30.0 0.5 0.14 300 200 100

%fuel burned in Pyrex dish



Combustible 3

COz
PMMA .91
PVC A
PS .68
PC .45
Cellulose 1.0
!ntononcb .88
Mixture 0.74

TABLE IV
FRACTIONAL YIELDS AND COMBUSTION EFFICIENCY AT 50 kU/nz IN AMBIENT AIR

co

.01
.08
044
.08

.014
0.02

avnluc. are less than 0.002

b

fuel burned in Pyrex dish

0.68

.63
.57
0.66

Xg

.30
.07
.51
.37
.35
.34
0.22



TABLE V
MASS LOSS RATE AND GENERATION RATES OF HEAT AND CHEMICAL COMPOUNDS OF MIXTURE IN AMBIENT AIR

.1 " - A 2
&:(kwlnz) (SIUZS) Ccoz(gluzs) G'C'o(s/.zs) é;;c(s,'.zs) QA(W/'Z) Qc{w,_z) Qn(w,. )
30 14 18 0.3 0.06 220 150 70
50 18 30 0.5 0.14 300 200 100
56.5 22 28 13 0.3 400 325 75

G\
J
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FRACTIOWAL YIELDS AND COMBUSTION EFFICIEMCY OF MIXTURE IN AMBIENT AIR

4" (i/a%)

30
50
66.5

TABLE V1
tCOZ fCO EHC

0.74 0.02 0.01
0.79 0.02 0.01
0.79 0.02 0.01

G-8

Xa

0.68
0.72
0.78

X

0.46
0.48
0.64

xR

0.22
0.24
0.15
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FIGURE 1 FACTORY MUTUAL COMBUSTIBILITY APPARATUSES: A, SMALL-SCALE;
B, INTERMEDIATE-SCALE; C, LARGE-SCALE 6 ?




Methanol

PS

Heptane

FACTORY MUTUAL RESEARCH CORPORATION

QEON6.RC
TABLE II
ASYMPTOTIC VALUES OF FUEL GCENERATION RATES IN F
POOL FIRES .
Measured in Small-Scale
Large-Scale Apparatus-
Apparatus Radiation~-Scaling
P 1) ~ o
Pool Ceel jcomd fonl Cfuel ,comb
Area (g/més) Area (g/-io)
(-z) (-2)
2.37 20 0.008
N 30 0.008
0.93 34 0.008
X+37 66 0.008

G- (0




FACTORY MUTUAL RESEARCH CORPORATION
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TABLE III
Yj VALUES FOR OVERVENTILATED POOL FIRES

Pool

Area
Fuel (lz) CO2
Methanol 4.68% 1.29
2.32% 1.30
0.008° 1.32
PMMA 2.57" 2.11
0.073° 2.10
0.008° 2.15
Heptane 0.93% 2.83
0.008°¢ 2.80
Rigid Polyurethane . 1.50
Fosm 0.008° 1.51

. From large-scale combustibility apparatus
From intermediate-scale combustibility apparatus

© From smal'-scale combustibility apparatus

co

< 0.001
< 0.001
< 0,001

0.008
0.010
0.011

0.015
0.034

0.027
0.036

HCN

0.010
0.012




Fuel

Rigid Poly-
urethane
Foam

Methanol

PMMA

Hydrocarbon
Transformer
Fluid - A

Heptane

FACTORY MUTUAL

Apparatus

Large
Small

Large

Small

Large

Intermediate
Small

Large
Small

Large
Small

RESEARCH CORPORATION
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TABLE IV
HEAT OF COMBUSTION OF FUELS FOR VARIOUS
FUEL SIZES FOR OVERVENTILATED CONDITIONS

Pool
Area
(m?)

7
0.008

4.68
2.32
0.008

2.37
0.073
0.008

2.37
0.008

0.93
0.008

Actual

16.4
15.8

18.7
18.8
19.4

24.2
23.8
24.4

35.6
38.2

41.2
37.7

G-

Heat of Combustion

(kJ/g)
Convective

10.8
6.5

15.6
15.7
17.1

15.8
14.9
17.9

23.8
25.1

26.L
19.9

Radiative

5.6
9.3

3.1
3.1
2.3

8.4
8.9
€.5

11.8
13.1

14.4
17.8
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FACTORY MUTUAL RESEARCH CORPORATION
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TABLE V
GENERATION RATES OF COMPOUNDS FROM ; RIGID POLYURETHANE FOAM FIRE®

Generation Rate (g/nzs)

CO2 co Hydrocarbonsb HCN
Predicted® 37 0.86 0.07 0.29
Measured’ % 0.57 0.07 0.21
|
|
|
~ 14 m2 of fuel area was involved in the fire. -
total pgaseous hydrocarbons
from radiation-scaling of é" and Y, values for normal air in the
fuel, comb j

small-scale apparatus

in the large-scale apparatus.
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Fuel

Methanol
PMMA
Heptane

Hydrocarbon
Fluids (Com-
mercial)

A
B
c
D

; Rigid Poly-

; urethane Foam
3

&

cfucl.comb

and H
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Actual
Hcasured' Ptcdictcdb Hcasurcd‘ Predicted

380

730

2700

1000

1070°
1100°
1060°

547

TABLE VI
HEAT RELEASE RATSS FOR VARIOUS FUELS

390

680

2400

1060
1070

910
1100

550

Heat Release Rate (kHlnz)

Convective

310

470

1800

600
650°
690°
700"

334

¢ In the FM large-scale combustibility apparatus.

i? From the technique described in ref 31.

i
t

G- (4

340

500

1250

700
720
640
750

230

Radiative

b

70

260

900

400
420
410
360

213

From FM small-scale combustibility apparatus using radiation-scaling for
{ values in normal air.

Hcaoured‘ Predictcdb

50

180

1150

360
350
270
350

320



ORGANIZATIONS/INDIVIDUALS INVOLVED IN

LOS ALAMOS FIRE RESEARCH EFFORT

New Mexico STATE UNIVERSITY
- FLuip/THerRMAL TesTt FAciLITY
(P, R, SmitH, D. L. Fenton, C. I. RIckeTTS)

LAWRENCE L1VERMORE NATIONAL LABORATORY
- Fire Test FaciLITY
(N. ALVARES)

UN1vERSITY OF CALIFORNIA, BERKELEY
- ComBusTION THEORY
(P. Pagn1)

CALIFORNIA INSTITUTE OF TECHNOLOGY
- ComPARTMENT FIRE MODELING
(E. Zukosk1)

HARVARD
- CoMPARTMENT FIRE MODELING
(H. MiITLER)

Los Alamos
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LOS ALAMOS

FIRE EXPERIMENTATION PROGRAM

New Mexico STATE UNIVERSITY

o FiLTer PLucGInNG DATA
o Smoke DepLETION/MODIFICATION DATA
o Cope VERIFICATION

LAWRENCE LIVERMORE NATIONAL LABORATORY

IpeaL” ZeD CoMPARTMENT FIRE DATA
Duct Heat TRANSFER DATA

Smoke DepLETION/MODIFICATION
Cope MopuLE DEVELOPMENT

Los Alamos

H-2



NRC PROBLEMS WITH FIRAC

0 EXCESSIVE TEMPERATURE INM BURN ROOM

¢ CONSERVATION OF MASS

® INCORRECT VOLUMETRIC ADDITION

— PR SIS . - e T = -




gty

® FACILITY:

® Scenario:

TYPICAL FUEL CYCLE FACILITY LICENSING PROBLEM

Babcock and Wilcox

Three large crates of low level waste (contaminated paper and cellulose) catch
fire. The fire burns until all the fuel has been consumed burning uncontrolled
for .85 hours, in a large storage room (22425 cu. ft.). All source terms were
determined through the use of methods described in the FIRAC Users Manual and
the Accident Analysis Mandbook.

B o i — .
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B+W FIRE - PARTICULATES

G/S VS TIME |
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ADDITIONAL FIRAC RUNS

. FACILITY | BURN MAXIMUM  |ACHIEVED PARTICULATE
Q (KW) | M (afs) | TYPE rime ) | Temp oK |sTEAoy sTaTe| presen
asS.0 0.0 SF. I0.000 | 44).5° | NoO YES
as.0 | 10.0 R.F. 10.000 |T>344.071 NO YES
25.0 10.0 S.F. 10.000 | 315.0° | YES NO
5.0 10.0 RF. 10.000 |312.8° | YES NO
5.0 [27%x16'| 6.F. | 10.000 |4723° | No  |YES
50.0 0.0 S.F. 5.000 | 465.6° | NO YES
50.0  [s5Sexio” | S.F. 5.000 | 483.2° | NO YES

100.0 10.0 S.F, Q500 |597.7° | NO YES
100.0 LI o.F a.500 | Gaa.4 NO YES
300.0 | 10.0 S.F. | 1350 |€9%.9 | NO | YES
200.0 | a3 | S.F 1.a50 | 711.3 NO YES
Defm itions : M = mass borning rate (9/s) SF = Simple Facihity

Q= enevay \v.')u{' (W)
T Ambient = 894.3 °K

=7

RF = Representative
FQC! | \{‘Y



T ONSEL/R DN OF MASS PROBLEM g
MASS Q ( KW) ‘(4(5/,‘) 6- oy :f';agg r\:\géw TOTAL AM % Er.v-
PN - (Ka) (Ka) (Kq) (Ka)
o0 | 25 ¢ [ammee [2meas®| odeed | om0 [ M7ad [Loma | 17.24% |
1.0 25 2,71®x 0| 2,1t 4659 . 7059 V1718 1718 .|7.18°/..-
10.0 4} ;?nguo" 1779210 | 4.6G64 '7.oco (1,734 L1724 .n.éq 4
0.1 50.0 s.sscnio" S.SSLxld’ 04436 07510 | 19%6 .049%3 | 19.4¢ %
1.0 | 500 [sSSuuc’ 5550|4420 | 7507 [1.1933 |33 | 19.33%
10.0 50.0 5'.5‘5'4,“5" ‘:‘.Ss‘c,uo" 4436 7.510 11,946 l.‘r#u 19.9¢ %
0.0 |10 |t fimxe? | o407 | 0wz | 1osso |.co3s0| 9.50%
1.0 100.0- Lt [Lxiot {4020 E;ﬁos‘ 1,092S | 0125 {1.18Y,
0.0 1100.0 | Livt [ v {4037 [*6913 | 1Cas0 | asv | 9.50%
——
0. |2000 | 2222 [2.202x0°] 03333 | .06eu3. | oW | 004 | 4.4
.o |200.0 |2.33x |aawax16'.3794 6638 | 1.0423 o4 | 4.22%
V,O‘Q 200.6 |&.33% |23y | 383 G.6%3 (O.4L6 .%c:— 4.66%
Definkions: @ = Enerey Topet (XW) B¥= TOTAL ~INTECTED
M = Masy Burning Ratt (4/s) Y Erv = AN 00

(= = Pavticulate In]ec*’w\ Rak '\1/'*.)
TOTAL = MASS ON FILTERS + MASS AIRCORNVE

- e

THTECTED



~ CONSERVATION OF MASS PROBLEM I

e ——— ———— e e

KG - MASS ON [MASS ToTAL | AM
wrecred Q (W) [M (@19) | Glals) |muees™ [Amsow | "o | gy | BN
0.1 | 25.0 | 10.0 |a7%xi0).0us5a5 |.0e838 | .n433 |.o1433 [14.33%
.o 125.0 | 10.0 [a778«6].4590 |.c337 |rwMaz |.war | 1437 %
0.0 | 25.0 | 10,0 |a778x0] 4.595 |¢.335 |1.433 |1.433 [14.33%,
-3
C.! 50.0 10.0 |5.556:0 | 04395 |.07383 | .11778 |.o01778 |17.787,
!
.o | 50.0 | 10.0 [5556x10|.43g¢ |.7380 |1.766 |.1766 |(7.66%
0.0| 50.0 | 10.0 |[5556xi0| 4.395 | 7.383 | u.778 | 1.778 [\7.78 %
0.1 [100.0 | 10.0 |xie” |.04032 |.06885 | 10917 [.00917 | 9.17 %
1.0 |100.0 | 10.0 L0 4016 . 6878 [1.0894 |.0894 | 8.94
100 |100.0 | 10.0 |1 |4.032 |6.885 |w©o.917 |.917 9.7
0.1 1200.0| 10.0 |a.33%0|.03830 |.06636 |.10456 |.00456| 4.567%
1.0 |200.0 | 10.0 |2Q3x10].3791 |.6630 |L.O41 |04t | 4.11%
10.C {200.0 | 10.0 2332 | 3.820 | 6.636 |l10.45¢ |.456 | 4.%967,
Detinitions: Q= Encgy Inpet (KW) AM= TOTAL - INTECTED
- % o ¥ A M
M = Mass Bur‘mnﬂ Rate (g/s) % Evrr I—NTECTES( 100

G = Particulate Tnjection Rate (g/s)
TOTAL = MASS ON FILTERS + MASS AIRBORNE

-9




INCORRECT VOLUMETERIC ADDITION

0 FIRAC ASSUMPTIONS

@ BuURN PRODUCTS = AIR

0 mass oF "AIR" INJECTED = Mass oF FueL BurNED

® VoLuMe oF "AIR" INJECTED EQUIVALENT TO MASS
oF "AIR" INJECTED

@ ACTUAL VOLUME INJECTED DEPENDS ON
CHEMISTRY OF FIRE

+0_ ----»C0

0 C 2 >0,

1 MOLE OF BURN PRODUCTS PRODUCED FOR EACH

MOLE OF 02 CONSUMED

--=»2H 0 #
¥ CHq + 202 2H2 CO2

1.5 MOLES OF BURN PRODUCTS PRODUCED FOR EACH

MOLE OF 02 CONSUMED

8 SIGNIFICANCE OF PROBLEM?

L -/0
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REMAININC ISSUES
O IMPLICATIONS FOR TORAC AND FXPAC

® IS LEVEL ONE FIRAC WORKABLE WITHONT INCORPORATION
OF A FIRE COMPARTMENT MONEL?

?
® FIRIN 1 QUTPUT = FIRAC INPUT



