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EXECUTIVE SUMMARY

Waste Control Specialists LLC (WCS) operates the Federal Waste Facility (FWF) in Texas
that is licensed to process and store certain types of mixed low-level radioactive waste
packages. The specific waste currently housed at WCS includes some of the transuranic
(TRU) waste that originated at the DOE Los Alamos National Laboratory (LANL) and are
destined for disposal at the DOE Waste Isolation Pilot Plant (WIPP) facility. The TRU
waste within each Standard Waste Box (SWB) was packaged in 55-gallon drums at LANL.
Some of the drums contain mixed organic and nitrate salt contents suspected of
experiencing a chemical reaction. The drums (up to four drums in a SWB) were then
overpacked in a SWB prior to shipment to WCS. In the most common configuration, WCS
placed the SWB containing the drums on metal pallets and stored two SWBs into Modular
Concrete Canisters (MCCs) in a double stacked array. The MCCs were placed in a
staggered array at a segregated area of the FWF and covered with sand to mitigate the
heating that occurred when stored above ground on waste pads. The temporary interment
is also intended to provide additional containment of the suspect reactive waste to mitigate
release of radioactivity in an incident such as that which occurred at WIPP for one such
drum. Void space of each MCC was filled with 1-inch pea gravel to facilitate retrievability.
Thermocouple probes were placed within each MCC to monitor heat generation from the
SWBs and the MCC lids were closed. The primary objective of this analysis was to
estimate the heat generation of the SWB drum contents when the SWB package
temperature inside the MCC and the FWF ambient temperature were monitored.

A three-dimensional steady-state computational approach was taken to achieve the
objective. The computational model was benchmarked for a simplified geometry
representing the waste heat dissipation for a retrievable underground waste package. The
benchmarking results demonstrated that the modeling results for temperature distribution
are in excellent agreement with the theoretical results to within about 0.1%.

The symmetrical boundary conditions for the modeling domain were used for
computational efficiency. The impact of the symmetry assumption was assessed in terms
of thermal evaluations by changing the asymmetrical geometry to the symmetrical one.
The assessment results showed that the thermal impact due to the symmetrical boundary
of the prototypic SWB geometry was found to be negligible.

The thermal calculations for the four different test periods as monitored by WCS were
made to estimate the heat source generated by the chemical reactions of the SWB
contents when the SWB wall temperature and ambient temperature of FWF for each of
the test cases were provided. The calculation results showed that the reaction heats for
the WCS drum contents ranged from about 3 watts to 20 watts when the surface
temperatures of the SWB stored inside the MCC container were monitored in the range of
88°F to 138° F under the solar condition. In addition, the sensitivity results showed that
when solar heat was included at the ground surface of the WCS facility, the calculated
temperature at the probe point reached the measured value for each of the test cases at
the SWB heat source about 16 watts lower than that of the case without the solar heat.
The sensitivity results for the soil temperatures of the domain boundary indicated that
when the soil temperature was 5°F lower than the nominal value of 68°F, total heat of the
SWB was estimated to be about 1 watt higher than the nominal one under the solar
condition. Changing the thermal conductivity of the waste from the assumed value of 0.65
W/m-K to the sensitivity value of 0.45 W/m-K results in a reduction of the reaction drum
heat of less than 0.5 watt for the test cases documented in this report.
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LIST OF ABBREVIATIONS AND NOMENCLATURE

Computational Fluid Dynamics
Federal Waste Facility

Los Alamos National Laboratory
Modular Concrete Canister
Standard Waste Box

Transuranic

Waste Control Specialists LLC
Wall surface area

Specific heat

Wall thickness

degrees Fahrenheit

British length unit (1 ft = 0.3048m)
Heat transfer coefficient

inch (1 inch = 0.0254m)

Thermal conductivity

Thermal conductivity for waste contents
Thermal conductivity for wall
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Absolute temperature

Ambient temperature

Maximum temperature

Surface temperature for inner wall
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Velocity along the i-direction (u for i = 1, v for i =2, and w for i =3 in case of
Cartesian coordinate system)

Volume of wall

Coordinate system (x fori =1, y for i =2, and z for i =3 in case of
Cartesian coordinate system)

Gravity term in momentum balance equation

Natural convection velocity

Gradient operator

Shear stress tensor or Stefan-Boltzmann constant (=5.670373 x 108
W/m2K#)

Surface emissivity

Ratio of local temperature to maximum temperature with respect to wall
temperature

Non-dimensional and local radial distance (=(r/(R+d))

Non-dimensional radial distance (=(R/(R+d))

Density
Ratio of thermal conductivities
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1.0 Introduction

Waste Control Specialists LLC (WCS) operates a facility in Texas that is licensed to
process and store certain types of mixed radioactive waste packages. The currently
stored waste includes some of the transuranic (TRU) waste that originated at the DOE
Los Alamos National Laboratory (LANL) and are destined for disposal at the DOE Waste
Isolation Pilot Plant (WIPP) facility. Prior to the 2014 WIPP incident of a fire with this type
of waste, WCS began receiving LANL TRU waste and intended to temporarily store the
LANL waste at the WCS facility. The TRU waste within each Standard Waste Box (SWB)
was packaged in Type A 55-gallon drums at LANL prior to shipment to WCS. WCS placed
some of the SWBs containing the drums of the identified LANL waste on metal pallets and
stored two SWBs into Modular Concrete Canisters (MCCs) in a double stacked array as
shown in Fig. 1. WCS also packed the material into larger MCCs containing up to four
SWBs. The current analysis focused on the MCC configuration containing two SWBs.

Figure 2 shows two SWBs separated by 4-inch metal pallet inside the cylindrical MCC
container. The void space of each MCC was filled with washed pea gravel to ensure
retrievability. Thermocouples were placed within each MCC to monitor heat generation
from the SWBs and the MCC lids were closed. The temperature in each MCC is monitored
to provide an indication for reactivity change of the WCS drums. As shown in Fig. 2, one
of the thermocouple probes for the temperature measurements of each SWB is located
on the side surface of the metal pallet between two stacked SWBs. All the thermocouples
were connected to a central location for daily monitoring. The MCCs were carefully moved
and placed in a staggered array at a segregated area of the FWF and covered with sand
to act like a filter should an exothermic event occur that compromises the drum and
potentially allows release of radioactive isotopes [1]. The staggered arrangements of the
MCCs are shown in Fig. 3. WCS then poured a one-foot, flowable sand layer around and
over the MCCs as shown in Fig. 2.

The primary objective of this work was to evaluate thermal performance for 55-gallon
drums stored in an enclosed SWB, located inside the underground MCC. The evaluation
uses a computational approach for a modeling domain as defined in an approximately
representative manner. For this work, symmetrical domain and lumped-source term
approaches were used for a computational efficiency.

Table 1 provides additional information on the modeling inputs and assumptions. Table 2
contains the assumed material and physical properties.
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2" Air gap

Back-filled gravel

6” MCC wall

4” Metal pallet
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Figure 1. Two SWBs containing heat generation sources inside a cylindrical MCC
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MCC wall
(6" thick)
MCC wall boundary:
6" thick and 80" inner diameter
No heat
No heat low
flow 4" thick metal pallet

Thermocouple
Probe

34" curvature
radius

(Top view of MCC)

Sand soil depth = 150"

Constant soil temperature
(Side view of modeling domain)

Solar heat: 340 watts/m? incoming solar heat, but 48% of the solar heat absorbed at the ground surface,
(Ref.:Data from NASA Earth Observatory)

Figure 2. Modeling domain and geometry including 4-inch metal pallet [3]
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Modeling domain
with symmetrical boundary

Figure 3. Top view of a staggered array of MCC containers

Table 1. Modeling conditions used for the calculations

Input Parameters

Modeling Data

Standard Waste Box
(SWB) geometry and
dimensions (See Fig. 1
and Fig. 2) [3]

Rectangular container
with round edges (Carbon
steel)

Inside: 36.56 in high, 68.75 in long,
52 in wide

Outside: 36.875 in high, 71 in long,
54.5 in wide

SWB contents

Salt solution

Modular Concrete
Canister (MCC) [3]

Cylindrical geometry
(Concrete)

Internal diameter: 80 in
Wall thickness: 6 in

MCC back-fill materials

Gravel

Burial depth of MCC [3]

12 in

as shown in Fig. 2

Back-fill material to the
ground level around MCC

Dry sand

Soil thermal penetration
depth

Annually averaged: ~150 in [2]

MCCs placement layout

Staggered array (See Fig. 3)

Ambient temperature
during storage

Measurement data provided by WCS

Solar heat above the
FWF ground surface

340 watts/m? heat flux for top ground surface (from NASA
Featured Article), and 48% absorbed at the ground surface [5]
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Table 2. Material and thermal properties used for the nominal steady-state calculations

Material Thermal conductivity Surface emissivity
(W/m-K)
Air layer [10] 0.0242 -
MCC (Concrete) [12] 1.4 -
Carbon steel (SWB drum) [11] 43 0.3
SWB contents* [4] 0.65 -
Dry sand [9,11] 0.25 0.76
Gravel (dry) [13] 0.4 -

Note:*0.45 W/m-K used for sensitivity calculation

2.0 Modeling Geometry and Approach

The computational heat transfer approach uses a commercial finite volume Computational
Fluid Dynamics (CFD) code, ANSYS-FLUENT™ [6], as a tool to create a prototypic
geometry file under a non-orthogonal mesh environment in the body-fitted coordinate
system. The geometrical dimensions of the WCS storage components and the modeling
domain are shown in Fig. 2. A three-dimensional modeling geometry was created and
meshed using the ANSYS preprocessor software. The computational volume of the
modeling domain is decomposed into component surfaces that allow greater mesh
accuracy and efficiency. In regions expected to experience larger temperature gradients
and/or increased material density gradients, the component surface is assigned a greater
mesh density to increase thermal solution accuracy. The gas-filled regions of the
container are examples of component surfaces with greater mesh density, as well as
regions on and near conducting/convecting/radiating surface boundaries. Conversely, the
mesh density is reduced on component surfaces expected to experience smaller
temperature gradients; such as the gravel portions of the MCC package and thick soil
layer surrounding the waste container. This approach to modeling and meshing the MCC
package decreases the computational time and increases the solution accuracy. As
shown in Fig. 3, the symmetrical and adiabatic boundary conditions for the modeling
domain were used for computational efficiency. The symmetry involved is approximately
the SWB with an equivalent cylinder volume. In this case, an asymmetrical impact of the
SWB geometry was assessed in terms of thermal evaluations by converting the
asymmetrical geometry to the symmetrical one as shown in Fig. 4. During the symmetrical
process, the package volume of the SWB was kept unchanged.
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MCC: 6" thick and
80" inner diameter

Equal area

34" radius
curvature

(Asymmetry) (Symmetry)

Figure 4. Symmetry process of asymmetrical SWB geometry inside MCC

The steady-state three-dimensional equation governing the heat transfer problem of the
SWB in the MCC under the Cartesian coordinate system is shown below.

When thermal evaluations are made for the MCC packages buried at the FWF, the steady-
state energy balance equation under the Cartesian coordinate system is applied as shown
below [3].

ot 3o or
cu- 2 syl 201k g 1t —g"=0
PLpU; ﬂx]- El{ ox; ( ox; dr i ]} q n

Natural convection term for the first term in Eq. (1) is neglected for a conservative estimate
because local air velocity u; induced by the air temperature gradient inside the enclosed

MCC container is assumed small. Scoping results show that the temperature change due
to the radiation heat flux term g, ; in the equation was found to be smaller than 0.2°C under

the current range of low-level energy sources.

The heat source term q’” is provided to the energy equation as a model input. Complete
setup of the modeling calculations requires the input parameters such as thermal and
material properties of the storage components, heat source term, boundary conditions,
and domain discretization, along with the established modeling domain and assumptions.
These are discussed subsequently.

2.1 Solution Approach and Assumptions

A three-dimensional steady-state CFD approach was taken for thermal evaluations of the
underground SWB package in the interim FWF storage facility. A prototypic package
geometry for the facility was modeled for the thermal calculations as shown in Fig. 2. As
shown in the figure, the facility consists of an array of cylindrical MCCs. Each MCC
contains two SWBs placed on a pallet in a double stacked array as shown in Fig. 1. Thus,
the cylindrical MCC has the upper and lower SWBs. Each SWB contains four drums of
waste contents at maximum loading. The heat source in each drum is the sum of two
contributions. They are radiolytic decay heat and reaction heat. The radiolytic heat is
essentially constant and independent of local temperature, while the reaction heat is
dependent on temperature and is directly related to the chemical reactions of salt waste

6
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contents. From the measurement records [8], the radiolytic heat sources are 1.689 watts
for the upper SWB and 1.163 watts for the lower SWB. The upper SWB contains only the
radiolytic heat without any mixed organic and nitrate salt drums suspected of chemical
reaction. Hence, the lower SWB has only two drums suspected as susceptible to
producing chemical reaction heat. For simplicity, this analysis assumes the drums are
reacting identically.

The primary objective of the work is to estimate the heat source resulting from the chemical
reactions of the drum contents contained in the SWB when the temperature of the SWB
wall surface along with ambient temperature is obtained by the thermocouple probe as
shown in Fig. 2.

Main approach and assumptions used for the present work are made as follows.

. All modeling calculations were based on quasi steady state conditions for each
respective time period calculated.

. Prototypic geometry for the WCS SWB storage facility was created and discretized by
using the boundary-fitted coordinate system under a three-dimensional CFD domain.

. The lower SWB has two 55-gallon drums containing identical reactive heat sources,
but the upper SWB has no reactive heat source.

. Heat source of waste contents is uniformly distributed over the entire domain of each
SWB.

. Solar heat was considered by using NASA data: 340 watts/m? and 48% of the heat
absorbed at the ground surface based on 12-hour period [5].

« Soil region below the SWB storage facility was included with 150-inch soil depth, and
the bottom boundary of the soil region could be kept constant, 68°F [2]. In this case,
another temperature of 63°F was applied to the soil boundary for the sensitivity
assessment of the calculated thermal source term for the waste contents.

. Material and thermal properties are assumed to be constant because this work is
applied to the low temperature gradient of TRU waste package.

« Heat flow to the adjacent MCC domain boundary was neglected for ease of
calculations, assuming MCCs to be placed in an infinite staggered array as shown in
Figs. 2 and 3. Thus, top region of the computational domain is cooled by natural
convection and radiation under ambient temperature [15], and the bottom region of the
domain is cooled down to an infinite heat sink of soil region.

Based on the solution approach and assumptions, a computational domain was defined
as shown in Fig. 2. A steady-state CFD solution method was applied to a discretized
domain of the prototypic MCC geometry in the body-fitted coordinate system to achieve
the objective. The resulting number of computational mesh nodes over the modeling
domain is approximately 260,000 nodes. Figure 5 illustrates the computational mesh over
the three-dimensional modeling domain containing two SWB geometries. As shown in the
figure, hexahedral computational meshes for the domain were used for the present
calculations.
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Figure 5. Computational meshes for a three-dimensional modeling domain

2.2 Modeling Cases and Boundary Conditions

For the modeling calculations, four different time periods were considered for the
assessment of the waste heat sources from measurement cases during the interim SWB
storage conditions as listed in Table 3. All of the cases are assumed to have all SWBs
uniformly loaded with the same waste contents and to maintain the FWF facility in dry
condition representative of the material and physical properties from Table 2. The lower
SWB is assumed to contain the heat source equivalent to two reactive drums. As shown
in Table 3, surface temperatures of a given SWB ranged from 88° F to 138°F, depending
on the monitoring period of the interior of the MCCs and ambient temperatures of FWF.

Figure 5 shows total number of discretized meshes for the modeling domain, which was
established as 2.6x10° mesh nodes for the present calculations. The boundary conditions
for the discretized computational domain of Fig. 2 are listed in Table 4. Typical
computational time for the current modeling domain required about a couple of hours when
four cpu’s were used in a parallel way under SRNL high performance computing platform.

For the calculations, a commercial CFD software, ANSYS-FLUENT [6], was applied to the
modeling domain. The benchmarking test related to the current thermal model was made
as a typical case representing a physically dominant cooling mechanism. It is also noted
that the software is separately benchmarked to meet the SRS software quality
requirements (referring to 1Q Manual, QAP 20-1) that consist of level-B Software Quality
Assurance Plan and a Test Plan that includes a number of problems and solutions from
text books, references, and the literature test results [7].
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Table 3. Modeling conditions for the measurement periods of MCC C-0271

Measurement cases

Measured values (Effective mean temperature)

Mean ambient air
temperature (°F)

Temperature at the probe point
between two SWBs (°F)

2Q-2014 74.0 138.1
3Q-2015 81.5 1111
4Q-2016 56.5 88.1
2Q-2017 72.0 106.5

Table 4. Quasi-steady state boundary conditions for the calculations

Components Modeling conditions
Domain side No heat flow at the side boundary of the modeling domain as
boundary shown in Fig. 3 and Fig. 4

Thermal penetration
depth into the dry
sandy soill

Annually ~150” depth (used for the present analysis) [2]

Domain bottom
boundary

Constant soil temperature (68°F) at the bottom boundary of the
modeling domain (150" beneath the bottom of MCC [2]) as
shown in Fig. 4

Top surface
boundary conditions

Ambient air temperature from data, 340 watts/m? heat flux for
top ground surface (from NASA data), and 48% absorbed at the
ground surface based on 12-hour period [5]

Measurement probe
location

Measurement data at the side mid-point of two SWB'’s pallet
layer (4” thick metal pallet) (See Fig. 2)

3.0 Benchmarking Test for the Thermal Model

A theoretical approach for steady-state conduction heat transfer of a multi-layered cylinder
containing a heat generation source g’ was taken to verify the present thermal model for
a simplified waste container with heat generation as shown in Fig. 6. These evaluations
were made to benchmark and verify the current model. The theoretical model was based
on one-dimensional approach. Under steady-state conditions, the energy balance of Eq.
(1) for the waste contents region with effective thermal conductivity k, .« becomes

kb,effva + q”l :O

(2)
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For the waste region with a uniformly distributed heat generation source q”’ as shown in
Fig. 8, Eqg. (2) becomes

2
dT , 1dT 9" 3)
drz r dr kb,eff

As boundary conditions, the following relations at the center and wall of the waste contents
region are applied to the above equation, Eqg. (3).

daT
Wr:OZO (4)
T(I’ = R):Ts (5)

After integrating Eqg. (3) and applying the boundary conditions, the radial temperature
distribution for the waste container with heat generation source q”’ becomes

T(r):TS+L(R2—r2) (0<r<R) (6)
4kb,eff

Equations governing the steel wall region (R <r < (R +d)) with no heat source (q"’=0) are

d’T  1dT

dr2  rdr

-0 (7)

Boundary conditions at the wall of the waste canister are

T(r=(R+d))-=T, (8)

and

q\'/lv :_kw d_T :hW(TW _Too)' (9)
dr | (r+d)

where d is the steel wall thickness of the waste container, and ky is thermal conductivity
of steel wall.

In Eq. (9) the wall heat flux (q,,) can be obtained by the energy balance between the heat

source and the heat sink when the volumetric heat source g is spatially uniform in
Region-I of Fig. 8. The resulting equation for the wall heat flux is

where Ay is the area of the wall and V,, is the volume of wall. Using Egs. (8), (9), and (10),
the radial temperature distribution of the container wall region with no heat source (q'’=0)
becomes

10
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T(r)=T +‘M(R+d)m(R+dj
v k

w r

""R?2 (R+d
W+q2kw In( : j (R<r<(R+d))

(11)
=T

The inner surface temperature of the container can be evaluated by Eq. (11). That is,

2
TS=TW+(gkR m(R;dj (12)

w

Region-Il: Wall region
of waste container

Region-I: Waste contents
with heat generation g’

T, (Region-I surface temperature)
T, (Region-Il wall surface temperature)

g’ (Heat generation rate per unit volume)

Figure 6. Graphical illustration of the thermal model of the simplified waste container
containing a heat generation source q'”.

From Egs. (6) and (12), the temperature of the waste region can be obtained in terms of
the ambient temperature.

~ q"R*) (R+d). a" (52 >
T(r)_TWJ{ 2k, Jh( R j+4kb,eﬁ (R r ) 4

At r = 0, maximum temperature difference (Tm — Tw) becomes

quZ R+d quZ
ST) = | 14
T —To) (ka ]n[ : j+4kb,eﬁ (14)

11
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When wall surface temperature is measured, the temperature distribution for the waste
region as shown in Fig. 6 can be non-dimensionalized in terms of the container wall
temperature difference (Tm -Tw) and the container radius (R+d) to examine the impacts of
the design parameters on the temperature distributions of the waste contents. Non-
dimensional parameters for radial distance and temperature are defined as follows:

r (T-Ty)

7](I‘)=(R+d) and Hzm (15)

Temperature and length scales are non-dimensionalized in terms of the temperature
difference (Tm -Tw) and the container radius (R+d) as shown in Eg. (15).

For a waste region (0 <7 <7y (= (led)j ), the non-dimensional temperature distribution

for the waste contents region can be obtained from Egs. (14) and (15).

o(m)=1 - [&](i}z (16)
0.54, —In(nR) IR

Non-dimensional number A« in Eqg. (16) is defined as the thermal conductivity ratio of the
container wall to waste contents region. That is

o= (17)

kb,eff

Thus, a very low value for the A number means that internal conduction resistance is
negligible in comparison with container wall resistance. This in turn implies that the waste
temperature will be nearly uniform throughout the container.

Thus, the non-dimensional temperature distributions for the waste contents can be
computed, and they can be compared with the steady-state calculation results to verify
the modeling predictions. In this case, the solution was obtained by solving the steady-
state energy balance equation in Eq. (2). Eq. (16) shows that the maximum temperature
gradient is closely related to the ratio of thermal conductivity for the container wall region
to the effective thermal conductivity of the waste contents as expected. For a given
geometry and wall cooling conditions, the effective thermal conductivity is found to be the
key parameter to control the maximum temperature difference between the waste
contents center and its wall.

When the thermal properties of the waste contents and concrete wall remain constant and
the volumetric heat load is 0.01 watts/liter for the purpose of benchmarking, the steady-
state temperature differences for the waste contents between the container center and
wall are compared for a given size of the waste container, 80 inches in diameter. The
heat load applied here is in the range of the SWB waste contents. Figure 7 shows
comparisons of theoretical values with the present modeling results for the verification of
the present thermal model. As compared in the figure, it is demonstrated that the
calculated results for the maximum temperature are in excellent agreement with the
theoretical results to within about 0.1%.
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Figure 7. Comparison of steady state results between the modeling and theoretical
results for the cylindrical waste container with 0.01 watts/liter heat load for the
model benchmarking (Note that non-dimensional parameters are defined in

Eq. (15)).

4.0 Results and Discussions

The benchmarking test for the current computational model was made as a typical case
representing the waste heat dissipation for a retrievable underground waste package
because the test case is closely related to the underground cooling mechanism of WCS
drums in an interim waste disposal facility of FWF. Based on the solution methodology
and the modeling assumptions as discussed earlier, a three-dimensional steady-state
CFD approach was taken to compute temperature distributions for the discretized
computational domain of the MCC region containing two SWBs as shown in Fig. 2. In this
work, boundary conditions provided in Table 4 were imposed on the modeling domain for
the thermal calculations of the modeling cases.

For the analysis, four time periods were selected for the modeling calculations from the
measurement data sets as shown in Table 3. As shown in the table, the effective mean
wall surface temperatures of the SWB package were determined 88 °F to 138 °F,
depending on the monitoring period of the interior of the MCCs and ambient temperatures
of FWF. The measurement probe inside the MCC is shown in Fig. 2. In the calculations,
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it is assumed that SWB is uniformly filled with waste contents. Each SWB stores four
drums at the most. The heat source in each drum is the sum of two contributions, radiolytic
decay heat and chemical reaction heat. The radiolytic heat is essentially constant and
independent of temperature, while the reaction heat depends on temperature and is
directly related to the chemical reactions of nitrate salts. The measurement records
indicate that total radiolytic decay heat (1.689 watts) for the upper SWB is slightly higher
than that of the lower SWB (1.163 watts). The upper SWB contains only the radiolytic
heat without any reaction heat. Only two drums of the lower SWB contain nitrate waste
salts mixed with organic, and they have the reaction heat. The objective of the work was
to estimate the heat source generated by the chemical reactions of the drum waste
contents contained in the lower SWB when the SWB wall surface temperature measured
by the thermocouple probe and ambient temperature of FWF are provided.

A first modeling case in Table 3, 2Q-2014, corresponds to the case of 138.1 °F for the side
surface of SWB and 74 °F for ambient temperature. For this case, the boundary conditions
as provided by Table 4 were applied to the computational domain of Fig. 5 to calculate the
corresponding SWB heat source. When solar heat was not considered during the
monitoring period, the steady state results for the 2Q-2014 case showed that the lower
SWB package with heat source of 57 watts reached the measured temperature 138.1 °F
at the probe point. For the MCC container containing two SWB packages under the 2Q-
2014 case with the solar condition, total heat generated by the lower SWB was calculated
to be about 40.5 watts including the radiolytic and reaction heats. Considering the
radiolytic heat of 1.163 watts, the drum reaction heat for the case 2Q-2014 can be
calculated by subtracting radiolytic heat from the calculated total heat source of 19.67
watts assuming two identical reactive drums. From the results, it is noted that when the
solar heat as provided in Table 4 was applied to the ground surface, the measured
temperature for the first case was reached at the SWB heat source about 16.5 watts lower
than that of the shaded case. Figure 8 compares the temperature profiles along the
vertical line crossing the temperature monitoring point of the SWB package for different
cases under the insulated condition. Table 5 summarizes the calculation results of total
SWB heats for all of the four measurement cases. Results of the drum reaction heats for
the four cases are presented in Table 6. Figure 9 compares the steady-state temperature
distributions for the vertical center plane between the 2Q-2014 cases with and without
solar heat on the ground surface when temperature probe indicates 138 °F in an ambient
temperature 74 °F. Fig. 10 compares the steady-state temperature distributions for the
vertical mid-plane among the four cases with solar heat at the ground surface. The results
for all of the modeling cases clearly indicate that the temperatures for the upper SWB are
much lower than those of the lower one because the upper one contains only the radiolytic
decay heat without any chemical reaction heat.

The symmetrical boundary conditions for the modeling domain were used for
computational efficiency. In this case, an asymmetrical impact of the SWB geometry was
assessed in terms of thermal performance by changing the asymmetrical geometry to the
symmetrical one as shown in Fig. 4. For the symmetrical process, the SWB volume was
kept unchanged for the same heat source. The test case of 2Q-2014 was chosen for the
impact assessment of symmetrical boundary on the thermal performance. Table 7
provides the results that the thermal impact due to the symmetrical boundary for the
asymmetrical SWB geometry was found to be negligible. For the analysis, a nominal soil
temperature of 68°F has been applied to the modeling domain boundary. For a sensitivity
anlaysis, a soil temperature 5°F lower than the nominal value was used to estimate the
impact of the thermal source term contained in the SWB package. As shown in Fig. 11,
the results indicate that when the lower SWB contains two identical reactive drums, total
heat of the SWB is predicted to be about 1 watt higher than the nominal one for the solar
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condition. Table 8 also shows a quantitative comparison for the two different soil
temperatures. The nominal analysis was performed, assuming bulk thermal conductivity
of the WCS salt contents to be 0.65 W/m-K. Thermal conductivity of 0.4 W/m-K for the
processed solid salt was previously used for WIPP technical assessment [14]. When the
bulk thermal conductivity of the waste is changed from 0.65 W/m-K to 0.45 W/m-K, total
raction heat of the lower SWB for all test cases is decreased by at the most 1 watt as
shown in Table 9. Figure 12 shows that this change makes the reaction drum heat shifted
to at most 0.5 watts. As compared in Table 10, maximum temperature of the SWB
package is increased by at the most 2°F when thermal conductivity of the SWB waste
contents shifts from the assumed value of 0.65 W/m-K to the sensitivity value of 0.45 W/m-
K.

From all of the modeling results, it is noted that the reaction heat for the WCS drum
contents ranges from 3 watts to 20 watts when the SWB surface temperatures stored
inside the interim MCC storage container are in the range of 88 °F to 138 °F.
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Figure 8. Temperature profiles for four different cases along the vertical line A-A’
crossing the temperature measurement probe of the SWB packages with solar
conditions
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Table 5. Results of modeling calculations for the test conditions
Measured values Modeling predictions
(Mean temperature)
Cases Ambient air | Temperature No solar heat Solar heat*
temperature | at the point
(°F) between two | Upper SWB | Lower SWB | Upper SWB | Lower SWB
SWB'’s (°F) heat** heat heat** heat source
(watts/SWB) | (watts/SWB) | (watts/SWB) | (watts/SWB)
2Q-2014 74.0 138.1 1.69 57.0 1.69 40.5
30Q-2015 81.5 1111 1.69 27.5 1.69 11.7
4Q-2016 56.5 88.1 1.69 24.0 1.69 6.8
2Q-2017 72.0 106.5 1.69 30.0 1.69 13.5

Note: *Solar heat source [5]
**The upper SWB does not contain any reaction heat source.

Table 6. Results of the calculated reaction heats of Lower SWB for the test conditions**

Measured values Modeling predictions (Solar heat**)
(Mean temperature)
Lower SWB heat source
Cases
Ambient Temp. at the point Total SWB Radiolytic heat Reaction heat*
air temp. | between two SWB'’s heat source (watts/SWB) (watts/drum)
(°F) (°F) (watts/SWB)

2Q-2014 74.0 138.1 40.5 1.16 19.67
3Q-2015 815 111.1 11.7 1.16 5.27
4Q-2016 56.5 88.1 6.8 1.16 2.82
2Q-2017 72.0 106.5 135 1.16 6.17

Note: **The upper SWB does not contain any reaction heat.
* The lower SWB contains two WCS 55-gallon drums with reaction heat source.
** Solar heat source [5]
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Figure 9. Comparison of the steady-state temperature distributions for the vertical mid
plane between the cases with and without solar heat on the ground surface
when temperature probe indicates 138 °F in an ambient temperature 74 °F
(2Q-2014).
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Figure 10. Comparison of the steady-state temperature distributions for the vertical mid-
plane among the four cases with solar heat at the ground surface. (All the color
codes are denoted in °F.)
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Table 7. Results of modeling calculations for the 2Q-2014 test case based on the

symmetrical model as shown in Fig. 4

Measured values

Modeling predictions

(Mean temperature) No solar heat Solar heat*
Cases Ambient air Temp at the point Lower SWB heat Lower SWB heat
temperature between two SWBs source source
(°F °F (watts/SWB) (watts/SWB)
2Q-2014 74.0 138.1 57.0 40.5
Note:* Solar heat source [5]
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Figure 11. Comparison of the reaction drum heats for two different soil boundary

temperatures

Table 8. Sensitivity results with repect to the nominal soil boundary condition of 68 °F as

provided in Table 4

Measured values
(Mean temperature)

Modeling predictions for the lower SWB
heat source*

Cases Ambient air Temp at the point | Nominal case: 68°F | Sensitivity case: 63°F
temperature | between two SWBs soil boundary soil boundary
(°F) °F) (watts/SWB) (watts/SWB)
2Q-2014 74.0 138.1 40.5 415
3Q-2015 815 111.1 11.7 12.8
4Q-2016 56.5 88.1 6.8 7.8
2Q-2017 72.0 106.5 135 14.5

Note:* Solar heat source [5]
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Table 9. Sensitivity results for reaction heats with respect to the assumed thermal
conductivity of waste contents (0.65 watts/m-K) under solar condition*

Measured values Modeling predictions for the lower SWB
(Mean temperature) heat source**
Cases Ambient air Temp. at the point Assumed case of Sensitivity case of
temperature | between two SWBs 0.65 watts/m-K 0.45 watts/m-K
(°F) °F (watts/SWB) (watts/SWB)

2Q-2014 74.0 138.1 40.5 395
3Q-2015 81.5 1111 11.7 11.5
4Q-2016 56.5 88.1 6.8 6.6
2Q-2017 72.0 106.5 13.5 13.2

Note:* Solar heat source [5]

**The upper SWB does not contain any reaction heat source.
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Figure 12. Comparison of the reaction drum heats for two different thermal conductivities
of waste contents
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Table 10. Sensitivity results for maximum temperatures with respect to the assumed
thermal conductivity of waste contents (0.65 watts/m-K) under solar condition*

Measured values Modeling predictions for maximum
(Mean temperature) temperature
Cases Ambient air Temp at the point Assumed case of Sensitivity case of
temperature | between two SWBs 0.65 watts/m-K 0.45 watts/m-K
(°F) (°F) (°F) (°F)
2Q-2014 74.0 138.1 144.5 146.3
3Q-2015 81.5 1111 111.9 112.3
4Q-2016 56.5 88.1 88.8 89.0
2Q-2017 72.0 106.5 107.8 108.3

Note:* Solar heat source [5]

5.0 Conclusions

Three-dimensional steady-state CFD models were developed for thermal evaluations of
the WCS drums when two SWBs are placed in an MCC. The primary objective of the
work was to estimate the thermal heat source when WCS monitors the SWB package
inside an interim storage facility of the MCC. Based on the basic modeling domain defined
in Fig. 2 and the boundary conditions provided in Table 4, thermal calculations for four
different test cases of SWBs in an MCC were made to estimate the heat source generated
by the chemical reactions of the drum contents contained in the SWB when the SWB walll
temperature measured by the thermocouple probe and ambient temperature of FWF are
provided.

The computational model was benchmarked for a typical case representing the waste heat
dissipation for a retrievable underground waste package because the test case is closely
related to the underground cooling mechanism of WCS drums in an interim waste disposal
facility of FWF. The results demonstrated that the modeling results are in excellent
agreement with the theoretical results to within about 0.01%.

The symmetrical boundary conditions for the modeling domain were used for
computational efficiency. In this case, an asymmetrical impact of the SWB geometry was
assessed in terms of thermal performance by changing the asymmetrical geometry to the
symmetrical one. For the symmetrical process, the SWB volume was kept unchanged for
the same heat source. The assessment results show that thermal impact due to the
symmetrical boundary of the prototypic SWB geometry was found to be negligible.

Based on the solution methodology and modeling conditions as benchmarked here, the
performance results for the 2Q-2014 case showed that total heat source of 41 watts for
waste contents of the lower SWB resulted in its wall temperature of 138 °F at ambient
temperature of 74 °F during the insolated storage condition. When solar heat was not
considered during the monitoring period, the steady state results for this case showed that
the SWB package with heat source of 57 watts reached the measured temperature 138.1
°F at the probe point. It is noted that when the solar heat as provided in Table 4 was
applied to the FWF ground surface, the measured temperature for the same case was
reached at the SWB heat source about 16 watts lower than that of the shaded case. From
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the thermal evaluations, it is noted that the reaction heat for the WCS drum contents
ranges from about 3 watts to 20 watts when the SWB surface temperatures stored inside
the interim MCC storage facility are in the range of 88 °F to 138 °F under solar condition.

When the thermal conductivity of the drum waste is changed from the assumed value of
0.65 W/m-K to the sensitivity value of 0.45 W/m-K, the raction heat of the WCS drum for
the test cases done here results in no more than 0.5 watts smaller than the nominal value.
The sensitivity results for the soil temperatures at the boundary indicated that when the
soil temperature was 5°F lower than the nominal value, total heat of the lower SWB was
estimated to be about 1 watt higher than the nominal one for the insolated condition.
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