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241-5Y-101 WASTE TANK AIRSPACE AND VENTILATION SYSTEM RESPONSE TO
FLAMMABLE GAS PLUME BURNS

F. J. Heard

ABSTRACT

A series of flammable gas plume burn and transient pressure analyses
have been completed for Waste Tank 241-5Y-101 and associated tank Farm
ventilation system at the U.S. Department of Energy's Hanford Site. These
analyses were performed to address issues concerning the effects of transient
pressures resulting from igniting a small volume of concentrated flammable gas
Just released from the surface of the waste as a plume before mixing with the
dome airspace by local convection and turbulent diffusion could reduce the
flammable gas concentration. Such a condition may exist as part of an in-
progress episodic gas release or gas plume event. The analysis goal was to
determine the volume of flammable gas that, if burned within the dome
airspace, would result in a differential pressure, after propagating through
the ventilation system, greater than the current high-efficiency-particulate-
air-filter limit of 2.49 KPa (10 inches of water or 0.36 psi}. Such a
pressure wave could rupture the tank ventilation system inlet and outlet high-
efficiency-particulate-air-filters leading to a potential release of

contaminants to the environment.
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EXECUTIVE SUMMARY

A series of flammable gas combustion and transient-compressible pressure
analyses were completed for Waste Tank 241-SY-101 and the associated SY tank
farm ventilation system. The analyses were performed using a computer model

that was benchmarked against U.S. Bureau of Mines (BOM) data.

The subject analyses were performed to address issues concerning the
effects of igniting a small volume of concentrated flammable gas just released
from the waste as a plume before mixing with the dome airspace by local
convection and turbulent diffusion could reduce the flammable gas
concentration. Such a condition may exist as part of an in-progress episodic
gas release (EGR) or gas plume event. The analysis goal was to determine the
volume of flammable gas that, if burned within the dome airspace, would result
in a differential pressure, after propagating through the ventilation system,
greater than the current high-efficiency-particulate-air-filter (HEPA) 1imit
of 2.49 KPa (10 inches of water or 0.36 psi). Such a pressure wave could
rupture the tank ventilation system inlet and outlet HEPA filters leading to a

potential release of contaminants to the environment.

The results indicate that the differential pressure limit for the SY-101
tank inlet HEPA filter will be exceeded for fiammable gas plume burns of
greater than 75 ft>. A flammable gas release of 1e§s than 75 ft* would be
required for the differential pressure limit to not be exceeded during a plume

burn. Flammable gas plume burns of less than 75 ft® were not investigated.

The differential pressure limit for the SY tank farm outlet HEPA filter
is not exceeded for flammable gas plume burns of 75 and 150 ft*>. However, a
flammable gas plume burn of 300 ft> will exceed the differential pressure

iii
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1imit of the outlet HEPA filter. A simple first order estimate using linear
interpolation indicated that the differential pressure limit of 0.36 psi is
reached for a flammable gas plume burn of 190 ft®. This remains to be

confirmed.

The number of simulated potential chemical reactions appears to have a
minor effect on the results. The volume of flammable gas has a much greater

effect.

It must be emphasized that the results presented in this report reflect
only the tank SY-101 and SY tank farm ventilation system. Other tanks with
different dome airspace volumes, gas composition, ventilation system
configuration, etc., will respond differently to a flammable gas plume burn.
It is expected that a small flammable gas plume burn within tanks without an
active ventilation system will exceed the pressure limit for both the inlet
and outlet HEPA filters. This is especially true for most single-shell tanks
where the ventilation system usually consists of one or two HEPA filters on
small-diameter (4 in.) risers and relies on natural breathing due to
barometric pressure changes. (The notable exception to this is the single-

shell SX tank farm, which has an active ventilation system.)
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Explanatory Notes

The computer program used to perform the flammable gas burn
analyses allows the use of units from many different systems:
English, CGS, and SI, etc. (user defined). When a simulation is
performed using physical quantities and dimensions, it is very
important to use a consistent set of units for the various
quantities encountered during use. As a consequence, the figures
produced during post-processing do not present the units. The
readers are referred to the Nomenclature Table for the correct
units.

U.S. Department of Energy regulations discourage the use of color

figures. However, color copies of Figures 5-1 through 5-3 and 5-6
through 5-20 can be supplied on written request.

viii
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Nomenclature
(SI Units)
Quantity S1 .

Length meter (m)

Time second (s) "
lMass Kilogram (Kg)

Temperature Kelvin (K)
| Force Newton (N)
" Energy Joules (J) or (N-m) |

Gravitational Acceleration m/s2

Density kg /m

Velocity m/s

Pressure Pascal (N/mz)

Dynamic Viscosity

Pascal-s (Kg/m-s)

Kinematic Viscosity m/s
Specific Heat J/kg-K
Power Watt (J/s)
Heat Flux J/m’s
Volumetric Heat Source J/m-s
Heat Transfer Coefficient J/m?-s-K
Thermal Conductivity J/m-s-K
Thermal Diffusivity m’/s

Mass Diffusivity m’/s
Volume Expansion Ceoefficient 1/K
Reaction Rate (mass units) Kg/mz—s
Heat of combustion (mass J/Kg '
units)

d. 1 Kg-m/N-s2

Stefan-Boltzman Constant

5.6667E-8 J/s-m>-K*

Universal Gas Constant

8314.34 J/Kgmole-K

ix
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241-5SY-101 WASTE TANK AIRSPACE AND VENTILATION SYSTEM RESPONSE TO
FLAMMABLE GAS PLUME BURNS

1.0 INTRODUCTION

1.1 PURPOSE

This report documents the results of a series of flammable- gas-plume-
burn and transient-pressure analyses that were performed for Waste
Tank 241-SY-101 and the associated SY tank farm ventilation system.

The subject analyses were performed to address issues concerning the
effects of igniting a small volume of concentrated flammable gas just released
from the waste as a plume before mixing with the dome airspace by local '
convection and turbulent diffusion could reduce the flammable gas
concentration. Such a condition may exist as part of an in-progress episodic
gas release (EGR) or gas plume event. The analysis goal was to determine the
volume of flammable gas, that, if burned within the dome airspace, would
result in a differential pressure, after propagating through the ventilation
system, greater than the current high-efficiency-particulate-air-filter (HEPA)
timit of 2.49 KPa (10 inches of water or 0.36 psi) (WHC 1995).

Such a pressure wave could potentially rupture the inlet and outlet
exhaust HEPA filters, leading to a release of radicactive contaminants to the
environment.

1.2 BACKGROUND

Twenty-five nuclear waste storage tanks at the Hanford Site have been
placed on the Flammable Gas Watch List because of measured or potential
releases of flammable gas from the waste. Table 1-1 summarizes the listing of
the Flammable Gas Watch List tanks as of November 1995. Hopkins (1994)
summarizes Flammable Gas Watch List criteria and provides additional
background information.

Tank SY-101 was used as the basis for the subject analyses for several
reasons. First, tank SY-101 has had occurrences of EGR that exceeded the
Tower flammability Timit (LFL) for short periods of time; second, as a result
of these releases, tank SY-101 has been studied in great detail and has
several validated ventilation system models available. '

As documented by Hopkins (1994), the evaluation of a potential flammable

gas burn must consider whether the gas is at a uniform concentration
throughout the dome space or concentrated in a smaller region or gas pocket,
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as would occur during an in-progress EGR.‘ For a flammable gas burn to occur
the following conditions must be satisfied:

* Sufficient fuel (hydrogen (H,), ammonia (NH;), or methane (CH,})

» Sufficient oxidizer (oxygen (0,) in the dome airspace and/or as
nitrous oxide (N,0) from the gas release)

e An ignition source
* Conditions that would allow flame propagation to occur throughout
the flammable gas volume. -

Table 1-1. Summary of the Flammable Gas Watch List Tanks
(As of November 1995).

L Number | Identifier Number Identifier
| 241-A-101 13 241-SX-109
2 241-AX-101 14 241-SX-110
3 24]1-AX-103 15 241-U-103
4 241-5-102 16 241-U-105
5 241-S-111 17 241-U-107
6 241-5-112 18 241-U-108
7 241-5X-101 |- 19 241-U-109
8 241-SX-102 20 241-AN-103
9 241-SX-103 2] 241-AN-104
10 241-5X-104 22 241-AN-105
11 241-SX-105 23 241-AW-101
12 241-SX-106 24 241-5Y-101

25 241-5Y-103

Sufficient fuels are assumed to be available for a short time following a
small EGR when the flammable gases are concentrated. Sufficient oxidizers are
also assumed to be available as part of the release and/or as part of the tank
atmosphere. As a conservative measure, because ignition has been judged to be
an credible event (Powers 1993}, the occurrence of an in-progress EGR is taken
as the potential to initiate a flammable gas burn. Finally, the in-progress
EGR plume is assumed to be released from the waste at a rate just high enough
that the plume remains relatively intact and does not disperse throughout the
dome airspace. As an additional conservative measure, the gas plume was
assumed to be released from the waste as a spherical bubble, thus ensuring an
optimum geometry for flame propagation.
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2.0 TECHNICAL BASES

2.1 CODE DESCRIPTION

The FIDAP" and GOTHIC™ computer codes were used to model the in-
progress EGR flammabie gas burn in tank SY-101 and its associated SY tank farm
ventilation system. These codes have been verified and validated for use at
ahedHanford Site for safety- and quality-affecting analyses (Heard 1994 and
ood 1994).

2.1.1 FIDAP

The Eluid Dynamic Analysis Package (FIDAP) is a commercially available
general-purpose computer program that uses finite element methods (FEM) to
simulate many classes of single- or multi-phase compressible or incompressible
flows, including heat transfer, and mass transport of chemical species (<15)
in both non-reacting and reacting flows. The simulation can be either steady-
state or transient and can model flows in complex arbitrary geometries that
may be two dimensional, axi-symmetric, or three dimensional. Mixed coordinate
and rotating systems are supported.

FIDAP can be thought of as a single integrated environment for the
simulation of thermal-hydraulic problems. The program can be viewed as an
integrated set of components and program modules designed to perform all
aspects of the model generation and automatic meshing or paving, problem
setup, solution, and post-processing phases of a flow and/or thermal analysis.

2.1.2 GOTHIC

GOTHIC (Generation of Thermal Hydraulic Information for Containments) is
a general-purpose finite volume thermal-hydraulic computer program for the
design, licensing, safety, and operational analysis of nuclear power plant
containment and confinement structures and components. This code has been
used extensively for commercial nuclear power plants safety and licensing
analyses, and has been verified against measured test data. GOTHIC
Version 3.5 has been validated and verified for use at the Hanford Site
(Wood 1994).

GOTHIC also includes an extensive set of lumped-parameter and finite
volume models for engineered safety equipment and other operating equipment,
including ducts and piping, pumps and fans, valves and doors, heat exchangers,
vacuum breakers, spray nozzles, coclers and heaters, and velumetric fans.
These components can be controlled by trips to simulate the automatic and
operator-controlled events during a containment-system transient.

*

FIDAP is a registered trademark of Fluid Dynamics, Inc., Evanston,
I11inois.

L 1]

GOTHIC is a registered trademark of the Electric Power Research
Institute, Pal Alto, California.
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2.2 CHEMICAL REACTION CAPABILITY

The FIDAP computer code was used to simulate a series of multiple
competing flammable-gas burn reactions. Table 2-1 summarizes the chemical
reactions that were simulated. Appendix A documents the exercises that were
performed to provide additional validation of the chemical reaction
capabiiities of FIDAP.

Table 2-1. Chemical Reactions for the Flammable-Gas-Plume-Burn Analyses.

# Reaction Heats of Combustion
Kcal/gm-moie fuel
1 { N0+ Hy, > HO + N, 77.4 (H,)
| 2 2NHy + 3N,0 + 3H,0 + 4N, 105.1 (NHy)
3 | 2H, + 0, + 2H,0 57.8 (H,)
4 | 4NHy + 30, » 6H,0 + 2N, 75.7 (NHy)

An Arrhenius-type of reaction based on mass concentrations (i.e., mass
fractions) was modeled with FIDAP. FIDAP supports reactions based on chemical
kinetic-controlled models, such as the Arrhenius Law, where the reaction rate
is determined from chemical kinetic considerations invelving the local
concentrations of the reactants, and also supports mixing-controlled reactions
where the mixing action of the turbulent velocity field determines the rate of
reaction. Both mass-fraction- (default-) and molar-concentration-based forms
of both reaction rate models are supported. Simple one-step, competing,
controlling, quenching, and multi-step chemical reaction models are supported.
(Quench reactions can be used to predict the onset of ignition given knowledge
of the upper and Tower flammability limits of a given flammable gas mixture or
to shut down a reaction when a retardant or inhibitor is present in the
mixture at high enough concentration levels.)

The mass fraction form the Arrhenius Law-based reaction rate used for the
gas burn analyses is shown by the following equation.

N
Ry = kyjy (T + Tpop) ™ ms{ﬁg]ﬂ c (1)
where
Rie = Reaction rate for species j in reaction 1 (kg/m’-sec)
Kig = Eﬁfction rateocgn§tant for species j in reaction 1 (kg/m*-sec-
K”). Where, °K” is dependent on the temperature power.
B, =  Temperature power in reaction 1. (Set to zero for the subject

analyses. Hence, the unit term °K® reduces to 1 and can be
dropped from the reaction rate constant.)
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Eg = Activation energy for reaction 1 divided by Universal Gas
Constant (°K)

n, = Power index of reacting species j in reaction 1.

N =  Number of reacting species in reaction 1 (N <15)

Thet =  Reference temperature (°K). Where (T + T.,) is an absolute
temperature. If the analyses are already based on an absolute
temperature scale (i.e., °R or °K), T, can be set to zero.

C =  Mass fraction of species j.

subject to the constraint

n
Y c,=1.0 (2)
F=1

For modeling the effects of heats of combustion resulting from species j,
the following expression is used (mass fractions).

O; = AHR; (&)]
where Q; = Heat of reaction rate (J/m3-s) for all reactions in which
species j is involved
AH; = Heat of combustion of species j (J/kg)
R = Combined (total) reaction rate of species j (kg/m3—s)

! obtained by summing over all the reactions £ in which species

J is present.

The total heat of reaction source term (Qe) (J/ms-s) for use within the
conservation of energy equation is obtained by summing over all species
J , where 1<j<15.

Or= Y 0, (4)

2.3 THERMOPHYSICAL PROPERTIES

The large amount of heat released in combustion and the corresponding
change in chemical composition of the mixture greatly affects the temperature
response of the fluid and many aspects of the turbulent flow fields. While
all fluid properties are affected by combustion, by far the largest effects
result from the variation in density and the specific heat of the mixture. A
proper simulation of turbulent combustion therefore requires that at least the
dependence of mixture density and specific heat on temperature and mixture
concentration be adequately modeled.
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2.3.1 Density Formulation for Compressibie Mixture

Given the equation of state for a homogeneous (i.e., single-component)
ideal gas (PV = nR T), the formulation for density is derived as follows.

PV = nR,T
PV =Tn;RuT
po mRT
VM
R,T
p=p-u
P—u
_ PM
P == T (5)

where Mass (kg)

Volume {m’)

Number of moles (Kgmole)

Molecular weight (Kg/Kgmole)

Pressure (Pascals) {N/M%)

Universal gas constant (8314.34 J/Kgmole-°K)

Temperature (°K)

~ D OZI <3

Equation 5 continues to hold for a mixture of N gases, with mass
concentrations C , subject to the constraint

N
Yo, =1 (6)
n=1
and the relationship
N
C
1 =y == )
A&ﬁx n=1 n

where M,,. is the blended molecular weight of the mixture and M, is the
molecular weight of the n th component.

In FIDAP the equation of state for a gas mixture is expressed in a
slightly different form. Equation 6 is rewritten in the form

Where the N'*" component is referred to as the carrier fluid. Equation 7
can be rewritten as
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N-1
Cy=1-Y C, (8)
n=1
N
M,
L -2 @+Y Fac SN
MMIX MN n=1 Mﬂ

Equation 5 can be rearranged using Equation 9 to yield

MyP

p =
N-1 10
R,T|1+Y (My/M,-1)C, ( )_
n=1

where p is now the computed density of the mixture. Currently, FIDAP imposes
the Timit N = 16. This means a maximum of 15 species and 1 carrier fluid are
permitted.

The computed molecular weight and density of the mixture are determined
for every nodal point within the computational domain and will vary depending
on the local concentrations of the chemical species, pressure, and
temperature,

2.3.2 Specific Heat for a Mixture

The most appropriate model for the specific heat of a mixture is

N
CPyrx = E CppCy, (11)

n=1

where N = The total number of species present in the mixture (including
the carrier fluid)
Cpy;x = Constant-pressure specific heat of mixture (J/Kg-°K)
Cp, = Constant-pressure specific heat (J/Kg-°K) of species n
c = Mass fraction of species n
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Where, the specific heat of each species n (Cp,) is usually a function of
temperature and is typically approximated in the form of a linear or higher
order polynomial in terms of absolute temperature such as

Cp, = A, +A,T + A,T? + ,,.,. + A T" (12)

Values of specific heats, Cp, as a function of temperature for nitrous
oxide, hydrogen, water vapor, ammonia, nitrogen, and oxygen, were obtained
from the corresponding JANAF Thermochemical Tables (6) and fitted to
polynomial forms up to the ninth order, as shown in Figure 2-1 for the
temperature range 100 to 6,000 °K. The specific heats (C_ and C,) of the
mixture are determined for each nodal point within the model as a function of
lTocal concentrations and temperature. The constant-pressure specific heat
(Cp) of the mixture was implemented using Equation 11 via the user SUBROUTINE
option for the SPECIFICHEAT command. Appendix B documents the SUBROUTINE
USRSPH that was used to formulate and return the specific heat for the mixture
at each nodal point.

The specific heat C, of the mixture was calculated internally (as shown
by the following relationship) using values of the computed Cp and molecular
weight (Equation 9) of the mixture at each nodal point.

CVirx = CPyrx = Ry/Myry (13)

Specific heat for constant volume (J/kg-°K)

Specific heat for constant pressure (J/kg-°K)
Universal gas constant (J/kgmole®k)

Blended molecular weight for mixture (kg/kgmole) from
Eq. 12.

where CVyix

pmﬁ
MHIX
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Constant-Pressure Specific Heat vs Temperature for Various
Chemical Species.

Figure 2-1.
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3.0 MODEL DEVELOPMENT AND METHODOLOGY

The FIDAP and GOTHIC models were numerically coupled by using a common
pressure boundary condition physically associated with the intersection of the
ventilation system (both inlet and exhaust legs) with the dome airspace. That
is, FIDAP provided to GOTHIC the pressure histories for those elements
adjacent to the physical locations corresponding to the inlet and outlet legs
of the tank SY-101 ventilation system. GOTHIC used these values to compute
the flow rates and corresponding transient pressures throughout the entire SY
tank farm ventilation system.

Section 3.1 covers the flammable gas and tank airspace model that was
developed for tank SY-101. Section 3.2 reviews the SY tank farm ventilation
system model that was previously developed (Burke 1990) and was used with
great success to model several of the large-scale EGR events. Section 3.7
also describes the modifications to the SY tank farm ventilation system model
that were performed to incorporate the inlet riser and (HEPA) filter.

3.1 FLAMMABLE GAS AND DOME AIRSPACE MODEL

The FIDAP computer code was used to perform a series of coupled
thermal/hydraulic transient compressible fluid flow analyses by solving the
conservation of mass, energy, momentum, and muttiple species transport
equations for a system involving multiple chemical reactions.

In addition to the transient pressure, the burn analyses solved for the
individual species concentration, turbulent kinetic energy, turbulent kinetic
energy dissipation rate, temperature, and velocity (X and Y components)
fields. Solutions for up to 12 variables were obtained for each node.

Table 3-1 1lists the computational variables that were solved for at each node.

Figure 3-1 is a general representative view of tank SY-101 showing the
inlet and outlet (exhaust) riser, the dome airspace, and the associated tank
farm ventilation system. Note the connections from the adjacent tanks.

Figure 3-2 is a cross section of the dome airspace and shows the relative size
and range of the simulated flammable gas plume pockets. The diameter of the
flammable gas pocket was sized to be consistent with a 75-, 150-, or 300-ft*
gas release. The physical dimensions of the airspace were derived for a waste
height of 10.16 (400 in.) and standard dimensions (Drawing H-2-71975) for a
75-ft-diameter double-shell tank and represents an enclosed volume of

41,220 ft>. By varying the waste height or amount of sidewall freeboard, the
tank SY-101 dome airspace model can be adapted to other waste tanks.
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Table 3-1. Computational Variables Solved for Each Node During the
Flammable-Gas Plume Burn Analyses.

h # Variable Description ‘
1 U X component of velocity |
2 v Y component of velocity
3 k Turbulent kinetic energy
4 € Turbulent kinetic energy dissipation rate
5 T Temperature
6 P Pressure I
7 C, Concentration of Species 1 (N,0)

8 C, Concentration of Species 2 (H,)
9 C, Concentration of Species 3 (H,0)
10 " Concentration of Species 4 (N,)
11 C Concentration of Species 5 (NH,)
12 Ce Concentration of Species 6 (0,)

Figures 3-3 and 3-4 present the finite-element mesh that was derived for
the dome airspace and flammable gas pocket. Figure 3-4 is an enlargement of
the mesh structure around the location of the simulated flammable gas pocket.

In FIDAP, the finite elements are input in groups. Within any single
element group, all the elements must be of the same geometric type (i.e.,
QUADRILATERAL, TRIANGLE, BRICK (or HEX), WEDGE, or TETRAHEDRON) and must have
the same number of nodes per element. Al1 the elements shown in Figures 3-3
and 3-4 were designated as QUADRILATERALs with nine nodes corresponding to
corner, side, and body centered lTocations. The meshing shown by Figures 3-3
and 3-4 was derived from a paving algorithm developed as part of the Cubit
mesh-generation project (Dosanjh 1995), based at Sandia National Laboratory,
for the automatic meshing of highly unstructured geometries.

The inlet riser, dome airspace, gas pocket, and outlet riser were treated
as separate element groups. Each element was allowed differing amounts of
initial chemical concentration. For example, the inlet and outlet risers and
the dome airspace were assigned initial species concentrations associated with
the standard atmosphere (see Table 2-1), whereas the flammable gas plume
pocket was assigned species concentrations consistent with a given release of
flammable gases for various reactions.

Several different initial gas compositions were used to perform the
analyses and are referred to as the 50/50 and WHC conservative. These
mixtures reflect differing initial amounts of flammable gases. Table 2-1
compares the initial volume fractions for the above mixtures. Table 2-1 also
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compares several gas compositions (i.e., conservative and best estimate) that
were developed by personnel at the Los Alamos National Laboratory (LANL) for
use with their efforts in performing the safety assessment (LANL 1994) for the
mixer-pump operations with tank 241-SY-101. Appendix D documents the
corresponding mass fractions that were used as input to FIDAP.

The terms "50/50" and "WHC Conservative" refer to stoichiometric gas
compositions that were developed to maximize the energy production by
consuming all the fuel and oxidants and to bound the presence of 1 percent
methane. (This was done to provide the beginning of a basis for
conservatively bounding the remaining tanks on the Flammable Gas Watch List.)
The 50/50 mixture is a stoichiometric gas composition for one reaction
(Reaction 1, Table 2-1) involving only nitrous oxide and hydrogen and is
referred to as the one reaction case. The WHC conservative mixture is a
stoichiometric gas composition for two first two reactions (Reactions 1 and 2,
Table 2-1) invelving only nitrous oxide, hydrogen, and ammonia and is referred
to as the two reaction case. The initial amounts (i.e., volume fraction) of
nitrous oxide, hydrogen, and ammonia were chosen to exactly balance the first
two chemical reactions as presented in Table 2-1. The remaining chemical
reactions are assumed to involve reactions with atmospheric oxygen present
within the dome airspace. When all four reactions presented by Tabie 2-1 are
allowed to progress simultaneously, this is referred to as the four reaction
case. The four reaction case is not stoichiometrically balanced.

Table 3-2. Initial Volume (Molar) Percent for Composition of
Flammable-Gas Plume.

Species 50/50 WHC Cons. LANL Cons. LANL Best "
i " — Est.
N,0 48.0 51.2 27.20 24.71
H, 48.0 32.0 31.94 29.12
H,0 4.0 40 2.40 2.40
NH, 0.0 12.8 14.95 10.95
N, 0.0 0.0 23.51 32.82
0, 0.0 0.0 0.00 0.00
TOTAL 100.0 100.0 100.0 100.00

To model reverse flows, different pressure boundary conditions (BCs) were
applied to the inlet and outlet risers, resulting in a small differential
pressure across the dome airspace. The pressure boundary conditions were
chosen to establish a steady-state flow rate through the tank sufficient to

*Tank (standard) atmosphere; N, = 79.05%, by volume and 0, = 20.95% by
volume.
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exchange the 2-D volume at the same rate as the actual tank ventilation
system. If the tank pressure exceeded the inlet riser boundary condition, for
example, flow out the inlet rise would have occurred. A constant-velocity-
based boundary condition could have established the same steady-state flow
rate, but would not have reversed during an overpressure condition.

3.2 SY TANK FARM VENTILATION SYSTEM MODEL

A validated lumped-parameter ventilation system model is available for
tank SY-101. The ventilation system model was originally developed using the
FATHOMS (Burke 1990) computer program, which is the predecessor to the GOTHIC
computer code.

GOTHIC was able to read the input file associated with the FATHOM-based
ventilation system model and establish an equivalent lumped-parameter model.
The Tumped-parameter ventilation system has a flow area, length, volume etc.
associated with each lumped mass node. Using this information, the lumped-
parameter model was converted to a finite-volume model capable of tracking the
pressure wave through the various volumes associated with the ventilation
system.

Several additional modifications were made. They are:
* Addition of the inlet riser

* Addition of the inlet HEPA filter using vendor-supplied data to
drive the loss coefficients

* Tank SY-101 volume changed to a pressure boundary condition capable
of using pressure versus time values from FIDAP as input.

Figure 3-5 presents the SY tank farm ventilation system as modified by
GOTHIC. Control volume 1s and 2 represent waste tanks 241-SY-102 and 103,
respectively. Control volumes 7s and 13 represent the outlet and inlet HEPA
filter, respectively. A pressure boundary condition (2P, 3P, 4P, and 6P) of
14.7 psia was applied to the inlet of tank SY-101, -102, and -103, as well as
the fan discharge.

A pressure boundary condition (1P and 5P) that corresponds to the peak
dome pressure at nodes 18 or 40 was applied to tank SY-101.

The ventilation system model presented in Figure 3-5 has been normalized
to actual ventilation system operating data and was derived from the original
FATHOMS model without change to any of the thermal/hydraulic parameters. As
such, the presence of ventilation system control valves (i.e., dampers) has
been modeled as pressure loss coefficients adjusted to give a nominal 500 cfm
flow rate through tank SY-101 before the flammable-gas burn.
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Cross Section of Dome Airspace.

Figure 3-2.
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Figure 3-3.  Finite-Element Mesh for Dome Airspace and Flammable-Gas
Plume Pocket.
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ement of the Flammable-Gas Plume Pocket and Surrounding

Enlarg . "
Area Showing Structure of the Finite-Element Mesh and Nodalization.

Figure 3-4.
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4.0 ASSUMPTIONS

The following assumptions were used for the flammable-gas burn analyses.

* The tank SY-101 dome airspace was assumed to be a steady-state
equilibrium condition before initiating the flammable gas burn.

* The aboveiwaste or dome airspace volume was assumed to be
41,220 ft° corresponding to a waste height of 400 in..

* For the purposes of this analysis, the flammable gas plume was
assumed to be released from the surface of the waste centered
within the dome airspace. Gas release and deflagration locations
other than waste centered under the dome airspace are lefi to
future analyses. However, it is expected that the pressure
response of the ventilation system to gas burns centered directly
under either the inlet or outlet risers will be more severe than
for the waste-centered case discussed in this report.

* The flammable gas plume was assumed to be 1§stantaneously released
as a spherical volume of 75, 150, or 300 ft°.

* The flammable-gas plume was assumed to remain intact and was not
dispersed by Jocal convection flow fields or turbulent diffusion
until ignition occurs.

¢ Ignition was assumed to occur at time zero.

* The flammable-gas burn was assumed to be initiated by an ignition
source (hot spot) centered within the gas pocket.

* The resulting water vapor was assumed to remain as vapor and not
condense.

» The gas mixture was assumed to be compressible.

* Radiative heat transfer from the combustion flame was not assumed.
A1l of the energy from the heat of reaction was assumed to be
deposited within the individual reacting element.

* A one-step multi-species chemical kinetic model based on the
Arrhenius Rate Law with competing reactions was assumed.

* An adiabatic heat transfer wall boundary was assumed to surround
the dome airspace. No energy was transferred across tank walls,
dome, or waste surface. Energy removal from the system was allowed
via mass transport by the ventilation system.

* The flammable gas simulations were assumed to involve six gaseous
species (N,0, H,, H0, N,, NH;, and 0,).
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The following assumptions were used for the ventilation system pressure
pulse analysis:

The SY tank farm ventilation system was assumed to be in a steady-
state equilibrium condition corresponding to an active fan model
with a volumetric flow rate through tank SY-101 of 500 cfm.

The dynamic response of the ventilation system was based on
constant loss coefficients. The response of the system is assumed
to be representative up to the point of HEPA filter failure.
Additional modeling will be required to accurately describe system
performance beyond the point of HEPA filter failure.

The ventilation system control system (dampers) are assumed to be

open, but with loss coefficients adjusted to obtain a volumetric
flow rate through tank SY-101 of 500 cfm.
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5.0 RESULTS

The results of the flammable-gas plume burn and ventilation system
response analyses are summarized in Sections 5.1 and 5.2, respectively.
The finite element analysis of any flow-field problem of realistic size
produces an incredible amount of numerical data that in itself is very
difficult to analyze. Almost all of the required information about the
subject flammable-gas-burn analyses can be obtained from velocity vector,
pressure, temperature, and chemical species concentration contour plots, as
well as time history plots of selected variables at various nodes. Appendix E
documents the input and result files associated with both the flammable-gas-
burn and ventilation-system analyses. A1l the results presented in Sections
5.1 and 5.2, were obtained from the various FIDAP and GOTHIC result files
using the graphical user interface (GUI) post-processing capabilities supplied
with both codes.

5.1 FLAMMABLE-GAS PLUME BURN

The flammable-gas-plume burn analyses simulated five seconds of time
airspace response. Each of the analyses consisted of a steady-state
precondition followed by the transient flammable gas burn. Each transient was
broken into three intervals with different time steps. Table 5-1 presents a
breakdown of the intervals and corresponding time steps.

Table 5-1. Transient Intervals and Time Steps for the
Flammable-Gas Plume Burn Analyses,

I Interval # | Start(s End(s Time Steps

1 0.0 0.01 0.0025
2 0.01 0.05 0.010
3 0.05 5.00 0.050

The first interval was restarted from a steady-state equilibrium
precondition that provided an initial guess of the turbulent flow fields and
temperature distribution without chemical reactions for each of the three
release volumes. The subsequent intervals were restarted using the endpoint
results from the previous analysis.

Small time steps were required during the first interval to resolve the
transient pressure wave associated with a rapid burn. Larger time steps were
used in the remaining intervals as the pressure wave expanded outward and
gradually diminished because of interactions with the dome and waste surfaces.

5-1
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5.1.1 Steady-State Preconditions

Because of the numerical difficulties associated with performing a
transient compressible flow analysis with reacting flows, several steady-state
equilibrium precondition analyses were performed. The steady-state analyses
were used to provide an initial estimate of the flow fields and temperatures
for use with the transient analyses.

Steady-state analyses were performed for the 75-, 150-, and 300-ft*
release volumes. Three separate analyses were required because the mesh
pattern was slightly different because different diameters were used to
simulate the various volumes of flammable gas. An exact nodal overlay was
requ;red to allow the corresponding transient cases to read the steady-state
results.

Figures 5-1, 5-2, and 5-3 present representative velocity vector, speed
and temperature pattern plots for a_steady-state equilibrium precondition
associated with a release of 150 ft3 of flammable gas.

Comparisons between the three steady-state precondition cases show very
close agreement. This provides assurances that a consistent basis,
representative of actual steady-state conditions within tank SY-101, was used
to perform the transient analyses.

5.1.2 Transient Results

The results of the flammable-gas-plume-burn analyses within the dome
airspace are summarized in Table 5-2 and presented in Figures 5-4 and 5-5.
Table 5-2 presents the maximum pressure and maximum differential pressure for
either Node 18 or Node 40. These nodes define the computational elements that
are positioned at the intersection of the inlet and exhaust riser with the
dome airspace (see Figure 3-3). The differential pressure was calculated
assuming the initial pressure was 14.7 psia.

Table 5-2. Maximum Pressure and Maximum Differential Pressure” Within Dome
Airspace Caused by a Flammable-Gas Plume Burn.

Maximum Pressure (psia) and Maximum
Differential Pressure (psia)
Number of reactions

Flammable gas
vo]gme
(ft7) 1 2 4
75 15.38/0.68 15.3/0.73 15.29/0.59
150 —— -~ 16.18/1.48 "
|[_ 300 - 16.95/2.27 I7.27/2.51=ﬂ

“Initial pressure, P, = 14.7 psia.
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Figures 5-4 and 5-5 present the transient maximum and differential
pressures predicted for Nodes 18 and 40, respectively, for various flammable
gas volumes and numbers of simulated reactions. Figures 5-4 and 5-5 are based
on flammable gas releases of 75, 150, and 300 ft* for 1, 2, or 4 reactions.
The effects of increasing the flammable gas volume are clearly evident. The
number of simulated reactions has a smaller effect.

The results presented in Table 5-2 and Figures 5-4 and 5-5 are
constrained for simulations with Mach numbers of less than 1.0. Table 5-3
presents the maximum Mach numbers predicted for the various analysis. 1In alil
cases, the predicted maximum Mach number is less than 1.0.

Table 5-3. Maximum MACH Numbers Predicted During Flammable-Gas Plume Burn.
(FIDAP Constraint Ma <1)

1
Maximum MACH Numbers
Flammable Gas Number
Volume of Airspace
(ft) Reactions | + Gas Pocket | Node 18 | Node 40
ﬁw
75 1 0.31 0.13 0.14
75 2 0.32 0.14 0.15
75 4 0.30 0.12 0.13
150 4 0.38 0.23 0.23
300 2 0.41 0.29 0.30
300 4 0.42 0.32 0.32

The results presented by Figure 5-4 were used as input to the GOTHIC code
for the ventilation system response analyses.

A flammable-gas plume burn produces a pressure wave that propagates
radially outward from the origin of the burn. The transient pressures
presented by Figures 5-4 and 5-5 show a classical rise and fall in pressure
caused by compression and rarefaction as the pressure wave front passes.

Figures 5-6 through 5-10 present a representative time sequence of
pressure contour plots for the entire dome airspace and gas pocket. The time
increment is 0.0025 second and ranges from 0.0025 s;cond to 0.0125 second.
Figures 5-6 through 5-10 were obtained for a 150-ft flammable-gas burn for
4 simulated reactions. Figures 5-6 through 5-10 clearly show the compression
wave expanding outward and reflecting from the roof of the dome.

The pressure oscillations noted within Figures 5-4 and 5-5 gradually
dampen and diminish because interactions with the interior tank side walls,
dome surface, waste surface, and mass transport {removal) from the system via
the ventilation systems.



WHC-SD-WM-ER-515, Rev. 0

Figures 5-11 through 5-17 present_a time history sequence of the
temperature contour plots for a 300 ft> flammable gas burn with 4 simulated
reactions. The time sequence is: 0.05, 0.50, 1.0, 2.0, 3.0, 4.0, and 5.0
seconds. Notice that the temperature range is fixed from 300 to 2,100 °K.
Hence, as the temperature decreases with time the detail is washed out.
Figure 5-18 presents the same data as Figure 5-17 (i.e., temperature profile
at 5.0 seconds), but with the range reset based on the maximum and minimum
temperatures within the computational domain. Figure 5-18 now shows much more
detail than Figure 5-17. Two distinct temperature regions, associated with
turbulent flows are now evident. Closer inspection reveals the cooler inlet
flow pattern reestablishing and some hot combustion products being swept out
of the dome airspace.

Figures 5-19 and 5-20 present the vector velocity and sp?ed (i.e.,
velocity magnitude) contour plots at 5.0 seconds for a 300-ft*> flammable-gas
burn. These figures support the swirl patterns inferred by the previous
temperature contour plots. Several large-scale circulation cells are evident.
Smaller circulation cells, most notably in the dome corners near the waste
surface, also are evident. Figures 5-19 and 5-20 can be compared to
corresponding steady-state results in Figures 5-1 and 5-2.

A flammable-gas plume burn has a significant impact on the pressure flow
and temperature distribution within a waste tank.

It must be emphasized that the flammable gas burns discussed in this
report do not address the gas release rate from the waste. The subject
analyses are restricted to assuming that a given volume of flammable gas was
released and maintains an optimum geometry for deflagration. If the initial
gas release event (GRE) is large enough, the presence of additional mass
within the dome airspace will cause a pressure rise. The net pressure versus
time effect will be similar to the response to a pressure wave caused by a
flammable-gas burn. The magnitude of the pressure wave will be highly
dependent on the gas release rate and whether deflagration occurred at some
later time.

5.2 VENTILATION SYSTEM RESPONSE

The results of the ventilation system response analyses are summarized in
Table 5-4 and shown graphically in Figures 5-21 through 5-26.

Table 5-4 presents the maximum pressure and maximum differential pressure
caused by a series of flammable gas plume burns for both the inlet HEPA filter
to tank SY-101 and the outlet exhaust HEPA filter to the SY tank farm
ventilation system,

Figures 5-21 through 5-26 present the transient pressures profile
predicted for the inlet and outlet exhaust filters. Figures 5-21, through
5-23 were derived from results based on a 75-ft” flammable-gas burn for 1, 2,
and 3 simulated reactions, respectively. Figure 5-24 was obtained from the
results for a 150-ft> flammable-gas burn and 4 reactions. Figures 5-25 and
5-26 were obtained from a 300-ft” flammable gas piume burn for 2 and 4
reactions, respectively.
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It must be emphasized that the results presented within this report
reflect only tank SY-101 and the SY tank farm ventilation system. Other tanks
with different dome airspace volumes, gas composition, ventilation system
configuration, etc., will respond differently to a flammable-gas plume burn.
It is expected that a small flammable-gas plume burn in tanks without an
active ventilation system will exceed the pressure Timit for both the inlet
and outlet HEPA filters. This is especially true for most single-shell tanks,
with the notable exception of the SX tank farm, where the ventilation system
usually consists of one or two HEPA filters on small-{4-in.) diameter risers
and relies on natural breathing resulting from barometric pressure changes,
This can be compared to double-shell tanks with two large-(12-in.) diameter
risers.

Table 5-4. Maximum Pressure and Maximum Differential Pressure for the
SY Tank Inlet and SY Tank Farm Exhaust HEPA Filters.

B

Maximum pressure’ (psia) apd Maximum
Differential Pressure (psia)
(Number of Reactions)

HEPA filter | Flammable gas | 2 4
location voluyme
e 1 ¢ 1 | | ]

Inlet 75 15.90/1.20 16.00/1.30 15.75/1.05
Outlet 75 14.78/0.08 14.78/0.08 14.76/0.06
Inlet 150 - - 17.30/2.60
Outlet 150 -- -- 14.97/0.27
Inlet 300 -~ 18.82/4.12 19.40/4.70
Qutlet 300 — 15.23/0.55 15.32/0.62

It must be emphasized that the results presented in Figures 5-21 through
5-26 reflect the dynamic response of the SY tank farm ventilation system based
on constant loss coefficients. The pressure oscillations associated with the
inlet HEPA filters, as shown in Figures 5-21 through 5-26, represent the back-
and-forth reflection of the compression wave between the downstream inlet HEPA
filter face and the pressure boundary condition associated with the dome
airspace. The pressure oscillations gradually dampen and fade away because of
the energy loss terms associated with frictional effects and geometric form
changes.

The response of the SY tank farm ventilation system is assumed to be
representative up to the point of exceeding the maximum differential pressure
Timit of the HEPA filters. Filter failure, with a corresponding change in the

“Ambient Pressure P = 14.7 psia.
"HEPA aP 1imit = 0.36 psia (10 inches w.g., 2.49 KPa).
5-5
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loss coefficient, was not modeled. The purpose of this analysis was to
determine the volume of flammable gas, that if ignited, could result in
failure of the HEPA filters.

The results indicate that the pressure difference 1imit of 0.36 psia for
the SY-101 tapk inlet HEPA filter will be exceeded for a flammable-gas P]ume
burn of 75 ft° or larger. Flammable-gas plume burns of less than 75 ft> were
not investigated.

The results indicate that the pressure difference 1imit for the SY tank
farm outiet HEPA filter will not be exceeded for flammable-gas plume burns of
75 and 150 ft°. However, a flammable-gas plume burn of 300 ft> will exceed
the pressure-difference 1imit. A simple first-order estimate using linear
interpolation indicated that the HEPA pressure-difference failure threshold,
0.36 p;ia, is reached for a flammable gas plume burn of approximately
190 ft*. This remains to be confirmed.
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Steady-State Velocity (m/s) Vectors for Dome Airspace.

Figure 5-1.
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Steady-State Speed (m/s) Contours for Dome Airspace.

Figure 5-2.
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Steady-State Temperature (°K) Contour for Dome Airspace.

Figure 5-3,
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Maximum Dome Pressure vs Time for Nodes 18 or 40 for Various

Volumes of Flammable Gas and Number of Reactions.

Figure 5-4.
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Maximum Differential Pressure vs Time for Nodes 18 or 40 for

Various Volumes of Flammable Gas and Number of Reactions.

e 5-5.
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)-

0.0025s) for 150-ft> Flammable-Gas Plume

Burn (4 Reactions

Transient Pressure (t

Figure 5-6.
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§-7. Transient Pressure (t=0.0050s) for 150-ft> Flammable-Gas Plume

Figure

Burn (4 Reactions).
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0.0075s) for 150-ft> Flammable-Gas Plume

Burn (4 Reactions).

Transient Pressure (t

Figure 5-8.
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Figure 5-9. Transient Pressure (t=0.0100s) for 150-ft> Flammable-Gas Plume
Burn (4 Reactions).
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Figure 5-10. Transient Pressure (t=0.0125s) for 150-ft*> Flammable-Gas Plume

Burn (4 Reactions).
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Transient Temperature (°K) (t=0.05s) for 300-ft> Flammable-Gas
Plume Burn (4 Reactions).

Figure 5-11.
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Transient Temperature (°K) (t=0.50s) for 300-ft> Flammable-Gas
Plume Burn (4 Reactions).

Figure 5-12.
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Transient Temperature (%K) (t=1.0s) for 300-ft®> Flammable-Gas
Plume Burn (4 Reactions).

Figure 5-13.
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Figure 5-14. Transient Temperature (°K) (t=2.0s) for 300-ft> Flammable-Gas
Plume Burn (4 Reactions).

PO:9b €|

GG NON g

S £ dv3ald

COTILET T XVWA
10+3/2/ " — NIWA
CO+ISI| T XVIHX
CO+3S 11 "~ NIWX
SIIHIT NIJDS

10+300C°  IWTL

()
ST

corizeeog
WNNTX VI

EO+38/LS8Z
HOWINTI-

FO+200 12 T
FO+ZB061 T - |
PA+I0OLL - 9
PO+I0RS) T -
FO+d00c) - - 3
ba+daol - -
£€0+30006° -
Eo+doans - -
Egriopas” -~

AMH4937

e gislaYa

1071d ANQLN0D

2N LY AT

d.ccclb "1X3d SV9 €14 008 "I¥3Yd b - NINg TIVHS 101-AS

5-20



0

WHC-SD-WM-ER-515, Rev.

t Temperature (°K) (t=3.0s) for 300-ft> Flammable-Gas

Plume Burn (4 Reactions).

Transien

Figure 5-15,
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Transient Temperature (°K) (t=4.0s) for 300-ft> Flammable-Gas

Figure 5-16.

Plume Burn (4 Reactions).
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Transient Temperature (°K) (t=5.0s) for 300-ft> Flammable-Gas
Plume Burn (4 Reactions).

Figure 5-17.
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5.0s) with Reset Range for 300-ft>

Flammable-Gas Plume Burn (4 Reactions).
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Figure 5-18.
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.0) for 300-ft>

5
Plume Burn (4 Reactions)
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Figure 5-20.
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Figure 5-21. yentilation System Transient Pressure vs Time for
75 ft-° Flammable-Gas Plume Burn (1 Reaction).
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Figure 5-22. Ventilat1on System Transient Pressure vs Time for
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Figure 5-23. Vent11ation System Transient Pressure vs Time for
75-ft> Flammable-Gas Plume Burn (4 Reactions).
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Figure 5-25. yent11at1on System Transient Pressure vs Time for
- 300-ft” Flammable-Gas Plume Burn (2 Reactions).
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The results of the flammable-gas plume burn and ventilation-system
response analyses are presented by Tables 5-2 and 5-4, and Figures 5-4, 5-5,
and 5-21 through 5-26. The results indicate that the differential pressure
limit of 0.36 psia for the SY-101 tgnk inTet HEPA filter will be exceeded for
a flammable-gas_plume burn of 75 ft> or larger. Flammable-gas plume burns of
Tess than 75 ft® were not investigated.

The results indicate that the differential pressure limit for the SY tank
farm outlet H;PA filter will not be exceeded for flammable-gas, plume burns of
75 and 150 ft>. However, a flammable-gas plume burn of 300 ft> will exceed
the differential pressure limit. A simple first order estimate using linear
interpolation indicated the HEPA pressure difference failure threshold
0.36 psia (2.49 KPa)_is reached for a flammable-gas plume burn of _
approximately 190 ft*. This remains to be confirmed. It must be emphasized
that the results presented in Table 5-4 and Figures 5-21 through 5-26 reflect
the dynamic response of the ventilation system based on constant loss
coefficients. The response of the SY tank farm ventilation system is assumed
to be representative up to the point of exceeding the maximum differential
pressure 1imit of the HEPA filters. Filter failure, with a corresponding
change in the loss coefficient, was not modeled.

The number of simulated chemical reactions appears to have a minor effect
on the results as shown by Tables 5-2 and 5-4. However, the volume of
flammable gas has a much more pronounced affect, as one would expect given
that more reaction mass and, hence, energy is available.

The SY tank farm ventilation system will mitigate any propagating
pressure wave to some extent. The pressure wave is split several times as a
result of the "T" junctions within the SY tank farm ventilation system. The
5Y-102 and SY-103 waste tanks act as large accumulators dissipating the
pressure wave. Additional pressure losses occur from wall friction and
geometrical form changes. The results presented in this report reflect the
response of only tank SY-101 and the SY tank farm ventilation system to a
flammable-gas plume burn. Other tanks with different dome airspace volumes,
gas concentrations, gas compositions, ventilation configurations, etc., even a
burn within different tanks within the same system, will respond differently
to a flammable-gas plume burn.

It is possible that tank farms with much more extensive ventilation
systems, such as the SX tank farm, may be able to dissipate a pressure wave
resulting from a much Targer flammable-gas plume burn and not fail the outlet
HEPA filter. This is especially true for those systems that may use flows
through a series of connected tanks or combined flow through one tank just
before the exhaust HEPA filter. However, it is doubtful that the inlet
filters associated with any of the hydrogen watch list tanks will remain
intact for even a small burn of 75 ft°.

6-1
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This is especially true for most single-shell tanks where the ventilation
system usually consists of one or two HEPA filters on small-diameter (4 in.)
risers and relies on natural breathing due to barometric pressure changes.
(The notable exception to this is the single-shell SX tank farm, which has an
active ventilation system.)

It is recommended that the remaining hydrogen watch 1ist tanks and

ventilation systems, as shown in Table 1-1, be analyzed to determine the
response to a small flammable-gas plume burn.
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APPENDIX A. VALIDATION OF CHEMICAL REACTION CAPABILITIES OF FIDAP.
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INTRODUCTION

A series of validation analyses was performed to verify the chemical-
reaction capabilities of FIDAP. These analyses consisted of a series of
simple test cases using one-step and multiple competing reaction models. The
results from these analyses were compared to theoretical results for final-
state mass fractions and adiabatic temperatures. Additional analyses were
performed simulating laboratory flammability studies performed by the Bureau
of Mines (BOM) (Jo 1992).

TEST CASES

FIDAP's chemical reaction capabilities were exercised and compared
against theoretical results for final-state mass fractions and adiabatic
temperatures.

Two test cases were performed. The first case simulated a single
reaction as follows.

NO + Hy » H,0 + N,
The second test case simulated two competing reactions as follows.
N0 + H, » H0 + N,
3N,0 + 2NH; - 3H,0 + 4N,

The initial mass fractions are shown in Appendix D, Table D-1, where the
single reaction above represented the 50 percent mixture. The two reaction
test cases are representative of the WHC conservative.

Table A-1 presents the final mass fractions and adiabatic temperatures as
predicted by hand calculations. Comparisens are made with the finite-state
conditions predicted by FIDAP. The results show excellent agreement.

BUREAU OF MINES

A series of validation analyses were also performed using an axi-
symmetric representation of the Bureau of Mines (BOM) test chamber as shown in
Figures A-1 and A-2.

FIDAP was used to simulate a recent BOM flammability study of a mixture
of 10 percent nitrous oxide and 10 percent hydrogen in air. . Table A-2 and
Figure A-3 present the results of the analysis.

Table A-2 compares the final-state mass fractions as predicted by a

simple hand calculation and FIDAP, assuming a premixed mixture and complete
combustion. Peak pressures were also compared.

A-2



Figure A-3 compares the transient
measured during the BOM test.
parameters documented in Append
500 °K to accelerate the reaction.
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device to start the reaction.

pressures as predicted by FIDAP and

The FIDAP results are based on the reaction
ix C and assumed a hot-spot temperature of
The BOM results used a small explosive

Table A-1. Comparison of Hand CalcuTations and FIDAP Results.

N0 + H,

+ H,0 + N,

N0 + H, - H,0 + N,
3N,0 + 2NH; ~ 3H,0 + 4N,

Final Mass Fractions

Final Mass Fractions

Species Predicted FIDAP Predicted FIDAP
WAy 0.0 0.0003 0.0 0.0
H, 0.0 0.0000 0.0021 0.0021
H,0 0.4106 0.4104 0.3975 0.3975
N, 0.5894 0.5893 0.6004 0.6004
NH- -- -- 0.0 0.0
Total mass fractijon 1.0000 1.0000 1.0000 1.000
Adiabatic Temperature Adiabatic Temperature
(°F) (°F)
Predicted FIDAP Predicted FIDAP
5354.6 5360 4757.5 4757.8
The results are in close agreement considering the time scale. However,

the FIDAP results show a much faster rate of pressure rise,
shows a drop off in peak consistent with the condensation of
heat transfer through the walls of the test chamber.
model is assumed to be adiabatic and water vapor is as

The BOM data
water vapor and

The corresponding FIDAP

sumed not to condense.
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Table A-2. Comparison of FIDAP and Bureau of Mine Results for a Mixture of
10 Percent Hydrogen and 10 Percent Nitrous Oxide in Air.

| Final Mass Fraction "

Predicted FIDAP

N0 0.0 0.00008
H, 0.0 0.00000 |
H,0 0.06497 | 0.06494 |
N, 0.73174 | 0.73169

0, (non-reacting) 0.20329 0.20329

1.0000 1.0000

Peak Prgssure
(psi)

h BOM Measured | FIDAP

f
61.0 | 63.0
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Bureau of Mines Test Chamber.

Figure A-1.
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Figure A-3. Comparison of Pressure vs Time as Predicted by FIDAP and Measured
by BOM for a Flammable-Gas Burn of 10 Percent H, and N0 in Air.
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APPENDIX B. LISTING OF SUBROUTINE USRSPH - SPECIFIC HEAT OF MIXTURE.
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SUBROUTINE USRSPH (NELT,NE,NG,COEF,VARI,DVARI,NDFCD, LDOFU, SHP,

1

DSDX, XYZL,PROP, TIME,NPTS, ndp,MNDP, IERR)

USER DEFINED SPECIFIC HEAT

=
m
—
—_
on

2kzkninininizininizisizieinintintele
>
<
~OS
—
c
[T T R R R T R I B O B

INCLUDE
INCLUDE

GLOBAL ELEMENT NUMBER

LOCAL ELEMENT NUMBER

GROUP NUMBER

SPECIFIC HEAT

ARRAY OF SOLUTION VARIABLES AT INTEGRATION POINTS
GRADIENTS OF SOLUTION VARIABLES AT INTEGRATION POINTS
pointer array for accessing vari and dvari information
X,Y,Z COORDINATES

ELEMENT SHAPE FUNCTIONS

SHAPE FUNCTION DERIVATIVES IN THE X,Y,Z DIRECTION
USER DEFINED PARAMETERS

FIRST DIMENSION OF SHAPE FUNCTION MATRICES

TIME

NUMBER OF POINTS

"IMPLCT.COM'
'PARUSR.COM'

DIMENSION CP(16),CN(16)
DIMENSION COEF (NPTS)
DIMENSION SHP(MNDP,NPTS),DSDX(MNDP,NPTS,NDFCD) , XYZL (NPTS,NDFCD)

Species
Species
Species
Species
Species
Species

nmw o a4 0 n

COOOOOOOOOOo
OB D PO

DO 100

DIMENSION PROP(*),VARI(NPTS,*),DVARI(NPTS,NDFCD,*),LDOFU(*)

N20

H2

H20

N2

NH3

02 (CARRIER)

Value of user input PROP(1) sets the number of species in problem

First zeroing loop

I=1,NPTS

COEF(I)=0.00
100 Continue
DO 1000 I=1,NPTS

C

C Second Zeroing Loop

C

DO 200 K=1,16
CP(K)=0.00
CN(K)=0.00

200 Continue
T=VARI(I,LDOFU(KDT})

C

C CP UNITS ARE (J/KG-K)

c

8-2
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o

CP FOR SPECIES 1 = N20
CP(1)=(511.684+1.57912%T- 00134608 (T**2)+6.80409E~7
§ *(T**3)-2.17584E-10%(T**4)+4.50439E- 14*(T**5)
$ -6.00781E-18*(T**6)+4.9739)f-22
§ *(T**7)-2.32155E-26%(T**8)+4.66215E-31% (T**9))*] .0
C CP FOR SPECIES 2 = H2
CP(2)=(14054.9-0.363663*T+0.00226206* (T**2)-1.06044E-6
§  *(T**3)+2.45450E-10% (T**4)-3.10242F-14* (T**5)42. 03065E-18
§  *(T**6)-5,36708E-23%(T**7))*1.0
C CP FOR SPECIES 3 = H20
CP(3)=(1883.03-0.503311*T+0.00186039* (T**2)-1.37006E-6
§ *(T**3)4+5.29455E-10%(T**4)-1.23423E-13%(T**5)+1.79076E-17
§ *(T**6)-1.58055E-21%(T**7)+7.76009E-26* (T**8)
$ -1.62362E-30%(T**9))*1.0
CP SPECIES 4 = N2
CP(4)=(1040.98-0.124349*T+0. 000505846 (T**2)
$ -3.69667E-7*(T**3)+1.30505E-10%(T**4)-2. 56984E-14* (T*+5)
$ +2.87017E-18%(T**6)-1.69977E-22% (T**7)+4.14204E-27
§  *(T**8))*].0
CP SPECIES 5 = NH3
CP(5)=(1492.19+2.42495%T-0.000680172* (T**2)+8.9451E-8
§ *(T**3)-5.49535E-12%(T**4)+1.25088E-16%(T**5))*].0
CP FOR SPECIES 6 = 02 (CARRIER)
CP(6)=(842.302+0.356652%T-0.000162807* (T**2)
§ +5.10713E-8%(T**3)-1.02138E-11*(T**4)+], 24 148E-15% (T*+5)
$  -8.12474E-20%(T**6)+2. 16896E~24% (T**7))*1.0

g}

[

(g

OO

IF (PROP(1).LT.6) THEN
TC=0.0
DO 1100 J=1,PROP(1)
CN(J)=VARI(I,LDOFU(KDS+J))
TC=TC+CN(J)
1100 CONTINUE
C
C CALCULATE CARRIER MASS FRACTION
c
CN(6)=1.0-TC

C CALCULATE BLENDED CP OF GAS MIXTURE NOT INCLUDING CARRIER
c

CPMIX=0.0

DO 1200 J=1,PROP(1)

CPMIX=CPMIX+CP(J)*CN(J)
1200 CONTINUE

C
C ADD MASS FRACTION WEIGHTED CP OF CARRIER TO CP OF MIXTURE
c

CPMIX=CPMIX+CP(6)*CN(6)

ELSE
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CPMIX=0.0

DO 1300 J=1,6

CN(J)=VARI (I, LDOFU(KDS+J))

CPMIX=CPMIX+CP(J)*CN(J)
1300 CONTINUE

ENDIF

COEF (1)=CPMIX

c

1000 CONTINUE
RETURN
END
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APPENDIX C. HMS/TRAC COMBUSTION PARAMETERS.
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Los Alamos

NATIONAL LABORATORY

Technol 1, - .. . y
ST o sl o
$ Alam aw Mex meferios &
;_.595) 557?!331. Fis Bﬁg-ezsi Referio; TSA ‘
AX (8085) 685-2257
Dr. Fred Heard
PO Box 1970

Westinghouse Hanrord Company
Richland, WA 99352

Dear Fred:

On 18 Apnil 1994, you requested the HMS/TRAC combustion parameters we used in

Egs. (B-6) through (B-1 1) on p. B-4 of Appendix B in Revision 8 of Los Alamos report
LA-UR-92-319¢, "A Safety Assessment for Proposed Pump Mixing Operations to Mit; gaie
Episodic Gas Release in Tank 241-5Y-101: Hanford Site, Richland, Washington.” These
paramezers are listed in the table below

.
Equation Ci (em3/mole s) fi (dimensionless) O (dimensionjess) (J/m:ﬂe)
B-6 6.0e12 1.0 1.0 6.2e4
B-7 5.0e12 ' 1.0 1.0 7.8e4
B-8 1.2e14 1.0 1.0 1.7e5
B-9 1.0el4 1.0 1.0 2.1e5
B-10 6.0e13 1.0 1.0 2.7e3
B-11 5.0e13 1.0 1.0 3.4es

We continue to evaluate these parameters in terms of dewiled cherical kinetics mechanisms
and relevant data, Please keep us informed of your experiences in combustion sim ulation.

Sincerely yours.
A,
/ /@______

. N. Edwards
INE/slv

Cys:  J. Lentsch.WHC
J. Johnson. WHC
H. Sullivan, TSA-6. MS K557
A. Neuls. TSA-6, MS K557
J. Spore. TSA-6, MS K555
J. Travis, TSA-6, MS K555
CRM-4, \MS AlS)
TSA-6 il

An £gual Coportunity EmpioyerOparelbd by te Universiy of Califomia
C-2 '
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APPENDIX D. MASS FRACTIONS AS INPUT TO FIDAP
FOR FLAMMABLE-GAS PLUME BURN ANALYSIS.



Table D-1.
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Mass Fractions as Input to FIDAP for Flammable-Gas Plume
Burn Analysis.

Initial Mass Fractions

Il

Gas Pocket Dome
Airspace
# Species Mw 1 Reaction | 2 Reactions | 4 Reactions All
50/50 WHC Cons. WHC Cons. Reactions
1 N0 44 .013 0.9260 0.8641 .8641 0.0
2 H, 2.016 0.0424 0.0247 .0247 0.0
3 H,0 18.015 0.0316 0.027¢ .0276 0.0
4 N, 28.013 0.0 0.0 0.0 0.7552
5 NH; 17.030 0.0 0.0836 .0836 0.0
6 0, 31.999 0.0 0.0 0.0 0.2448
TOTAL 1.0000 1.0000 1.0000 1.0000
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APPENDIX E. INPUT AND RESULT FILES FOR FLAMMABLE-GAS PLUME BURN ANALYSES.
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Table E-1. Summary of Input and Result Files for Flammable-Gas Plume Burn and
Ventilation-System Response Analyses.

Flammable Gas Plume Burn (Path = /fih/small _burn)

Filename
e —
Flammable Gas Input Results Description
Vol\gle (.input) (.FDPOST)
(ft”)
]
I& 7581, 75s1. Steady-state
75t11. 75t1t1. Transient, dt=,05s, 1 reaction
7at12. 75t12. Transient, dt=.01s, 1 reaction
75t13. 75t13, Transient, dt=.0025s, 1 reaction
75t21. 75¢21. Transient, dt=.05s, 2 reactions
75t22. 75t22. Transient, dt=.01s, 2 reactions
75123, 75t23. Transient, dt=.0025s, 2 reactions
7oté. 75th. Transient, dt=.05s, 4 reactions
75t41. 75t41, Transient, dt=.01s, 4 reactions
75t42. 7ot42. Transient, dt=.0025s, 4 reactions
150 150s1. 150s1. Steady-State
150t4. 150¢t4. Transient, dt=_05s, 4 reactions
150t41. 150t41. Transient, dt=.01s, 4 reactions
150t42. 150t42. Transient, dt=.0025s, 4 reactions
300 300s1. 300s1. Steady-State
300t2. 300t2. Transient, dt=.05s, 2 reactions.
300t21. 300t21. Transient, dt=.01s, 2 reactions
300t22. 300¢22. Transient, dt=.0025s, 2 reactions
300t4. 300t4. Transient, dt=.05s, 4 reactions
300t41t, 300t41. Transient, dt=.01s, 4 reactions
300t42. 300t42. Transient, dt=.0025s, &4 reactions

Ventijation System (Path = /pulse/inlet)

Flammable g?s Volume Subdirectory Input/Results Number of Reactions

(ft ) Filename _

Ve 1Treact.75 101cvent 1

2react .75 101cvent 2

4react.?d 101cvent 4

150 4react.150 10tcvent 4

300 2react.300 101cvent 2

4react.300 101cvent &

This input and corresponding result files for the flammable-gas piume
burn and ventilation-system response analyses have been backed up onto a
8-mm tape for archival purposes and will be stored in the engineering task
specification file associated with these analyses (WFM-94-029).

E-2
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