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SUBJECT: MINUTES OF THE EIGHTH RESEARCH REYIEW GROUP (RRG)
MEETING FOR THE FUEL CYCLE FACILITI SAFETY RESEARCH
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PROGRAM (FCFSRP)
,
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Enclosed are the minutes of the subject meeting held on July 21-22, 1982
at the Factory Mutual Research Corporation Conference Center in Norwood,
Massachusetts. At this meeting the experimental and analytical investi-
gations involving the fire-related aspects of the research program were
reviewed. Several fire experts, not previously involved in the FCFSRP,
attended the meeting and provided their comments on the direction of the
research program. See especially the review of selected fire models,
item 7 of the enclosed minutes.
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Division of Risk Analysis
Office of Nuclear Regulatory Research
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I

FUEL CYCLE FACILITY SAFETY RESEARCH PROGRAM

RESEARCH REVIEW GROUP (RRG) MEETING #8
-

1. 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:

o Battelle Pacific Northwest Laboratories (PNL) source term model for
fires, FIRIN1

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

o problems encountered by NRC is using the Los Alamos National Laboratory
(Los Alamos) fire analysis code (FIRAC)

o objectives and plans for the Lawrence Livermore National Laboratory

(LLNL) fi.re tests

o review of selected fire models
.

o addition of forced ventilation to the Harvard fire code

~

o FIRAC assessment pr gram

o New Mexico State University Experimental Program

o Material Interaction Studies
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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 SCHEDULE 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 Combustion

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 FIRIN1.

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 literature 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

1 .

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

j FIRIN1. FIRIN1 is the level one fire source term code to be used in chapter

j 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 FMPC. The FIRIN1 burning
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 FIRIN1:

o conduction in solids - include's heat transfer within ceilings, walls,
floor, and equipment walls.

o concrete decomposition - includes release of water and carbon dioxide

from concrete surfaces due to the heat flux from the fire.

o 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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natural convection - includes convection between walls and equipment sur-o

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.

s

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 airborrie 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 information 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 mo'dels were discussed. The most significant limitation concerns the
fact that the models are based on only a limited number of experiment"s 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 FIRIN1 to analyze a typical
fuel cycle facility fire scenario. The scenario consists of the burning 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.
It 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 question 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 radioactive 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

2air and an external heat flux of 50 kW/m . These results are shown on pages
G-5 and G-6. The aesults of tests performed on the typical " mixture" for
three different external 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 examined
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 ,
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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,g

dated June 22, 1982.
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6. NRC PROBLEMS WITH FIRAC

S. 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

it...t;.ied 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 fcel 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 reasonable.
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 causing
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.

11/15/82 8 RRG MEETING 8 FCFSRP

-. . _ . - _, -. -_ - --



. .

Los Alamos had examined the problem of the excessive temperatures 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
necessary 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 aid 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 problem 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 products injected
into the burn room are air. The volume of this air is equivalent to the mass

of air injected which is equal to the mass of fuel burned. As shown on page

I-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. Qointiere, National Bureau of Standards, indicated that it is typical to
asst.ne that burn products are air in these gas dynamics / fire transport codes.

.

64 Remaining Issues

S. Bernstein, NRC, identified some issues, as shown on page I-11, that remain
to be resolved. Some of the problems identified in using FIRAC may also occur
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 eventually include a compartment model in FIRAC, hownter,
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 0F SELECTED FIRE MODELS

|

PJ Pagni, Uni,ersity of California at Berkeley, presented a review of selected
fire models and some 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. Dr. 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 determine 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.

Dr. 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 transferi

f

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 and the yield of combustion products entering the ventila-
tion system.
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Dr. 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. Dr. 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 chaeacteristics 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 radioactive and

convective heat transfer models used are " primitive" and duplicate existing
work. He questioned 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 Dr. Pagni's recommendations con-
cerning the program. His recommendations are:

(1) The Harvard Computer Fire Code be used as the basis for a compartment
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. Except 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

11/15/82 13 RRG MEETING 8 FCFSRP



.

. .

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.

.

Dr. 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.

Dr. Mitler predictions of the LLNL fire tests are shown on pages L-8 through
L-15. The CFC is one of the four models being evaluated by Los Alamos in its
fire compartment model assessment program. These predictions will be compared
with 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-
I 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 be conducted

in 1982. On page M-13 is a table showing the tests to be performed. Identi-

fled 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
i

{ 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 FIRIN1 model. Dr. Owczarski, PNL, -
indicated that he would submit predictions to Dr. Alvares. Dr. 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 tne
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-ll. 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 on page N-13.

11. FY82 EXPERIMENTAL PROGRAM AT NMSU

~

RA Martin, Los Alamos, presented the status of the experimental program 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. Dr. 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 snowing the struc-
ture of the material transport module used in FIRAC.

,

11.1 Filter Plugging Experimental Program

Dr. 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 stearic 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 .i more complicated model
is shown on page 0-11. Dr. Martin showed a comparis<n 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

Dr. 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.

11/15/82 16 RRG MEETING 8 FCFSRP

- . _ _ __ _



. -

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 MAFROS 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 perform in his investi-
gations. These are shown on page P-12.

13. ACTION ITEMS

1

The following action items resulted from this RRG meeting:

(1) Los Alamos will revise the fire source term guidelines contained in the
FIRAC user manual.

(2) PNL will make predictions of the LLNL fire tests using the PNL fire code,
FIRIN1. (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 August 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
consequencr. 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., H <H -- -

-

6-6 gy,3

wherefd is the density in the lower part of the room, and is the prescribed

throughput.

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

|

LH
,

_
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s = s, = y , .

where[9 is the density of the hot layer. These correspond to readily calculated
pressure drops across the vent, Ap and &p . I assume that when the hot / coldd
layer interface occurs at the vent, the pressure drop across the vent varies '

linearly with (, between Ap and APd u
.

" -

c a r um s,

-
._

H, Ai
R
%
> FIG 1

.

.-

e

$>. I A P
_

. F. i.

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

==> s"O( <_ Hg d d u"'

He<HL<H +H => s " (1 - 6) /P Py g d d&' "u " PP 'LE

where ( 5 (( - H )/H and p 5 (p + (1 - ()p *

d

g>H +H ==> s=0 s=p0 (4), .d
.

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 innediately upon exir;

the resulting density (of outflowing gas) is

L- Z
_ -- _____ _ .
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/D d H $HL e
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D"$ [(1 - C) k + E k l % H +H >Hg>H (5)I
y e

(#L H 2H +HL y t

s

Next, suppose flow is into the room: 0 < 0. The incoming material
is at density og (and temperature T = 0,T,/p ), and arrives at the rateg g

.

s-oV (6)g

If og<p,
we might expect the material to rise (by buoyancy) in the hot layer, to form a
third layer. Instead, we assume that the material mixes with that in the layer,

*

for pg 1 p,, as shown in Figure 2.
Similarly, if pg 1 p , we assume that the mass plunges down into the lower layerd
and mixes with it there, as shown in Figure 3

:

f_-

diOT %
In flo ~

'

-

FIG 2 FIG 3

The chbice is not so obvious for the case p E Au , however: Again if itd i

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. ,

L-3
- - .
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FIG 4

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

,T - T ' .T - T '

u"Ei,T-T, d i ,T - T ,and s " E (}

This is what I have used in the program.

Thus we have

(og<p)Case I: Tg>Tg
=0"d " d

s=p t=cpT (8),u i u poo

(This will heat the upper layer further; cubscripts o_ refer to ambient.),

;
,

Case II: T >T >T (E # 1E}d d, 1 L
|
1

T -T' 'A -p'
0 E eT (9a)"d " ,T -T, 1 " ,p -p, d' d" dpg ,

(
'T -T' 'A -A'1 d d i

-, -

E = set (9b)*u" ,T -T i P ~E< b p
p , .

d- d L6

L-+
. - _.
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(A IE)Case III: TgiTd d i

s=i=0 (10) -

u u

. .

a *AV,E = Yc p T
,

d i .

(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,

'A -p' 'p -P'f t d in"i E (11)d p -p< u" i *pd -p''

d L L6

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.

In 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 6, respectively:

. -. ._... . _ , ,
-

'

gyp- * N We

y; s

j % ~~f' y. ,

g- --
* ,W., , .

7|. t -
.

~. t,
,.
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, i - :: .y
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-
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APPENDIX

4

| Derivation of equations -

Suppose outflow is from lower layer only - ( < H - then
s=s"P '

d d
and =vA

d
where A is the vent area, v the velocity of outflow.

d

Thus s " E *d I
~

d d
The corresponding pressure drop is given by (see eq (3) 126 of TR. 45]

'

,

/APs = C,B /2gp Pda v dd

where B is the vent width, C, the vent coefficient (-0.68), p, the ambient
density, and H the vent height.y

Next, consider what happens when the layer interface lies below the vent:

HL>Hg+Hy

Then outflow is from the hot upper layer only, and

s = s = p, t ,;

! where p <p. The corresponding pressure drop here is given by
d

s=BC /2g p p, H, /Ap .

u

p Apd u' E
4 u

p p = - A.pHence Ap =-
d

u * d' d

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

H <Q<H + H,.
In order to find the :naae 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

Ap=h[(g-H)Ap + (H +E - () Ap ldg t
v

Ap
[(g-H)[P + (H +H - g)]=

H g y g
v d

p

= Apd IC + (1 ~ C)3
d

L-6
. -__ . - _ _ . -
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Then for the hot gas, we have '

((-H) 5%=BC /2g p p *

g

OPdSince = i /Ed" 2go, Hd o y p '

d

we can write ( as

k" C 'A Pdu
d

Similarly for the cold gas,

s = B C, /2g o Pdo(t+ L}
~

3 e v

pd (1 - O=

d

with the definition

p 5(p + (1 - () pg d '

ap
awe have Ap = p

p g ,

5'uC%= & /p P P" 'du

; s=- (1 - () p 1= (1 - () /p Pc d p d
d Q.E.D.

l

.

|
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TEST PARAMETERS

Q l.0 FUEL CHARACTERISTICS
1.1 Fuel Type / Mode -

1.11 Gas / Burner
1.12 Liquid / Spray .

1.12 1 Smoky
1.122 Non-Smoky

1.13 Liquid / Pool
1.131 Smoky
1.132 Non-Smoky

,

1.14 Solid /2 dimensional
1.141 Fuel composition
1.142 Fuel Porosity

1.15 Solid /3 dimensional
1.151 Fuel composition
1.152 Fuel porosity

1.2 Fuel Distribution
1.21 Contiguous Fuel (single)'

l.211 Corner / Center of coom
1.212 Floor Plane
1.213 Mid rcom
1.214 Ceiling Plane

1.22 Piscontiguous fuel (two)
1 Corner / Center ~of room ' '

l.. e2 Floor plane
1.223 Mid roomO 1.224 Ceiling 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)

1

1 2.0 ENCLOSURE CHARACTERISTICS
2.1 Ceiling / Walls / Floor

2.11 Radiation Effect
2.12 Heat Transfer
2'.13 Room Volume

2.2 Room Objects
2.21 Heat Transfer
2.22 Size
2.23 Number3.0 VENTILATION CHARACTERISTICS

3.1 Forced Ventilation
3.11 Thru inlet

~3.111 Position
,

3.112 Rate
3.12 Thru Outlet

3.121 Position
3.122 Rate

3.2 Natural Ventilation
3.21 Position

C>, 3.22 Area (Size)
3.23 Number of openings

3.3 Mixed Ventilation

'

. - . - . -.
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Table 1- d

.

1982 rire Test Series

O rest Tyne ruei rormoie o cuw) v (ies)

1 Burner Methane CH 125 ,250 *4 .

2 " " " 50 500

3 " " " 50 100 v .

4 " " " 200 100

5 " " " 400 500 v
6 " " " 400 100 v

7 " " " 125 250 *
-,

8 Spray Isop,opanol CH0 400 500 *38 ,

9 800 500 v*" " "

10 " " " 100 100 v

11 " " " 100 50 0

12 800 100 v
" " "

13 400 500 *" " "

14 Spray Isocctane CH 400 5008 18
| 15 800 500

" " "

16 " " " 800 100
!

17 Pool Isopropanol CH0 0.91m 50038
18 " " " " 100

.

| 19 Pool Isocctane CH 500"

8 18

20 Pan Polystyrene (C H )n
" 500 v-88

21 " " " " 250

22 " " " " 100 v

v Test for pretest predictions

{ * Repeats of 1981 tests

f,- 3
- - _ _
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FY '83 TEST SERIESo ,

i .

<

o Combine LASL Source term F, LLNL Nadel validation
,

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

Make different fire distribution (corner-halfway to ceiling)" o
.

o Add complicating elements to act as heat sinks
|

o Ventilation Changes

o Fire Growtn

|

J
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OBJECTIVES
-

|

e ASSESS THE VALIDITY OF EXTENDING AVAILABLE

TEST METHODS AND COMPARTMENT FIRE MODELS TO

SPRAY FIRES IN FORCED-VENTILATION BURN ROOMS.

e ADD EXHAUST DUCT HEAT-TRANSFER MEASUREMENTS

TO LAST YEAR'S " CLEAN FUEL" TEST SERIES FOR

FIRAC SENSITIVITY STUDIES.

e EXTEND FIRE MODEL ASSESSMENT TO OXYGEN POOR
FIRES, SMOKY FUELS, AND POOL FIRES,

i

,

l
,

LosAamos

a
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PROGRAMMATIC RESTRICTIONS
-

e POSTPONE SOLID SURFACE FIRES OF CHARRING

AND NONCHARRING MATERIALS AS WELL AS

DEEP-SEATED FIRE INVESTIGATIONS

e do PARTICLE SIZE AND WATER MEASUREMENTS

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

e NO GAS SAMPLING IN THE HOT LAYER

e MEASUREMENT OF FILTER MASS DEPOSITION

RESTRICTED TO A FEW REPLICATION TESTS

OSAUSflTt03
~
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.

ANTICIPATED RESULTS-

.

e IDENTIFICATION OF FIRE MODELS AND ASSOCIATED

MODULES THAT SHOULD BE INTEGRATED INTO A

FORCED-VENTILATION COMPARTMENT FIRE MODEL

e PARTIAL ASSESSMENT OF THE FIRAC DUCT HEAT
TRANSFER MODULE

e FIRST COMPREHENSIVE TEST DATA ON FORCED

VENTILATION FIRES

e TECHNICAL FEASIBILITY OF SIMULATING OXYGEN

POOR AND VERY SMOKY FIRES

e FIRE MODEL/FIRAC INTEGRATION REQUIREMENTS

losAamos,

1 -

_

|
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FUEL CHEMISTRY
'

FUEL BULx CHEMISTRY HEATING VALUE, Hp

50.0 xJ/sMETHANE CH4

CH0 30.5 xJ/sISOPROPANOL 38

Cg yg 47.8 KJ/sHISO-0CTANE

STYRENE GRANULES Cg g 41.8 KJ/sH

.

1

AsA:a:ncs

o
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LAWRENCE LIVERMORE
,

BURN ROOM CHARACTERISTICS
-

DIMENSIGHS: 4.57 M HEIGHT; 4.15 M WIDTHj 6.17 M LENGTH

AIR INLET : 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

;

,

OSA?PMOS
~
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LAWRENCE LIVERMORE
-

.

BURN ROOM CONSTRUCTION MATERIAL

CEILING

MATERIAL PROPERTY & FLOOR WALLS

SPECIFICHEAT!J/KGK 250 250

3DENSITY, KG/M 1922 1440

CONDUCTIVITY, W/M K .63 .41
.

52 22
THERMAL INERTIA 08 2.3 - 10 9 S/M g 10 cM

THICKNESS

|

LosADamos
.
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FIRE TEST DATA COLLECTION
.

TEMPERATURES .

i e TEMPERATURE DISTRIBUTION (Og)

9 THREE 3 x 3 HORIZONTAL THERMOCOUPLE
ARRAYSAT.7-M/2,1-M,AND3.'7-M
ELEVATIONS ABOVE THE FLOOR. THE

CENTER OF THIS THREE-DIMENSIONAL

ARRAY IS IN THE FIRE PLUME.

9 VERTICAL BURN ROOM TEMPERATURES

STRATIFICATION AT l-FT INTERVALS.

| 9 WALL AND CENTERLINE GAS TEMPERATURES

IN THE EXHAUST DUCT AT DUCT INLET,

DUCTCENTER[ANDUPSTREAMOFHEPA
FILTER.

I
l

9 WALL AND CEILING TEMPERATURES OF THE

BURN ROOM.

LosAhmos
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FIRE TEST DATA COLLECT 10tl ,

CHEMISTRY AND FLUXES-

FUELINJECTIONRATEii(G/S)e

EASTANDWESTAIRINTAKE[h !8e lN

:

e VOLUMETRIC EXHAUST FLOW CONTROL AT

HEPA FILTER END OF EXHAUST DUCTl
'

V U S)'

ExH

e EXHAUST FLOW VOLUME CONCENTRATION OF
0 , CO , C0! CH

2 2 x

PARTICULATE MASS' DEPOSITION AT HEPAe

FILTER FOR SOME REPLICATED TESTS

e COOL-LAYER OXYGEN CONCENTRATION

! e ENVIRONMENTAL CONDITIONS

RELATIVE HUMIDITY IN %
AMBIENT TEMPERATURE IN Og

ATMOSPHERIC PRESSURE IN ATM.

LosAAmos
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POTENTIAL FIRE SCENARIOS
.

: SPRAY FIRES .

i

METHANE SPRAY FIRES
.

d (KW) = 50, 100, 200, 400
N

"8 ' '
EXH

(l. ISOPROPANOL SPRAY FIRES

d (KW) = 100, 200, 400, 800g

S) = E , E , 500
EXH

ISO-0CTANE SPRAY FIRES

dy(KW) = 100, 200, 400, 800

*8 ' '
EXH

~ .

I

LosAsmos
:

O
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POTENTIAL FIRE SCENARIOS

POOL FIRES .

4,

,

b '

POOL IS .91'M PhN, 10.16 cM DEEP
'

h

'N s

FUELS: ISOPROPANOL, IS0 1cTANE, STYRENE 'N.

GRANULES

EXH (L/S)
= 100,' 250,' 500

~

'

, s
,

i

s

i
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DESIRED PRETEST PREDICTIONS

VENTILATIdN

FUEL NOMINAL FIRE' STRENGTH STRENGTHhEXH

METHANE 400 KW 500 US

GAS 400 xW 500 US
50 xW 100 US

ISOPROPANOL & 800 k'd 500 US

ISO-0CTANE SPRAY 800 KW 500 Us
50 xW 100 US

POLYSTRENE GRANULE 0.91-M-DIAM PAN /10','16-CM-DEEP 500 US

POOL 100 US
-.

ADDITIONAL PREDICTIONS FOR IN-BETWEEN FIRE AND VENTILATION>

STRENGTH WOULD HELP IN DETERMING THE FIRES FOR WHICH THE

PREDICTION MODEL IS VALID.

>
.

n

!
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DESIRED PREDICTION FORMAT
'

,

, . .

I. PRETEST PREDICTION SHOULD PROVIDE, AS FAR AS
,

,

PRACTICAL, THE FOLLOWING TIME HISTORIES.

e TEMPERATURE, OXYGEN, CARBON MONOXIDE, AND-

CARBON DIOXIDE VOLUME CONCENTRATION IN THE

HOT LAYER IN % AND ASSOCIATED EXHAUST
'

FLUXES IN GRAMS PER SECOND.

e DESCENT'0F HOT / COOL LAYER INTERFACE IN M.

e RATE OF HEAT DEPOSITION IN THE GAS

(ENTHALYPHY EXHAUST FLUX MINUS ENTHALPHY

(. INFLUX OF AIR AND FUEL) IN KW,
.

'

e HEAT LOSS TO ALL INTERNAL SURFACE 3. ,

e TOTAL AIR INTAKE IN L/S.
/

II. PRETEST PREDICTIONS ARE TO BE SENT TO N.' ALVARES

osA:amos
~
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Test Character ofDynamics of no p,
irreproducible -

reproduci- p unpredictable,

'

ble? fires
ftre

.

.

Replicate -

Fire

1 P "

: i
1 Fuel High' % re Archival of

& Ventilatt'

"E858 red / Predict. - Predid Test DataW Fire ; O -rich'

exhaust flow OK
q

4 L
'

MLow
| vent. rate

0 -starved C1

2

,
'

,

Logic for selection of test fires. -
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FY 1982 EXPERIMENTAL PROGRAM.

.

THE PURPOSE OF THE LOS ALAMOS FY 1982 TRANSPORT EXPERIMENTALe

PROGRAM IS TO PROVIDE SUPPORTIVE DATA FOR ASSESSMENT AND IM-

PROVEMENT OF THE FIRST GENERATION FIRAC, EXPAC, AND TORAC

ACCIDENT ANALYSIS CODES

e WE HAVE IDENTIFIED A NEED FOR CODE MODULE ASSESSMENT IN THE

AREAS OF
(

(1) TRANSPORT INITIATION

(2) MATERIAL DEPLETION

(3) FILTRATION

l

e FIRE ACCIDENTS ARE BEING EMPHASIZED

|

osADaimos
.
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O
FIRAC MATERIAL TRANSPORT MODELING

''

.

.

e FIRAC DESIGNED TO PREDICT FIRE-INDUCED FLOWS,
.

TEMPERATURES, AND MATERIAL TRANSPORT.

e FIRAC DESIGNED TO ANALYZE SYSTEM OF INTERCONNECTED

ROOMS, DUCTS, AND OTHER COMPONENTS.

e ANY MATERIAL TRANSPORT MODEL WILL NECESSARILY

ADDRESS THE FOLLOWING ELEMENTS:

1. MATERIAL CHARACTERISTICS

2. TRANSPORT INITIATION

3. CONVECTION

ll . INTERACTION

5. DEPLETION

6. FILTRATION

.

' iosADamos
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*

IHE PURPOSE OF A MATERIAL TRANSPORT CALCULATION

IS TO ESTIMATE MATERIAL FLOW RATE AND CONCENTRATION-

AS A FUNCTION OF TIME AND LOCATION IN THE SYSTEM.

8 IDEALLY, PREDICT QUANTITY AND PHYSICAL AND

CHEMICAL CHARACTERISTICS OF MATERIAL

(AEROSOL OR GAS).

e TRANSPORT OCCURS BECAUSE OF AIRFLOW THROUGH

ROOMS, CELLS, CANYONS, CORRIDORS, GLOVEBOXES,

AND DUCTWORK.

.

losADamos~
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i

SOME OF THE DIFFICULTIES IN PREDICTING MATERIAL .':
.

TRANSPORT RESULTING FROM A FIRE ACCIDENT ARE'

,

f e DIFFERENT MATERIALS,'

e PHASE CHANGES,

. e CHEMICAL REACTIONS,
.

e SIZE DISTRIBUTION,

e MATERIAL INTERACTION (COAGULATION),
-

e CONDENSATION,

e DIFFUSION, AND
,

e DEPOSITION

3

.

,

i LosAhmos
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SIMPLIFY THE MATERIAL TRANSPORT MODELING PROBLEM
.

WITH THESE LEVEL 1 ASSUMPTIONS.
.

e GAS DYNAMICS DECOUPLED FROM MATERIAL TRANSPORT

e HOMOGENEOUS MIXTURE AND DYNAMIC EQUILIBRIUM

MULTIPLE SIZES OR SPECIES (FIRAC NLY)e

e NO INTERACTION

e DEPOSITION BASED ON SEDIMENTATION ONLY

e DIFFUSION AND PHORETIC EFFECTS NEGLECTED

e PHASE CHANGE, CHEMICAL REACTION, AND ELECTRICAL

MIGRATION NOT ALLOWED'

e ENTRAINMENT BY TABLES OR CALCULATION

.

h

losA:amoso
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REVIEW FILTER PLUGGING PROGRAM
.

.

e THE PURPOSE OF OUR FILTER PLUGGING PROGRAM IS TO SUPPLY .

EXPERIMENTAL DATA TO SUPPORT THE PRESSURE DROP MODEL'

Ap/Ap = F(M )(0/0 )
o A o

.

e FOR HEPA FILTERS THE FORM OF THE POLYNOMIAL F AND SOME

EMPIRICAL COEFFICIENTS WILL DEPEND ON
,

(1) AEROSOL TYPE,

(2) AEROSOL SIZE DISTRIBUTION,'

(3) AEROSOL CONCENTRATION,'

(ll) WATER VAPOR,

(5) HEAT ADDITION, AND

! (6) OTHER THINGS (ELECTROSTATICS, FLOW CONDITIONS,

FILTER MEDIA PARAMETERS)
'

.

| LosADahos
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IDEALIZED TESTS WITH
-

STEARIC ACID AND WATER SPRAY-

s

e A UNIQUE NULL-BALANCE FILTER WEIGHING

SYSTEM AND FILTER LOADING FACILITY WAS

CONSTRUCTED.
.

e BY 2/15/82, WE COMPLETED A TEST MATRIX

OF 19 EXPERIMENTS TO EVALUATE THE EFFECT

OF AEROSOL CONCENTRATION AND MOISTURE ON

Ap/Q VS M ''
A

e THE SMOKE SIMULANT WAS STEARIC ACID

SPHERES GENERATED BY A COMMERCIAL

CONDENSATION-TYPE GENERATOR.

e AEROSOL CONC NTRATIONS VARIED BETWEEN 60

AND 120 MG/M FOR THE HIGHEST GENERATION

RATE (BECAUSE OF FILTER PLUGGING).

AsADamos

o
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' Sumary of iCalized filter plugging tests using
stearic acid and water spray.

Stearic Acid Water Plugged Time to

Volisnetrig Flow Mass Flow Mass Plug

Test Rate (cm3/ min) Rate (a/ min) (kg) (h)

17 0.0 100.0 3.447 27.0 -

18 0.0 200.0 7.729 9.52

19 0.0 400.0 6.9% 5.27

4 0.105 0.0 0.415 32.2
-

7 0.105 100.0 6.481 32.9

6 0.105 200.0 8.060 5.787

5 0.105 400.0 6.583 4.93

1 0.241 0.0 0.J01 20.7

10 0.241 100.0 6.179 31.5

9 0.241 200.0 6.941 4.53

8 0.241 400.0 6.336 4.13
.

2 0. 941 0.0 0.550 13.4

13 0.941 100.0 3.796 6'.22

12 0.941 200.0 5.429 6.23

11 0.941 400.0 5.450 3.90

3 2.05 0.0 0.4 54 4.87

16 2.05 100.0 4.251 5.97

15 2.05 200.0 5.345 6.05

14 2.05 400.0 6.449 3.00

LosAamos
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FILTER PLUGGING MODELS
-

.

'

e ONE FORM OF THE SEMI-EMPIRICAL FILTER PLUGGING

EQUATION IS

AP/op, = (1 + aM }(OIO )A o

THIS LINEAR FORM IS PRESENTLY USED IN OUR CODES.

e ANOTHER MORE COMPLICATED FORM IS VERN BERGMAN'S

("' DENDRITE MODEL (llNL),

f Ra i l R'a \ f 1

AP/opo" l+m I* OIO
oj

,

THIS FORM IS BASED ON THE ASSUMPTION OF THE

FORMATION OF FIBER-LIKE DENDRITE CHAINS.

.

LosA:amos
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FINAL RESULTS OF IDEALIZED TESTS

.

1. DRY STEARIC ACID WITHOUT MOISTURE PLUGGED

THE HEPA FILTERS WITH SIGNIFICANTLY LESS
MASS LOADINGS (0.40 TO 0.55 KG),

2. THE EFFECT OF STEARIC ACID PLUS MOISTURE

ADDED BY A SPRAY N0ZZLE AT 200 TO 400 G/ MIN
RESULTED IN FASTER FILTER PLUGGING (ABOUT

3 TO 6 'H) WITH HIGHER MASS LOADINGS (ABOUT
5.5 TO 8 KG),

3. WATER MOISTURE ALONE PLUGGED THE FILTERS
3

AFTER MASS LOADINGS OF 3.4 TO 7.7 KG.
'

4. WITH A PROPER CHOICE OF R, THE DENDRITE

MODEL COULD BE USED TO APPROXIMATE OUR
j

DRY LOADING TESTSJ HOWEVER, A POLYNOMIAL

CURVE-FIT WOULD BE MORE ACCURATE.t

.

LosA:amos~
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O PIL1ER eLueeINe EXPERIMENTS

USING MORE REALISTIC
*

SMOKE AEROSOLS

e A MORE COMPLICATED SERIES OF TESTS WILL BE CON-
DUCTED THIS SUMMER (AUGUST - SEPTEMBER 1982).

c

l
A REPRESENTATIVE FUEL MIXTURE COMPOSITION IS (P!!L)

'

e

COMPONENT COMPOSITION (%)

1. POLYMETHYLMETHACRYLATE 45

2. CELLULOSIC 26

3. ELASTOMER 18

4. POLYVINYL CHLORIDE 8

- 5. HYDRAULIC flu 1DS 2

6. POLYSTYRENE 1

,

TO BURN THESE MATERIALS, PNL DESIGNED A SPECI ALe

COMBUSTOR FOR INTEGRATION WITH THE LOS ALAMOS'
FILTER PLUGGING FACILITY.

LosA:amos~
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I')
MODIFICATIONS TO FILTER-

'

PLUGGING FACILITY

.

1. COUPLING TO PNL COMBuSTOR

2'. MODIFICATION OF COMBUSTOR FOR LIQUID

FUEL FEED

3. DESIGN AND INSTALLATION OF A MIXING GRID

4'. CONSTRUCTION OF METAL DUCT FOR HOT SECTION

5. ADDITION OF DUCTWORK TO BRING TEST SECTION

TO 40 FT FOR AEROSOL DEPLETION / INTERACTION
I STUDIES

iosAamos
.
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FILTER PLUGGING IEST
'

PLANS (SUMMER 1982)

. .

4 BURN PMitA AND PS IN THE PNL COMBUSTOR BECAUSE
'

THEY REPRESENT EXT 3 EMES OF SMOKE-PRODUCING

MATERIALS.

4 USE TWO MASS-BURNING RATES BY CONTROLLING THE

INLET AIR-SUPPLY RATE.

4 REPLICATE THESE FOUR CONDITIONS THREE TIMES FOR

REPRODUCIBILITY (12 TESTS).

t WE ARE PROPOSING FUTURE TESTS (FY 83) USING

( TYPICAL FUEL MIXTURES, ADDING HEAT AND MOISTURE

TO FLOW, AND USING IMPROVED GAS ANALYSIS AND

PARTICULATE-SIZE MEASURING INSTRUMENTATION.

.

LosA:amosi
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( )
AEROSOL DEPLETION

.

.

e ENCLOSURES, DUCTS, AND VENTILATION SYSTEMS COMPONENTS ,

CAN ACT AS AEROSOL FILTERS.

!

9 IHE FLOWS IN VENTILATION SYSTEMS WILL BE FULLY TURBU-

LENT (RE 2100).

9 DEPLETION MECHANISMS (SINK TERMS) 0F CONCERN ARE

(1) TURBULENT (EDDY) AND MOLECULAR (BROWNIAN)

DIFFUSION (D, < 1 vM),
~ (2) TURBULENT INERTI AL DEPOSITION (D > 1 VM), ANDp

c
(3) GRAVITATIONAL SETTLING (SEDIMENTATION) AT

ALL SIZES.

!

l
.

O

|
|

|0
.
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1

AEROSOL DEPLETION |
-

\
.

- |

e IN GENERAL, J = KN, WHERE

J = DEPOSITION FLUX, PARTICLES / CM Se

K = TRANSFER COEFFICIENT, CM/S, AND

N = LOCAL AEROSOL CONCENTRATION, PARTICLES /CM ,

FOR SEDIMENTATION, K = TERMINAL' SETTLING VELOCITYe~~
,

CORRECTED FOR SLIP,

WE ASSUME STICKY SURFACES AND HOMOGENEOUS MIXTURES.e

USER SUPPLIES AEROSOL SIZE, DENSITY, AND DUCT FLOORe
i

AREA.

t

[

.
'

/

!
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MATERIAL DEPLETION / MODIFICATION

EXPERIMENTAL PLANS

(SUMMER 1982)

.

e THE PURPOSE OF THESE TESTS IS TO MEASURE
MASS DEPOSITION, AEROSOL SIZE DISTRIBUTION,

AND AEROSOL CONC,ENTRATION FOR SIMULATED

FIRE CONDITIONS.
,

e THESE DATA WILL BE USED TO ASSESS-

| (1) THE IMPORTANCE OF DEPOSITION,

i (2) THE IMPORTANCE OF AEROSOL DYNAMICS, AND
!

(3) VARIOUS KNO,WN MODELS FOR THE TRANSFER'

COEFFICIENT, K.

e KNOWN EXPRESSIONS FOR K HAVE BEEN CONFIRMED:

[ ONLY IN SMALL-SIZED FLOW FACILITIES USING
IDEAL AEROSOLS.

.

I
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MATERIAL DEPLETION / MODIFICATION

TESTS AND MEASUREMENTS
.

|

\

e USE SAME FACILITY AND TEST MATRIX AS
~

FOR FILTER PLUGGING.
. I

e 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
.,

(14) GAS COMPOSITION SPOT CHECK

i

.
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AEROSOL INTERACTION
--

(RECOMMENDATIONS FOR FURTHER STUDY) .

UNFORTUNATELY, DURING A FIRE THE QUANTITY AND PHYSICAL
'

.

e

AND CHEMICAL CHARACTERISTICS OF AIRBORNE MATERIAL

I CAN BE CHANGING.

e HEAVILY EMPHASIZED IN REACTOR SAFETY PROBLEMS.

HOW MUCH RESPIRABLE MATERIAL REACHES PLANT BOUNDARY.e
'

OR LEAKS SOMEWHERE ELSE7

e AMOUNT AND CHARACTERISTICS OF MATERIAL CHALLENGING

HEPA FILTERS 7,

1

e DEPOSITION MECHANISMS ARE SIZE-DEPENDENT.

e RELATIVELY HIGH CONCENTRATIONS OF AEROSOL
6(10 PARTICLES /CM OR GREATER) COULD BE PRODUCED

BY FIRES.

:

USE GENERAL DYNAMIC EQUATION (MODELS FOR TERMS) TOe'

SHUFFLE MATERIAL BETWEEN SIZE INCREMENTS AND SPECIES.

e SINGLE VS MULTIPLE SPECIES INTERACTIONS.
.

e

_ LosA:emos()
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() MATERIAL INTERACTION STUDIES
.

USING MAEROS
.

e MAEROS IS A COMPUTER CODE WRITTEN BY-

FRED GELBARD THAT PREDICTS MULTICOM-
-

PONENT AEROSOL COMPOSITION AND MASS

CONCENTRATION AS A FUNCTION OF PARTICLE

SIZE AND TIME.

e MAEROS MODELS

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

(2) PARTICLE DEPOSITION BECAUSE OF
GRAVITATIONAL SETTLING, DIFFUSION,

,

AND THERM 0 PHORESIS;

(3) PARTICLE GROWTH BECAUSE OF CONDEN-

SATION OF A GAS (WATER VAPOR)J AND

(4) TIME-VARYING SOURCES OF PARTICLES

OF DIFFERENT SIZES AND CHEMICAL
COMPOSITIONS,

losADamos
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ASSESSMENT OF MAEROS''
1

AND PRELIMINARY RESutTS ,

i

.

O WE CURRENTLY ARE ASSESSING MAEROS FOR

USE AS AN AEROSOL INTERACTION MODULE

FOR THE LOS ALAMOS FAMILY OF ACCIDENT
ANALYSIS COMPUTER CODES,

O WE HAVE BEEN STUDYING THE DYNAMICS OF '

A TWO-COMPONENT AEROSOL SYSTEM IN A
100 M3 WELL-MIXED CHAMBER,'

'

3(1) MONODI.SPERSE SMOKE (10 G/M )

(2) FUEL GRADE N0X POWDER SIZE DIS-
3TRIBUTION FROM AAH (0','1 G/M )

i

)

LosAamos
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O~ SUMMARY OF MAEROS

RUN CONDITIONS .

'

.

e MAE 2: SMOKE (0.2 um) ALONE WITHOUT DEPOSITION-

e MAE 7: CONTAMINANT (1-70 um, D = 13 um MMAD,
p

09 = 3.5) ALONE WITH DEPOSITION

e MAE I4: SMOKE (0.2 um) PLUS CONTAMINANT (1-70 um)

|
WITH DEPOSITION

i

e HAE 9: SMOKE (25 um) PLUS CONTAMINANT (1-70 u m)
WITH DEPOSITION

s ROOM VENTILATION:
'

FOR 9 ROOM CHANGES /H, (AT LLNL, 0 = 250 L/S)

IS EQUIVALENT TO 6.67 MIN / ROOM CHANGE

,

LosA:amos
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MAEttOS RESULTS
USING MAE2 DATA

TI ME== 0 SEC.

i
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MAEROS RESULTS
USING MAE2 DATA

TI ME= 60 SEC.
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M.A. EROS RESULTS
USING MAE9 DATA

TI ME== 60 SEC.-
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! MAEROS t<.ESUI;rS
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SUMMARY F MAEROS

O PRELIMINARY RESULTS
-

.

e IHE PEAK CONCENTRATION (OF 1 KG) 0F SMOKE ALONE
AFTER 10 MIN IS AT ABOUT 2 um BECAUSE OF

'

COAGULATION.

e THE MORE DILUTE CONTAMINANT AEROSOL ALONE IS

DEPLETED BY 52% IN CONCENTRATION MOSTLY IN THE

HIGHER SIZES BECAUSE OF DEPOSITION.
~

THE PRESENCE OF A HIGH CONCENTRATION OF 0'.2 ume

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 ume

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 pm BY KEEPING MORE CONTAMINANT AIRBORNE.

LosA:amos
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/

/ FUTURE MAEROS RUNS ,

WE PROPOSE TO PERFORM ADDITIONAL MAEROS
'

RUNS TO INVESTIGATE THE EFFECTS OF
,

G LARGER SMOKE PARTICLES,

o ELEVATED TEMPERATURE,

e CONDENSING WATER VAPOR, AND

~

e EXPERIMENTAL RESULTS(N
FROM NMSU,

LosAamos
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Fual Cycle Facility Safety R:scarch Program

Research Review Group Meeting #8

.

.

-

NAME ORGANIZATION TELEPHONE

| Pete Owczarski Battelle Northwest Lab. 509-375-5852
, -

Martin Chan Battelle Northwest Lab. 509-375-3845
t

Steve Bernstein NRC/RES FTS-443-5825

Bill Gregory Los Alamos FTS-843-6231 505-667-
6231

Tom Clark USNRC 301-427-4205

Fred Fisher USNRC 301-427-4135

Tony Tse USNRC 301-443-5825

Joe Buckley FMRC 617-762-4300

Peter Loysen NRC/NMSS 301-427-4205

Jim Ayer NRC/NMSS 301-427-4205

Norm Alvares LLNL 415-423-3174

Pat Pagni U.C. Berkeley 415-642-0729,

John Bolstad LANL 505-667-6231.

,

Jeff Newman FMRC 617-762-4300

Joe Dykstra Union Carbide Nuclear-OR 615-483-2872
'

,

Moshe Siman-Tov UCC-ND,0R 615-574-6515

'* Ray Friedman FMRC

FritzKrause Los Alamos,

Hdnri Mitler Harvard Univ. 617:495-3301
*

: James Quintiere NBS 301-921-3242
'

Archibald Tewarson Factory Mutual 617-762-4300 x2950

Judi Steciak FMRC 617-762-4300 x2952

' Dick Martin Los Alamos FTS-843-6231
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AGENDA

for .

Fuel Cycle Facility Safety Research Program

Research Review Group Meeting #8
>

? Date: July 21-22, 1982
e

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

!

TIME ITEM B1

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
,

; (Part1)

10:00 a.m. Break
<

10:15 a.m. Burning Model of FIRIN 1 M. K. W. Chan, PNL
r

[ (Part 2 - Mass Balances)
!
' 11:00 a.m. Heat Transfer in FIRIN 1 P. C. Owczarski , PNL

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

: Facilities

$ 12:30 p.m. Lunch

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

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

f 3:15 p.m. Break

| 3:30 p.m. Overview of FMR Uata A. Tewarson, FMR
Applications'

4:30 p.m. Adjourn

B-/
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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
'

.

e Status of Deliverables
e FIRAC Input Needs
e 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"

e Future Objectives'

11:15 a.m. Review of Selected Fire Models P. Pagni, UCB
(including FIRIN 1 approach)

;

12:15 p.m. Lunch.

1 :15 p..n. Forced Ventilation Addition H. Mittler, Harvard

to Harvard Fire Code
1:45 p.m. LLNL Experimental Plans F. R. Krause, Los Alamos

j and Predictions

2 45 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, Los Alamos
Experimental Program

4:30 p.m. Adjourn

I
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FUEL CYCLE FACILITY SAFETY RESEARCH PROGRAM

i

US NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REGULATORY RESEARCH

i
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PURPOE
'

i -

<

TO DEVELOP IMPROVED METHODS FOR DETERMINING AND CHARACTERIZING
!

; THE RELEASE OF RADIOACTIVE MATERIALS CAUSED BY MAJOR ACCIDENTS
,

!
AT FUEL CYCLE FACILITIES.-

!
!

[
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'

SCOPE

-

.

e FUEL CYCLE FACILITIES.

: e MIXED OXIDE FUEL FABRICATION -

: o AWAY FROM REACTOR SPENT FUEL STORAGE

e FUEL REPROCESSING

e HIGH LEVEL WASTE SOLIDIFICATION

* URANIUM HEXAFLUORIDE CONVERSION

e MAJOR ACCIDENTS

e FIRE.

o EXPLOSION

e IORNADO

e CRITICALITY

e EQUIPMENT FAILURE
,

|

e SPILL

1

0

.

f

'

.
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END'-PRODUCT

ACCIDENT ANALYSIS NANDBOOK (AAH)
~

o PURPOSE: PROVIDE ANALYTICAL TECHNIQUES AND REQUIRED

DATA FOR RE LISTIC ACCIDENT ASSESSMENT.

O STRUCTURE: CHAPTER 1: I NTRODUCTION ,

;

CHAPTER 2: FUEL CYCLE FACILITY DESCRIPTIONS
'

CHAPTER 3: PROCESSES AND UNIT OPERATIONS .

CHAPTER 4: ACCIDENT SCENARIOS AND SOURCE
'

| TERM DEFINITIONS-

| CHAPTER 5: ACCIDENT CONSEQUENCE ASSESSMENT

APPENDIX A: TORAC USER MANUAL
'

APPENDIX B: EXPAC USER MANUAL

APPENDIX C: FIRAC USER MANUAL

e ILLUSTRATIVE EXAMPLES - REPRESENTATIVE FACILITY j
e DRAFT AAH ISSUED MARCH 18, 1982

,

m

.
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|
!

USERS OF ACCIDENT ANALYSIS HANDB00K

!

I e flRC LICENSING STAFF

| e APPLICANTS FOR NRC FUEL CYCLE FACILITY LICENSE
i

.
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h DOE LABORATORIES
'

n
..

|.; e BATTELLE PACIFIC NORTHWEST LABORATORIES
'

;

!n DESCRIPTION OF FACILITIES, PROCESSES, AND UNIT OPERATIONS
-

;; e

S DEFINITION OF ACCIDENT SCENARIOS
a
:i e DEVELOPMENT OF ACCIDENT SOURCE TERMS

4 e MIxen Ox!DE FUEL FABRICATION FACILITYa
i ', o NEAR FIELD AEROSOL CHARACTERIZATION

;

e OAK RIDGE NATIONAL LABORATORY

e DESCRIPTION OF FACILITIES, PROCESSES, AND UNIT

OPERATIONS

e DEFINITION OF ACCIDENT SCENARIOS

e DEVELOPMENT OF ACCIDEi i SOURCE IERMS

e SPENT FUEL STORAGE, REPROCESSING, AND SOLIDIFICATION

FACILITIES

e L0s ALAMOS NATIONAL LABORATORY

e FAR FIELD ACCIDENT ANALYSIS

e COMPUTER CODES: TORAC

'fEXPAC

4

FIRAC
,

e GAS DYNAMICS
'

e MATERIAL TRANSPORT

e REPRESENTATIVE FACILITY

!
-

!

-1
i

$

.!
,

' ' C-6 |

,!
-

!
- - _ __ _ -- -



- ' ^'~. . . . . . . . +. . . . .
' '

j

.
- .-

.. -

l
i EXAMPLES OF CURRENT RESEARCH

|I
h
1 e EXTENSIVE LITERATURE REVIEWS .

|| e ACCIDENT GENERATED AEROSOLS

e COMBUSTION PRODUCT CHARACTERISTICS

Il e ENGINEERED SAFETY SYSTEMS i

i

' ,4
<

| e AEROSOL CHARACTERIZATION EXPERIMENTS !

] i UNPRESSURIZED AND PRESSURIZED SPILLS -

] e POWDERS AND LIQUIDS
-

i.

!! COMBUSTIONPRODUCTCHARACiERIZATIONEXPERIMENTS |e
'

e NEAR FIELD SOURCE TERM MODELS

e SPILLS ;

e FIRES
'

e FILTER PLUGGING EXPERIMENTS

e MATERIAL ENTRAINMENT EXPERIMENTS
i

e SIMPLE ILLUSTRATIVE EXAMPLE '

e FIRE IN MIXED OXIDE FUEL FABRICATION FACILITY ~
|

''e REPRESENTATIVE FACILITY

'

s ASSESSMENT OF FIRE COMPARTMENT MODELS j
e PREDICTION COMPARED TO LAWRENCE LIVERMORE

NATIONAL LABORATORY FIPE TEST DATA.

' ~
ie DEVELOPMENT OF IMPROVED MODEL !

: .

'
. .

5
i
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Juxus 25,1982

PNL SCHEDULE / PROGRESS OF DELIVERABLES - FY-82

.

TASK A. A. A.H. Deliverables
.

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

Percent Complete 50

2. Revise Chapter 4 to Accomodate FIRIN1 (Sept 62)

| Percent Complete 50

3. Write FIRIN1 User's Manual (Sept 82)

j Percent Complete jul_
!

4. ORNL Material into New Format (Dec 82)
*

Percent Complete 5

5. Identify Further Needs in ORNL Material (Dec 82)

Percent Complete 0

6. First Explosion Problem (See Task C2.)

! Percent Complete --

7. Complete Planning Document with LANL (June 82)

Percent Complete 70

|

"
.

!

i

!
'

I

i
.

t
t
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: TASK B. Aerosol Generation Experiment Deliverables
.

1. Revised Free Fall Spills Document (Nov 81)

Percent Complete 100
.

2. Extended Spills (Dec 81)

! Percent Complete 100
i
'

3. Pressurized Powders and Liquids Document (1st Draft Aug 82),

t

Percent Complete 30
,

4. FY-82 RART Plan (July 82)

j Percent Complete _Sg_

5. Revised Source T rm iterature Review (Early 82)

Percent Complete 100

i

!

1
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TASK Cl. Fire Experiments Deliverables'

,

(Factory Mutual Experiments Begin Jan. 82)

Factory Mutual Final Report (Sept 82)
,

,

| Percent Experiments Complete 50

Percent Monthly Documentation Complete .30
,

, I Percent Final Documentation Complete 0
i

.

I

.

{

1

l
I

.

$

l

,

i

B-3 :j
,
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TASK C2. Fire and Explosion Studies
.

1. Combustion Products Literature Review (Jan 82)
' Percent Complete 100

.

'

2. LANL Smoke Generator (Feb/ March 82)
i

ji Percent Complete 100

'; 3. Initiate Explosion Parameters Literature Review (Oct 81)
*1

I 4. Draft Explosion Parameters Literature Review (3rd Qtr '83)

,
Percent Complete 20 (first outline complete)

:||
5. Develop Preliminary Level One Source Term Models for Explosions

Percent Completd 60

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

Percent Complete 20

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

Percent Complete 0

' 8. For A. A.H., Provide Sample Explosion Problem
(2nd Qtr, FY-83)

|

| Percent Complete 0

-
,

i
.-

i
!

D-L --

. _

7
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,

!

!

I
i

I .

i

! TASK D. Failed Comoartment Tests Deliverables *

I
SUBTASK 1. Experiment Planning

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

| 2. Suntrize Historical Data on Glovebox Fires (Informal Report -
April 82),

! Percent Complete 80 i

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. Experiintentation

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

2. Analyze Data (July 82)
Percent Complete 0

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

.

O

B-5
:
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|
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TASK E. Models Deliverables ,

1. Free Fall Spills (Draft Aug 82)
'

'

Percent Complete 4o
.

'i 2. Combustion Products Computer Code (Aug 82)
,

'

Percent Complete __83[
,

.I
! 3. Pressurized Releases (Late 82)
1

! Percent Complete 0
1'

i 4, Task D Support - Well Mixed Compartment (Late 82)
!4

Percent Complete 0

I

!

i

f
i

.

.

1

*
.

i

4

:

M
.
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t

'
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DELIVERABLE SCHEDULE AND STATUS },

FY 1982

O NDJ FMAMJJ AS 0 N
DELIVERABLE f,

p
!

1. ACCIDENT ANALYSIS HANDBOOK

? O
,

A) CHAPTER 5

B) ACCIDENT SCENARIO ANALYSIS
V V ;

N
I >

~
'

|
t

i !
!

-

.

!

I
e

,

I
(

O INFORMAL LETTER REPORT
I

_ DARKENED SYMBOLS INDICATE COMPLETION O DRAFT TOPICAL REPORT- !
- - - SCHEDULED VARIATION

O FINAL TOPICAL REPORT_

ACTIvlTy LINE
a DRAFT INTERIM REPORT_

4 TIME N0w -,
c.

_ _
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_ _
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, V
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f DELIVERABLE SCl1EDULE AND STATUS
,,

FY 1982

0 N D J fMAMJ J AS 0 N
DELIVERABLE,

U

2. COMPUTER CODES

t O
A) LEVEL ONE FIRE CODE

B) LEVEL ONE EXPLOSION CODE $ O

q C) LEVEL ONE IORNADO CODE ? Q

1
,

N)
,

,

!

.

.

_ DARKENED SYMBOLS INDICATE COMPLETION
O INFORMAL LETTER REPORT

- - - SCHEDULED VARIATION O DRAFT TOPICAL REPORT-

ACT!v!TY LINE O FINAL TOPICAL REPORT
_

A DRAPT INTERIM REPORT
_

4 TIME NOW .. ._
_

_



_- . .- .- -
..

.

O C
.

DELIVERABLE SCHEDULE AND STATUS

FY 1982

DELIVERABLE 0 N D -J FMAM J J A S 0 N'

:

'I3. TOPICAL REPORTS
,_ _ _ _ _ _ _ _,

A) COMPARTMENT FIRE MODEL ASSESSMENT 6 h O

| B) COMPARTMENT FIRE EXPERIMENTS .' O O
.

hth C) FILTER PLUGGING EXPERIMENTS -- A ,

t ______p
'W D) PROGRAM PLANNING DOCUMENT ?

E) LITERATURE REVIEW i O

F) MATER!AL TRANSPORT MODELING

G) MATERIAL ENTRAINMENT EXPERIMENTS Q

H) MATERIAL DEPLETION / MODIFICATION EXPERIMENTS $

,

;

_' DARKENED SYMBOLS INDICATE COMPLETION O INFORMAL LETTER REPORT

_ - - - - SCHEDULED VARIATION Q DRAFT TOPICAL REPORT -

;

ACTIv!TY LINE O FINAL IOPICAL REPORT_

$ IIME N0w A DRAFT INTERIM REPORT_
...

_ ._., .- --. -. , - - - . - =

,
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'

,
,

DELIVERABLE SCHEDULE AND STATUS

FY 1982

DELIVERABLE 0 N D ~J FMAMJ J AS 0 N

11 . EXPERIMENTAL PLANS u

bA) COMPARTMENT FIRE EXPERIMENTS

B) FILTER PLuosiNo ,

c) MATERIAL DEPLETION / MODIFICATION E

i

+

,

DARKENED SYMBOLS INDICATE COMPLETION O INFORMAL LETTER REPORT
_

- - - - SCHEDULED VARIATION O DRAFT IOPICAL REPORT
'

_

ACTIVITY LINE O FINAL TOPICAL REPORT
_

,1, Tins Now A DRAFT INTERIM REPORT
_ . .

.
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FIRIN1 .

1
e LEVEL-ONE FIRE SOURCE TERM CODE

i

* PROVIDES 3-BASIC INPUTS FOR FIRAC

1. Net Heat Rate to Fire Compartment Gases

'i 2. Airborne Mass Generation Rate of Combustion
Prod 2 cts (and Particle Characteristics)

3. Airborne Mass Generation Rate of Radioactive'

Particles (and Particle Characteristics)
I

<

'

BASIC TOOL OF AAH, CHAPTER 4, SCENARIOS ANDe
SOURCE TERM 70F F~RES_.

e

:

,

e

! -

i
9

4

i

O,

i,

i

k
,

. _ _ _ _ _ _ . . . _ .

_ . _ _ _ _. _, _ . _ _ _ - _ _ _ __
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i

i
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t

| IRM FEATURES / ASSUMPTIONS - FIRINI
1

1
1
' 1. Items will Burn Independently. .

! 2. Total Item Surface Burning.

!

j 3. Flaming Combustion.
.,

I
j 4. Order of Burning Established by Judgement or
'

by Internal Logic (using critical heat flux) e
.

5. Radioactive Source Terms by Calculational
Models and by Judgement.

6. Correction for Underventilated Conditions.
i:

-

7. Correction for Heat Losses to Structure
and Equipment.'

8. Correction for H O and CO Pr duced from
2 2Heated Concrete

9. Future Scale Modification.

,

a

t

t

4

V ;i

,

,i
,

F- 7_.
'

:
. - . _ _ . . _ _ _ _ _ __
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SOURCE TERM METHOD UNCERTAINTIES
.

1. Uncertainty of Ignition Point

.

2. Uncertainty of Path of Fire (Fire Growth)

3. Uncertainty in Completeness of Combustion,

j and Burn Mode
t
i

4. Uncertainty in Equipment Failure Mode

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

I
e

.a

6. Uncertainty in Timing of All Events

.

h

4

' e

i O
:
c

4

F-3 :
-

t
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FIRINI OVERVIEW FLOW CHART
'

-

1

I O Time
r End ?M I

T

2 Heat & Mass Transfer
Consideration
(CompartmentEffects:

4 L

3 I f

'
|1 Fire Source Terms 3 Radioactive Source

'

p | Computation Terms Computation

| L<

'

I
_m 2 i r

Increment Time Step
,

'

f Read Input Print Output
| | | \ |

.

A >

f

START STOP
,

'

. .
*

-
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; ,
1

'

BLOCK-1 FIRE SOURCE TERMS COMPUTATION

l

To Block-2<

i ld

.

f
?j% )4E

i l

|'

I i

|

1.2 Compute Heat 1.3 Compute Gas 1.4 Compute Smoke
jy Generation Rate Generation Rates Generation Rates
|

I

$
A k 4 k Ak

i,

1.1 Compute Mass
Burning Rate
and Maximum
Fire Duration

y To Block-3

4 [,

From Input
.

k

* *m --- - , - - . .. .

_ . _ . _ __
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|
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.,

.

BLOCK-2 HEAT & MASS TRANSFER CONSIDERATION OF COMPARTMENT EFFECTS
*

.

To r To Block.-3T
I l i l

't

2.3 Compute 110 & C022 g3
Releases from

"( )|
a r

Concrete

J L

d l

.|

^

2.2 Compute lieat 2.4 Compute 2.5 Compute Heat
i Transfer to Compartment Flows Transfer to
p Concrete Boundary In/Out Vessels and

Equipment

j n 4 L

L

2.1 Perform lleat
Balance in Fire
Compartment

3

b

.

Froui block-l -
i

. .
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i. ,

, . .

| BLOCK-3 RADI0 ACTIVE SOURCE TERMS COMPUTATION (RST)

-) g
s ;

n .

.

3.1 Compute (RST) from
1 Burning of 4

Contaminated
| Combustible Liquids -

|
.

! 3.2 Compute (RST) from
_ Burning of 4-

Contaminated
Combustible Solids

!

7.3 Compute (RST)
from Heating of

1 E Contaminated -*
Surfaces

From Block-l
> Matls Yes

at -

Risk 3.4 Compute (RST)' ' From Block-3 -

[Ihfrom Heating of7
- , Unpressurized
m

- I

Radioactive Liquids
No

3.5 Compute (RST)
from Pressurizedm *~

Releases

i

i !'

l

3.6 Compute (RST)
from Spills ~

i

V !

To I
T

, 3.7 Compute (RST)
| from Burning ofm

- Pu or U Metal -+.,.
- o j

,

'

| ;

F-7
.

.
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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, TSP, lubricating /-

hydraulic fluids)
- Polypropylena (PP)
- Polyethylene (PE)

.

4

.

I

t

' ,

.

t

T- 8
|
,

.



-
-__ _ __ _ _ _

i . .

O
.

.

COMPONENT BALANCES INSIDE THE FIRE

COMPARTMENT
.

Component Balances in the layers
, ,

i
1. Hot Layer (smoke layer)

| * CO
2

! * CO
1

j *HO2
, j * hcl

\ "2
i eo2

* Smoke and soot (mass bal.)
i

2. Cold Layer
~,

( *N
2

*0 2

.

t

i

!
.

i

t .

!

!O
.

F-?
- - - ,

-- -- . -
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?

COMPONENT CONTINUITY EQUATIONS (IIOT 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

+

I Decomposition of (Xth) from concrete boundaries into hot layer
% '

*O
Generation / consumption of (Xth) in fire

+

Entrainment of (Xth) by fire plume into hot layer

+

Flow of (Xth) into/from hot la,yer from/out of new flow paths
>

I

I

I

,

B

!

.

tj-

. . . .-.. .
. ._ -
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l

{
.

!.

t

i

~

COMPONENT CONTINUITY EQUATION (COLD LAYER) -02, N2

i

I Rate of Change of moles of (02, N ) inside cold layer =2
Flow of (O2,N ) into/from cold layer from/out of inlet ventilation2

+

] Flow of (O2,N ) fr m cold layer out of outlet ventilation2
\ +

Q Consumption of (0 ) 1" II#"2
+

Entrainment of (02, N ) by fire plume away from cold layer2 ,

: + i

Flow of (O2, N ) into/from cold layer from/out of new flow paths2

3

-

9

1

e

-Y- _ _ _ _ _ _ _____ __
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FILTER PLUGGING MODEL*

.

AP
Q=

8(1 + am )p

i

.

Q = Flow Rate

AP = Pressure Drop Across the Filter

m = Mass Accumulation on Filterp

h,'c 8, a = Filter Resistance Parameters

:

I

! * Los Alamos National Laboratory
.

.

0

>

t

4,-

O'

,

i

2-/Z
,
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PLUME PARAMETERS

1. VELOCITY OF CENTERLINE (")

1

9/ (o. c T. TiZ')W -c pm y

.

2. VERTICAL VELOCITY (")-

i

W"W eXP - (r/ty)2m
|

3. RADIAL VELOCITY (b)
.

'[p 32bt 2 2[p 3 5 ~ Ir I
. ~

y

f- U= '

,l(T-)' exp
-

- 1( v)
g 1-exp 1 7),,

' - ,y3s- rZ v
, ,(v.

4. FLMIE HEIGHT (c)
i

f yo.4
FLAME HEIGHT = FLAME DIAM i

i

1

!

!

) References:
'

| (a) E.E. Zukoski & T. Kubota, Fire & Materials
' 4 (1980).

(b) By solving continuity equation.

(c) E.E. Zukoski, et al., "Entrainment in Fire Plumes,"
CIT. report, 1980.<

;

!

I

1

G:

1
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Major Mechanisms of Release During a Fire

Burning Contaminated Combustible Solidse
;

I Burning Contaminated Combustible Liquidse
4

Heating Noncombustible Contaminated Surfacese

Heating Unpressurized Radioactive Liquids*a
:1

e Pressurized Releases of Radioactive Powdersi

|
or Liquids

Spills of Radioactive Powders or Liquidse

Burning Radioactive Pyrophoric Metalse

.

i
I
'

,,

-

-

i
!

.

,

9

A

!
.

-

k. .

-.,
---f,

t

--- . - - -
. . .

-- _ _ - __ . . - _ . . . __ .
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Burning Contaminated Solids .

Powder Contaminant
'

W
b = 5.3 x 10~4 Y (BNWL-lY30)r

Liquid Contaminant

1.5 x 10-4 [W
.

M (BNWL-1730)=
r

!

| k = mass rate of radioactive material made#

{ airborne (g/sec)
(m

W = weight of contaminant on combustible (g)r

t = time over which combustible burns (sec)

i

i

.

t

iO
t

,

4

9

| r-15 :
,-

I

r. ..s... . ---. .-% . -..-e ,v.- - - - - a+ * * - * ' ' ' *
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Burning Contaminated Solids

1

User input Wr (Weight of contaminant on combustible)
:

form of contaminant (powder, liquid) !
'

!
I

FIRIN1 internally calculates t (time to burn combustible) |
i:

Other Potential Event Defining Parameters f
Velocity of air ;

| Type of combustible (tissue, wood, gloves)

Distribution of contaminant on combustible
j (uniform vs. lump)
! ,

-

Particle Size

80% less than 10p AED (BNWL-1730)
i

i

t

i

*
4

.5

!

,

f

/

,

F-16 |
'

.

,
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Burning Contaminated Liquids (Stage 1: Burning)

U or Pu Powder (BNWL-1732) .

|

k" V < 180 cm/sec'

r t

k = (1.7 x 10-5V - 1.8 x 163) V > 180 cm/secr

.

| U or Pu Liquid

-4
g# , 2.7 x 10 Wr y < g gg*

(BNWL-B-274)

g ,(7.15x10-5V - 1.88x10-3)Wr
30 < V < 180 cm/sec# *'
(BNWL-1732)

-4
g# , (1.45x10 V .015)Wr V > 180 cm/sec*

(BNWL-1732)

Other Radioactive Materials (BNWL-B-274)

W-

M = .0074 nonvolatilesr

semivolatiles((s$l = .0025
r

,

(I)k = .66 volatilesr

$t = mass rate of radioactive material airborne (g/sec)
r

- W = Weight of contaminant in liquid (g)
r

(~S
V = average velocity in the fire (cm/sec)(Oh%in6C WJen

, . t r

. . ))

P 'd M M )/
'

Ut = time over which combustible burns (sec)
:
,

- e

-. ..

7
, _ _ . - - .. - - . _. _ . . - . . .
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Burning Contaminated Liquids (Stage 1: Burning)

| ~

User input Wr (weight of contaminant in liquid)

form of contaminant - U or Pu powder
U or Pu liquid
Other nonvolatiles)

?

Semivolatiles
t Volatiles,

!
'

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

t

Other Potential Event Defining Parameters

Type of Surface (smooth metal, sand, pavement)

Particle oize

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

+

J

S

\ [

T- lB
-. .. . . - .. . .- -. . _ . . _ ,

. .. .- _ _ , -
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Burning Contaminated Liquids (Stage 2: Entrainment of
Residue)

.

k = 4.5 x 10-6 W U or Pu (BNWL-1732)r 7

! k = 5.0 x 10~ Wr Other nonvolatilesr
! (BNWL-1732)
i i

k = 1.25 x 10-5
r r Semivolatiles (BNWL-1732)W '

?

f b = 3.0 x 10-4 W Volatiles (BNWL-1732)r r

,

,' -
b = mass rate of radioactive material airborne (g/sec)
r

i

W = weight of contaminant in liquid (g)
r

Release assumed over 10 minutes;

i

i

"
.

i
i

.

I

O .

:

I

f I
' -{n
-

}
-

. . _ . _ _ _ . .
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Burning Contaminated Liquids (Stage 2: Entrainment of
Residue)

.

User input Wr (weight of contaminant in liquid)

FIRIN1 internal calculations determine when fuel is
consumed and entrainment begins

Other Potential Event Defining Parameters

| Velocity of air
'

I
i Temperature

Particle Size

83% less than 10p AED (BNWL-1732),
,

'!

,

R

'%

.

f -20
.. - - -.. . .. _ . . ,

. - -_ . _. . - _ _ - - . . :
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Heating of Noncombustible Contaminated Surfaces

|

M = (1.94 x 10-8V + 5.78 x 10~ )W (BNWL-786)r r
, -

1,
.

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

,

g r " Weight of contaminant on surface (g)W

V = average velocity in the fire

.

. m

|
!
i s

'

,- .

.- -

,,..-w,-,--. . ..m..- - . . - -
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Heating of Noncombustible Contaminated Surfaces

User input Wr (Weight of contaminant on surface)
'

guidance given in AAH for surface
a contamination

FIRIN1 internally calculates V (average velocity in g

the fire) (w[[[ M y 16 No.inih of Sf.Arhee. [y15 )
i

Other Potential Event Defining Parameters -

; Powder Properties - bulk density
particle density
moisture content

' agglomeration tendencies

Temperature of Surface

Thickness of Bed
i

Particle Size

Distribution given in Figure 9 of BNWL-786

.

4

.

a,

,

,

7-22'
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Heating of Unpressurized Radioactive Liquids

.

k = 1.1x10-10 W Preboiling (BNWL-931)r 7
I

k = 5.0x10-10 W RB< .6 mt/ min (BNWL-931)r 7

k = (5.67x10# r B> .6 mt/ min #(BNWL-931)RB - 3.5x10 )W R
r

{ k = 1.67x10~ W Heating of Residue# #j (BNWL-931)
| (Release over 2 hours)

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

R = boiling rate of liquid (mi/ min)B

W = weight of radioactive material in the liquid (g)

}

.

!
i

-

i

s

.

,

%

\

r
,

<k#
}

:
. - . - . . - . - . . . . - -. .. - ..
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Heating of Unpressurized Radioactive Liquids
,

j User input W
r

FIRINI internally decides which stage is applicable
and calculates RB

Other Potential Event Defining Parameters

Temperature of Liquid (Preboiling)

Air Velocity (residue)
i
; Temperature (residue)

:

'

Particle Size

20.5p MMD with distribution as given in
Figure 12 of BNWL-931

i

!
i

!

:

|

| "

!

l

.

F-24
'

'
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Pressurized Releases of Radioactive Powders or Liquids

Model Under Development

User input weight of material at risk

failure pressure of vessel

powder or liquid characteristics as
specified

I

| FIRIN1 calculates when vessel fails from heat transfer
j equations
,

Size of Particles,

Liquid - 1.5p AMMD
'

Powder - 16u AMMD

(most conservative RART releases)
,

A

1

i ,

I
i ;

'.
i
e a

I

(
4

f |
1

e - 2. 5
--

,

. - - . . - . - - - - .
. .



l. .

.

A
J

.

.

Free Fall Spill of Radioactive Powders or Li. quids
,

Model Under Development

User input weight of material at risk

height of spill

time of spill

powder or liquid characteristics as,
specified4

! Size of Particles

(Most conservative RART releases)'

!

.

$

b

! .

!

!

;

:

:
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l
e ,.

w

,
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i
! .

. - - . . . -- -



lI , '

,

.

/7,
.j

..

.

Burning Pyrophoric Radioactive Metals
.

W
k = 4.9 x 10-4 -fE (BNWL-357)

'

r

i.

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

#

:W = weight of radioactive metal (g)
r

t = time over which metal is burned (sec) ;

,

;

User Input W
r

i
.

I
FIRIN1 estimates t

Other Potential Event Defining Parameters i

Temperature

Air Velocity

j Exposed Surface Area of Metal

Size of Particles
'

4.3p MMD

Size distribution given in BNWL-357
.

$

0
,

/
. #
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FIRIN1
.

| Example Run: BURNING OF CONTAMINATED BOXES OF RAGS

Input Compartment Parameters -

1. Compartment Volume - 3m x 3m x 3m
2 Inlet Vent. Height - 3m
3. Outlet Vent. Height - 0.6m
4. Thickness of Walls, Ceilings and Floor - 0.15m
5. Materials of Construction - Firebrick

1

6

i

i
1

! .

!
"

t

i
t

;

t

!
,
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FIRIN1

.

Example Run: BURNING OF CONTAMINATED BOXES OF RAGS

Input Fuel Parameters -
.

1. Cellulosic Materials (cardboard box and rags)'

e Mass - 6250 g
2

e Surface Area - 0.5 m

. 2. Polyvinylchloride (bags)~
t

-,
,

Mass 100 ' ge -

2-
e Surface Area - 0.001 m .

'
\

Input Contamination Parameters - ,

.

1. Contaminated Rags

* 100 g UO2 - Powder

2. Contaminated- ags ;+

* 50 g UO2 - Powder
-

i ,

D 'N f

: ,, ..

j a
g .x

! -
<
,

n
'

$

i ;
't1

|
j N- a,

>.

%. < \'
s a

(
- < -

j s .
,

i ; n.
,

, ,
,

) %t '. -
'

i 4,,

k
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'

s

1 . .
.
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Example Run: BURNING OF CONTAMINATED BOKES OF RAGS

Initial Compartment Conditions -
'

1. Temperature - 298*K
.

2. Pressure - 0.995 ATM
33. Inlet and Outlet Vent. Flows - 0.075 m /sec

(3 g-mole /sec) ]p gp g
perkaar)

'
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. S = 0.067

2. a = 0.018.

,!
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FIRE COMPARTMENT PRESSURE .VS. TIME.
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| Buming a contaminated Bom d Rap
I
;
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TOTAL UO2 RELEASE RATE .VS. TIME

Swning a Contaminded Bam a Rage
I

RELEASE RATE ( ug/SEC )
IN t

~
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Experimental Conditions (to simulate approximate fire conditions): ,

2 H

9e

(external inlet inlet'

heat flux) gas temperature gas cocoosition
2

a) (3 w/cm ) Ambient temperature Normal air compos'ttion
,

b) (5 w/cm') Am'aient temperature Normal air composition
2

c) (7 w/cm ) Ambient temperature Normal air composition
2 I

d) 5 w/cm 100*C (normal air composition)
**

2
e) 5.w/cm 100*C (reduced 0 ; enhanced CO /C6)

2 2 ,

2f) 5 w/cm (200*C) Normal air composition
2

- g) (3 w/cm ) Ambient temperature Normal air composition
,

:
.

I I

I
!
!

!
.

** 14% by volume of 0 , 7% CO2, 0.2% C0 and 79% N -2 2

!

!

O-'

|
|
|

||
~

. _ . _
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Exhoust .
'
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* | to 8 -Thermocouples"iq
- ' 0.20m Pressure-

/ rifice Plotei Transducerf O,
.

\, _4" , *

\
! O IO m
;

O.13m Photo Sensors-D Collimated '

-

! 3 Light' '

! O IOm 1* : Source
qo

'

| j

Stainless j 4

0.6 I m Steel Sampling

Samgling.IA Probes\
,

(0.10 m b f {\in~sulation(0.045m Thick)
o

[\'

Exhaust
Collection Cone

fn
AI"*I""* II

~'25 m

\Quartz Tube"

(0.17 m. dia.) Radiant Heaters"

Movable0.61 m , Water Cooleds sw ShieldPilot ': .aW 2

Sample 7 s Oxygen'

Analyzer
p,,3
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--- -.

'* -

Electronic
Manometer Air"O.45m
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TABLE I
~

ELIMENTAL COMPOSITION AND HEAT OF COMBUSTIONi

0F MATERIALS USED IN FUEL CYCLE FACILITIES
.

.

Heat of Complete
Combustible Chemical Formula Combustion (kJ/g)

; Polymethylmethacrylate (PMMA) CH 0 $*l.6 0.4
Polyvinyl Chloride (PVC) CH C1 10*'l.5 0.5
Polystyrene (PS) CH 39.2

-

Polychloroprene (PC) CH 1
l.25 0.25

Cellulose CH 10*l.67 0.83
Kerosene CH 47*9

_) l.8
Mixture CH *1l.56 0.41 0.086

-

TABLE II

STOICHIOMETRIC F30 DUCT YIELD (k)
.

Combustible k
SbOT(=C)CO CO 0 HC2 2

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
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

4 ,-

s .-

i

b~3 !
__ . _ _ - . _ . .

!
__ _ _ - _ , . _ _ _ . . _ . - . . __ . . _ _ . _ _ - - -
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.

; Composition of " Typical Mixture"
l

! " Typical Mixture", a representing fraction of combustible materials found.

'

in Fuel Cycle Facilities, is defined (by PNL) as follows:
.

Combustibles Weight Percent,
,

'

Polymethylmethacrylate (PMM) 45

Polyvinyl Chloride (PVC) 8

Cellulosic Material 26
,

Elastomer * 18,

Polystyrene (PS) 1

Hydraulic Fluids * 2-

! 100%.

1

*For elastomer - use neoprene
For hydraulic fluids - substitute with kerosene

,

+

n

4

! >
.

'

i
.D i

i
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'TABLE III
2

HASS LOSS RATE AND CENERATION RATES OF HEAT AND CHDlICAL COMPOUNDS AT 50 kW/m IN AMBIENT AIR

Combustible y(g/ms) ObO(E! O(g/m s) dbC(8"*} I !" C(kW/"
"

A R
2

PMMA 34 70 .4 .02 820 560 260

PVC 22.7 14.4 1.6 0.5 175 145 40

PS 40 75 3.3 1.6 930 325 615

PC 30 21.8 2.5 1.25 333 120 213

Q Cellulose 17.5 25 .04 .01 290 190 100

I Kerosene" 11 31 .32 .01 480 300 180

h Mixture 18.0 30.0 0.5 0.14 300 200 100

#
fuel burned in Pyrex dish

.

r

9

!

|s .
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TABLE IV

? FRACTIONAL YIELDS AND COMBUSTION EFFICIENCY AT 50 W/m IN AMBIENT AIR
'

.

f Combustible I X X XCO CO HC A C R
I 2
t

#
1 PMMA .91 .01 .95 .65 .30-

,1

1 PVC .44 .08 .22 .47 .40 .07

PS .68 .044 .16 .71 .22 .51

f PC .45 , .08 .18 .48 .15 .37
' # "

Cellulose 1.0 1.0 .63 .35- -

"Kerosene .88 .014 .91 .57 .34-

Mixture 0.74 0.02 0.01 0.68 0.46 0.22
.

,

.

" values are less than 0.002
b.

fuel burned in Pyrex dish

.

'4 .

t

!

i
:

"
.

!

;

4
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i TMLE V

MASS LOSS RATE AND GENERATION RATES OF HEAT AND CHEMICAL COMPOUNDS OF HIXTURE IN AMBIENT AIR

2
4"(kW/m ) f(g/m,) g 0 (E! O(g/m s) U I8 * * A( !" I I" R

"
HC C

2

'

30 14 18 0.3 0.06 220 150 70
'

50 18 30 0.5 0.14 300 200 100

66.5 22 28 1.3 0.3 400 325 75 j

.
I

|

N i
:

.

s

i

!

'
,

h

*
t
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TABLE V1
i FRACTIOilAL YIELDS AND COMBUSTION EFFICIE!3CY OF MIXTURE IN AMBIENT AIR -

4

("(kW/m ) I X X XC0 CO HC A C R2
.

'

30 0.74 0.02 0.01 0.68 0.46 0.22
50 0.79 0.02 0.01 0.72 0.48 0.24
66.5 0.79 0.02 0.01 0.78 0.64 0.15

s

=

|

#. -

g _. g [.-

_



_

. .

.

?>
C oheest
eie.ee

f d 3 ===
0ya cose 0.rsem

fre u,.,.esA.. s;
,U

1 i To Electrealc
< eneaemee er *

Seemaesee
0. 6 t m 58+et Te remeeresure end

Predec Sempalag.

~' ~a .-
_,

<a,0 m e , ar mmmaemc e ram--asm
* '

8 88%, re ,*
/ ,( Csoevet **ee cem. , , .

O.2S m e.
~ j.---coatection coao g,g

' I A"** *"" ' *' 8
> ""'' .ee*e

h' 'e':be .Tisine Y'
, M*'1 "

% e toes.mosset
(0.4F m feel fled eal Meeters

".8 .P."8**'J i .% g -s. . _a yo,,_,,e

a-

J ) nie, a, k / ewr.e.:,od
-

. . e o . .. . . .
, se.e

! Fue: Te Osroon woes,.: s.e se.sej g". ~ Aaea set' r --

(d {v.s
s.som

, r - ""Te Electeenec
g: on

*'"
er

0.4 5 m To 18eaemefee Aar mh"i' "I
""""Pa

go . 9Leed cell._ I ,wsee_ _^ =''r U

._,~ 73 ,,~,,,-. -,ygg- _
,j 5'_c >. .''"'{

.e

, ,,_,,,,,,, ,,,,,,,, ,y , ,,,,,,, , , , , , , , , , , , , , , , ,

' 'A B '

Pre esisteng
,/-C*ollu.tson Contros DuctDeo 98 m,

/

f

I83m
-'-=~

---- ---- instrument sto t,on
Coeling hh

a

Wising Duct
Dio . e 524 m~ 8 66 m

.

*
.

P

"'
18 29 m

{ C

2 60 m

'

d
~

e a

O.896 m

: 6.1 O m ----
6 7t m

8 06 m

.

s
I

!
'

. . . . '

ti) nN
*

Floor -
.y ,g

FIGURE 1 FACTORY MUTUAL COMBUSTIBILITY APPARATUSES: A, SMALL-SCALE;
B, INTERMEDIATE-SCALE; C, IARGE-SCALE

._ ._ - .- .

3



_ . - . -. - .- ._. -. .

j . .

:
'

.

;
FACTOeY MUTUAL RESEARCH CORPORATIONi

OEON6.RC

r
'. (. /

a'
'~ TABLE II

.

ASYMPTOTIC VALUES OF FUEL GENERATION RATES IN
*

POOL FIRES'

.

*

'

L
Heasured in Small-Scale

:i
,i Large-Scale Apparatus- ,

-| Apparatus Radiation-Scaling

d'j d a mbPool1 [uelcomb
E(g/mEs) Area (g/m s)Areai

-

(m ) (m )

-

Methanol 2.37 20 0.008 201

|
-

PMMA 2.37 30 0.008 28
.

PS 0.93 34 0.008 38

Heptane 1.17 66 0.008 3 63
.

:

|

|

,.

|

| *

I
i

2
a,

0
4
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, TABLE III -

Y) VALUES FOR OVERVENTILATED POOL FIRES .

Pool
Area

i Fuel (m ) CO CO HCN
2

Methanol 4.68* 1.29 < 0.001 -

: 2.32* 1.30 < 0.001
'

-
,,'

cj 0.008 1.32 < 0.001 -

| PMMA 2.37" 2.11 0.008 -

0.073 2.10 0.010 -

0.008" 2.15 0.011 -

aHeptane 0.93 2.83 0.015 -

0.008" 2.80 0.034 -

1
I

8Rigid Polyurethane 7 1.50 0.027 0.010-

**
0.008" 1.51 0.036 0.012

,

.

!

: :
'

i

!
'

,

* From large-scale combustibility apparatusd

From intermediate-scale combuscibility apparatus
c !From small-scale combustibility apparatus i

I |
4

f

/ :
.i t

-

!
1

_. _ _ _ _ - . ..
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TABLE IV

f HEAT OF COMBUSTION OF FUELS FOR VARIOUS
-

FUEL SIZES FOR OVERVENTILATED CONDITIONS .

.

Pool Heat of Combustion
5

Area (kJ/g)'

2
Fuel Apparatus (m ) Actual Convective Radiative

:

i Rigid Poly-
urethane .

7 16.4 10.8 , 5.6
Foam Large -

Small 0.008 15.8 6.5 9.3

p Methanol Large 4.68 18.7 15.6 3.1

2.32 18.8 15.7 3.1
k.

'

;

'j,' Small 0.008 19.4 17.1 2.3

1 ;
9

! PMMA Large 2.37 24.2 15.8 8.4

i Intermediate 0.0'73 23.8 14.9 8.9

'5 Small 0.008 24.4 17.9 6.5
,

:

,

Hydrocarbon
Transformer -

Fluid - A Large 2.37 35.6 23.8 11.8

Small 0.008 38.2 25.1 13.1
:

Heptane Large 0.93 41.2 26.6 14.4,

Small 0.008 37.7 19.9 17.8

4

[
\

J

~| !
'

-

- - - -. . . __

i
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TABLE V
8

. CENERATION RATES OF COMPOUNDS FROM A RIGID POLYUREIGNE FOAM FIRE -

s

Generation Rate (g/m s)
CO CO Hydrocarbons HCN

2

Predicted" 37 0.86 0.07 0.29
.

dMeasured 34 0.57 0.07 0.21

I
i

.

* - 14 m of fuel area was involved in the fire. .

b total gaseous hydrocarbons
#

from radiation-scaling of d'juel. comb and Y values for normal air in the>

small-scale apparatus
d

_ in the large-scale apparatus.

,.

.

I,

0~ 0 N
_ _ _ _ . s
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TABLE VI
.

HEAT RELEASE RA IS FOR VARIOUS FUELS
e. .

Heat Release Rate (kW/m )

Actual Convective Radiative

Fuel - Measured * Predicted Measured * Predicted Measured" Predicted *b
'

i Methanol 380 390 310 340 70 50

| .,

PMMA 730 680 470 500 260 180

Heptane 2700 2400 1800 1250 $00 1150

.

Hydrocarbon
Fluids (Com-
mercial)
A 1000 1060 600 700 400 360

C C
B 1070 1070 650 720 420 350

c C
C 1100 910 69'0 640 410 270

1060 1100 700' 750 360 350C
'

ED
y'
.-

[ Rigid Poly-
1,urethane Foam 547 550 334 230 213 320

kii

W
s,

k
I t

5'

'

| .

| t
M

. k n the FM large-scale combustibility apparatus.I .

From FM small-scale combustibility apparatus using radiation-scaling for-

.- d'f uel . comband H values in normal air.

ii From the technique described in ref 31.
:.
c

! s

1
-

i
*
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!

_ _.
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ORGANIZATIONS / INDIVIDUALS INVOLVED IN
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i

| LOS ALAMOS FIRE RESEARCH EFFORT

i
i

1
'

! e NEw MEXICO STATE UNIVERSITY

| - FLUID /IHERMAL IEST FACILITY
I (P. R. SMITH, D. L. FENTON, C. I. RICKETTS)
!

'

e LAWRENCE LIVERMORE NATIONAL LABORATORY

- FIRE IEST FACILITY

(N. ALVARES)

' e UNIVERSITY OF CALIFORNIA, BERKELEY

- COMBUSTION IHEORY

(P. PAGNI)

e CALIFORNIA INSTITUTE OF IECHNOLOGY

- COMPARTMENT FIRE MODELING

(E. ZUx0Sxt)
.

9 HARVARD

- COMPARTMENT FIRE MODELING

(H. MITLER)
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LOS ALAMOS

.
'

i
'

FIRE EXPERIMENTATION PROGRAM ,

i :.

/',

._-I -i
'

NEw MEXICO STATE UNIVERSITY - ,

-
-

e# ;

e FILTER PLUGGING DATA
,

P

e SM0xs DEPLETION / MODIFICATION DATA ,
-

1.

e CODE VERIFICATION .
.

{
!; '

'
.;z

f

LAWRENCE LivERMORE NATIONAL LABORATORY
, ,f;

~

_

-

p
! '

IDEAL *. ZED COMPARTMENT FIRE DATA /Je
|

e DUCT HEAT IRANSFER DATA
| ' fe SMOKE DEPLETION / MODIFICATION

! e CODE MODULE DEVELOPMENT

iosAimos'
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#TYPICAL FUEL CYCLE FACILITY LICENSING PROBLEM .

"- -

,
,

- .-
.

'
:hi.
']'

- 0 FACILITY: Babcock and Wilcox -

,..

| 8 Scenario: 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 - I

- for .85 hours, in a large storage room (22425 cu. ft.). All source tenns were
~]I determined through the use of methods described in the FIRAC Users Manual and.

the Accident- AnalysisJfandbook.
,
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ADDITIONAL FIRAC Rul43
~

'

.

i

FACILITY BURN MAXIMUM ACHIEVED PART1bt.ATES
7,gg W 7,3, . K sitAov sTATt enessurQ $w) M(gts) rwe

.

,.

25.0 10.o S.F. 10.000 m).5- No YES
~

,: a5.o 10.O R. F. 10.000 T>3%o No YES
i -

'| 25.o 10.0 S.F. 10.000 315.o * YES No
'

|
a5.0 10.0 R.F. 10.000 sta.s * YES NO

I
a.778x 10 ' 6. F. Io.000 9 7a.3* No YES

~

a5.0

50.0 10.0 S. F 5.000 46E.ro No YES

50.0 5556x to ' S.F. 5.000 48a.a No YES
-

.

I

; Io0.0 10 . 0 S. F. a.500 597.7 * NO YES
'

10 0.0 1.11 1 S. F. a.500 Gaa.4 No YES n
'

i
|-

9.00.0 10.0 S. F. 1.a5'o G99.9 MO YES
,

.

e

: a00.0 a.aaa S.E i.aso 7 | l.3 No YES
|

Defmibows: /4 = ma.ss burning raie (3/s) S.F = Suple Felsby

Q = energy irput (M RF = Representa. veh

T Ambient = as4.3 K Fo.cility
|

1

r-7
i
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! MASS OU M ATE-

| Mass Q(KW) $(3/s) G. ($|Q Fi.LTER s Ainsoew TOTAL AM ofErr
,

T"m"S (K9 (xg (KQ (K0'
; .

o.I a.s ' D7tt.lo' ?.nexd' .oqGcy .o7060 .il 724 .01724 17.2.9 %|
-

,

|
~~ ~~- -

--

. .

:| 1.o 25' 2.77t x to'' a.nt aie .% 59 -70Y9 1.1718 .i7is 17.'8 7.
- - T

-

.

i 10 0 2E 9.778e ro'' .7.779510'' 4.GG4 7.oco 11.7a9 ,1.724 17.c9 %.
.

! . .:
.

o.i 50.0 5.src t io'' 5.55&x16'.o m/. .o 75,o . i i 9 46 o8946 - 19.44%
'

)

.
,

I

1o 50.0 555tflo" 5.5m10. . 44 RL 7so7 I.1933 "M31- I9.E3'4
- 2

.
-

-

, .
,

| 10 0 50.0 5'.5 6 10'' ESWII 9,9 % 7.Tio 11.946 IR4C- 19.46 */o
:

-
.

i

O.1 I00.0 |.III 't.lli xio * .0+037 .o6913 .lo95'O 0095'o 9.CO d
~

.

I.O 100.0- I.IIi 1 111 x to'' . Holo . 690f f.092T . O'l2.5- 'l . 7. E Ye.
.

10 . 0 100 0 1. I I I l. 111 4.017 ' G,913 10.950 .9so 9So% f
'

L
.

1

"
0.I 200 0 D. 2 1 2. 2.2227.10 .o3SA3 .OGG93. i104(G .004fG 4. CG */o.

I.O I.00 0 d.113 a.211 x 10"' 3794 .GGa8 1.04a.a. ,0yai, q,22%
,

10 0 100.6 2. 1 1 1 a.aAD. 3.823 G.C43 (0.,4c6 9GG q,c6 4

Ddindions- Q = Enerp Inpt- (KW)
6 M = TOTAL. -I4TEGED,

,

Nan ournm) Rdt. ( 3 s) c/o Err = % 100 ,/=

TilTEcTED
C:r : Povticuk.it. . Ingede Rath/t.)

TOTAL = MASS ON FILTERS + t4 ASS AiP&oPrvs ,

i
~

I-8 !
.

:
.

- - . - . - , - - . . -
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CONSERVATION OF MASS PROBLEM _L |
; -|

l

MAS $ TOTAL AMKG;
gl5)

liASS ON '

FILTE AIR W gb
,INTECTEE (3/4

,

i'

(KG .Kgg

I o.i 25.0 to.o a.778x 8 .o9595 .o6838 .ti433 .oi+33 iC 33 */. ..

l.0 15.0 10.0 a.778< 6" .4590 .e37 1.1917 .iua7 in.a.7 /.
'

' 10. o 25.0 10.0 a.778 x 6'4.595 6.98 11.433 1.433 14.33 %
~

,

!
-

.

j O.I 50.o 10.0 5.556x8 .09395' .o7383 11778 .oi77 8 17 787 -

l.o 50.0 1O.o 5.556 x 18! .4386 .7380 1.1766 .1766 17.66 7o
e

| 10.0 50.0 10.0 5.556 x l5' 4.395 7.383 11.778 1.778 17.78 % .

'

i

~* ,

0.1 100.0 10.0 l.lli x to .04o33. .06885 .to917 .00917 9.17 /o
'

l.0 100.0 10.0 l.lli v 10" .4o16 .6878 1.0894- .o894 8.99
.

10.0 loo.o 10.0 1.111 4.032. 6.885 1o 917 .917 9.17
:

0.1 a.00.o io.O a.9nili .o3sao .o66 36 .10456 .00456 4.56 */,
j

1.0 2.00.0 10.0 a.231x l6' .379 .663.0 1.0 4-11 .o4I1 4. l | */, |,

;.

i 10.0 9.00.0 10. 0 2.a29. 3.820 6.636 10.456 456 4.56%
i

Definitions : = Ene.3yInput (KW) AM= TOTAL _INTECTED: ;

^M '

M = t%.ss Burni9 uk. (c3 s) % Err: X 100Q /' -

INTECTED ;

; G = Particu.la.te. Inp. tion Rc.tc (c3 s) |
.

/

TOTAL - MASS ON FILTERS + MASS AIRBORNE L
.

t-9 .

>
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INCORRECT VOLUMETERIC ADDITION
,

.

8 FIRAC ASSUMPTIONS

1

0 BURN PRODUCTS = AIR

! 'O MASS OF " AIR" INJECTED = MASS OF FUEL BURNED

9 VOLUME OF " AIR" INJECTED EQUIVALENT TO MASS I.

OF " AIR" INJECTED
i

:

i '
i.

; 4 ACTUAL VOLUME INJECTED DEPENDS ON
;

'

CHEMISTRY OF FIRE
t

0 C+0 ---->C0

,

1 MOLE OF BURN PRODUCTS PRODUCED FOR EACH
,

MOLE OF 0 CONSUMED

0 CH + 20 --- 2H 0 + C0
2

1.5 MOLES OF BURN PRODUCTS PRODUCED FOR EACH '

MOLE OF 0 CONSUMED
,

|8 SIGNIFICANCE OF PROBLEM?
,-

fIi

i

:

i
'

|

:
,

,

I-/O t,

!
|

|
. - -

.
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REMAINING ISSUES !

.

O IMPLICATIONS FOR TORAC AND EXPAC

:

0 IS LEVEL ONE FIRAC WORKABLE WITH0l!T INCORPORATION

OF A FIRE COMPARTMENT MODEL?

9

| 0 FIRIN 1 OUTPUT = FIRAC INPUT

!
,

|

.

h

:

.

b

!

!

!

!
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