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Executive Summary

Retrieval operations that are planned for the waste that is currently stored in the aging
waste facility at Hanford include the use of mixer pumps to mobilize the sludge in the
tanks. These mixer pumps will dissipate power in the waste at levels that are well in
excess of the power provided by the radioactive decay heat from the waste in the tanks.
Use of these mixer pumps may also result in an eventual alteration of the waste geometry
to a configuration that is less favorable for heat removal than the current configuration.

This report describes a series of analyses that have been performed to investigate the
effect of these mixer pumps on the temperatures of the waste in these tanks when
subjected to a specific mixing and resettling scenario. These analyses have been
performed to support a specific subset of the alternatives identified in an alternatives
generation and analysis study. The two alternatives that are supported by this report are
use of the primary (dome) ventilation system, and use of the secondary (annulus)
ventilation system to keep the waste temperatures at a level that is allowed by the current
tank farms waste temperature controls.

These analyses were performed by the use of the computer code GOTH_SNF. This
computer code has been developed as a simulation tool to address general thermal
hydraulic problems. Application of it to tank specific problems benefits from a long
history of use for performing similar analyses. The results of this type of simulation have
been successfully benchmarked against actual tank temperature data for a series of
similar projects. Most recently in support of the successful sluicing of the contents of
single shell tank 241-C-106 and the subsequent transfer of the contents to double shell
tank (DST) 241-AY-102,

There are four double shelled tanks in the aging waste facility, two each in both the AY
and the AZ tank farms. From this list of candidate tanks a bounding case tank was
selected from each farm. The tanks that were selected as bounding for the scenario
analyzed were 241-AY-102 and 241-AZ-102. A detailed set of input parameters and
specifications were developed to facilitate the analysis of these two tanks

The input parameters for these simulations consist of the waste transport properties and
definition of the decay heat load in each tank as well as information concerning the tank
geometry, ventilation system configuration, and mixer pump power. The code models
the tank and ancillary systems as a series of lumped parameter nodes connected together.
The connections transmit either mass or energy between the nodes and so the heat and
mass transfer processes that are important to definition of the tank waste temperature are
simulated. The results of these simulations are checked against the criteria defined by the
tank farms waste temperature controls and appropriate adjustments made to the model
boundary conditions that represent the ventilation systems performance until the criteria
is met by the results of the simulation.

Specification of the boundary conditions to be used for the simulations, such as ambient
air temperature, also has a marked effect of the results. One of the characteristics that is




RPP-5637
Rev. 0

important to the overall prediction of the tank transient thermal response is the heat
storage capacity of both the waste in the tank and the earth surrounding the tank. This is
of a large enough magnitude to significantly damp the annual cyclic variation of ambient
temperatures from winter to summer. The values that have been specified for these input
parameters have been defined to give conservative temperatures.

The heat sink for both the pump heat developed in the tanks and the radioactive decay
heat is the atmosphere. The models that were developed for this simulation faithfully
simulate the detailed physics of this rejection mechanism. The consequence of this
fidelity to detail is that specification of the ambient temperature to be used as a boundary
condition has a first order effect on the calculated waste temperatures. A constant
temperature of 28 °C (82 °F) was used for this parameter. This is consistent with
conditions at the hottest time of the year for a hot year.

Another parameter that has a significant effect on the results is the fluffed sludge height.
This parameter is proportional to the increased conduction length path that will result in
sludge temperatures that may challenge the current tank farms waste temperature controls
when the waste settles after mixing. Different approaches were used to define this
parameter for the two bounding case tanks. This was defined as a simple multiplier of
two for the sludge in 241-AZ-102. This value was defined in a different manner for
241-AY-102. The bulk of the sludge in this tank was recently transferred to the tank as a
result of the sluicing of tank 241-C-106. This was transferred in approximately one-foot
increments. A continuous record of the sludge height during this transfer operation 1s
available. The pre-sluice sludge depth was fluffed by a factor of two and summed with
the initial incremental change in sludge height associated with each transfer to arrive at a
value to use for the fluffed sludge height for this tank. Once the pumps were turned off’
during the analysis scenario the particles were assumed to settle at a defined rate. When
the non-convective layer of sludge reached the pre-defined fluffed layer depth it was
assumed that no further settling occurred.

The results of these analyses show that the temperatures of the waste will remain within
the current criteria defined by the tank farms waste temperature controls for tank
241-AY-102 when the ventilation system flows are maintained at a rate of 0.236 m3/s
(500 ft3/min) for the primary side and 0.472 m3/s (1,000 ft3/min) for the annulus side,
and the inlet conditions are consistent with the defined ambient temperature conditions.

The results of these analyses show that in order to keep the temperatures of the waste
within the current criteria defined by the tank farms waste temperature controls for tank
241-AZ-102, ventilation system flows of 0.236 m3/s (500 ft3/min) for the primary side
are adequate. However the annulus side must be increased to 0.944 m3/s (2,000 ft3/min),
and the inlet conditions temperature for the annulus must be chilled to 4 °C (40 °F).

One other result that is derived from these analyses is that the primary vent system must

have the capability to remove (by condensation) approximately 0.000189 m’/s
(3 gal/min).

o-ii
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1.0 INTRODUCTION

The Waste Feed Delivery (WFD) program is responsible for delivering waste from the double
shell tanks to a private contractor facility (BNFL) where the waste will be converted into a form
appropriate for long-term storage. Four of the double shell tanks planned for delivery of high-
level waste (HLW) to BNFL are the aging waste facility tanks (241-AY-101 and —102, and 241-
AZ-101 and —102). These tanks contain waste with relatively high concentrations of
radioisotopes, which produce decay heat. Additionally, the tanks are to be mixed prior to
delivery to mobilize waste sludge, and the mixing process also adds a large quantity of heat to
the waste.

A technical safety requirement (TSR) is imposed by HNF-SD-WM-TSR-006 to avoid the tank-
bump accident, which is assumed to occur at saturation temperature. Currently, this TSR
includes both a safety limit for waste temperature of <121°C (250°F), and a related limiting
condition of operation (L.CO 3.3.2), which establishes temperature limit controls for double shell
tanks (DSTs).

The WFD program must ensure that the safety limit is not exceeded during waste retrieval
activities. Additionally, the WFD program should avoid exceeding the L.CO temperature to
prevent operational limitations. This study predicts the temperature response of the waste under
different operational scenarios of the primary and annulus ventilation systems (combinations of
inlet temperatures and flow rates). The study addresses operation of the mixer pumps to
mobilize and suspend the solids and the re-settling of the solids after the mixer pumps have been
turned off, Supporting documentation, related correspondence, and model generation notebooks
are provided in Appendices A through F.

Two waste tanks, 241-AY-102 and 241-AZ-102, were selected to represent the HLW tanks in the
analyses because the combination of radioactive decay heat rate and sludge depth in these tanks
bound the maximum sludge temperature potential in the HLW tanks. Ventilation system
performance for the two alternatives was evaluated relative to the TSR Limiting Conditions for
Operation (LLCO) temperature limits. Ventilation system flow rate and inlet conditions that
satisfy the LCO limits were established for each alternative.

The analyses were performed using the GOTH_SNF computer program. Thisis a
general-purpose, thermal-hydraulics computer program developed by John Marvin, Inc. (JMI).
The current version and the predecessor program GOTH have been used extensively at Hanford
and other U.S. Department of Energy sites and in the commercial nuclear industry for design and
safety analyses. The models incorporate lumped-parameter and distributed-parameter volumes,
heat conductors, and flow and pressure boundary conditions to provide a one-dimensional model
of tanks 241-AY-102 and 241-AZ-102.
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2.0 SUMMARY OF RESULTS

Parametric thermal analyses were performed to evaluate the need for primary-side and
annulus-side ventilation system operation or upgrades to maintain waste temperatures below
specified temperature limits during retrieval operations in the HLW tanks. The results of these
thermal analyses performed on the bounding case tank for each of the two tank farms under
consideration are summarized in the following sections.

2.1 TANK 241-AY-102

A thermal evaluation of the primary-side ventilation system was performed for steady-state
mixer pump operation. The analyses demonstrated that a primary ventilation system flow rate of
0.236 m*/s [500 ft*/min] (once-through ambient air) is adequate to maintain the mixed-waste
temperature below the temperature limit of 90.6 °C (195 °F). The primary ventilation system, in
concert with the annulus ventilation system, will maintain resettled waste temperatures below the
temperature limit of 101.7 °C (215 °F).

A thermal evaluation of the annulus-side ventilation system was performed for the mixer pump
operation and subsequent waste resettling. The evaluation demonstrated that a ventilation
system flow rate of 0.472 m>/s [1,000 ft*/min] (ambient air) is adequate to maintain mixed-waste
temperatures below the mixed-waste temperature limit and to maintain the resettled-waste
temperature below the settled-waste temperature limit. It was also shown that without
annulus-side ventilation the initial settled-waste temperatures before mixer pump operation
exceeds the applicable temperature imit of 101.7 °C (215 °F).

2.2 TANK241-AZ-102

A thermal evaluation of the primary-side ventilation system was performed for steady-state
mixer pumg) operation. The analyses demonstrated that a primary ventilation system flow rate
of 0.236 m’/s [S00 ft’/min| (once-through ambient air) is adequate to maintain the mixed-waste

temperature below the temperature criteria of 90.6 °C (195 °F).

The analyses were also performed without annulus-side ventilation. The initial settled-waste
temperatures before mixer pump operation and the steady-state mixed-waste temperatures did
not exceed the temperature limits. However, the steady-state resettled-waste temperatures
following mixer pump operation exceeded the applicable temperature himit of 101.7 °C (215 °F).

Parametric analyses of the annulus-side ventilation system was performed for mixer pump
operation and subsequent waste resettling. The evaluation demonstrated that the annulus
ventilation system flow rate of 0.472 m>/s [1,000 ft’/min] (ambient air) is not adequate to
maintain the resettled waste temperature below the temperature limit of 101.7 °C (215 °F).
Further analysis demonstrated that 0.944 m’/s (2,000 ft3/min) flow of chilled 4.4 °C (40 °F) will
maintain the resettled-waste temperatures (following steady-state pump operation) below the
applicable temperature limit.
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Conservative values were intentionally specified for selected input parameters to bound
uncertainties in input parameters and the thermal analyses. Reduction of this conservatism
would reduce the predicted maximum temperatures and reduce them below the temperature Jimit

of 101.7 °C (215 °F} at lower annulus flow rates using ambient inlet air.
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31 MAXIMUM WASTE TEMPERATURE
CRITERIA

The AGA provides a preferred alternative configuration that satisfies the TSR criteria — LCOs
and Safety Limits (SL) — in all conditions of normal operation.

The temperature limits in Table 3-1 were applied as constraints during this study. It has been
assumed that the same temperature limits will apply during retrieval operations. However, it 1s
possible that temperature criteria will be established in the future, specifically for retrieval
operations in the HLW tanks.

Table 3-1. Applicable Temperature Criteria

Waste Condition Limiting Control Setting/ Temperature
Limiting Condition of
Operation
Mixed Waste (fully mixed by | 3.3.2.a T £90.6 °C (195 °F) (in all
in-tank mixer pump) levels of the waste)
Settled Waste (both before 3320 T <£90.6 °C (195 °F) (in the
mixing and after mixing) top 4.57 m [15 ft] of waste)
T <101.7 °C (215 °F) (in the
waste below 4.57 m [15 ft])

Note: Double-shell tanks typically operate with a waste level of 9.14 m (30 fi).

3.2 PARAMETRIC ANALYSES DESCRIPTION

3.2.1 Parametric Study Cases

Both primary-side and annulus-side ventilation system enhancements were considered for the
AGA parametric analyses. For each case, ventilation system flow rate and inlet conditions were
identified. The scenario defined as characteristic of expected retrieval operations consisted of
mixing of the waste until the transient temperature rise resulting from the mixer pump power
input was nearly completed and then removing the pump input power and allowing the waste to
resettle. This scenario was then evaluated by thermal analyses. The results were compared with
the temperature criteria established in Section 3.1. Predicted temperature profiles are shown
schematically in Figure 3-1. If the predicted waste temperatures exceeded the temperature
criteria, parametric analyses were performed to identify primary-side or annulus-side ventilation
enhancements required to maintain the waste temperatures below the appropriate temperature
limits throughout the scenario.
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3.2.2 Parametric Study Analysis Sequence

The initial settled waste steady state and the subsequent scenario appropriate for retrieval
operation were evaluated by the AGA parametric studies. These are described in the following:

Temperature of waste before operation of the mixer pumps (Figure 3-2, Start of
Region 1). A steady-state analysis was performed to determine the initial steady-state
temperatures of the sludge and supernatant. The steady-state supernatant (Figure 3-1, T),
and the maximum settled-waste temperature (Figure 3-1, T:) will be compared with the
LCS/LCO 3.3.2.b temperature criterion. Tj is the temperature that is used as an initial
condition for the pump-mixing transient. This is the instantaneously mixed waste
temperature and is defined as a volume averaged temperature of the total tank contents.

Temperature of mixed waste during pump operation (Figure 3-2, Region 1). During
retrieval operations, mixer pumps will mobilize and mix the settled sludge. The sludge
and supernatant will be fully mixed. T; is the mixed-waste temperature without any
pump heat. This represents the minimum mixed-waste temperature. As mixer pumps
continue to operate, the mixed-waste temperature approaches a higher steady-state
temperature as shown in Figure 3-2, Region 1. The mixed-waste temperature for
steady-state pump operation (Figure 3-1, T4) 1s the maximum mixed-waste temperature
during retrieval operations. Both T3 and T4 will be evaluated and compared with
LSC/LCO 3.3.2.a (discussed in Section 3.1). A typical temperature history plot for
region 1 of the analysis is shown in Figure 3-2.
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Figure 3-2.  Analyses Regions.
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Temperature of the resettled waste following mixer pump operation (Figure 3-2,
Region 2). Following pump operation the waste is allowed to resettle. Representative
times for this to occur in the tanks being studied are on the order of 1-2 weeks. The
response of both the supernatant hiquid (figure 3-1, T,”) and the resettling sludge
(designated T,”) This would result in elevated temperature of the supernatant in
conjunction with elevated temperatures in the settled waste. The most limiting condition
is waste resettling after the mixed-waste temperature reaches steady state during pump
operation. The temperature of the supernatant (Figure 3-1, T';) and maximum
temperature of the settled-waste (Figure 3-1, T’;) are evaluated with thermal analyses and
compared with the LCS/LCO 3.3.2.b temperature criteria.

Temperature rise on loss of ventilation systems (Figure 3-2, Region 3). The resettled-
waste temperature T'; is higher than initial settled-waste temperature of T. Thisisa
result of waste fluffing, which results in a greater waste depth after resettling. If the
ventilation systems fail to operate an additional analysis of the resettled-waste condition
determined the time required for the maximum temperature of the settled waste to reach
boiling (steam saturation conditions). This time was compared with anticipated
ventilation system recovery times (Appendices E and F). The recovery time comparison
was intended only as a preliminary evaluation of the potential consequence of operating
with settled-waste temperatures near the LCO temperature limits. Parametric analyses
were performed when the time to boiling was shorter than the expected recovery time.

PARAMETRIC STUDY INPUT
PARAMETERS

The input parameters used for the GOTH_SNF model are provided in Appendix B. The input
parameters are summarized in Section 3.3.1, and the conservatism of selected parameter is
discussed in Section 3.3.2.

3.3.1 Summary of Input Parameters

The GOTH SNF input parameters can be grouped into four categories. These categories and
associated input parameters are summarized in Table 3-2.
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Table 3-2. Description of Input Parameters.
Category Input Parameters
Waste and Supernatant Liquid Properties Supernatant Liquid density, heat capacity, thermal conductivity

Supernatant Liquid vapor suppression

Particle size, density, heat capacity, thermal conductivity
Particle volume fraction

Sludge thermal conductivity model

Sludge fluffing factor after mixing and resettling

Sludge and Supernatant Liquid volumes

Tank Heat Load Supernatant Liquid
Sludge
Pump heat
Ambient Air Boundary Conditions Temperature
Humidity
Tank Geometry and Ventilation System Ventilation system configuration
Characteristics Primary (Dome) system flows

Annulus (Secondary) system flows
Annulus flow channel configuration
Sludge Depth

Supernatant Liquid Depth

The GOTH SNF input parameters for Tank 241-AZ-102 are discussed in Appendix B and
summarized in Table B3-1: The GOTH_SNF input parameters for Tank 241-AY-102 are
discussed in Appendix B and summarized in Table B4-1.

Most of the values shown in the tables are best-estimate values. However, conservative values
were chosen for selected input parameters to bound uncertainty in the thermal analyses. These
are discussed in the next section.

Definition of the configuration and boundary conditions associated with the ventilation systems
includes the nominal configuration for both the primary-side and annulus-side ventilation and
definjtion of an enhanced configuration. The enhanced configurations selected exceed the
current capabilities of the systems, but are judged to be within the scope of ventilation system
upgrades that have been done for similar tank ventilation systems.

The nominal configuration for the primary-side is based on the AZ-702 ventilation system. This
provides up to 0.236 m*/s (500-ft*/min) ambient airflow in a once-through mode. The enhanced
mode for the primary-side ventilation is 0.047 m?’/s (100 ft/min) once-through ambient air and
0.189 mi’/s (400 ft’/min) recirculation flow with 4.4 °C (40 °F)chilled air. To achieve the
capabilities defined as the enhanced configuration for the 702-AZ system replacement or
augmentation of the existing latent heat cooling tower system with a refrigerated system will be
required.

It is assumed in all cases that the configuration of the annulus system is such that the total system
flow is discharged into the central plenum under the tank and then flows through the slots in the
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concrete under the tank primary shell. The nominal flow for the annulus-side ventilation is based
on the tank 241-AY-102 measured flow data. The system is currently operating near 0.401 m®/s
(850 ft*/min). However, the measured flow has exceeded 0.472 m*/s (1,000 ft’/min).

The enhanced mode for the annulus-side ventilation is a flow rate up to 0.944 m*/s

(2,000 f£*/min) with inlet chilled air at 4.4 °C (40 °F). Configuration of the annulus system to
achieve the capabilities defined as enhanced will require that the existing blower be either
upgraded or replaced. The system must be capable of providing sufficient differential pressure
to raise the system flow to the enhanced value. In addition to flow rate enhancements an inlet
chiller must be provided to cool the inlet air stream to 4.4 °C (40 °F).

3.3.2 Input Parameter Conservatism

Conservative values were used for selected input parameters. This conservatism resulted in
conservative waste temperatures. This conservatism was included to bound uncertainty in the
best-estimate input parameters and uncertainty in the thermal analyses.

A conservative thermal conductivity model was used for the sludge. The thermal conductivity’s
in tables B3-1 and B4-1 for aqueous and solids are best-estimate values. A mathematical model
must be used to determine the thermal conductivity of the particle-liquid mixture. Figure 3-3
shows the waste thermal conductivity as a function of particle volume fraction for three thermal
conductivity models. The values shown in the figure are based on the aqueous and solid
conductivity’s in tables B3-1 and B4-1. The parallel model represents the theoretical upper limit
for the waste thermal conductivity. The Maxwell model represents a best-estimate, waste
thermal conductivity. The Series model is the theoretical lower limit for waste thermal
conductivity, The Series model was selected for the AGA parametric analyses. The
conservatism of this model for tank 241-AY-102 is shown by the benchmark analyses

(Section 4.2). The lower thermal conductivity results in higher maximum waste temperatures.
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Figure 3-3.  Thermal Conductivity Models.
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Conservative values were selected for the ambient air boundary conditions. Constant values
were selected for the ambient air boundary conditions (temperature and humidity). The 30-year
daily average ambient temperature is shown in Figure 3-4. The figure shows the annual variation
in temperature. The conservative constant temperature used for the parametric analyses is shown
in the figure. This value exceeds the maximum value for the 30-year average daily temperature.
In addition, the analyses assume a constant value. The actual ambient temperature only remains
near the maximum temperature for a few weeks so that the tank temperatures do not reach steady
state for the maximum seasonal temperature. Thus, the ambient temperature is conservative in
both magnitude and duration.

12




RPP-5637
Rev. 0

Figure 3-4.  Ambient 30-Year Average Daily Temperature.

90

Temperature (oF)

® 30 year average data

Conservative Constant Value e e e

An additional conservatism in the input parameters is the constant resettled-waste fluffing factor.
Waste, which has been mixed through the operation of the mixer pumps, and then allowed to
settle, will settle to a waste height that is greater than the initial settled-waste height. The ratio of
the resettled-waste height to the initial waste height is the fluffing factor. The waste will begin to
compact after the initial settling of the waste. This can be observed in the tank 241-AY-102
waste level data discussed in Section 4.2.1. The parametric analyses assumed that the fluffing
factor was constant (i.c., no compaction occurs). This results in a larger waste depth and a
conservative prediction of settled-waste temperature.

The conservatism of the thermal conductivity model, ambient air temperature, and fluffing factor

treatment result in conservative prediction of waste temperatures. This conservatism is intended
to bound uncertainties in these input parameters and uncertainties in the thermal analyses.
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4.0 PARAMETRIC ANALYSES MODEL

4.1 GOTH_SNF MODEL DESCRIPTION

4.1.1 GOTH_SNF Computer Program

The GOTH_SNF is a general-purpose, thermal-hydraulics computer program developed by
John Marvin, Inc. (JMI). The current version and the predecessor program GOTH have been
used extensively at Hanford and other U.S. Department of Energy sites and in the commercial
nuclear industry for design, safety, and operations analyses (Thurgood 1999a and 1999b).
GOTH_SNF has been verified and validated and is controlled through the JMI Quality
Assurance Program (Thurgood and Ogden 1999).

4.1.2 GOTH_SNF Waste Tank Model

4.1.2.1 General Description. Schematics of the GOTH_SNF basic model used for the
benchmark analyses and AGA alternative study are shown in Figures 4-1 and 4-2. The model
incorporates lumped-parameter and distributed-parameter volumes, heat conductors, and flow
and pressure boundary conditions to provide a one-dimensional model of tanks 241-AY-102 and
241-AZ-102. The basic model is applied to both waste tanks. The models differ only in the
certain tank-specific parameters, which include ventilation flow rates, waste geometry/properties
and floor annulus configuration.

The volume inside the tank inner liner is modeled as GOTH_SNF Volume 1s. Thisisa
distributed parameter volume with a one-dimensional model of the waste, supernatant, and dome
space. The noding scheme for Volume 1s for tank 241-AY-102 is shown in Figure 4-2.
GOTH_SNF control Volume 2 corresponds to the flow volume of the annulus system, in the
floor of the tank. The flow volume in the annulus ventilation system, between the steel inner
liner and outer liner, is modeled with control Volume 3. Volume 5 models the inlet annulus
piping. This includes the drop-legs in the wall annulus region and the horizontal runs of piping
leading to the center of the tank. Control Volume 4 shown in Figure 4-1, physically corresponds
to the piping volume of the primary ventilation system downstream of the tank outlet. The
GOTH_SNF model uses this volume only for condensing water vapor, which is returned through
Valve 1 to the top of the waste in volume 1.

The GOTH_SNF model treats the tank waste and supernatant liquid as fluid volumes with
conduction heat transfer, when the mixer pumps are not operating. Other thermal masses
associated with the waste tanks are modeled with one-dimensional thermal conductors. The soil
directly above the tank is modeled with a one-dimensional wall conductor (thermal conductor 6)
shown in Figure 4-1. The thickness of this conductor corresponds to the average soil depth
above the tank. This conductor uses the ambient temperatures for the top surface and calculated
dome temperatures for the bottom surface.
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Figure 4-1.  GOTH_SNF Model Schematic.
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The soil surrounding the tank side is modeled with tube thermal conductor 5. The inside of the
tube is connected to the wall annulus (Volume 3). The thickness of the tube conductor
corresponds to the mid-point between the modeled tank and the surrounding tanks. The thermal
conductor boundary is assumed adiabatic for the outside surface of the tube conductor.

The soil below the tank is modeled with a one-dimensional wall conductor (thermal

conductor 4). The thickness of this conductor is 61.0 m (200 ft), corresponding to the
approximate distance to the water table below the tanks. A constant 12 °C (54 °F) temperature is
used for this surface of the thermal conductor. This is the average annual ambient temperature,
and therefore the soil temperature at a distance removed from the tanks.

The steel plates of the inner liner are modeled with three conductors. Thermal conductor 1
corresponds with the bottom plate, whereas conductors 2 and 3 model the side wall liner.
Thermal conductor 8, shown in Figure 4-1, is not related to any of the physical features of the
tanks. It is used to condense vapor from the tank outlet flow and returm it through valve 1 to the
supernatant liquid pool. This maintains the pool level at a constant value.
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Figure 4-2.  GOTH_SNF One-Dimensional - Tank Volume.
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The GOTH_SNF model uses the boundary condition component to establish the temperature,
humidity, and ventilation flow rates for the primary and annulus ventilation systems. Boundary
conditions 1P and 3P, shown in Figure 4-1, define the ambient temperature and humidity
conditions discussed in Section 3.3.

The primary and annulus flow conditions are modeled with flow boundary conditions 5F and 4F
as shown in Figure 4-1.

Flow boundary condition 9F shown in Figure 4-1 is used to model the mixer pump flow. Liquid
is drawn from the supematant pool and injected into the bottom level of waste. This provides a
mixing of the settled waste. The heat associated with the operation of the pumps is modeled with
a GOTH_SNF heater component shown in Figure 4-2. This component is located near the
middle of the supernatant pool.
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Figure 4-1 shows the flow connectors used in the GOTH_SNF model. These flow connectors
connect the control volumes using flow areas representative of the physical flow area of the tank
ventilation system.

4.1.2.2 Annulus Floor Heat Transfer Model. Figure 4-3 shows a schematic of the annulus
ventilation flow channel configuration for Tank 241-AZ-102. There are three radial regions of
the tank floor. The number of cooling slots doubles for each radial region and the distance
between cooling slots increases. The channel side and top surfaces are available for heat transfer
to the waste. The cooling slot cross-section area varies in size from 3.8 cm (1.5 in.) by 7.6 cm (3
in.) for the inner region to 3.8 cm (1.5 in.) by 3.8 cm (1.5 in.) for the outer region.

The floor channel-cooling configuration is modeled by averaging the forced flow heat transfer
coefficient (Dittins-Boelter Correlation [Bird et al. 1960]) for the three regions of the tank. Only
the top channel surface area is modeled for heat transfer. Using this minimum surface area helps
offset the conduction distance between cooling slots. This heat transfer model will be
benchmarked with tank data.

Figure 4-3.  Annulus Ventilation Floor Slot Configuration.
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4.2 BENCHMARK ANALYSES

4.2.1 Benchmark Data

Figure 4-4 shows an overview of the location of the waste level and temperature instruments for
Tank 241-AY-102. The temperature data include:

¢ Bottom Waste Temperatures:

The bottom waste temperatures are measured by thermocouples located on thermocouple
trees existing in the tank before the initiation of Project W-320. The thermocouples are
located approximately 7.6 cm (3 in.) from the tank floor. In addition, each airlift circulator
{ALC) in Tank 241-AY-102 included a thermocouple also located 7.6 cm (3 in) from the
tank floor.

o Insulating Concrete Temperatures:

The tank floor is instrumented with thermocouples imbedded in the insulating concrete below
the tank liner. These thermocouples are located at three radial locations, approximately 2.13,
6.40, and 11.0 m (7, 21, and 36 ft} from the tank centerline. These are identified as “bottom

temps” in the legend of Figure 4-4.

o  Multifunction-Instrument Tree:

A multifunction instrument tree (MIT) was installed in Tank 241-AY-102 for Project W-320.
The MIT provides measurement of the axial temperature profile within the waste and
supernatant pool and dome space. This i1s shown at the bottom center of Figure 4-4.

e Enraf-Nonius Series 854 (Enraf) Level:

The waste level for Tank 241-AY-102 is measured by the Enraf gauge located midway
between the tank wall and centerline. This instrument provides a near continuous
measurement of the level of the supernatant pool. The Enraf gauge also can be used as a
densitometer. In this mode, the instrument can determine the location of the settled
waste-supernatant interface. The location of the Enraf densitometer measurements is near
the north wall of the tank as shown in Figure 4-4.

¢ Other Tank Instrumentation:

Additional measurements not shown in Figure 4-4 were also made during the retrieval of
waste from Tank 241-C-106. These included the primary and annulus system volumetric
flow rates, primary and annulus system outlet air temperatures, and the tank dome space
humidity.

A summary of the Tank 241-AY-102 temperature data used for the GOTH_SNF model
benchmark is shown in Appendix C. These data were selected because they are related to the
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energy removal and storage in the tank and indicate the maximum waste temperature. They
include the primary and annulus outlet air temperatures, the supernatant liquid temperature, and
the waste temperatures.
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Figure 4-4.  Overview of Tank 241-AY-102 Instrumentation.
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Qutlet temperatures are a measure of the heat removed by the ventilation systems. The dome
space humidity is also an important parameter for energy removed by the primary system.
However, the measured value is nearly constant at 100%, thus a time history plot is not provided.

The rate-of-change of supernatant and waste temperatures is an indication of the energy stored in
the tank. These data are included in the benchmark analyses and are shown in Figures 4-5
and 4-6 which are discussed in the next section.

The maximum waste temperature will be compared with the temperature criteria for the AGA
study. The maximum waste temperature is, therefore, an important parameter for the benchmark
analysis. The sclected data for the benchmark analysis provides an assessment of the capability
of the GOTH_SNF model to account for the heat generation and removal from Tank
241-AY-102, and prediction of the maximum waste temperature.

The Enrat densitometer measurements of the settled-waste level are shown in Figure 4-7. This
data show the settled-waste level near the tank wall (Figure 4-4). The increase in leve! seen in
the figure is a result of waste transfers from Tank 241-C-106. The waste transfers were initiated
in November 1998 and were completed in early October 1999. Two regions of data were
selected for the benchmark analysis as shown in Figure 4-7. The first region, which is identified
as “pre-sluice benchmark data,” includes the period from September 1998 to March 1999. Two
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small waste transfers were performed during this period. However, the conditions in the tank are
close to pre-sluice conditions. The second region, denoted as the “post-sluice benchmark data,”
includes the period from September 1999 to December 1999. The final waste transfers were
completed early in this period. These data characterize the behavior of the tank waste at the
completion of the waste transfers from Tank 241-C-106. These tank conditions will be used for
the AGA study.

Figure 4-5.  Post-Sluice Supernatant Liquid Temperature Comparison.
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Figure 4-6.  Post-Sluice Waste Temperature Comparison.
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Figure 4-7.  Tank 241-AY-102 Waste Level Data.
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4.2.2 Benchmark Analyses

Benchmark analyses were performed for the post-sluicing data. This provides an assessment of
the current conditions in Tank 241-AY-102. Comparison with tank data is provided in the
following subsections.

A comparison of the GOTH_SNF benchmark analyses and the post-sluicing supernatant liguid
temperature is shown in Figure 4-5. There is close agreement with the data. The ambient air
temperature also is shown in the figure. The pool temperature remains nearly constant for many
days, while the ambient temperature decreases significantly. The close agreement with the
supernatant liquid temperature demonstrates that the GOTH_SNF model correctly models the
energy storage and removal mechanisms from the waste tank.

A comparison of the measured annulus ventilation system outlet air temperature with the
GOTH_SNF model prediction is shown in Figure 4-8. The close agreement with the data
indicates that the GOTH_SNF model correctly characterizes the energy removed by the annulus
system. This demonstrates that the average slot heat transfer coefficient, with the top-slot
surface area, provides a good representation of the heat transfer from the waste to the annulus air.
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Figure 4-8.  Post-Sluice Annulus Outlet Air Temperature Comparison.
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The measured waste temperature at thermocouple 1 of the MIT (28.4 cm [11.2 in.] from the tank
floor) is compared with predicted waste temperatures in Figure 4-6. The GOTH SNF model
overpredicts the waste temperature by 5.5 to 8.3 °C (10 to 15 °F). This is a result of the waste
conduction model discussed in Section 3.3.2. The Series conduction model is conservative,
resulting in higher predicted temperatures.

The annulus ventilation system was turned off for a short period following the completion of
sluicing from Tank 241-C-106. The waste temperature increase, resulting from this loss of
ventilation, is shown in Figure 4-6. There is good agreement with the data and the predicted
temperature increase following the loss of ventilation.

Figure 4-9 compares the predicted outer bottom waste sludge temperatures with the average
measured data. The figure also shows the maximum expected waste temperature based on three
times the standard deviation in the data. The predicted bottom waste temperatures exceeds the
average and maximum data. Thus, the application of the Series conduction model bounds the
expected azimuthal variation in waste temperature.
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Figure 4-9.  Outer Bottom Sludge Temperature.
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5.0 PARAMETRIC ANALYSES RESULTS

Parametric analyses were performed with the GOTH_SNF code to evaluate retrieval operations
for the bounding HLW tanks. Predicted supernatant and slurry temperatures were compared
with temperature criteria to evaluate the need for primary-side or annulus-side ventilation system
upgrades. If temperature limits were exceeded for the nominal ventilation configurations,
parametric analyses were performed to determine the required ventilation system performance.
The results of the parametric evaluations for Tanks 241-AY-102 and 241-AZ-102 are provided
in the following sections.

3.1 TANK 241-AY-102 ANALYSES

The evaluations of the primary and annulus ventilation systems for Tank 241-AY-102 during
tank retrieval operations are provided below.

5.1.1 Case 1: Ventilation Systems

The predicted sludge and supernatant liquid temperatures for the steady-state mixer pump
operation are shown in Figure 5-1. The first 30 days of the analyses show the steady-state
temperatures for the initial settled waste (There is not any significance attached to the 30-day
period prior to pump operation.  This is the “numerical” time required to initialize the model).
The ventilation flow rates were 0.236 m*/s (500 f*/min) for the primary side and 0.472 m’/s
(1,000 ft*/min) for the annulus side. The constant ambient temperatures and relative humidity
discussed in Section 3.3.2 were used for these analyses. The important predicted temperatures
are identified in the figure. Temperatures T; and T, are the initial settled-waste supernatant and
maximum waste temperatures. These temperatures are higher than measured tank temperatures
shown in Figures 4-5 and 4-6. This is partly because of the conservative ambient boundary
conditions. In addition, because the transfer of waste from Tank 241-C-106 was not completed
until October 1999, the waste temperatures did not reach the maximum seasonal value. For this
reason, Tank 241-AY-102 supernatant and waste temperatures will be higher at the end of next
summier.

The instantaneously mixed-waste temperature is identified at temperature T3 in Figure 5-1. This
temperature, as expected, is well below the identified temperature limit 0o£ 90.6 °C (195 °F).
Continuous pump operation (two 224 kW (300 Hp) pumps) increases the mixed-waste
temperature. The mixed-waste temperature approaches steady state after approximately 30 days
of pump operation. The steady-state temperature 1s below the temperature criteria. Therefore,
the ventilation systems (0.236 m*/s [500 ft*/min] ambient air for the primary side and

0.472 m*/min [1,000 ft*/min] ambient air for the annulus side) are adequate to maintain the
mixed-waste temperature T4 below the temperature limit of 30.6 °C (195 °F).

The moisture carryover for the primary ventilation system during steady-state pump operation is
shown in Figure 5-2. Nearly 0.000189 m’/s (3 gal/min) moisture is carricd by the primary
system exhaust air. This is an important design parameter for the specification of the moisture
handling components of the ventilation system.
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Figure 5-1.  Tank 241-AY-102 Temperatures for 500 SCFM Primary Vent System
Flow and 1000 SCFM Annulus Flow
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Figure 5-2.

Tank 241-AY-102 Water Vapor Evaporation Rates for 500 SCFM Primary Vent

System Flow and 1000 SCFM Annulus Flow
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Region 1 of the thermal analyses shown in Figure 3-2, provides an evaluation of the primary
ventilation system. Region 2 of the analyses evaluates the settled-waste and supernatant
temperatures following the pump operation. The waste settles to a larger waste depth determined
by the fluffing factor discussed in Section 3.3.2. During this region of the analyses, the annulus
ventilation system is most effective at maintaining the maximum waste temperature below the
temperature limits.

Figure 5-3 shows the predicted waste and supernatant temperatures for Tank 241-AY-102 during
Region 2 of the analyses. The anal}yses were performed for ventilation flow rates of 0.236 m/s
[500 ft*/min] primary and 0.472 m’/s {1,000 ft*/min] annulus. The maximum sludge
temperature, T'2, is shown in the figure. The maximum steady-state waste temperature is below
the temperature limit of 102 °C (215 °F). Thus, this level of ventilation system performance is
adequate to maintain maximum waste temperatures below the LCO limit.

Figure 5-3.  Tank 241-AY-102 Temperatures for 500 SCFM Primary Vent System
Flow and 1000 SCFM Annulus Flow
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The initial settled-waste axial temperature profile is compared with the resettled-waste
(post-pump operation) temperature profile in Figure 5-4. The initial and resettled-waste depths
are also shown in the figure. The maximum waste temperatures increased from near 87.8 °C
(190 °F) before pump operation to just over 100 °C (212 °F) after resettling of the waste. This is
a direct result of the larger waste depth.

The analyses shown in Section 5.1.1 show that the flow rates for the primary and annulus

ventilation systems that were used during these analyses are able to maintain the waste and
supernatant temperatures below the established temperature limits during retrieval operations.
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5.1.1.1 Loss of Primary and Annulus Ventilation Flow

The maximum settled-waste temperatures following pump operation are just below the
temperature limit (Figure 5-4). Region 3 of the analyses evaluated the loss-of-ventilation at the
time of maximum settled-waste temperature. This evaluation was intended to determine if the
waste heat-up rate would allow adequate time to restore the ventilation systems.

The predicted supernatant and waste temperatures following the loss-of-ventilation is shown in
Figure 5-5. The waste temperatures increase and reach a maximum temperature just below

121 °C (250 °F). The GOTH_SNF model predicts waste boiling at this temperature. The time to
reach saturation is more than 50 days. This is sufficient time to restore ventilation systems (see
Appendix B).

Figure 5-4. Tank 241-AY-102 Waste Axial Temperature Distributions.
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Figure 5-5.  Tank 241-AY-102 Thermal Response upon Loss-of-Ventilation.
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5.2  TANK 241-AZ-102 ANALYSES

5.2.1 Case 1: Primary-Side Ventilation System
Enhancements

5.2.1.1 The predicted waste and temperatures for the steady-state mixer pump operation for
Tank 241-AZ-102 are shown in Figure 5-6. The first 30 days of the analyses show the
steady-state temperatures for the initial settled waste (There is not any significance attached to
the 30-day period prior to pump operation. This is the “numerical” time required to initialize the
model). The ventilation flow rates were 0.236 m’/s (500 fi’/min) for the primary side and

0.472 m*/s (1,000 f*/min) for the annulus side.

During the waste-mixing operations, the heat from the mixer pump heat is the largest contributor
to the heat removal requirement. This heat is generated throughout the waste and must be
removed principally as latent heat from the liquid pool surface by the primary-side ventilation
system. For this reason, the mixed-waste temperature response for tanks 241-AY-102 and
241-AZ-102 should be very similar. The predicted sludge and liquid temperatures for Tank
241-AZ-102 are shown in Figure 5-6. The settled-waste steady-state temperatures (premixing)
are shown in the first 30 days of the analyses. The maximum waste temperature is less than in
Tank 241-AY-102 (Figure 5-1), although Tank 241-AZ-102 has nearly double the heat load.
This is a result of the smaller settled-waste volume in Tank 241-AZ-102 (Section 3.3.1). During
steady-state mixer pump operation, the mixed-waste temperature (T4) approaches the 90.6 °C
(195 °F) temperature limits after more than 30 days of continuous pump operation. This
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temperature may exceed the temperature limit of 90.6 °C (195 °F) with additional pump
operation. However, 30 days of continuous, full power pump operation is considered adequate
to ensure complete waste mixing. In addition, the mixed-waste temperature after 30 days of
pump operation increases very slowly. Additional pump operation would result in mixed-waste
temperature only slightly above the temperature linnt.

Figure 5-6.  Tank 241-AZ-102 Case 1 Temperatures for 500 SCFM Primary Vent System
Flow and 1000 SCFM Annulus Flow
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The evaporation rate from the supernatant pool is shown in Figure 5-7. The maximum rate
occurs as the supernatant temperature during pump operation approached steady state. Notice
that the evaporation rate for Tank 241-AZ-102 is lower than Tank 241-AY-102 during pump
operation. This difference is primarily because of enhancement in the annulus-side ventilation
for Tank 241-AZ-102.

5.2.1.2 No Annulus Ventilation. The initial settled-waste steady state and steady state pump
operation was evaluated assuming no annulus ventilation system operation. The predicted waste
and supernatant temperatures are shown in Figure 5-8. Without the annulus-side ventilation, the
maximum settled-waste temperature exceeds 93.3 °C (200 °F), about 11.1 °C (20 °F) higher than
the previous case with annulus-side ventilation (Figure 5-6). However, the settled-waste
temperature 1s still below the temperature limit. The mixed-waste temperature during
steady-state pump operation is also higher than the previous case. The mixed-waste temperature
exceeds the temperature limit after approximately 30 days of continuous, full power, pump
operation. Thus, maximum waste temperatures exceed the applicable temperature limit during
the waste mixing (Section 5.2.2.3).
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Figure 5-7
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Figure 5-8. Tank 241-AZ-102 Case 1 Temperatures with No Annulus Ventilation.
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5.2.2 Case 2: Annulus-Side Ventilation System
Enhancements

5.2.2.1 The predicted resettled-waste maximum and supernatant liquid temperatures, following
steady-state pump operation are shown in Flgure 5-9. These analyses were performed for the
ventllatxon system flows of 0.236 m*/s (500 ft’/min) for the primary side and 0.472 m*/s

(1,000 ft’/min) for the annulus side. Three sludge temperatures are identified in the figure.

These temperatures correspond to the waste temperature for the tank bottom sludge, middle
sludge, and top sludge as shown in Figure 5-9. The sludge temperature for most of the resettled
wasle exceeds the temperature limit of 102 °C (215 °F).

Conservative values were selected for the three input parameters discussed in Section 3.3.2. The
conservatism of these input parameters resulted in a conservative prediction of the maximum
waste temperature. This conservatism could be reduced by a careful evaluation of the
uncertainty in the input parameters and analyses. A reduction of the conservatism would reduce
the predicted waste temperatures. The revised predictions could result in temperatures below the
temperature criteria.

Figure 5-9. Tank 241-AZ-102 Case 2 Temperatures for Nominal Ventilation.
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Figure 5-10. Descriptions of GOTH_SNF Plot Parameters
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5.2.2.2 Enhanced Annulus Flow with Chilled Air. Parametric analyses were performed to
determine the minimum annulus-side ventilation system performance required to maintain the
steady-state resettled-sludge temperature below the temperature criteria. These parametric
analyses are discussed in Appendix F. The parametric analyses demonstrated that the
annulus-side ventilation system requires an enhancement both in flow rate and inlet temperature.
Figure 5-11 shows the predicted resettled-sludge and supernatant liquid temperatures for an
annulus-side ventilation flow of 0.944 m’/s (2,000 f'/min) and inlet chilled air of 4.4 °C (40 °F).
The waste temperature increases as the mixed waste begins to settle. The sludge temperature
identified by TL1s4 (Figure 5-10 provides a schematic of the GOTH_SNF variable definitions,
“T” denotes temperature, “I.” denotes liquid, “1 denotes volume 1 and “4” denotes the fourth
subvolume of volume 1) is the fourth computational cell from the bottom of the waste. The
temperature increase at this location occurs later than TL1s2 and TL1s3 as the settled-waste
height increases. As the waste temperature increases because of increasing waste height, the
supernatant temperature decreases as a result of the reduction in heat input caused by cessation
of pump operations. These two effects produce the maximum waste temperature, which occurs
near 120 days. This temperature 1s below the 102 °C (215 °F) temperature limit. The settled-
waste temperature decreases over the next 200 to 300 days, reaching a steady-state temperature
well below the temperature limit. Thus, annulus-ventilation system must be enhanced with both
flow and inlet air chilling to prevent maximum waste temperature from exceeding the
temperature limit during the early portion of the waste settling.

Figure 5-12 shows the settled-waste temperature profiles for the pre- and post-pump operations.
The post-pump operations temperature includes both the time of maximum waste temperatures
(T2’) (approximately 120 days) and the steady-state resettled-waste condition(T2”). The fluffing
factor for the resettled waste resulted in a sludge height, which 1s double the initial height. The
maximum waste temperature increases by more than 10 °C (50 °F).
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Figure 5-11.
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Tank 241-AZ-102 Case 2 Temperatures with 2000 SCFM Annulus
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Figure 5-12. Tank 241-AZ-102 Waste Axial Temperature Distribution.
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The loss of primary- and annulus-side ventilation analysis was performed for Tank 241-AZ-102.
The ventilation was assumed lost when the pool temperature approached the supernatant
temperature limit during steady-state pump operation. The GOTH_SNF model predicts that
maximum waste temperature will require more than 50 days before the settled waste temperature
safety limit is exceeded after the ventilation systems are inoperable (Figure 5-13). This provides
adequate time to restore ventilation before waste temperatures reach saturation temperatures.
Notice that the waste temperatures for the hottest two computational cells (TL1s2 and TL1s3)
reach a near constant temperature near 120 days. This is the saturation temperature computed by
the GOTH SNF model.
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Figure 5-13. Tank 241-AZ-102 Enhanced Annulus with Loss of Ventilation.
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5.2.2.3 No Annulus Ventilation

The post-pumping waste resettling region of retrieval operation was analyzed assuming only
primary-side ventilation. The result of the GOTH_SNF analysis is shown in Figure 5-14. The
maximum sludge temperatures of the resettled waste exceed the temperature criteria of 102 °C
(215 °F).
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Figure 5-14. Tank 241-AZ-102 Case 2 Temperatures with 500 SCFM Primary Flow and No
Annulus Ventilation.
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5.3 SUMMARY OF RESULTS

A summary of the parametric analyses for the bounding HLW cases 1s presented in Table 5-1.
The ventilation system flows and boundary conditions are shown for each analysis. The
maximum predicted temperatures during the pump operation (mixed waste temperature) and
subsequent waste resettling are shown in the table. The predicted temperatures that met the
temperature criteria are indicated with a bold font.

The evaluation of the primary ventilation systems for both HLW bounding cases showed that the
nominal ventilation flow rates defined in the input parameter specifications (Appendix B) are
adequate to maintain mixed waste temperatures below the L.CO temperature limit. The nominal
primary ventilation systems, in concert with the annulus ventilation systems, were sufficient after
waste resettling,

The evaluation of the annulus ventilation system for the two bounding HLW cases demonstrated
that the nominal annulus ventilation system for tank 241-AY-102 in concert with the nominal
primary ventilation system will maintain mixed waste and resettled waste temperature below the
applicable temperature criteria.

The evaluation of the annulus ventilation system for tank 241-AZ-102 showed that the nominal

annulus ventilation system cannot keep the resettled waste temperature below the LCO
temperature limit. Ventilation system modifications are required as shown in Table 5-1.
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Table 5-1. Summary of Parametric Results.

HLW o . Settle Waste Temperature
. Ventilation Inlet Mixed Waste
Bounding System Flow Rate Temperature Temperature Peak Settled
Case ¢ Steady Sate
. 0.236 m’/s
Primary 500 f3/mi Ambient
V102 (500 {t3/min) 100 °C 100 °C 100 °C
- 0. v,
472.mls . (195 °F) Q12°F | @er2°R
Annulus (1,000 Ambient
ft*/min)
0.236 m’/s
Primary 3 Ambient
Aze103 (300 ft*fmin) 100 °C 109.1°C | 107.8°C
. 0. } , ,
472 mfs _ (195 °F) (2284°F) | (226 °F)
Annulus (1,000 Ambient
ft*/min)
0.236 m’/s
Primary e Ambient
7108 (300 ft'/min) 106 °C 104.7 °C 101.1°C
- 0. Vi
472 mils ‘ (195 °F) (2205°F) | (214 °F)
Annulus (1,000 40 (Chiller)
ft'/min)
. 0.236 m’/s
Primary 5 i Ambient
2102 (500 ft"/min) 100 °C 105.2°C | 102.8°C
- 3
0944 ms . (195 °F) (2213°F) | (217°F)
Annulus (2,000 Ambient
ft’/min)
0236 m’/s
Primary i Ambient
Az102 (500 ft /min) 100 °C 100.9 °C 91.7 °C
- 3
0.944 m'/s _ (195°F) | (137°F) | (197°F)
Annulus (2,000 40 (Chiller)
ft*/min)
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Safety Requirements. Metric conversions for the applicable English units are provided below.
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°F °C toc = (to;p — 32)/1.8
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ft*/min m*/s 4719 474 E - 04




This page intentionally left blank.

A-vi

RPP-5637
Rev. 0



RPP-5637
Rev. 0
APPENDIX A

A PARAMETRIC STUDY TO CHARACTERIZE
AGA ALTERNATIVES FOR REMOVAL OF HEAT
FROM HIGH-LEVEL WASTE TANKS

A1.0 INTRODUCTION

Heat removal alternatives for the high-level waste (HLW) double-shell tanks (DST) are
addressed by an Alternatives Generation and Analysis (AGA) that is supported by this
parametric study. The AGA is intended to identify a preferred alternative concept, which will
provide heat removal from HLW tanks during Phase 1 feed delivery. The alternative concept
must prevent the waste temperature from exceeding temperature limits, which are specified in
HNF-S8D-WM-TSR-006, Tank Waste Remediation System Technical Safety Requirement (TSR).
Analyses are needed to support the AGA altemative selection.

Nine alternatives were evaluated in the draft AGA: two require supporting analyses.
This parametric study will provide analyses for these two alternatives, which are primary-side
ventilation system enhancement and annulus-side ventilation system.

Two waste tanks, 241-AZ-102 and 241-AY-102, were selected to represent the HLW
tanks. The combination of radioactive decay heat rate and sludge depth in these tanks bound the
heat-generation potential in the HLW tanks.

Ventilation system performance for the two alternatives will be determined in terms of
the TSR Limiting Conditions for Operation (LCO) temperature limits. Waste temperature and
-ventilation system flow rate that satisfies the LCO limits will be established for each alternative.
Design alternatives and safety analyses are outside the scope of this AGA. The result of this
parametric study will provide the starting point for the conceptual design of the selected
alternative.

A2.0 ALTERNATIVE SCENARIOS

Two alternatives will be addressed: primary-side ventilation system enhancement and
annulus-side ventilation system enhancement.

A2.1 PRIMARY-SIDE VENTILATION SYSTEM
ENHANCEMENTS

The primary ventilation system removes heat from the waste tank. The existing primary
ventilation capacity will be enhanced to accommodate the heat load, which is generated by the
waste and by the mixer pumps. Concurrently, the annulus-side ventilation system will be used
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without enhancement. Airlift circulators are not used. The mixer pumps are used to mix the
waste. After the waste 1s mixed, the pumps are stopped and the mixed waste is allowed to settle.

A2.2 ANNULUS-SIDE VENTILATION SYSTEM
ENHANCEMENTS

The annulus ventilation system removes heat from the waste tank. The existing annulus-side
ventilation capacity will be enhanced to accommodate the heat load, which is generated by the
waste and by the mixer pumps. Concurrently, the primary-side ventilation system will be used
without enhancement. Airlift circulators are not used. The mixer pumps are used to mix the
waste. After the waste is mixed, the pumps are stopped and mixed waste is allowed to settle.

A3.0 MAXIMUM ALLOWABLE WASTE TEMPERATURE CRITERIA

The waste temperature and ventilation system flow rate for the AGA altematives will be
determined in accordance with allowable waste temperature criteria extracted from the TSR.
Two criteria are provided by the TSR: a Limiting Conditions For Operations (LCO) and a Safety
Limit (SL).

The AGA provides a preferred alternative configuration that satisfies the TSR criteria in

all conditions of normal operation. The AGA is not chartered to evaluate design alternatives that
would be addressed in the conceptual design effort.

The criteria and supporting information are summarized in this section for application in
this parametric study.

A3.1 TEMPERATURE CONTROLS (TSR 3.3)
e TSRLCS/LCO'3.3.2.a

T <195 °FIn all levels of the waste
e TSRLCS/LCO33.2b

T <195 °FIn the top 15 feet of the waste

T <215 °F In the waste below 15 feet

' LCS = Limiting Control Setting, LCO = Limiting Conditions for Operations

? English units of measure are used throughout this study to be consistent with the TSRs.

A-2
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The TSR LCS/LCO temperature limits apply to two waste configurations: one to a
mixed waste configuration and one to a settled waste configuration.

When the waste is mixed, the TSR LCS/LCO 3.3.2.a temperature limit applies. Waste
radioactive decay heat rate and mixer-pump runtime affect the mixed-waste temperature, which
is limited to 195 °F in all levels of the tank. This temperature limit applies to all mixed waste
conditions. For example, following mixer pump operation, the pump-induced heat must not
cause the mixed-waste temperature to exceed 195 °F.

In the settled condition, the TSR LCS/LCO 3.3.2.b temperature limits apply. In the top
15 feet of the settled waste, the supernatant temperature must not exceed 195 °F. Likewise, in
the bottom 15 feet of the settled waste, the temperature must not exceed 215 °F. The settled
waste temperature is affected by the fluffing factor.

A3.2 SAFETY LIMITS (TSR 2.1)

e TSRSL2.1.1

T < 250 °F The waste temperature shall be < 250 °F.

In the event ventilation systems are inoperable (lost), radioactive decay heat will cause
waste temperature to increase. The temperature will continue to increase until either a physical
limit is reached or a corrective action is initiated. During the recovery time, the maximum waste
temperature must not exceed the SI. criterion, SL 2.1.1,

Neither the TSR nor the Facility Safety Analysis Report (FSAR) provides a definitive
time for the maximum waste temperature to exceed the SL criterion or a time for operations to
recover from a loss of ventilation system. The TSR provides the following information:

TSR B3.3.2 Tank Bump, Organic Salt-Nitrate Reaction, and Unfiltered Release (Waste
Retrieval Sluicing System Operations)

”...the LCS/LCO limits are not required by the analysis to automatically actuate a
protective action to protect the SL limit of < 250 °F because exceeding of the LCS/LCO
limits leaves the operator sufficient time to take manual protective actions to prevent
exceeding the SL.”

“...allows operations adequate time (about 16 days) to detect and to respond...”

e TSRB33.2 Applicable Safety Analyses

“...In this postulated accident scenario, tank ventilation (active cooling) is lost and the
waste temperature is allowed to increase because of radioactive decay heat...this
LCS/LCQ serves to prevent this postulated accident.”

Though this extracted material does not explicitly reference the loss of ventilation system
event, an important concept is forwarded. The TSR material asserts that because of the
LCS/LCO limits, the operator will have sufficient time to respond so that the SL is not exceeded.
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The extracted material does explicitly address measures to prevent a tank bump. The same
LCS/LCO measures apply to the loss of ventilation event. Accordingly, the TSR implicitly
asserts that application of the LCS/LCO limits will provide adequate time for the operator to take
appropriate action to preclude exceeding the SL.

- The AGA charter does not include safety analysis and design-related issues. Thus, the
parametric analyses will not apply the TSR SL as a constraint. The GOTH_SNF (Version 5)
computer code will be applied to calculate the time for the maximum waste temperature to reach
the SL limit, which is equal to 250 °F. This calculated time will be provided to support the
future conceptual design effort and related safety analysis.

A4.0 THE STUDY SEQUENCE FOR EACH AGA ALTERNATIVE

The study sequence will employ a strategy to characterize ventilation system
performance in terms of temperature limits and to show that the selected ventilation system will
satisfy the relevant TSR temperature criteria. A series of analyses will be performed for each
study alternative to provide the system flow rate and the associated waste temperature profile
that are compatible with the TSR temperature limits.

The strategy will provide an opportunity to adjust the ventilation system to achieve TSR
temperature limit compliance. The initial analysis will use the existing ventilation system flow
rate. If the TSR temperature limits are exceeded, the flow rate will be increased until the
limiting value is reached. If the TSR limits are exceeded for the limiting flow rate, chillers will
be included and the flow rate will be adjusted. 1f the TSR temperature limit is exceeded for the
available adjustment choices, then the resulting AGA alternative may be affected by
programmatic choices that may affect operational considerations.

The study will follow the steps shown in Figure A-1 and described in the following
paragraphs.

Step 1: Determine the Temperature Instantaneously Mixed Waste

The temperature of instantaneously mixed waste is needed to provide the initial condition
for subsequent calculations. Subsequent calculations are intended to provide the mixed waste
temperature that 1s in equilibrium with the prescribed ventilation system parameters and the
waste radioactive decay heat rate, not to provide a temperature transient response due to
expected operation influences. The calculations characterize system performance independent of
operation influences such as pump-induced heat. The GOTH_SNF computer code will be
applied to calculate the temperature of instantaneously mixed waste.

The temperature of instantaneously mixed waste is affected by the ventilation system
flow rate and by the radioactive decay heat rate of the tank waste contents. The temperature is
independent of the pump run time and pump-induced heat. The waste content’s radioactive
decay heat rate is constant. Accordingly, the ventilation system will be adjusted, if needed, until
the temperature of instantaneously mixed waste satisfies the TSR criterion.
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The expected temperature profile is illustrated in Figure A-2 as the T3 curve and in
Figure A-3, as the T3 temperature level. In Figure A-3, the calculated value for Tj is illustrated
in compliance with the TSR 3.3.2.a criterion.

Step 2: Determine the Temperature Profile of Instantaneously Mixed Settled-Waste

The temperature profile of instantaneously mixed settled-waste is needed to provide the
equilibrium condition for subsequent calculations. The temperature profile is not intended to
provide a temperature transient response due to expected operation influences. The post-mixed
settled waste depth will be greater than the pre-mixed depth, a phenomenon referred to as the
fluffing factor. Because of the increased settled waste depth, the post-mixed waste peak
temperature will be greater than the pre-mixed peak temperature (T, < T';).

This calculation is intended to provide the temperature profile that is in equilibrium with
the proscribed ventilation system parameters and the tank waste contents radioactive decay heat
rate. The calculation characterizes the system performance independent of operational
influences such as pump-induced heat.

The settled waste temperature is affected by the ventilation system flow rate, sludge
thickness, waste conductivity, tank waste contents’ radioactive decay heat rate, and the fluffing
factor. The settled waste temperature is independent of the pump run time and pump-induced
heat. The waste contents’ radicactive decay heat rate and the fluffing factor are invariant.
Accordingly, the ventilation system will be adjusted, if needed, until the temperature profile of
the settled waste satisfies the TSR criterion.

The GOTH_SNF computer code will be applied to calculate the instantaneously mixed-
waste temperature profile. The expected temperature profile is illustrated in Figure A-2 as the
T'; to T'; curve and in Figure A-4, as the T'| and the T'; temperature levels. In Figure A-4, the
calculated values for T'| and T'; are illustrated in compliance with the TSR 3.3.2.b criterion.

Step 3: Determine the Steady-State Temperature of Pump-Mixed Waste Caused by
Continuous Full-Speed Mixer-Pump Operation

The steady-state temperature of pump-mixed waste for a given'ventilation system coolant
flow rate is the temperature that is expected to remain constant with an increase in pump
runtime. The mixer pump run time is a critical parameter in this AGA to identify a creditable
heat removal alternative for the high-heat waste tanks. However, the mixer pump run time
needed to mix the waste is not known. Further, the heat induced into the waste by the mixer
pump will increase as the pump run time is increased. For this calculation, the mixer pump will
be run at 100% power until the mixed waste temperature, Ty, is in equilibrium with the
ventilation system flow rate and the radioactive decay heat rate of the tank waste contents. The
system response to 100% power mixer pump operation is illustrated in Figure A-35 as the curve
from T5to Ty,

The waste temperature and the corresponding pump run time are obtained through the
assertion that the pump can mix the waste in a given run time. The actual time needed to mix the
waste is not explicitly known, so the waste is characterized as fully mixed with pump operatlon
This characterization is illustrated in Figures A-2 and A-3 as Tj.
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This performance characteristic is a postulated qualitative attribute of the system. The
mixed waste temperature, for a given ventilation system flow rate, will increase with an increase
in pump run time. The assertion applied in this parametric study is that a constant mixed waste
temperature will be achieved for a sufficiently long pump run time.

The ventilation system flow rate, the tank waste contents radioactive decay heat rate, and
the pump run time affect the steady-state temperature of mixed waste. The waste contents
radioactive decay heat rate, the fluffing factor, and the pump-induced heat are invariant.
Accordingly, the ventilation system will be adjusted, if needed, until the steady-state temperature
profile of the mixed waste satisfies the TSR criterion.

The GOTH_SNF computer code will be applied to calculate the steady-state temperature
of pump-mixed waste. The expected temperature profile is illustrated in Figure A-2 as the T4
curve and in Figure A-5 as the T; to T4 curve. In Figure A-3, the calculated value for Ty is
illustrated in compliance with the TSR 3.3.2.a criterion.

If the TSR 3.3.2.a temperature limit is exceeded for the available adjustment choices,
then the GOTH_SNF code will be applied to calculate the time, t', that the limit is reached. The
calculated time will be provided to support the decision process. The resulting AGA alternative
may be affected by programmatic choices that may affect operational considerations, This
condition is illustrated in Figure A-S.

Step 4: Determine Temperature Profile of the Pump-Mixed Settled-Waste

Determining the pump-mixed settled-waste temperature profile and the associated
ventilation system flow rate to satisfy the TSR criteria are the objective parameters in this AGA.
The system response is illustrated in Figure A-2 as the T'| to T'; curve and in Figure A-6 as the
T4 to T' and the Tato T'; curves.

The mixed-waste temperature, following the end of mixer pump operation, will contain
pump-induced heat. The settled-waste peak temperature, T';, determined in Step 2 is the
equilibrium condition that the pump-mixed waste temperature will achieve. Three possible peak
temperature response curves characterize the waste thermal response from T4 to T'; (Figure A-6).

The acceptable ventilation system flow rate is the one that results in a settled-waste peak
temperature that satisfies the TSR criteria.

The peak temperature of the pump-mixed settled-waste is affected by the ventilation
system flow rate, radioactive decay heat rate of the tank waste contents, the fluffing factor, and
the pump induced heat. The radioactive decay heat rate of the waste contents, the fluffing factor,
and the pump-induced heat are invariant. Accordingly, the ventilation system will be adjusted, if
needed, until the settled-waste peak temperature satisfies the TSR criteria.

The GOTH_SNF computer code will be applied to calculate pump-mixed settled-waste
temperature profiles. The expected temperature profile is illustrated in Figure A-2 as the T', to
T'y curve and in Figure A-6 as the T4 to T" and the T4to T's curves. In Figure A-6, the calculated
values for T'; and T'; are illustrated in compliance with the TSR 3.3.2.b criterion.
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Step 5: Calculate the Time To Reach the TSR SL Following Loss of Primary and Annulus
Ventilation Systems

In the event that ventilation systems are lost, the waste temperature will increase because
of radioactive decay heat. This temperature response is illustrated in Figure A-7 as the
temperature response following the loss of ventilation systems.

The parametric analyses will not apply the TSR SL as a constraint; however, the time to
reach the SL following a loss-of-ventilation system event will be provided to support future
conceptual design activities. The GOTH SNF computer code will be applied to calculate the
time for the maximum waste temperature to reach the SL. The calculated time is illustrated in
Figure A-7.

A5.0 CONCLUSION AND RECOMMENDATION SUPPORTED
BY THE PARAMETRIC STUDY

AS5.1 CONCLUSION: A CONSERVATIVE
VENTILATION SYSTEM DESIGN AND
VALID AGA RECOMMENDATION

The ventilation system design based on a constant mixed-waste temperature (for a given
ventilation flow rate) caused by continuous mixer pump operation at 100% power will be
conservative. Specifically, the design will be conservative because it is expected that the pump
will produce a mixed waste with less run time so that the pump-affected waste temperature will
be less than the steady-state temperature of mixed waste. Consequently, the demand on the
ventilation system will be less than the designed capacity. Thus, if the confirmed pump runtime
to mix the waste is less than the calculated steady state time, determined in Step 3 and illustrated
in Figure A-5, then the AGA results will be valid and will be conservative.

.

A52 RECOMMENDATION: A REQUIREMENT
IDENTIFIED BY THE PARAMETRIC STUDY

It is expected that the mixer pump run time will be confirmed by an appropriate _
analytical characterization, which may be performed by the pump specification effort and may be
included in the pump specification documentation. Further, it is expected that the pump run time
needed to mix the waste will be less than the steady-state time. This information is important
because a shorter mixer pump runtime will induce less heat and the ventilation flow rate may be
affected favorably.
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A6.0 THE PARAMETRIC STUDY

The parametric study comprises a series of analyses in which the waste temperature is
characterized in terms of pump run time and ventilation system flow rate. Elements of the study
include the series of analyses and application of the TSR criteria. Study results will be applied to
quantify ventilation flow rate and waste temperature for the AGA alternative.

The following requirements apply to each study case. The analyses for the parametric
study will be documented in a supporting document (SD). Specifically, the performer, checker,
and independent reviewer will sign the work. The independent reviewer must maintain an
independent role in the analysis phase.

A6.1 STUDY CASES

Two study cases, which are identified in the Alternative Scenarios section, will be
addressed. '

Study Case 1: Primary-Side Ventilation System Enhancements

Perform thermal analyses with the GOTH_SNF computer code to characterize tank waste
temperature due to primary-side ventilation system flow-rate adjustments. A description of the
enhancement is provided in the Alternative Scenarios section. In these analyses, single-pass
ventilation system operation without chiller and recirculation ventilation system operation with
20% through flow with chiller will be characterized. Provide results in terms of the TSR LCO
temperature limits. The parametric study sequence is illustrated in Figure A-1.

Study Case 2: Annulus-Side Ventilation System Enhancements

Perform thermal analyses with the GOTH_SNF computer code to characterize tank waste
temperature due to annulus-side ventilation system flow-rate adjustments. A description of the
enhancement is provided in the Alternative Scenarios section. In these analyses, single-pass
ventilation system operation will be characterized. Provide results in terms of the TSR LCO
temperature limits. The parametric study sequence is illustrated in Figure A-1.

A6.2 NEEDED INFORMATION
The following information is needed to perform the thermal analyses:
e Contents heat load (Solids and Supernatant). Bill Willis will provide documentation for
heat load information either contained in the current JMI GOTH computer code run-stream

or provided by Don Ogden (JMI). Documentation will be provided for each study case.

¢ Thermal Conductivity. Don Ogden (JMI) will provide documented thermal conductivity
for each study case.

e Particle density and thermal conductivity. Don Ogden (JMI) will provide this
‘information.
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e Sludge thickness. Don Ogden (JMI) will provide this information.

¢ Fluff Factor. Blaine Crea (Fluor Daniel Hanford [FDH]) will provide a fluffing factor for
each bounding waste profile, before and after mixing.

o Waste Tank Model Properties. GOTH_SNF model properties such as the waste tank
dimensions and mixer pump parameters will be summarized by JMI and provided to Blaine
Crea (FDH), who will provide an independent review.

A6.3 THE PARAMETRIC STUDY SUPPORTING
DOCUMENT

A6.3.1 Develop Supporting Document Outline

Develop an outline for the SD. The SD will describe the analysis effort and the
conclusions, Supporting calculation notebooks, including the parametric study description
document, will be included as attachments to the report. The SD outline will be developed in
concert with JMI (Marve Thurgood and Don Ogden), FDH (Blaine Crea), and the Lockheed
Martin Services, Inc. (LMSI), Technical Editor. The outline will emphasize application of
Office 2000 compatible software to the production of the report and associated attachments,
unless prior approval is obtained for a deviation. Specific requests to deviate from Office 2000
compatible software will be individually addressed by LMSI Technical Editing (Kathy Freeman
" and Maggi Nielsen) and LMHC (James Truitt).

Minimally, four figures will be provided for each study case; more data can be provided,
if needed. The four figures will include:

Waste Temperature Versus Time: This figure will exhibit waste temperature at
selected locations in the waste (see Figure A-6 for example). The time scale will begin
with mixer pump operation. Steady-state waste temperature prior to mixer pump
operation will be exhibited for the selected waste locations. Typically, locations should
include dome gas; supernatant; and solids at the bottom, middle, and top of the sludge.
The location of the maximum waste temperature should be included. It is anticipated that
data for this curve will be provided by a parametric study that characterizes waste
temperature against time for a particular ventilation system flow rate. This figure should
address waste temperature conditions for the maximum allowable waste temperature as
determined through application of TSR temperature LCO limits.

Maximum Waste-Temperature Versus Ventilation System Flow-Rate: This

figure will exhibit the maximum waste-temperature versus ventilation system flow-rate.
The maximum waste temperature should be identified. It is anticipated that data for this
curve will be provided by a parametric study. This information should exhibit the effect

* It is anticipated that Graham MacLean will provide a memo to Bill Willis that will summarize the existing
experimental information related to fluff factor magnitude.
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of the two criteria. This figure is intended to identify the ventilation system flow rates
needed to satisfy the TSR temperature LCO limits.

Maximum Peak Settled Waste Temperature Versus Tank Vertical Location: This
figure will exhibit the maximum allowable waste-temperature versus waste tank depth;
e.g., temperature versus distance measured from the tank bottom. It is anticipated that
data for this curve will be provided by a parametric study. This information should
exhibit the effect of TSR temperature LCO limits.

Moisture Content Versus Time. Provide primary-side moisture contents curve for each
analysis. This information is needed to establish the moisture removal capacity that is
consistent with the HEPA filter.

A6.3.2 Prepare the Supporting Document

Prepare the SD in accordance with the SD outline. Coordinate the report production with
the analysis team and the LMSI Technical Editor so that minimum effort is required to prepare
and edit the SD. The document and the supporting attachments will be prepared with Office
2000 compatible software, unless prior approval is obtained for a deviation. Specific requests to
deviate from Office 2000 compatible software will be individually addressed by LMSI Techmcal
Editing (Kathy Freeman and Maggi Nielsen) and LMHC (James Truitt).

A6.3.3 Obtain Independent Review for the Supporting Document
and Provide Released Supporting Document

Provide an independent review and comment resolution for the SD, including the
supporting attachments. This effort will be accomplished in concert with JMI and the LMSI
Technical Editor. The SD will be released to the Site document control function.

A7.0 THE PARAMETRIC STUDY SCHEDULE
AND RESOURCE ELEMENTS ~

A7.1 DEFINE INPUT PARAMETERS FOR
PARAMETRIC STUDY ANALYSES

This activity is intended to provide the technical information needed in the analyses to
determine ventilation flow rates associated with HL'W tank ventilation system upgrades. The
technical information will be conservative best-estimate values that will be applied to determine
ventilation system flow rates for the design specifications.

The input parameters will be documented with appropriate references and will be written
as an attachment to the parametric study report, which will be configured as a Hanford Site SD.
The technical editor will review the written material and will provide editorial recommendations
and assistance. The attachment will be provided to JMI by memo from Lockheed Martin
Hanford Corp. (LMHC) (J. B. Truitt).
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[Responsible performer: Blaine Crea (FDH). Deliverable: written documentation. Due date:
December 10, 1999. Personnel: Blaine Crea, three labor days; LMSI Technical Editor,

two labor days.]

Bounding Case

In Revision 0 of the AGA report for heat removal in the high-level waste tanks, the
waste contents in the four high-level waste tanks were characterized by two bounding
waste content profiles. These profiles were applied in the thermal-hydraulic analyses
that were performed to determine the ventilation system cooling capacity that is
needed to ensure safety and operation-related waste temperature limits are not

exceeded. The two bounding profiles will be reviewed to determine whether the

waste contents are adequately characterized for application in the parametric study to
evaluate needed ventilation system cooling capacity.

[Responsible performer: Blaine Crea (FDH). Deliverable: bounding case definition
with written documentation. Due date: case definition, due November 23, 1999,
written documentation, December 3, 1999. Personnel: Blaine Crea, two labor days.]

Fluffing Factor

The available waste settling information, which was obtained by observation and by
laboratory experiments, will be reviewed to determine the applicable settling
characteristics for the high-level waste. A fluffing factor will be identified for each
bounding waste profile for both before and after mixing settled conditions.

[Respousible performer: Blaine Crea (FDH). Deliverable: fluffing factors with
written documentation. Due date: December 3, 1999, Personnel: Blaine Crea, two
labor days.]

Decay Heat Profile

A decay heat profile will be provided for each bounding case addressed in the
parametric study; e.g., one for the' AY-102 and one for the AZ-102 tank. The decay
heat profile will characterize the decay heat in the sludge and in the supemnatant. The
technical descriptions for the decay heat profiles will be reviewed and documented.
Experience gained in waste transfer from C-106 to AY-102 (Project W-320) will be
applied to develop the profile for tank AY-102 (Don Ogden). Information contained
in Revision 0 of the AGA will be applied to develop the profile for tank AZ-102 (K.
Sathyanarayana).

[Responsible performer: Don Ogden (JMI). Deliverable: decay heat profiles with
written documentation. Due date: December 3, 1999. Personnel: Don Ogden, two
labor days; K. Sathyanarayana, one labor day.] <Don will provide a written
description of the basis for the decay heat profiles; references will be TBD until the
middle of December, >
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Studge Thermal Conductivity

The sludge thermal conductivity, or preferably, the parameters to calculate the sludge
thermal conductivity (i.e. particle fraction, particle conductivity, supernatant
conductivity and applicable mixture conductivity model), will be provided for each
bounding case for the before and after mixing states. Experience gained from Project
W-320 will be applied to determine the thermal conductivity for AY-102 (Don
Ogden); thermal conductivity for the AZ-102 tank will be determined from the
information in Revision 0 of the AGA (K. Sathyanarayana).

[Responsible performer: Don Ogden (JMI). Deliverable: Information with written
documentation. Due date: November 30, 1999. Personnel: Don Ogden, two labor
days; K. Sathyanarayana, two labor days.]

- Waste Depth

The pre-mixed settled waste sludge and supernatant depth will be provided for each
bounding case.

[Responsible performer: Don Ogden (JMI). Deliverable: Information with written
documentation. Due date: November 30, 1999. Personnel: Don Ogden, one labor
day; K. Sathyanarayana, one labor day.] ’

Ventilation Inlet Nominal Temperature and Relative Humidity

The inlet nominal temperature and relative humidity for the primary and for the
annulus ventilation systems will be provided for each bounding case.

[Responsible performer: Blaine Crea (FDH). Deliverable: Information with written
documentation. Due date; December 3, 1999. Personnel: Blaine Crea, one labor day;
FDH employee, two labor days.]

Obtain Needed Drawing and Equipment Specifications

-

| Equipment drawings and specifications needed to support the parametric study will

be identified and a written list will be provided by JMI, The cortrect drawing and
specification numbers, including revision numbers, will be provided on a written list
by FDH.

{Responsible performer: Blaine Crea (FDH). Deliverable: Information with written
documentation. Due date: December 3, 1999. Personnel: Blaine Crea, one labor day;
FDH employee, one labor day.]

Waste Vapor Pressure

The ratio of waste supernatant vapor pressure to water vapor pressure at the same
temperature will be provided for each bounding case.
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[Responsible performer: Blaine Crea (FDH). Deliverable: Information with written
documentation. Due date: December 3, 1999, Personnel: Blaine Crea, one labor day;
K. Sathyanarayana, one labor day.]

e Chiller Outlet Nominal Temperature and Relative Humidity

The nominal temperature and relative humidity will be provided for each bounding
case.

[Responsible performer: Blaine Crea (FDH). Deliverable: Information with written
documentation. De date: December 3, 1999. Personnel: Blaine Crea, three labor
days; LMSI Technical Editor, one labor day.]

e Primary and Annulus Ventilation Flow Rates
The following information will be provided for each bounding case:
e Once through primary side flow rate for the existing system.
¢ Once through annulus flow rate for the existing system.
e Primary side-to-chiller flow spiit.

e Primary-side flow rate value for which chiller operation is initiated. This is the maximum
viable flow rate based on dome and annulus pressure limits.

e Annulus flow rate value for which chiller operation is initiated. This is the maximum viable
flow rate based on dome and annulus pressure limits.

[Responsible performer: Blaine Crea (FDH). Deliverable: Information with written
documentation. Due date: December 10, 1999. Personnel: Blaine Crea, one labor day;
FDH employee, five labor days.]

A7.2 DEVELOP GOTH_SNF MODELS

Revise the existing GOTH models for AY-102 and AZ-101 to include the AGA input
parameters and the parametric analysis strategy.

A7.2.1 Generate GOTH_SNF Models and Provide Calculation Notebook

The existing GOTH models will be revised and documented. Model development will be
documented in a calculation notebook. The documentation will be included in the SD as an
attachment.

[Responsible performer: Marvin Thurgood (JMI). Deliverable: GOTH_SNF models and written
documentation. Due date: December 17, 1999. Personnel: JMI, twelve labor days,
K. Sathyanarayana, five labor days; LMSI Technical Editor, two labor days.]
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A7.2.2 Validate GOTH_SNF Models and Provide Calculation Notebook

The GOTH_SNF models will be validated against AY-102 measured sludge temperature
and ventilation system flow rates. The validation studies will be documented in a calculation
notebook. The documentation will be included in the SD as an attachment.

[Responsible performer: Marvin Thurgood (JMI). Deliverable: GOTH_SNF model validation
and written documentation. Due date: December 17, 1999. Personnel: JMI, twelve labor days;
LMSI Technical Editor, two labor days.]

A7.3 PERFORM GOTH_SNF ANALYSES

Perform the GOTH_SNF analyses for the two bounding cases. The parametric study
strategy will be applied to characterize the ventilation system flow rates for the bounding cases.
Analysis results will be provided to LMHC as they are completed to facilitate AGA study report
preparation. The GOTH_SNF analysis results will be documented in a calculation notebook.
The documentation will be included in the SD as an attachment.

[Responsible performer: Marvin Thurgood (JMI). Deliverable: GOTH_SNF analysis results and
written documentation. Due date: December 31, 1999. Personnel: IMI, twenty-two labor days;
FDH employee, five labor days; LMSI Technical Editor, four labor days.]

A7.4 DEVELOP SUPPORTING DOCUMENT
OUTLINE

Develop an outline for the SD. The SD will be structured to provide a description of the
analysis effort, the conclusions, and the results in the document body. Supporting calculation

" notebooks, including the parametric study description document will be included as attachments

to the report. The SD outline will be developed in concert with IMI (Marve Thurgood and Don
Ogden) and the LMSI Technical Editor. The outline will emphasize application of Office 2000
compatible software to the production of the report and associated attachments, unless prior
approval is obtained for a deviation. Specific requests to deviate from-Office 2000 compatible
software will be individually addressed by LMSI Technical Editing (Kathy Freeman and Maggi
Nielsen) and LMHC (James Truitt).

.[Responsible performer: Don Ogden (JMI). Deliverable: SD outline. Due date: December 21,
1999. Personnel: Don Ogden, two labor days; LMSI Technical Editor, one labor day.]

A7.5 PREPARE THE SUPPORTING DOCUMENT

Prepare the SD in accordance with the SD outline. Coordinate the report production with
the analysis team and the LMSI Technical Editor so that minimum effort is required to prepare
and edit the SD. The document and the supporting attachments will be prepared with Office
2000 compatible software, unless prior approval is obtained for a deviation. Specific requests to
deviate from Office 2000 compatible software will be individually addressed by LMSI Technical
Editing (Kathy Freeman and Maggi Nielsen) and LMHC (James Truitt).
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[Responsible performer: Don Ogden (JMI). Deliverable: Draft SD. Due date: January 10, 2000.
Personnel: JMI, 13 labor days; Blaine Crea, two labor days; LMSI Technical Editor, five labor
days.]

A7.6 OBTAIN INDEPENDENT REVIEW FOR THE
SUPPORTING DOCUMENT AND PROVIDE
RELEASED SUPPORTING DOCUMENT

Provide an'independent review, and comment resolution for the SD, including the
supporting attachments. This effort will be accomplished in concert with JMI and the LMSI
Technical Editor. Release the SD to the Site document control function.

[Responsible performer: Blaine Crea (FDH). Deliverable: SD independent review, review

comment resolution, and released SD. Due date: January 21, 2000. Personnel: Blaine Crea, five
labor days; JMI, two labor days; LMSI Technical Editor, two labor days.]
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Figure A-1. AGA Parametric Study Logic Flow Diagram.

Start

Step 1: Determine Temperature of
Instantaneously Mixed Waste

_ I No Pump Heat
—}( Choose Ventilation Flow Rate)

/ Calculate T, /

LCO 3.3.2.a

Step 2: Determine Temperature
Profile of Instantaneously
Mixed Settled-Waste

T;andT;/ '

LCO33.2b

/ Calculate

T,<195°F
T, <215 °F

Yes

No Pump Heat

Step 3: Determine Temperature of
Steady-State Pump-Mixed Waste

/ Calculate T,

LCO 3.3.2.a

100% Pump Power

Apply GOTH Code. See
Figures 2 and 3.

Choice hierarchy

* Increased values

« Added chiller

« Operation constraint; not consistent
in this parametric study

if T,>195 °F, go to step 1.
Choose an increased ventilation
flow rate and repeat Step 1.

Apply GOTH Code.
See Figure 4.

If either T4 >195 °F or T, >215 °F, go to
Step 1. Choose an increased ventilation
flow rate and repeat Steps 1 and 2.

Apply GOTH Code.”
See Figure 5.

If T,>195 °F, go to step 1.
Choose an increased ventilation
flow rate and repeat Steps 1, 2, and 3.

1981.02a

A-16



RPP-5637
] Rev. 0
Figure A-1. AGA Parametric Study Logic Flow Diagram (Continued)
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Figure A-2. Waste Temperature Profiles.

T,

3
15 ft T<195°F

v Supernatant

Sludge

~r, |15 ft T<215 °F

T, Temperature of settled-waste supernatant.
Peak temperature of settled-waste.
Temperature of instantaneously mixed waste. No pump heat.
* Existing primary and annulus ventilation systems. Must satisfy LCO 3.3.2.a; e.g., T <195 °F
in all levels of the waste.
T Temperature of instantaneously mixed settled-waste supernatant. Must satisfy
, LCO3.3.2b;eg., T =195 °Fin top 15 ft of the waste.

T  Peak temperature of instantaneously mixed settied-waste. Must satisfy LCO 3.3.2.b;
e.g., T <215 °F in lower 15 ft of the waste.
T2 Steady-state pump-mixed waste temperature. Pump operates at 100% power until
waste temperature stabilizes. Must satisfy LCO 3.3.2.a; e.g., T £195 °F in ali levels
4 of the waste.

LCO = Limiting Conditions for Cperations . 1981.03

To convert® F to °C: .. =(t.; —32)/1.8 -
To convert fttom:  3.048 000*E - 01
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Figure A-3. Parametric Study Step 1: Determine Temperature of Instantaneously Mixed Waste.

Waste Temperature

- T =250 °F (SL 2.1.1)

_ T=215°F (LCO 3.3.2.b)

TZ
b
i
I
! - T=195°F (LCO 3.3.2.a&b)
|
Ts‘i\
'+ Calculate temperature of instantaneously mixed waste.
1 No pump heat T, <195 °F LCO 3.3.2.a

Time

T, Temperature of settled-waste supernatant.

T2 Peak temperature of settled-waste.

Ts Temperature of instantaneously mixed waste. No pump heat. Existing primary
and annulus ventilation systems.

LCO = Limiting Conditions for Operation

SL = Safety Limit
To convert ® F to °C: .o = (t.. — 32)/1.8 1981-07
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Figure A-4. Parametric Study Step 2: Determine Temperature Profile of

Waste Temperature

Instantaneously Mixed Settled-Waste.

- T = 250 °F (SL 2.1.1)

- T=215°F (LCC 3.3.2.b)

Calculate peak temperature of

T; instantaneously mixed settled-waste.
No pump heat.

T,<215°FLCO3.3.2b

- T=195°F {LCO 3.3.2a&b)

Calculate temperature of

T instantaneously mixed
settled-waste supernatant.

T, <195°F LCO 3.3.2b

Time

T; Temperature after instantaneous mixing of settled-waste supernatant.
must satisfy LCO 3.3.2.b

T, Peak temperature after instantaneous mixing of settled-waste. Must satisfy LCO 33.2b

LCO = Limiting Conditions for Operation

SL

= Safety Limit
To convert® F to °C: 1., = {tp —32)/1.8

1981.08
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Figure A-5. Parametric Study Step 3: Determine Steady-State Temperature
of Pump-Mixed Waste.

- T=250°F(SL2.1.1)

- T =215 °F (LCO 3.3.2.b)

T,

_ T =195°F (LCO 3.3.2.a & b)

T, Calculate temperature of pump-mixed steady-state
waste due to 100% power mixer pump operation.
Ty £195°F LCO 3.3.2.a

T

Time

T, Temperature of steady-state pump mixed waste, Must satisfy LCO 3.3.2.a

t

Time to reach the LCO in the event available options to adjust the HVAC systems
are exhausted.

LCO = Limifing Conditions far Operation
To convert ® F to °C: £, = (t.; —32)/1.8 1981-09
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Figure A-6.l Parametric Study Step 4: Determine Temperature Profile of Mixed-Settled Waste.

Waste Temperature

/‘1-\ T >250 °F
—~ T =250 °F (SL 2.1.1)

T>215°F

T=215°F (LCO 3.3.2.b)

T,

Post-mixed settling period.

|
!
[ - - T=195°F(LCO332a&b)
|

-_——'T;

T, 100% Power mixer pump
operation terminated.

Time

LCO = Limiting Conditions for Operation
SL = Safety Limit 1981-10
To convert ® F 10 °C: foy = (t; — 32)/1.8
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Figure A-7. Parametric Study Step 5: Calculate the Time for the Waste Temperature to Reach
the TSR Safety Limit Following Loss of Primary and Annulus Ventilation Systems.

Waste Temperature

t,) _
2 T =250 °F (SL 2.1.1)

/ - T=215°F (LCO 3.3.2.b)
/,/, -------- Loss of ventilation systems.
. T;

Settling period,

T=195°F (LCO3.3.2.a&b)

T 100% power mixer pump
operation terminated.

Time

t  Time for the waste temperattjre to reach the Safety Limit after loss of HVAC systems.

LCO = Limiting Conditions for Operation
TSR = Technical Safety Requirements

To convert ° F to °C: £ = (fz ~ 32)/1.8
1981-11
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APPENDIX B

INPUT MODEL PARAMETERS FOR A PARAMETRIC STUDY TO
CHARACTERIZE ALTERNATIVES GENERATION ANALYSIS
FOR REMOVAL OF HEAT FROM HIGH-LEVEL WASTE TANKS

B1.0 INTRODUCTION

The technical information provided in this Appendix will be applied in the thermal
analyses to quantify heat removal requirements for the high-level waste (HI.W) tanks. Two
approaches will be used to select model parameters for the analyses. The two approaches are to
specify best estimate values in region 1 (see Figure B1-1) and to specify values with a degree of
conservatism appropriate to the consequences associated with breaching a Safety Limit
(HNF-SD-WM-SAR-067, Tank Wuste Remediation System Final Safety Analysis Report) in
regions 2 and 3. The results of these analyses will be applied to quantify heat removal capacity
required so that the waste temperature will not exceed the temperature limits specified in
HNF-SD-WM-TSR-006, Tank Waste Remediation System Technical Safety Requirements (TSR).
The classes of data in this report that are important to the analyses include transport properties,
boundary conditions, initial conditions, and geometric and logical relationships. Best estimate
values and safety basis values can be related to regions of the expected thermal response
illustrated in Figure B1-1. The thermal response regions shown in the figure and their potential
impact to tank operation are as follows:

Region 1: This region characterizes the steady-state temperature that the mixed waste
achieves after mixer pump and decay heat are in equilibrium with the heat removal capacities of
the ventilation systems and the earth. The input parameters for this region will be characterized
as best-estimate values. Specification of these values carries the expectation that administrative
controls can be applied to avoid TSR temperature limit violation. For example, if natural
phenomena, such as either atypical weather or mechanical failure, force the waste temperature to
approach the TSR temperature limit, the waste temperature can be reduced through the use of
administrative controls such as reduction of pump power.

Region 2: This region characterizes the maximum waste and sludge temperature after
cessation of mixing and subsequent settling of the waste. The thermal response exhibited in this
region is affected by parameters such as fluffing factor and thermal conductivity. These
parameters are not under administrative control and are specified with a degree of conservatism
appropriate to the consequences associated with breaching a Safety Limit
(HNF-SD-WM-SAR-067). These values are appropriate to their potential impact on the
possibility that the sludge temperature may exceed the TSR temperature limit of 215 °F if the
actual values are significantly less conservative than the values used (HNF-SD-WM-TSR-006).
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Figure B1-1. Expected Thermal Response Regions.

Region 3 l
- / — T= 250 "F(S L21.%)

— T=2 15 °F(LCO 3.3.2.b)
¥V

......... Loss of ventilation systems
/- \v T,

T, / Region2 >'

Region 1 Settling period

Waste Temperature

— T= 195 °F{LCO33.2a8b)

. i1,

| & ~ = T,
T, 100% power mixer pump

operation terminated

Time

LCO = Limiting Conditions for Operation
SL = Safety Limit
TSR = Technical Safety Requirements 1981-14

Region 3: This region characterizes the rate at which the waste temperature approaches
the TSR Safety Limit. These parameters are not under administrative control and are specified
with a degree of conservatism appropriate to the consequences associated with breaching a
Safety Limit (HNF-SD-WM-SAR-067and HNF-SD-WM-TSR-006).

Drawings that define the logical relationships and the required geometric parameters for
the models are identified in Section 7.0.

B2.0 BOUNDING CASES: WASTE TANKS AND
FLUFFING FACTORS

This study is limited to the four tanks in the aging waste facility (241-AY-101,
241-AY-102, 241-AZ-101, 241-AZ-102). The Phase 1 privatization contract establishes specific
requirements for the HLW feed to be delivered to BNFL Inc. The staging scenario that forms the
basis for the selection of the tank contents that were analyzed in this report is case 3 as defined in
HNF-SD-WM-SP-012. The bounding case tanks are 241-AY-102 and 241-AZ-102. These two
tanks and their associated waste contents comprise the worst-case tanks and heat loads for the
four HLW tanks in the aging waste facility.

B-2




RPP-5637
Rev. 0
The contents of the four HLW tanks and the current contents plus future waste transfers
combine to generate six possibilities for bounding conditions. These possibilities will be
discussed in the following paragraphs.

B2.1 THE HEAT SOURCE

The most significant heat source for the primary-side ventilation system is the mixer
pump. Although decay heat will contribute to the total heat load, the mixer-pump-induced heat
load is an order-of-magnitude greater than the decay heat load.

The most significant heat source for the annulus-side ventilation system is the total decay
heat in the sludge nonconvective layer.

B2.2 THE FLUFFING FACTOR EFFECT

The fluffing factor is defined as the fluffed-sludge depth divided by the settled and
compacted sludge depth. An example of a settled and compacted sludge layer is the compacted
layer on the bottom of Tank 241-AZ-102. Another example is the layer on the bottom of
Tank 241-AY-102 that consists of the original contents; e.g., before the contents of
Tank 241-C-106 were sluiced and transferred into Tank 241-AY-102. The nonconvective layer
thickness that occurs after mixing is defined as the product of the fluffing factor and of the
compacted sludge thickness.

The existing and transferred waste, which is considered in the process of determining the
bounding case tanks, and the maximum fluffed-sludge depth are linked. This linkage occurs
because the maximum differential temperature in the nonconvective sludge layer is proportional
to the product of the thickness of the nonconvective layer and the total radioactive decay heat
rate of the nonconvective layer.

B2.3 BOUNDING CASE, FLUFFING FACTOR,
AND HEAT LOAD: TANK 241-AY-102

Because Tank 241-AY-102 bounds Tank 241-AY-101, Tank 241-AY-101 was eliminated
as a candidate for thermal analysis. The heat load is considerably greater than the heat load in
Tank 241-AY-101, and the sludge depth in Tank 241-AY-102 is almost twice that of
Tank 241-AY-101. Accordingly, the maximum differential temperature in the nonconvective
sludge layer, which is proportional to the product of the thickness of the nonconvective layer and
the total radioactive decay heat rate of the nonconvective layer, is considerably greater in
Tank 241-AY-102.

Tank 241-AY-101 contains 162,000 gal of dilute complexed waste, which includes
108,000 gal of sludge. The current heat load 1s 69,300 Btu/h, and the sludge depth is
approximately 3.2 ft. '

The 241-AY-102 fluffed-sludge depth is 7.58 ft. The current depth is equal to the depth
of the contents that existed before the Tank 241-C-106 waste transfer plus the depth of the
transferred Tank 241-C-106 sluiced waste. The fluffed depth of the contents before the
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Tank 241-C-106 transfers was derived by applying the fluff factor of 2.0 (HNF-5177, The
Settling and Compaction of Nuclear Waste Slurries) to the original depth of the contents. The
depths for the incremental fluffed-waste additions transferred from Tank 241-C-106 are shown in
Figure B2-1, a plot of the incremental sludge depth associated with waste transfers from
Tank 241-C-106. The initial waste depth in Tank 241-AY-102 was 0.75 ft, so the fluffed depth
is 1.5 ft. The fluffed depth of the incremental Tank 241-C-106 additions to Tank 241-AY-102 is
6.08 ft. Thus, the sum is 7.58 ft.

Figure B2-1. Settled Waste Level in Tank 241-AY-102.

Tank 241-AY-102 Sediment Level Readings
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The best estimate total decay heat load for the waste in Tank 241-AY-102 is greater than
100,000 Btu/h. The actual decay heat load, which is being determined, is expected to be less than
the best estimate value.

Tank 241-AY-102 with current contents, which includes Tank 241-C-106 sluiced waste,
bounds the effects of sludge depth and heat load in Tank 241-C-102 and Tank 241-C-104 waste.
Specifically, the product of the nonconvective sludge layer depth and the total radioactive decay
heat rate for Tank 241-AY-102 is greater than that for either Tank 241-C-102 or
Tank 241-C-104. The current compacted sludge depth and heat load of Tank 241-C-102 are
9.5 ft and 4,600 Btu/h, respectively. The current compacted studge depth and heat load of
Tank 241-C-~104 are 8.9 ft and 16,000 Btu/h, respectively. The fluffed nonconvective sludge
layer depths for Tank 241-C-102 and Tank 241-C-104 are 19 and 17.8 ft, respectively.
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The allowable total waste depth for Tank 241-AY-102 is approximately 30 ft. The
steady-state differential temperature is proportional to the product of the fluffed waste depth and
the total decay heat generation rate. Thus, even if the total waste is conservatively considered
nonconvective, the heat load in Tank 241-AY-102 exceeds that of Tank 241-C-102 and
Tank 241-C-104 and provides a conservative upper bound.

B2.4 BOUNDING CASE, FLUFFING FACTOR,
AND HEAT LOAD: TANK 241-AZ-102

Tank 241-AZ-102 bounds Tank 241-AZ-101, thus Tank 241-AZ-101 was eliminated as a
candidate for thermal analysis. The effect of total decay heat rate and fluffed-sludge thickness
for Tank 241-AZ-~102 is approximately twice that of Tank 241-AZ-101. In fact, the maximum
differential temperature in the nonconvective sludge layer, which is product of the thickness of

the nonconvective layer and the total radioactive decay heat rate of the nonconvective layer, is
considerably greater in Tank 241-AZ-102.

Tank 241-AZ-101 has a sludge total heat decay rate approximately equal to
150,000 Btu/h and a compacted sludge depth equal to 1.42 ft. Tank 241-AZ-102 has a sludge
total heat decay rate approximately equal to 130,000 Btu/h and a compacted sludge depth equal
10 3.15 ft. The waste depths are based on data contained in HNF-EP-0182-133, Waste Tank
Summary Report for Month Ending April 30, 1999. As indicated by the product of the sludge
thickness and the total heat decay rate in the sludge, Tank 241-AZ-102 provides the bounding
case for tanks 241-AZ-101 and 241-AZ-102.

Based on the results and conclusions presented in HNF-5177, a fluffing factor equal to
2.0 will be used to calculate the fluffed-sludge depth in Tank 241-AZ-102. The sludge contents
of tanks 241-AZ-101 and 241-AZ-102 are listed as neutralized current acid waste (NCAW). A
recently completed experimental program included tests using a simulant for NCAW
(HNF-5177). Results presented in this study suggest that a fluffing factor equal to 2.0is
appropriate for the slurries tested. The results presented for the NCAW simulant do not include
the full-scale testing that was done for other simulants. Nevertheless, the small-scale NCAW
tests compare well with the other simulant tests when subjected to the non-dimensionalization
procedure suggested in the report.
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B3.0 TANK 241-AZ-102 THERMAL PARAMETERS
(BOUNDING CASE)

The model input parameters for Tank 241-AZ-102 are presented in Table B3-1. Further
discussion is given for those parameters that are used to define the bounding case. The
parameters for Tank 241-AZ-101 are included in this table to support selection of
Tank 241-AZ-102 as the bounding case. The parameters are appropriate for compacted sludge.

Table B3-1. Model Input Parameters for Tanks 241-AZ-101
and 241-AZ-102. (2 sheets)

Waste Property ];)a;r;i: tle;?\%e;lllgel References 1a;kail?é?\illli2 References

Liquid Volume 114,400 ft° a, b 124,700 ft’ a
(3,240,000 L) (3,531,000 L)

Solids Volume 1,448 ft’ a, b 2,200 ft’ a

(41,000 L) (62,300 L)

Total Waste Volume 116,231 ft’ a,b 126,900 ft° a
(3,281,000 L)

Liquid Density 73.66 lbm/ ft° a,b 68.64 1bm/ ft’ a,c,d
(1.18 gm/cm?) (1.1gm/cm?)

Solids Density 199.8 Ibm/ ft’ a,b 237.1 Ibny/ ft° a, C
(3.2 gm/cm3) (3.8 gm/cm3)

Liquid Heat Capacity | 0.7643 Btu/lbm-"R a,b 1.0 Btw/lbm-°R a, b
(3.2 kl/’kg °C)

Solids Heat Capacity 0.2627 Btu/lbm-°R a, b 0.2 Btw/lbm-"R a, b
(1.1 klkg °C)

Liquid Specific Heat 0.01408 Btuw/lbm-h a, b 0.009 Btw/lbm-h a,c

Generation Rate (0.0091 watts/kg) (0.0058 watts/kg)

Solids Specific Heat 0.5262 Btw/lbm-h a, b 0.2544 Btu/lbm-h a, ¢

Generation Rate (0.34 watts/kg) (0.1644 watts/kg)

Thermal Conductivity 0.35 Btwh-{t-°R\ e 0.35 Btuw/h-ft-°R e

of Aqueous Solution

Thermal Conductivity 5.0 Btw/h-ft-°R e 5.0 Btw/h-ft-°R €

of Solids

Sludge 47,000 gal f,a 95,000 gal fa

(6283 ) (127,000 ft*)

Supernatant Liquid 812,000 gal fa 854,000 gal f,a
(108,500 ft°) 114,200 ft*

Sludge Depth 17 in. a,g 34.5 in. a
16to 17.75 in.

Weight Fraction of 0.45 a,g 0.42 a

Solids

Volume Fraction of 0.23 a 0.17 a

Solids
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Table B3-1. Model Input Parameters for Tanks 241-AZ-101
and 241-AZ-102. (2 sheets)
Tank 241-AZ-101 Tank 214-AZ-102
Waste Property Parameter Value References Parameter Value References

Heat Load in 113,700 Btu/h a 67,000 Btuw/h a
Supernatant Liquid
Heat Load in Sludge 157,200 Btu/h a 132,700 Btwh a
Total Heat Generation 270,900 Btu/h a, b 199,700 Btuw/h a, d
Rate in Tank Waste 272,000 Btw/'h 199,457 Btu/h

"HNF-5386, 1999, Thermal Hydraulic Analysis of High-Level Waste Tanks for Phase 1 Waste Feed
Delivery, Rev. 0, Numatec Hanford Corporation, Richland, Washington.

"MacLean, G. T., 1998, Parameters for Use in CFD Simulations of the Mixing and Settling of
Tank 241-AZ-101, Letter Report COGEMA-98-521, COGEMA Engineering Corporation, Richland, Washington.

‘HNF-SD-W030-ER-004, 1997, Evaluation of Waste Temperatures in AWF Tanks for Bypass Mode
Operation of the 702-AZ Ventilation System (Project W-030), Rev. 0, Numatec Hanford Corporation, Richland,
Washington.

YWHC-SD-WM-ER-411, 1995, Tank Characterization Report for Double-Shell Tank 241-42-102, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

‘WHC-SD-WM-ER-198, 1993, Development of A Dynamic Computer Simulator For Aging Waste Tank
Operations and Sufety Assessment, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

"HNF-EP-0182-109, 1997, Waste Tank Summary Report for Month Ending April 30, 1997, Flour Daniel
Hanford, Inc., Richland, Washington.

¥Bachand, 1997, Operations Data Log Sheet dated 8/25/1997 page 225.

B3.1 WASTE VOLUME
Tank 241-AZ-101

As of June 30, 1999, the waste contents of the tank are as given in Table B3-2.

Table B3-2. Waste Contents of Tank 214-AZ-101.

Tank Total Waste Volume 845,000 gal
Supernatant Liquid 799,000 gal
Sludge 46,000 gal
Waste Surface Level 307.3 in.

Source: HNF-EP-0182-137, 1999, Waste Tank Summary Report for Month Ending
August 31, 1999, Flour Daniel Hanford, Inc., Richland, Washington.

Tank 241-AZ-102

Waste contents of Tank 241-AZ-101 as of June 30,1999, are shown in Table B3-3.
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Table B3-3. Waste Contents of Tank 241-AZ-102.

Tank Total Waste Volume 926,000 gal
Supernatant Liquid 838,000 gal
Sludge 88,000 gal
Waste Surface Level 336.7 in.

Source: HNF-EP-0182-137, 1999, Waste Tank Summary Report for Month Ending
August 31, 1999, Flour Daniel Hanford, Inc., Richland, Washingion.

B3.2 HEAT LOAD
Tank 241-AZ-101

WHC-SD-WM-ER-410, Tank Characterization Report for Double-Shell
Tank 241-47-101, reported that the heat load in Tank 241-A7-101 was 241,600 Btwh in 1995.
MacLean (1998) reported the heat load as approximately 272,000 Btwh based on best estimate
inventory data and 1997 sludge depth (HNF-EP-0182-109). However, HNF-5386 calculated a
heat load of 270,900 Btwh based on specific heat-generation values of liquid and solids and tank
waste contents reported in HNF-EP-0182-109. The heat load of 270,000 Btw/h differs by less
than 0.5% from the MacLean (1998) value and it was considered a conservative value compared
with WHC-SD-WM-ER-410 data. Most recently Willis (1999} reported a value of
273,000 Btu/h.

Tank 241-AZ-102

WHC-SD-WM-ER-411, Tank Characterization Report for Double-Shell
Tank 241-AZ-102, reported that the total heat load of Tank 241-AZ-102 waste was 199,457 Btu'h
(58.441 kW). HNF-5386 calculated the total heat load of 199,700 Btwh based on the total liquid
heat and solid heat values of HNF-SD-W030-ER-004, Project W-320 SAR and Process Control
Thermal Analyses. Using the same best basis inventory data as HNF-SD-W030-ER-004,
Bachand (1997) calculated a radionuclide heat load of 159,000 Btu/h. Bachand’s value is much
below all the other three reported values.

Reevaluation of radionuclide decay heat load of the waste in Tank 241-AZ-102 is
strongly suggested because this is the bounding case for the combined parameters of waste and
heat loading of the tank for alternatives generation and analysis (AGA) analysis.

B3.3 SLUDGE DEPTH
The sludge volume in Tank 241-AZ-101 was reported in WHC-SD-WM-ER-410 as
35,000 gal. Sludge depth measurements in August 1997 showed an average depth of 17 in.,

which is about 47,000 gal. HNF-EP-0182-137, Waste Tank Summary Report for Month Ending
August 31, 1999, reports a sludge volume of 46,000 gal, which is a sludge depth of about 16.7 in.
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The sludge volume in Tank 241-AZ-102 was reported in HNF-EP-0182-109 as
95,000 gal, which results in a sludge depth about 34.5 in. HNF-EP-0182-137 shows a sludge
volume of 88,000 gal, which is a sludge depth of about 32 in.

B34 THERMAL CONDUCTIVITY

Based on the data in Table B3-1 for Tank 241-AZ-101 and assurning that all the solids
are in the sludge, the sludge will have 23 volume percent of solids or about 45 weight percent of
solids. Using a series conductivity model, the sludge thermal conductivity is 0.45 Btwh-ft-°R
(HNF-5386).

Based on the data in Table B3-1 for Tank 241-AZ-102 and assuming that all the solids
are in the sludge, the sludge will have about 17 volume percent of solids or about 42 weight
percent of solids. Using a series conductivity model, the sludge thermal conductivity is about
(1.42 Btwh-ft-°R (HNF-5386).

B4.0 TANK 241-AY-102 THERMAL PARAMETERS
(BOUNDING CASE)

The model input parameters for Tank 241-AY-102 in the fluffed sludge condition are
presented in Table B4-1.

Table B4-1. Model Input Parameters for Tank 241-AY-102..

Waste Property Parameter Value
Supernatant Liquid Volume 424,000 gal
Sludge Volume 186,000 gal
Total Waste Volume 222 in.

610,000 gal
Liquid Density 62.4 Ibm/ft’
Solids Density 120.4 Tbnv/ft’
Liguid Heat Capacity 0.8 Btw/lbm °F
Solids Heat Capacity 0.2 Btw/lbm °F
Thermal Conductivity of Solids 5.0 Btw/h-ft °F
Shudge Depth 91 in.
Heat Load in Supernatant Liquid 0
Heat Load in Sludge 116,000 Btwh
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B4.1 HEAT LOAD

The heat loads of tanks 241-AY-102 and 241-C-106 were estimated in
HNF-SD-W320-ER-004, Project W-320 SAR and Process Control Thermal Analyses. The
following are heat load estimates for September 1997. All heat loads should be decayed
assuming a half-life of strontium 90 (~28 years).

o Tank 241-AY-102 41,200 Btu/h
o Tank 241-C-106 118,000 Btu/h.

Project W-320 removed from 60,000 to 80,000 Btu/h of heat from Tank 241-C-106. For
the purposes of the AGA study, the transferred heat load will be assumed to be 77,000 Btuw/h.
Thus, the total heat in Tank 241-AY-102 in November 1999 is assumed to be 116,000 Btu/h.

One hundred percent of the heat Joad will be considered to be in the sludge.

B4.2 FLUFFING FACTOR

The best-estimate fluffing factor selected for the Project W-320 transfer of waste into
Tank 241-AY-102 was 1.4 (HNF-SD-W320-ER-004). This estimate was based on laboratory
settling data. The 2 sigma upper bound was estimated to be 1.8. A value of 1.8 will be used for
AGA supporting analyses for Tank 241-AY-102. This will provide a level of conservatism. The
fluffing factor will be used for calculating waste properties only.

B4.3 WASTE DEPTH

Figure B2-1 shows the settled waste level in Tank 241-AY-102 based on Enraf
densitometer measurements. The Project W-320 sluicing was imtiated early in November 1998,
Each waste transfer results in an increase in the settled waste level of Tank 241-AY-102. The
Enraf data show a rapid settling of the waste followed by a slower settling rate. The other curve
shown in Figure B2-1 represents the expected maximum waste depth if the waste were mixed
with a mixer pump. The initial settled waste (9 in. deep) is assumed to fluff to a depth of 18 in.
The transferred waste will only increase to the depth of the waste immediately following the
waste transfer from Tank 241-C-106. The figure shows that the maximum depth of waste
following mixer pump operation is 91 inches.

B44 THERMAL CONDUCTIVITY

A thermal conductivity model is required to determine the waste conductivity. The waste
properties for the Tank 241-AY-102 waste will be obtained from the Tank 241-C-106 parameters
and the application of the waste-fluffing factor.

The model input parameters are based on the Project W-320 process control plan
(HNF-SD-WM-PCP-013, Tank 241-C-106 Waste Retrieval Sluicing System Process Control
Plan).

» Sludge bulk specific gravity 1.55
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e Weight percent water in interstitial fluid 78.6 wi%
e Weight fraction of solids 47%

The specific gravity of the solid particles and the interstitial fluid were selected to be
consistent with the above items.

o Interstitial fluid specific gravity 1.27
» Particle specific gravity 1.93

The particle volume fraction was derived from these parameters.
» Particle volume fraction 43%

The following are estimates of the particle and liquid thermal conductivities
(HNF-SD-W320-ER-004).

e Liquid thermal conductivity 0.35 Btu/h-ft-°F
e Particle thermal conductivity 5.0 Btu/h-ft-°F

B5.0 TRANSPORT PROPERTY - VAPOR PRESSURE
OF AQUEOUS WASTE SOLUTIONS

Dissolving either salts or basic materials in water lowers the vapor pressure for a given
solution temperature. The temperature of the solution must rise until a vapor pressure is reached
equal to water for a given amount of heat to be removed by evaporation. GOTH thermal
hydraulic model incorporates this effect to calculate the solution saturation temperature
(WHC-SD-WM-ER-198). The value chosen is for this aqueous waste solution is 85% of the
value of water.

B6.0 FREE SETTLING VELOCITY

The free settling velocity of the slurry particles after mixing stops effects the time that the
maximum temperature develops in the settled sludge layer. The non-convective layer will form
faster for large velocity values. If the particles instantaneously settle to the fluffed sludge depth
so that the sludge becomes non-convective, the maximum siudge temperature will develop. If the
particles remain suspended the waste remains in a convective state and the heat load will be
distributed equally. The particle settling velocity effects the system thermal response.
Accordingly, the velocity value will effect the ventilation system design.

Input parameters, such as particle size and density, and liquid properties, such as
viscosity, affect the slurry settling velocity. Some of these parameters have been specified in the -
table of input parameters and some are implied by other material or physical properties. All
applicable input properties will not be defined. A constraint on the results will be specified to
ensure that settling is sufficiently rapid to be conservative.
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HNF-5177 discusses slurry-settling velocity as part of the investigation into the overall
fluffing and compaction of nuclear waste slurries. Some of these data were developed
specifically for the effort and some are from previous investigations. The data, in terms of
interface level as a function of time, were plotted for all the available data. The velocity plots
were developed from the plotted data. The following observation was developed with this data.

“The rapid settling velocity for a slurry in any size test vessel will approximate the rapid
settling for a large-scale vessel such/ as a waste storage tank.”

Based on this observation and HNF-5177 data for NCAW simulant (which shows a range
of interface velocities from 0.66 to 0.87 in./h) the constraint is as follows: The average interface
velocity from the time that pumps are shut off until the fluffed-sludge depth is achieved should
be not less than 1 in./h.

B7.0 BOUNDARY CONDITIONS - VENTILATION INLET NOMINAL
TEMPERATURE AND ABSOLUTE HUMIDITY

The value of the inlet dry-bulb air temperatures depends on the observation that the
thermal time constant for a waste tank is on the order of two weeks. Based on this observation, it
is appropriate to use temperatures averaged over a month as a basis for defining the ambient inlet
conditions. Records of temperature and relative humidity dating for the last fifty years are
provided by the Hanford Meteorological Station. The highest average monthly temperature of
82.2 °F occurred in July of 1985. The average for July is 76.3 °F. A dry-bulb temperature of
76 °F should be used as a constant boundary condition to define thermal performance during the
first segment of t he transient temperature response. Along with this value a humidity ratio
(pounds moisture per pound of dry air) of 0.0066 should be used based on the same data source
and reasoning. A dry-bulb temperature of 82 °F should be used as a constant boundary condition
during the following two segments. The same humidity ratio should be used because when the
pump is off, the heat removal mechanism that has the strongest effect on the maximum waste
temperature is the sensible heat removal provided by the annulus ventilation system. The dry-
bulb temperature is the driver for maximizing the temperature excursion, not the humidity ratio.

B7.1 VENTILATION SYSTEMS OPERATION
BOUNDARY CONDITIONS

The four tanks in the Aging Waste Facility are served by a common primary ventilation
system. This system consists of a dedicated recirculation module and inlet station for each of the
four tanks in the facility. These recirculation modules feed a common central exhaust facility
that contains the chiller-driven condenser, the filters, the fans, and the stack discharge point for
the facility. Each one of the tanks can be operated either in the recirculation mode or a once-
through mode; however, only one tank in the facility can be operated in the once-through mode
at a time. In addition, each tank in the AY Tank Farm is served by a tank-specific annulus
ventilation system. A common annulus ventilation system serves the two tanks in the AZ Tank
Farm.
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B7.1.1 Primary Ventilation System Flow Rates

When operated in the once-through mode, the net discharge flow from the tank is
increased from the nominal value of 100 to 200 ft*/min (standard) to 500 ft’/min (standard).
This is the defined condition to use for these analyses.

For the once-through case, the primary ventilation flow rate is set at 500 f*/min
(standard) based on capabilities of the 702-AZ vent system. For the recirculation case with 20%
through flow with chiller, the ambient air inlet should be 100 ft*/min. The recirculation flow
should be 400 ft*/min. To model this as an enhancement to the existing system, the recirculation
flow should be treated as though it exits from a chiller.

The current operating capabilities are as described below. The cooling tower on the
recirculation loop is capable of cooling the condenser flow at full load to within 20 °F of the wet-
bulb temperature. There may be as much as 20 °F temperature rise in the loop flow between the
tower and the condenser because of condenser tube side and transport temperature differential.
The wet-bulb temperature for the bounding dry bulb and humidity ratio is 57 °F, so it is
reasonable that the recirculation flow entering the tank under these conditions is 97 °F and 100%
relative humidity. Nominal full load for the primary cooling system for both Tank 241-AY-102
and Tank 241-AZ-102 is defined as 1,000,000 Btu/h (SD-600-FDC-001, Functional Design
Criteria for the Tank Farm Ventilation Upgrade Project W-030). The mixer pump will add
about 50% more heat than the design basis for the current system. [t will be conservative in
increase the return air flow dry bulb temperature by an additional 20 °F (to 117 °F) and consider
that it will enter the Tank at 100% relative humidity when the point described as T4 on
Figure B1-1 1s reached.

B7.1.2 Annulus Ventilation System Flow Rate

Current operational experience with the annulus ventilation system for Tank 241-AY-102
indicates that a flow rate of 1000 ft*/min (standard) is possible once certain configuration
changes have been made using the existing blower configuration. An upgrade path appears to
exist to raise the flow to 2000 ft*/min (standard) through the installation of a double-blower
arrangement. An analysis should be performed at each of these flows both for ambient inlet
condition and chilled inlet condition.

It is recommended that these two flow rates be used for the annulus flow rate:
1,000 ft*/min (standard) as the base case and 2,000 ft*/min (standard) as the enhanced case.

B7.2 CHILLER OUTLET NOMINAL
TEMPERATURE AND HUMIDITY

A reasonable outlet temperature for a chiller installed in either the primary recirculation
loop or in the annulus inlet is 40 °F. This temperature provides adequate margin from freezing
and is well within the capabilities of commercial off-the-shelf hardware. Operating in a
subfreezing mode requires that moisture be removed from the inlet air before cooling it.
Although methods and hardware exist to perform this operation, they are not without significant
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costs, both initially and operationally. The moisture ratio that can be expected is 0.005-1bm
water/lbm dry air.

B7.3 PUMP HORSEPOWER

The energy from mixer pump horsepower in all cases should be modeled as
600 horsepower deposited in the waste by two 300-horsepower mixer pumps, equaling
1,526,000 Btwh.

B8.0 DRAWINGS
The geometrical and logical relationships required to construct the model are contained in
the following drawings:
e Tank 241-AY-102

— H-2-64449 Tank Elevation and Details
— H-2-64307 Structural Insulating Concrete Plan & Details
— H-2-131063 Pé&ID 241-AY102K4 Recirc Vent Cooling

e Tank 241-AZ-102

— H-2-67317 Tanks 101 &102 Section & Details AZ Tank Farm
- H-2-67244 Structural Insulating Concrete Plan & Details
- H-2-131065 P&ID AZ102K4 Recirc Vent Cooling
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APPENDIX C

GOTH-SNF VERSION 3.0 VERIFICATION
AND VALIDATION NOTEBOOK

C1.0 INTRODUCTION

The GOTH-SNF, Version 5.0 computer code' (Thurgood 1999a) is being used to evaluate two
alternatives for the heat removal for the high-level waste (HLW), double-shell tanks (DST). This
evaluation supports the Alternatives Generation and Analyses (AGA). The two alternatives
evaluated include primary side heating, ventilation and air conditioning (HVAC) system
enhancements and secondary or annulus side HVAC enhancements. The two cooling
alternatives are evaluated for bounding waste tanks, 241-AZ-102 and 241-AY-102. A schematic
of tank 241-AY-102 is shown in Figure C1-1, The thermal hydraulic evaluation of the two
cooling alternatives will determine the minimum enhancements required to maintain supernatant
liquid and waste temperatures below Limiting Conditions for Operation (LCQO) temperature
limits. Thermal hydraulic analyses were used to evaluate four periods of tank operation:

1. Steady state normal operation

2. Steady state fully mixed condition

3. Steady state resettled condition

4, Loss of ventilation flow during waste re-settling
The GOTH-SNF computer code and tank models were benchmarked using tank 241-AY-102
temperature and waste level data. A description of the GOTH-SNF computer code and model is
provided in Section 2.0. The data for the benchmark analyses were collected in support of the
process control activities defined by Project W-320 (Carothers 1998). Project W-320 provided
the Waste Retrieval Sluicing System (WRSS) used to transfer waste from tank 241-C-106 to
tank 241-AY-102. Overviews of these data are provided in Section 3.0. The benchmark
analyses for tank 241-AY-102, together with previous GOTH-SNF verification and validation
(Thurgood 1999), provide the basis for the application of GOTH-SNF to the AGA alternatives
study.
Benchmark analyses were performed for two periods of tank operation. The first period was the
pre-sluicing period prior to any significant waste transfers. The second benchmark analyses was
performed for the post-sluicing tank conditions, after the completion of all waste transfers from
tank 241-C-106. The results of the benchmark analyses are provided in Section 4.0.

' GOTH-SNF is a proprietary code of John Marvin, Inc.
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Figure C1-1. Schematic of Tank 241-AY-102.
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C2.0 GOTH-SNF MODEL DESCRIPTION

C2.1 GOTH-SNF COMPUTER CODE

The GOTH-SNF is a general-purpose, thermal-hydraulics computer program developed by John
Marvin, Inc (JMI). The current version and the predecessor program GOTH (Sathyanarayana
1996) have been used extensively at Hanford, other Department of Energy sites, and the
commercial nuclear industry for design, safety, and operations analyses. GOTH-SNF has been
verified, validated (Thurgood 1999) and is controlled through the JMI Quality Assurance
Program (Thurgood, Ogden 1999).

C2.2 BENCHMARK MODEL

Schematics of the GOTH-SNF basic model used for the benchmark analyses and AGA
alternative study is are shown in Figures C2-1 and C2-2. The model incorporates lumped-
parameter and distributed parameter volumes, heat conductors, and flow and pressure boundary
conditions to provide a one-dimensional (1-D) model of tanks 241-AY-102 and 241-AZ-102.
The basic model is applied to both waste tanks. The models differ only in the specification of
tank specific parameters, which include ventilation flow rates, waste geometry / properties and
floor annulus configuration. The model is described in the following sections.

C2.2.1 Control Volumes

The control volumes for the GOTH-SNF model are shown in Figure C2-1. The volume inside
the tank inner liner is modeled with GOTH-SNF Volume 1s. This is a distributed parameter
volume with a 1-D model of the waste, supernatant liquid, and dome space. The noding scheme
for Volume 1s for tank 241-AY-102 is shown in Figure C2-2. The waste is modeled with eight
sub-volumes. The initial 241-AY-102 waste is divided into 2 volumes so that the center of the
second volume corresponds to the location of a waste thermal-couple, to facilitate the
comparison with measure waste temperatures. The remaining six sub-volumes of the waste
correspond to increments of transferred waste, from tank 241-C-106. These are discussed in
Section 3.0. The supernatant liquid is subdivided into multiple volumes. This subdivision
provides for the modeling of the resettled waste height after the operation of the mixer pumps.
The dome space above the supernatant liquid is modeled with a single sub-volume. A small
volume of the supernatant liquid pool is contained in the sub-volume to model the evaporation
from the liquid pool.

GOTH-SNF control volume 2 corresponds to the flow volume of the annulus system, in the floor
of the tank. This is shown pictorially in Figure C2-1. The flow volume in the annulus
ventilation system, between the steel inner liner and outer liner, is modeled with control

volume 3. Volume 5 models the inlet annulus piping. This includes the drop-legs in the wall
annulus region and the horizontal runs of piping leading to the center of the tank. Control
volume 4 shown in Figure C2-1 physically corresponds to the piping volume of the primary
ventilation system downstream of the tank outlet. The GOTH-SNF model uses this volume only
for condensing water vapor, which is returned through Valve 1 (Figure C2-1) to the liquid pool
and extracting the dome air during primary system re-circulation operation.
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Figure C2-1. GOTH-SNF Model Schematic.
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Figure C2-2. GOTH-SNF 1-D Tank Volume.
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C2.2.2 Thermal Conductors

The GOTH-SNF model treats the tank waste and supernatant liquid as fluid volumes with
conduction heat transfer, when the mixer pumps are not operating. Other thermal masses
associated with the waste tanks are modeled with 1-D thermal conductors. The soil directly
above the tank is modeled with a one-dimensional wall conductor (thermal conductor 6) shown
in Figure C2-1. The thickness of this conductor corresponds to the average soil depth above the
tank. This conductor uses the measured ambient temperatures for the top surface and calculated
dome temperatures for the bottom surface.
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The soil surrounding the tank side is modeled with tube thermal conductor 5. The inside of the
tube is connected to the wall annulus (Volume 3). The thickness of the tube conductor
corresponds to the mid-point between the modeled tank and the surrounding tanks. The thermal
conductor boundary is assumed adiabatic for the outside surface of the tube conductor.
The soil below the tank is modeled with a 1-D wall conductor (thermal conductor 4). The
thickness of this conductor is 200 ft, corresponding to the approximate distance to the water table
below the tanks. A constant 54 °F temperature is used for this surface of the thermal conductor.
This is the average annual ambient temperature, and therefore the soil temperature at a distance
removed from the tanks.
The steel plates of the inner liner are modeled with three conductors. Thermal conductors 1
corresponds to the bottom plate, while conductors 2 and 3 model the side wall liner. The
remaining thermal conductor 8, shown in Figure C2-1 is not related to any of the physical
features of the tanks. It is used to condense vapor from the tank outlet flow and return it through
valve 1 to the liquid pool. This maintains the pool level at a constant value.

C2.2.3 Boundary Conditions

The GOTH-SNF model uses the boundary condition component to establish the temperature,
humidity, and ventilation flow rates for the primary and annulus ventilation systems. Boundary
conditions 1P and 3P, shown in Figure C2-1, define the ambient temperature and humidity
conditions. The benchmark analyses for tank 241-AY-102 used measured meteorological data
from the Hanford weather station (need reference). These data are shown in Figure C2-3. The
ambient conditions shown in Figure C2-3 were replaced with conservative constant temperature
and humidity for the AGA Analyses (Appendix B).

The primary and annulus flow conditions are modeled with flow boundary conditions 5F and 4F
shown in Figure C2-1. The benchmark analyses used measured flow data shown in Figure C2-4.
The measured flow data was replaced with constant flow conditions for the AGA analyses.

Figure C2-3. Ambient Conditions for Benchmark Analyses.
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Flow boundary condition SF shown in Figure C2-1 is used to model the mixer pump flow.
Liquid is drawn from the supernatant liquid pool and injected into the bottom level of waste.
This provides a mixing of the settled waste. The heat associated with the operation of the pumps
is modeled with a GOTH-SNF heater component shown in Figure C2-2. This component is
located near the middle of the liquid pool.
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Figure C2-4. Ventilation Flow for Benchmark Analyses.
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C2.2.4 Flow Connectors
Figure C2-1 shows the flow connectors used in the GOTH-SNF model. These flow connectors
connect the control volumes using flow areas representative of the physical flow area of the tank

ventilation system.

C2.2.5 Annulus Floor Heat Transfer Model

Figure C2-5 shows a schematic of the annulus-ventilation, flow channel configuration for

tank 241-AY-102. There are three radial regions of the tank floor. The number of cooling slots
doubles for each radial region and the distance between cooling slots increases. The channel side
and top surfaces are available for heat transfer to the waste. Figure C2-5 shows a sketch of the
cooling slot configuration for tank 241-AY-102. The cooling slot cross-section areas range is
size from 1.5 in x 3 in for the inner region to 1.5 in x 1.5 in for the outer region.

The floor channel cooling configuration is modeled by averaging the forced flow heat transfer
coefficient (Dittius-Boelter Correlation , reference) for the three regions of the tank. Only the
top-channel surface area is modeled for heat transfer. Using this minimum surface area helps
offset the conduction distance between cooling slots. This heat transfer model will be
benchmarked with tank data.
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Figure C2-5. Annulus Ventilation Floor Slot Configuration.
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C2.2.6 Waste Thermal Conductivity Model

The input specifications provided in Appendix B describe several thermal conductivity models
available for modeling thermal conduction in the tank waste. The Maxwell and Series
conduction models are shown in Figure C2-6. They are plotted as a function of particle volume
fraction. The Series model is a conservative conduction model, while the Maxwell model is a
more phenomenological based model. The GOTH-SNF program currently uses the Series
model. Because of uncertainty the most appropriate conduction model to apply, the conservative
series model will be applied both to the benchmark and AGA analyses.
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Figure C2-6. Waste Thermal Conductivity Model.
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C3.0 TANK 241-AY-102 DATA DESCRIPTION

This section provides an overview of the tank 241-AY-102 data used for the GOTH-SNF model
benchmark. Data is shown for the period from September of 1998 to December of 1999,

C3.1 TANK INSTRUMENTATION
Figure C3-1 shows an overview of the location of the liquid level and waste temperature
instruments for tank 241-AY-102. The temperature data includes:

L.

4,

Bottom Waste Temperatures

The bottom waste temperatures are measured by thermocouples located on thermocouple
trees existing in the tank prior to Project W-320. The thermocouples are located ~3 inches
from the tank floor. In addition, each air lift circulator in tank 241-AY-102, included a
thermocouple also located a few inches from the tank floor. The location of the
thermocouple trees and ACL’s are shown in Figure C3-1.

Insulating Concrete Temperatures

The tank floor is instrumented with thermocouples imbedded in the insulating concrete
below the tank liner. These thermocouples are located at three radial locations,
approximately 7, 21, and 36 feet from the tank centerline, These are identified as “bottom
temps” in the legend of Figure C3-1.

. Multifunction-Instrument Tree

A multifunction instrument tree (MIT) was installed in tank 241-AY-102 for Projects
W-320. The MIT provides measurement of the axial temperature profile within the waste
and supernatant pool and dome space. This is shown at the bottom center of Figure C3-1.
ENRAF Level

The tank level for tank 241-AY-102 is measured by the Enraf gauge located midway between
the tank wall and centerline. This instrument provides a near continuous measurement of the
level of the supernatant pool. The Enraf gauge can also be used as a densitometer. In this
mode, the instrument can determine the location of the settled sludge liquid interface. The
location of the Enraf densitometer measurements is near the north wall of the tank as shown
in Figure C3-1. '

Other Tank Instrumentation

Additional measurements not shown in Figure C3-1 were also made during the retrieval of
waste from tank 241-C-106. These included the primary and annulus system volumetric flow
rates, primary and annulus system outlet air temperatures and the tank dome space humidity.
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Figure C3-1. Overview of Tank 241-AY-102 Instrumentation.
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C3.2 DATA SUMMARY

C3.2.1 Temperature Data

A summary of the tank 241-AY-102 temperature data used for the GOTH-SNF model
benchmark is shown in Figure C3-2. These data were selected because they are related to the
energy removal and storage in the tank and indicate the maximum waste temperature. They
include the primary and annulus outlet air temperatures, the liquid temperature, and the sludge
temperatures.

The ventilation system, outlet temperatures are a measure of the heat removed by the ventilation
systems. The dome space humidity is also an important parameter for energy removal from the
primary system. However, the measured value is nearly constant at 100% and thus a time history
plot is not provided.

The rate-of-change of liquid and sludge temperatures are an indication of the energy storage in
the tank. These data are included in the benchmark analyses and are shown in Figure C3-2.

The maximum waste temperature will be compared with the temperature criteria for the AGA
alternative study. It is therefore an important parameter for the benchmark analyses. The
selected data for the benchmark analyses provides an assessment of the capability of the
GOTH-SNF model to account for the heat generation, removal from tank 241-AY-102 and the
prediction of the maximum waste temperature. _
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Figure C3-3 shows the outer sludge temperatures for tank 241-AY-102. The locations of the
TC’s are shown in Figure C3-1. The average temperature is also shown in the figure. The TC’s
are distributed in the azimuthal direction around the tank floor. These data illustrate the variation
in temperature at nearly the same radial distance from the tank centerline. Some of this variation
is due to the location of the temperature measurement, relative to the floor-cooling channel.
Three times the standard deviation for data is also shown in Figure C3-3. This provides an
e¢stimate for the maximum expected waste temperature. The conservative waste thermal
conductivity model was selected to bound this variation, which is due impart, to higher waste

temperatures for waste located between cooling channels.
Figure C3-2. Tank 241-AY-102 Benchmark Data.
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Figure C3-3. Outer Sludge Temperatures.
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C3.2.2 Waste Level Data

The Enraf densitometer measurements of the settled waste level are shown in Figure C3-4. This
data shows the settled waste level near the tank wall (Figure C3-1). The increase in level seen in
the figure is a result of waste transfers from tank 241-C-106. The waste transfers were initiated
in November 1998 and were completed in early October 1999. Two regions of data were
selected for the benchmark analyses as seen in Figure C3-3. The first region, which is identified
as “pre-sluice benchmark data,” includes the period from September 1998 to March 1998. Two
small waste transfers were performed during this period. However, the conditions in the tank are
close to pre-sluice conditions. The second region, denoted as the “post-sluice benchmark data,”
includes the period from September 1999 to December 1999. The final waste transfers were
completed early in this period. These data characterize the behavior of the tank waste at the
completion of the waste transfers from tank 241-C-106. These tank conditions will be used for
the AGA alternative study.
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Figure C3-4. Tank 241-AY-102 Enraf Densitometer Data.
Figure C3-3 shows that the first waste transfer was performed in November 1998 and that the
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measured sediment level prior to the first transfer was 9 inches. Figure C3-2 shows the
temperature data for TC1 of the MIT, which is 11.2 inches from the tank floor. The supernatant
liquid temperature is also shown in the figure. It can be noted that the measured temperature at
TC1 exceeds the supernatant liquid temperature. This is only possible if that TC is covered by
waste. The second thermocouple, TC2 located at 23.2 inches, measures supernatant liquid
temperatures during this period. This indicates that the waste level at the location of the MIT
(Figure C3-1) is higher than at the location of the Enraf densitometer gauge (their location is
nearly diametrically opposed to each other). The level is between 11.2 inches and 23.2 inches.
The higher initial waste-depth measure by the MIT temperatures was used for the benchmark
analyses and AGA study. A value 17 inches (mid-way between the two thermocouples) was
selected for the benchmark and AGA analyses. The change in level measured by the Enraf
gauge was used to determine the post-sluicing waste depth in tank 241-AY-102. The post-
sluicing waste depth used for the analyses was 85 inches.

C3.2.3 Waste Settling Time

A potentially important parameter for the AGA analyses is the settling time of the tank waste,
after elimination of mixer pump operation. The Enraf level data for tank 241-AY-102 provides
an estimate of this settling time. The level data are shown in shown in Figure C3-5. The
sluicing start date and the date the waste achieved a maximum settled depth are shown in the
figure for four waste transfers. These waste transfers were selected because a significant amount
of waste was transferred in one sluicing operation. This provides a good estimate of the settling
time. The settling times range from six days to nine days (including the day of sluicing). The
benchmark analyses will not include a comparison of these settling times. However, the settling
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times for the AGA analyses will be compared with these data to ensure that the predicted settling

times for the AGA analyses are reasonable.
Figure C3-5. Setting Time Data for Tank 241-AY-102.
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C3.3 TANK 241-AY-102 ENERGY BALANCE

The heat load for tank 241-AY-102, following the completion of waste transfers from

tank 241-C-106, was estimated by performing an energy balance based upon measured tank
temperature and ventilation flow data. The methodology and results are presented below.

C3.3.1 Methodology

Figure C3-2 shows that the waste temperature for tank 241-AY-102 reached seasonal maximum
temperatures in December 1999. During this period, the energy storage in the supernatant liquid
and sludge is small and can be neglected in the energy balance. The temperature and flow data
for the middle of December was averaged over a one week period. These average values were

used for the energy balance.
The following is a summary of the averaged temperature and ventilation flow data:

T dome= 90 °F Dome and primary ventilation outlet air temperature
T anbient = 42 °F Ambient inlet air temperature

T annuius= 85 °F Annulus ventilation outlet air temperature

Q primary = 350 cfm Primary system volumetric flow rate.

Q primary = 890 cfm Annulus system volumetric flow rate.

In addition to these data, the dome relative humidity and average ambient relative humidity were
used to determine the inlet and dome space water vapor density P intet vapor 80d P dome vaper. The
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dome space relative humidity was a constant 100% and the average ambient relative humidity
was near 50%.
Constants used for the energy balance included:
Cp air = Air specific heat
P «ir = Inlet air density
k.sit = Soil thermal conductivity
Atk = Tank cross-sectional area

L «it = Depth of soil above tank

h ¢ = Heat of evaporation
The heat removed through the primary ventilation system by sensible heat, soil conduction and
evaporation (latent heat) are given by:

1 - / \
Qatent ™ By ' P domevapor<.? inletvapor Q prim
= gair'é? imaryCP air (1 dome ?ram%ﬁ

49 sensible primary dome
9 primary*= 9 sensible’ 9 conduction™ 9 laten
_ K soil A tank T
49 conduction’™ L ' ( dome ™~ T amb)

soil
Energy removed by the annulus ventilation sensible heat removal and the total heat removal are
given by:

T

9 annulus™ P air Q annulusCP air ( annulus™ T amb)

9 total ‘= 9 primary T 9 annulu
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C3.3.2 Results
The results of the energy balance are summarized in Table C3-1. The total heat removal is

117,000 BTU/hr. This includes the heat initially in tank 241-AY-102 (41,200 BTU/hr, Ogden
1998) waste prior to the waste transfers from tank 241-C-106. This provides a best estimate of
the heat in tank 241-AY-102 to be used for the AGA analyses. Table C3-1 shows the relative
contribution of the various heat removal mechanisms. During the period of maximum, waste
temperatures (November to December), the primary ventilation system removes about 50% more
heat than the annulus ventilation system. Evaporative heat removal is the dominant heat-removal
mechanism during this time of year,

Table C3-1 Summary of Tank 241-AY-102

Energy Balance.

Energy Balance Parameter Energy Balance Estimate (BTU/hr)
| Q sensible . 17,200

Q conduction 6,110

Q tatent 54,600

Q primary 77,900

Q annulus 38,600

Q sotat 117,000
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C4.0 BENCHMARK ANALYSES

Analyses were performed with the GOTH-SNF model of tank 241-AY-102. The results were
compared with measured tank data. The data comparison provides a benchmark of the model
and demonstrates the applicability of the model for the AGA analyses. Both pre-sluicing and
~ post-sluicing data were used for the benchmark analyses.

C4.1 PRE-SLUICING DATA BENCHMARK

C4.1.1 Dome Head Space Temperature
The dome space temperature and relative humidity are indicators of the latent and sensible heat
removal by the primary system. The GOTH-SNF predicted relative humidity agrees with the
241-AY-102 measured dome space humidity of 100%. The water vapor in the dome space air is
at saturation conditions. A comparison of the dome-space temperature data, for the pre-sluice
tank conditions, and the GOTH-SNF mode! predicted temperatures, is shown in Figure C4-1.
There is excellent agreement with the measured data. This demonstrates that the heat removal
mechanisms of evaporation, convection, and soil conduction are well modeled.

Figure C4-1. Pre-sluice Dome Space Temperature Comparison.
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C4.1.2  Supernatant liquid Temperature

The supernatant liquid temperature is an indicator of the heat removal from the primary system
and the heat stored in the liquid pool. Figure C4-2 shows a comparison of the measured data and
predicted supernatant liquid temperature. The GOTH-SNF model is initialized with constant
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soil, sludge, and liquid temperatures. Between 20 to 30 days of simulation-time is required for
the model to bring these therma! components into equilibrium. There is close agreement with the
data after this time. This shows that the energy storage in the supernatant liquid pool and
removal from the primary system ventilation is modeled correctly.
Figure C4-2. Pre-Sluice Supernatant liquid Temperature Comparison.
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C4.1.3 Annulus Outlet Temperature

The annulus outlet air temperature is an indicator of the energy removed by the annulus
ventilation system. A comparison of the predicted and measured annulus temperature is shown
in Figure C4-3. The prediction temperature is approximately 4 °F higher than the measured
temperature in 180 days. Overall, the agreement is reasonable. The heat removal by the annulus
system is well modeled by the GOTH-SNF model.
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Figure C4-3. Pre-Sluice Annulus Outlet Air Temperature Comparison.
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C4.1.4 Waste Temperature

The waste temperature is an indicator of the energy storage in the waste and is an important
parameter for the AGA analyses. A comparison with the predicted and measured waste
temperature, at the location of TC1 of the MIT, is shown in Figure C4-4. The agreement with
the data is good, however, the waste temperature is over-predicted. This is expected because of
the use of the conservative, waste thermal conductivity model. At approximately 110 days in
Figure C4-4, the waste temperature increases for a short period. This increase resulted from the
loss of annulus ventilation. The waste temperature increase was well predicted by the
GOTH-SNF model.
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Figure C4-4. Pre-Sluice Waste Temperature Comparison.
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C4.2 POST-SLUICING DATA BENCHMARK

Benchmark analyses were performed for the post-sluicing data. This provides an assessment of
the current conditions in tank 241-AY-102. Comparison with tank data is provided in the
following sub-sections.

C4.2.1 Dome Head Space Temperature

The dome space outlet air temperature is shown in Figure C4-5 for post-sluice tank conditions.
The data are compared with GOTH-SNF model predicted temperatures. The agreement is
excellent. Thus, the GOTH-SNF model, with the transferred waste from tank 241-C-106,
predicts the energy removal from the primary ventilation system well.

C4-4



RPP-5637
Rev. 0
Figure C4-5. Post-Sluice Dome Space Temperature Comparison.
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C4.2.2 Supernatant liquid Temperature

A comparison of the GOTH-SFN benchmark analyses and the post-sluicing supernatant liquid
temperature is shown in Figure C4-6. There is close agreement with the data. The ambient air
temperature is also shown on the figure. The pool temperature remains near constant for many
days, while the ambient temperature is decreasing significantly. The close agreement with the
supernatant liquid temperature demonstrates that the GOTH-SNF model correctly models the
energy storage and removal mechanisms from the waste tank.
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Figure C4-6. Post-Sluice Supernatant liquid Temperature Comparison.
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C4.2.3 Annulus Outlet Temperature

A comparison of the measured annulus-ventilation system outlet air temperature with the
GOTH-SNF model! prediction is shown in Figure C4-7. There is close agreement with the data.
The GOTH-SNF model correctly models the energy removal by the annulus system. This
demonstrates that the average slot heat transfer coefficient, with the top-slot surface area,
provides a good representation of the heat transfer from the waste to the annulus air.
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Figure C4-7. Post-Sluice Annulus Outlet Air Temperature Comparison.

Annulus Temparature
g VDo
I
ol : i
c [
2 ol : : :
o | — H i
m - ...........g.... ¥ ?-
] K a
g - GOTH-SNF
or p i i
- a k. Y S R L
4 Dad .
ok ; : :
P beem e """'E'"""""' [ S srbras o ?...., R
B oA 6080 oo
Time {Day)

C4.2.4 'Waste Temperature

The measured waste temperature at TC1 of the MIT (11.2 inches from the tank floor) is
compared with predicted waste temperatures in Figure C4-8. The GOTH-SNF model over-
predicts the waste temperature by 10 to 15 °F. This is a result of the waste conduction model
discussed in Section C2.2.4. The Series conduction model is conservative, as expected, resulting
in higher predicted temperatures.

The annulus ventilation system was off for a short period following the completion of sluicing
from tank 241-C-106. The waste temperature increase, resulting from this loss of ventilation, is
shown Figure C4-8. There is good agreement with the data and the GOTH-SNF model predicted
temperature increase following the loss of ventilation. This further demonstrates that the
GOTH-SNF model can model the waste temperature response.
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Figure C4-8. Post-Sluice Waste Temperature Comparison.
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Figure C4-9 compares the predicted outer bottom waste sludge temperatures with the average
measured data. The figure also shows the maximum expected waste temperature based upon
three times the standard deviation in the data. The predicted bottom waste temperatures using
the conservative Series conduction model exceeds the average and maximum data. Thus, the
application of the Series conduction model bounds the expected azimuthal variation in waste

temperature.
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Figure C4-9. Outer Bottom Sludge Temperature.
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C5.0 CONCLUSIONS

The GOTH-SNF predicted dome, supernatant liquid and annulus outlet
temperatures agree well with both the pre-sluicing and post-sluicing tank data.
The GOTH-SNF model adequately models the heat removal from the primary and
annulus ventilation systems.

The GOTH-SNF model provides a conservative prediction of the maximum waste
temperatures. The conservative prediction of waste temperatures bounds the
expected azimuthal variation in waste temperature.

The benchmark analyses using tank 241-AY-102 data, demonstrate that the heat
transfer and storage mechanisms for double-shell waste tanks, have been
adequately modeled by the GOTH-SNF model. The model is suitable for
application to the AGA alternatives study.
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INTEROFFICE MEMO LOCKHEED MAR‘H%V
From: ‘Equipment Engineering R1-56 74700-99-JRK-046
Phone: 373-3686 ' .

Date: December 3, 1999
Subject: ESTIMATE OF RECOVERY TIME OF RIVER PROTECTION
PROJECT'S ACTIVE DOUBLE SHELL TANK VENTILATION
SYSTEMS
To: W. J. Millsap R3-73
cc: P.J. Certa R3-73
T. J.-Conrads R3-73
A. H. Friberg R1-56
R. D. Gustavson R1-56
J. B. Truitt R1-56
JRK/File/LB R1-56

The estimated recovery time from the failure of the heating, ventilation, and air
conditioning (HVAC) system in the double-shell tanks will form the basis of the waste
temperature analysis to ensure that the waste temperature safety limit is not exceeded
during mixer pump operation. The estimated recovery time also will be used in
conjunction with a defense-in-depth argument for operation of the mixer pump, which
asserts that should the HVAC system become inoperable for a certain period of time,
the defense would be operation of a low-speed mixer pump.

Following is an engineering estimate. It is strongly recommend that a formal Failure
Modes and Effects Analys:s (FMEA) be performed to validate this estimate.

The current configuration of the active‘ ventilation systems in the double-shell tanks
includes dual components for those “major” items of the system. The dual components
include a complete filter train assembly (motor-operated isolation valves, heater, pre-
filter and two stages of high-efficiency particulate air (HEPA) filtration), two separate
fans, and two separate vacuum pumps for the sampling system.

The redundancy of major components provides inherent reliability and operational
flexibility. Even if a compoenent were to fail, the dual portion of the system would be
capable of meeting the need, thus allowing time for maintenance and repair of the failed
component. This in itself provides a strong technical basis for estimating and allowing
some duration for recovery t|me :

The other major components in the active ventilation system include the vacuum
pumps, which are an integral part of the stack sampling system. The stack sampling
system consists of g continuous air monitor (CAM), record sampler, various valves, flow
control, and dual/back-up vacuum pumps.

D-1
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The recent poor reliability of the stack sampling system can be attributed to the failure
or shutdown of the vacuum pumps. Although failures have occurred, two pumps are
installed and the other pump is available to support the sampling requirements.

The fans, vacuum pumps, and motor-operated isolation valves are the only dynamic
components in the active ventitation system. History has shown the fans and motor-
operated isolation valves to be very reliable. The only credible failures have been loss
of a fan belt, for the belt driven units, and failure of a bearing.

‘Belt replacement is a routine maintenance activity and could be completed in a short
timeframe. Bearing replacement, atthough more difficult, also is also a routine
maintenance activity and could also be completed in a short time period. In addition, a
vibration analysis program has been implemented as part of the maintenance program
to help determine bearing failure before it occurs. The systems contain two fans, which
in the event of a failure the redundancy help ensure system operation. '

The motor-operated isolation valves can be manually manipulated, eliminating the
credible failure and restoring operability.

Vacuum pump failures have been fairly high. Spare pumps are readily available and
replacing the pump is also a routine maintenance activity. Replacing the pumps may
take some time to complete, but the other pump will be able to support the sampling
needs.

‘Engineering judgment and experience indicate that an approximate reasonable
recovery time to restore active ventilation could be up to 50 hours. This is based
primarily. No analysis has been completed and this approximation has not been
validated. A formal FMEA of the ventilation system is needed to confirm this value.
Without performing a formal FMEA the 50 hours has minimal technical merit. .

To help support the recovery time identified above, | recommend maintenance work
packages be prepared and ready to perform the routine maintenance activities
discussed above along with assuring spare parts are available for those components
identified above.

If you have any questions, please contact me at 373-3686.

Jim Kriskovich, HVAC Design Authority

Equipment Engineering
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-----Original Message-----
From: Crea, Blaine A
Sent: Monday, February 28, 2000 11:25 AM
To: Freermnan, Kathleen C
Subject: FW: Bounding case tanks
----- QOriginal Message-----
From: Willis, William |
Sent: Wednesday, November 17, 1999 1:58 PM
To: Crea, Blaine A; Ogden, Donald M; Truitt, James B; Sathyanarayana, K
Subject: Bounding case tanks
Blaine,

This is my attempt to come up with the bounding heat loads in the sludge layer. Using the best basis
inventory radionuclide numbers for all 177 tanks, | started by looking at the tanks with greater than or
equal to one mega Curie of strontium 90. | then estimated the total heat in those tanks using the specific
heats for each nuclide. Please note that AZ-101 is has by far the highest decay heat, and that the
combination of all AY-102 and C-106 {must be pre-slucing) results in the largest inventory of strontium 90.
| don't know to what date this inventory has been decayed, and you may be able to find better numbers.
Please let me know what else we need to do (possibly determine which tanks are to be retrieved so wel'il
know what combinations need to be looked at) to determine the bounding tanks.

Bill Willis

€

best basis inventory
Hot Tanks...
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Comments on AY-102 Notebook

These comments are directed towards some of the specified model parameters that are
not consistent with cther data sources. An important point to note is that there is not a
major dependency between these parameters and the end results. Nevertheless, these
discrepancies need to be resolved prior to performing any subsequent work based on
these models.

o Based on MIT thermocouple data, the non-convective layer thickness in Tank 241-AY-102 is
about 84 inches rather than 75.5 inches as inferred from ENRAF densitorneter data.

«  The total heat of the waste based on the Don Ogden’s bench mark calculations was 118,‘000
Btwhr. The heat load used however seems to be 116,000 Btu/hr as per this note-book.

*  On page 12, the volume fraction of solids has been specified as 48.9%. What is the
reference? :

o The specific heat of liquid is specified as 1 Btu/lbm-R. Since the specific gravity of liquid used
is more than 1 (actual value used is 1.11 eq. 3.37) shows that some salts are dissolved in the
liquid which will reduce the specific heat of liquid.

o The specific gravity of particles is given as 1.925. No reference cited for most of these
parameters. Since the insoluble sclid components of this mixture individually have specific
gravities greater than 2.2, there is no possibility that these solids average specific gravity will

" be less than this. For the waste in Tank 241-C-106, the best estimate solid density was 2.61.
But out of these components of the waste some are dissolved during sluicing and tfansferring
process. A rough estimate from an earlier ESP study of this waste has shown that a specific
gravity of these undissolved solids around 2.8 t0 2.9.

« Need reference for the volume fraction of particles in the transferred waste value of 0.281.
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1. INTRODUCTION.

This notebook documents the methods, models and data
regquired to set up the input deck for evaluating the
ventilation requirements for tank AY-102 once the mixing
pumps have been installed. The results of these
calculations are to be used to write the specifications for
the tank ventilation systems. Tank AY-102 is used for the
analysis bedause it is the bounding tank in the AY tank
farm. The ventilation regquirements for the other tanks in
the farm will be over-specified because their reguirements
are lower than those for the bounding tank. The
ventilation reguirements for these other tanks can be
reduced by additional analysis at a later time if
necessary.

2. PROBLEM DESCRIPTION.

The problem consists of Tank AY-102 which has an initial
settled slurry layver of 17 inches. additional waste has
been transferred into the tank from tank C-106. The
partially settled thickness of the waste added to the tank
from tank C-106 is 5B.50 inches bringing the total slurry
height in the tank to 75.5 inches. The supernatant level
of the tank is 225 inches following the final waste
addition from C-106. The addition of materials to the tank
and the various fluid regions of the tank are shown in
Figure 2.1. The initial slurry layer and the settled
slurry due to the waste additions from C-106 are
illustrated in the figure along with the supernatant level
at the end of the waste transfer from C-106. Also
illustrated in the drawing are the primary and secondary
ventilation flows that are used to cool the tank contents.
The primary flow path also removes moisture from the tank
dome as this air comes into direct contact with the
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supernatant in the tank.

The secondary flow enters at the center of the tank floor
through pipes that pass through the concrete pad at the
bottom of the tank. The air then flows radially outwards
through flow channels formed into the concrete pad directly
under the steel tank shell. This air flow removes heat
from the bottom of the tank, cooling the settled slurry.
‘This air then exits into the annulus formed by the tank’s
double shell where it flows upwards and is extracted from
the top of the annulus through annulus ventilation piping.

The primary air is drawn into the tank through filtered
inlet vents and leakage paths by the primary ventilation
fans. The fans remove air from the dome via the primary
system ventilation piping. This flow cools the tank by
both sensible and evaporative heat removal from the surface
of the supernatant pocl. Dryer, usually cooler, air from
the atmosphere removes heat and moisture from the tank dome
atmosphere, allowing evaporation from the pool surface to
occur. When the inlet air is cooler than the tank
atmosphere the air also removes sensible heat from the
pool.

Solid particles in the settled slurry generate heat due to
radionuclide decay. The supernatant also contains
dissolved radionuclides that also generate heat. This heat
must be removed primarily by the ventilation flows,
although some of it is conducted through the ground to the
surface or to the ground water.
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Dome Air
Sludge Added from ~ :
Tank 241-C-104 Gpvective
~. | uage
-
a < Nan-Convective
Original Layer 3 . Sludge

— 4 ]
Secondary Air in

Figure 2.1 Distribution of Material In Tank. ' '

The initial steady state at which the simulations begin is
with the solid particles in an undisturbed slurry on the
bottem of the tank. The mixer pumps are then turned on
and the slurry. in the bottom of the tank is mixed with the
supernatant. The assertion is that the mixer pumps mix the
waste to a homogeneous mixture with no slurry remaining on
the bottom of the tank. The pumps are conservatively run
until the supernatant comes to a steady state temperature
for a2ll evaluations.

.The pumps are then turned off and the solid particles are
allowed to resettle to the bottom of the tank. The rate
the particles settle is a function of the particle size,
particle density, supernatant density and supernatant
viscosity. The code (GOTH_SNF) calculates this rate from
the force balance on the particles. For all evaluated
cases, the mixture is assumed to remain convective as long
as the particle fraction in a computational cell remains
below O.75*apmp. The slurry becomes non-convective once
the particle fraction reaches this value and the slurry
begins to heat up as the radioactive decay heat must be
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removed by conduction through the slurry to the
supernatant. Heat is removed from the surface of the
supernatant by convective sensible heat transfer and
evaporative heat transfer to the primary ventilation flow.
Heat is also conducted down through the non-convective
slurry to the air flowing through the slots in the floor of
the tank and to the ground under the tank if the ground is
cooler than the slurry at the bottom of the tank.

The purpose of the calculations is to evaluate the
ventilation Trequirements for this tank as mixing pumps are
run to mix the waste in preparation for retrieving the
waste for the vitrification process. Additional heat is
added to the tanks during the retrieval process due to the
operation of the mixing pumps. This additional heat may
require upgrading of the tank wventilation s&stems to handle
the additional heat load. Results of these calculations
will be used to develop the ventilation specifications for
this tank and the tank farm associated with it.

2.1. Cases and Evaluation Criteria

Three cases involving the bounding tank AY-102 are
evaluated herein. These are:

1. Nominal once through primary ventilation flow of 500
CFM and slot ventilation flow of 1000 CFM. Air inlet
temperature for both flows is 82°F.

2. Nominal once through primary flow and secondary flow
with loss of both ventilation systems when pumps are
turned off.

3. Nominal once through primary flow with no slot flow.
Air inlet temperature is B82°F.

All cases consider the tank to initially be filled with
waste at steady state conditions and then a transient
pericd enveleping pump start-up, operation, shut-down, and
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re-zstablishment of steady state conditions.

The operation and safety related criteria that must be met
in order for the ventilation system to be deemed

acceptable are that prior to and after mixing operations,
no portion of the top 15 feet waste may exhibit
temperatures in excess of 195%°F (LCO 3.3.2.b), no waste
temperatures may exceed 195°F at any time during mixer pump
runtime {LCO 3.3.2.a}, and no portion of the waste existing
below the top 15 feet may exhibit temperatures in excess of
215°F prior to and after mixing operations (LCO 3.3.2.b)
[Ref 6]. Additionally, in the event of & loss of
ventilation, no waste temperature shall exceed 250°F during
the recovery period (SL 2.1.1).

3. SPECIFICATION OF INPUT PARAMETERS FOR TANK
A¥Y-102.

Preparation of the GOTH_SNF input file reguires that tank
geometric data, tank waste conditions, wventilation
parameters and pump operation conditions be specified. The
required data specifications are provided, with source
references in this section.

3.1. TANX GEQOMETRIC DATA.

The geometric data required to set up a GOTH_SNF input
model for the tank is provided in this section. This data
is divided into two basic groups; the tank shell geometric
data and the floor air distributor geometric data.

3.1.1. Tank Shell Geometric Data.

The basic dimensions of the primary ané secondary tank
shells are.shown in Figure 3.1. The parameters shown in

the figure are:

Inside radius of primary shell, [Ref. 1):
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Dec/28/99
PS5_IR := 37.5 ft *{3.1)
Harold E. Adki

. Height of c¢ylindrical portion of primary shell [Ref. %]-
Dec/28/98 Harold E. Adki+{3.2)

PS_CHT := 31 ft + 9.5 in+3ft+ein+—1-% =(35.359 f¢]

Inside radius of secondary shell, [Ref. 1}:

Dec/28/9%%

S5_IR := 490 ft '(3.31
Harold E. Adk

Distance Between bottoms of primary and secondary

shells:
Dec/28/9%
S5_PS_SPACE := 8 in ?(3.4)
Harold E. Adki
{QA-1)

Height of ¢ylindrical portion of secondary shell [Ref %!:
Dec/28/99 Marold E. Adki+({3.

85_CHT :=31 ft + 9.5 in + SS_PS_SPACE =132.458 ft

Other tank shell parameters of interest are: '

Radius of curvature at shell cylinder and bottom plate
junction [Ref. 1]. ’

Dec/28/99
S_RC :=1 ft ‘(3.61
Haroid E. Adk

Secondary shell ellipsoid head major diameter [Ref. 1]:
Dec/28/%9
SS_ELIP_MAJOR := B0 ft ={3.7)

Harold E. Adki

Secondary shell ellipsoid head minor diameter [Ref. 1]:

Dac/28/9%

SS_ELIP_MINOR := 30 ft ‘(3.8)
Harold E. Adkil

The radius of the bend in the primary shell between the

cylindrical shell and the secondary shell head [Ref. 1]1:
Dec/2B/9%

*{3.9
2 2(3.6979 ft parold & idel

The height of the primary shell tangency point with the
secondary dome shell above the secondary tangent line
is [Ref. 1]:

. 31
PS_TOP_RC 1= 3 £t + B in +

Dac/28/99%

i «(3.10)
PS_SS_TP := 6 ft + 6 in +-3-i—;*~’1 =|6.5573 ft varold 3. ko
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The height of the primary tangent line above the
secondary tangent line is [Ref. 1]:
Dec/2B/9%

13 (3.
PS_TAN_SS_TAN := 3 ft + 6 in +—16§1— =|3.5677 ft Harold B, ikl

The distance from the tank centerline to the point of
tangency between the primary tank shell and the secondary

tank shell is [Ref. 1]:
Dec/28/39

11 in - «(3.12
PS_SS_TAN := 35 fr + 11 in + =[35,974 ft Harold(s. Adkz.

- 16

The primary tank c¢ylinder wall is made of three thicknesses
of carbon steel plate. Since the exact thickness of this
plate does not strongly influence the thermal properties of
the tank nor the volume of its contents, a constant
thickness will be assumed for the entire primary shell
[Ref. 1]:

Dec/28/99

‘ -(3.13
PS_THK 1= «[0.03125 ft Harold 3. Rad)

8

This is the actual thickness of the shell bottom plate and
the shell dome plate. The side walls are thicker.

The secondary shell plate thickness is [Ref. 1]:
Dec/28/99

SS_THK := 0.25 in =[0.020833 ft «{3.14)

Harold E. Adki
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Figure 3.1 AY Tank Shell Dimensions.
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3.1.2. Alr Distributor Geometric Data.

The space at the bottom of the tank between the primary and
secondary shells-is filled with an insulating concrete
which has air flow slots molded into it, (Ref. 2]. The
purpose of these slots is to allow air from the secondary
ventilation system to flow radially outward from the center
of the tank floor to the annulus formed by the primary and
secondary cylindrical shells. This air flow provides
cooling to €he bottom of the tank. The plan view of the
floor slots is shown in Figure 3.2. The radial slots are
arranged in three sets across the radius of the tank. The
first set contains 1B radial slots arranged azimuthally
around the tank in 20° intervals. The second set contains
36 radial slots at 10° intervals. The third set has 72
radial slots at 5° intervals., The center most end of the
slots in the first radial group connect to the central air
discributor. The three radial groups of slots are
interconnected with circumferential slots that run between
the first and second sets of slots and between the second
and third sets of slots. The outermost end of the third
set of slots connects to the annulus formed by the gap
between the primary and secondary tank walls.

Cross-sectional views of the slots are also shown in
Figure 3.2 with the dimensions of the slots. The type A
slots are near the center of the tank. Type B slots form
the second ring of slots. Type C slots are on the outer
perimeter of the tank.
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Central 2ir Distributer (1.5 ft R)
18 Slors @ 20°

3§ sleots @ 107

72 Slots @ 5°

3" X 1.5" 2" ¥ 1.5 1.5" X 1.5"
Type A Type B Type C

Figure .3.2 Secondary Ventilation Air Slot Layout.

The radius of the central air distributeor is [Ref. 2}:
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Dec/28/99

(3.15})
Harold E. Adki

The outer radius of the first ring of slots {Type A slots)
is {Ref. 2]:

AD_OR := 1.5 ft

Dec/28/99
*(3.16)

Harold E. Adki

R1_OR := 8.5 ft

The outer radius of the second ring of slots (Type B slots)
is [Ref. 2]:
Dec/28/99

'(3.171
Harold E. Adk

The outer radius of the third ring cf slots (Type C slots)
[(Ref. 2]

RZ_OR := 20.5 ft

is:
bec/28/9%9

*{3.18)
Harold E. Adki

R3_OR := 37.25 ft

The height of all slots is JRef. 2]:

Dec/28/99
SLOT_HT := 1.5 in =|0.125 ft -(3.19)
Harold E. Adki

The width of the Type A slots is [Ref. 2]:
Dec/28/9%9
SLOT_A WD :=3 in =[0.25 ft =(3.20)
Harold E. Adki

The width of the Type B slots is [Ref. 2]:
Dec/2B/99
SLOT_B_WD :=2in =|0.16667 ft *(3.21)
Harold E. Adki

The width of the Type C slots is [Ref. 2):
Dac/28/9%
SLOT_C_ WP :=1.5 in ={0.125 ft *{3.22)

Harold E. Adki

The number of Type A slots is [Ref. 2}:

bec/28/9%
'(3.231

Harold E. Adk

SLOT_A N := 18

The number of Type B slots is [Ref. 2]:

Dec/28/99
SLOT_B_N := 36 +(3.24)
Harold E. Adki

The number of Type C slots is [Ref. 2]:
Dec/28/59
SLOT_C_N := 72 *(3.25)

Harold E. Adki
The thickness of the insulating concrete that the slots are

cut into is [Ref. 2]:

Bin =!0.66667 ft

INSUL_CONC_TCK := (3.26)

12 of 73

E-21



RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_01
Analyst: Marvin J. Thurgood Date: Feb 5, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-AY102

The air is supplied to the central air distributor in the
center of the tank floor by 4 four inch supply lines which
are spaced around the tank at 90° intervals. The
dimensions of these secondary ventilation inlet pipes are:

Inside Diameter [Ref. 2], [Ref. 7]:

Dec/28/39
P4_ID := 4.026 in (3.27)
Harold E. Adki

Pipe wall thickness [Ref. 7]}:

Dec/28/99

P4_thk := 0.237 in _ +(3.28)
= Harold E. Adki

3.2. TANK WASTE PARAMETERS.

The properties for the tank waste are taken from [Ref 6].

3.2.1. - Initial Waste In AY-102.

The vapor pressure of the mixed waste solution is
established to be 8%% of that of water [Ref 6].

The fluffing factor due to mixing for the original slurry

Cin AY-102 is:
Dec/28/99

FLUFF_FACT_AY102 := 2.0 *{(3.29)
Harold E. Adki

The slurry height for the original waste in AY-102 is:
Feb/10/00
SLURRY_HT AY102_ORG ;= 17 in =[1.4167 ft *(3.30)
i Harold E. Adki
The particle volume fraction for slurry in AY-102 is:

Feg/l;:fﬂ
%—102 7= 0.489 Harold(!:.‘ Adkg.
The specific heat of the solid particles is:
Jan/05/00
Btu *{3.32)
C, PART := (0.2 ——/ Harold E. adki
E 1bm-R

The specific heat of the supernatant is:
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Btu
_SUPER :=1

C —
P 1bm-R

Jan/05/700

*{3.331
Harold E. Adk

The thermal conductivity of the solid particles is:

Btu

K_PART := 5 —————
hr-ft-R

The thermal conductivity of the supernatant is:

Btu

K_SUPER := 0,35 ———r
- hr-ft-R

The specific gravity of the solid particles is:

SPG_PART := 1.925
The specific gravity of the supernatant is:
SPG_SUPER := 1.11

The density of water used in the specific gravity
calculations is:

1bm
3

Py := 62

fr
The density of the particles is:

119.35 2P0

£t
The density of the supernatant is:

p_PART := SPG_PART -p,, =

b
68.82 =20

£t
Waste Added to AY-102 from C-106.

p_SUPER := p,, - SPG_SUPER =

3.2.2.

Dec/25/9%

*{3.34)
Harcld E, Adki

Dec/29/89

*{3.35)
Harold E. Adkl

Jan/0%/00
*(3.,36})

Hazrcld E. Adki

Jan/05/00

*(3.37)
Harold E. Adki

Jan/05/00
*(3.38)

Harold E. Adki

Jan/05/00

*{3.39)
Harold E. Adki

Jan/05/00

*{3.40)

Harold E. Adki

The total height of slurry in the tank after the waste has
been transferred from C-106 to AY-102 based on the enraf

data is:

SLURRY_HT := 67.5 in =

Dac/29/99
“(3.41)

Harold E. Adki

The amount of this thickness that is resettled slurry from

Cc-106 is
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slurry height here to be consistent with the ENRAF data):

SLURRY_HT_C10&6 := SLURRY_HT - 9 in
Dec/39/9%

'(3.422

. Harold E. Adk
=[58.5 in

The maximum height of each addition to the tank can be
obtained from the enraf data. The sum of these heights
gives the maximum fluffed height of the C-106 waste that

has been transferred to AY-102.

Feb/10/00

SLURRY_HT_Cl06_MIX := 70.01 in *(3.43)
Harold E. Adki

Given the C-106 resettled slurry height and the sum of the
waste addition heights (which I take as the fluffed height
of the C-106 slurry), the fluffing factor for the C-106

slurry that is in tank AY-102 is:
Y Jan/05/00 Harold E. Adki~(3.44)

SLURRY_HT_CL06_MIX
FLUFF_FACT_Cl06 := e = =|1.1968

SLURRY_HT_C106&

The particle volume fraction in the transferred waste is:

Jan/18/00

106 := 0.281 . ) *{3.45)

Cp
Harold E. Adki

The average particle heat load for the C-106 slurry is:

Jan/18/00

) *(3.
Q PART := 0.107 —h—Bt-lEt-)—— Harold(a. ﬁd‘ic?m
r-lpm

Check: Jan/05/00 Harold E. adxi*{3.47)

©_102 := Q_PART -p_PART - SLURRY_HT_AY102_ORG -7. (PS_IR)°

Btu

r

‘0, 102 ={39084

Jan/05/00 Harold E. Adki*{3,48}

©_106 := Q_PART -p_PART - SLURRY_HT_C106 -m-(PS_IR)Z

v

Bt
‘0,_106 =]77286 ——
hr
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The maximum packing fraction that the particles will settle
to after pump mixing is:
Jan/%4/00

¢, 106 *(3.49)
Spmp = - =(0.2348 Harold E. Adki

FLUFF _]f‘ACT_Cl 06

This is the resettled particle volume fraction that should
be used for the C-106 portion of the waste. Using this

same maximum particle fraction for the AY-102 waste (as we
must because the model allows only a single maximum packing
fraction) results in the following fluffing factor for the

original AY-102 waste:
Jan/04/00

o, _102 *{3.50)
FLUFF_FACT_AY102 := ——— =!2.0826 Harold E.  Adki
Cp mp
This is sufficiently close to the specified fluffing factor
of 2.0 for the waste and is conservative.

Th ity of the slur layers are:
e density ¥y Y Jan/04/00 Hareld E. Adki*(3..51}

lbm
ps_ 102 := 0, 102 -p_PART + (1"ap_102)-p_SUPER =|53.529 S,
ft
Jan/04/00 Harold B. Adki*(3.92)
1b
ps_106 := @,_106 -p_PART + (1 - ap_ms) .p_SUPER =|83.019 ——H
£t3
The slurry conductivity can be calculated from these
parameters using the series conductivity model:
1.0
sl cond {Op ., %,k m—_— Jan/04/00
urry_cotm ( P P l) op 1 - op '(3'533
_ Harold E. Adk
p k1
16 of 73

E-25




RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_01
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-AY102

kg 1= Slurry_cond (ap,102

,K_PART , Jan/04/00
*{3.54)
Harold E. Adki
K_SUPER) -{0.62103 —2 |
hr-ft-

-

3.2.3. The Initial Depth of Slurry in AY-102,

The total ixed depth of th i - i :
e total unnixed depth of the slurry in AY-302 is thems o,

SLURRY_HT_MOD := SLURRY_HT_C106 + SLURRY_ HT,  AY102_ORG

=[25.5 in]

3.2.4. Supernatant Height In AY-102.

Jan/04/00

SUPERNATANT_LEVEL 1= 225 in ‘(3.562
Hareld E. Adki

3.2.5. VENTILATION INLET TEMPERATURE AND HUMIDITY.

Two temperatures are specified in the input parameter
specifications for this analysis [Ref 6]. “The first of
these is to be used during step one of the analysis and the
higher is to be used with all of the remaining steps. This
is of little real benefit and unnecessarily complicates the
analysis. The lower of the temperatures is recommended for
step one since all one has to do is turn the pumps off if
the temperature criteria for the supernatant is exceeded.
The higher temperature is recommended for calculating the
settled waste temperatures before and after pump operation
since no action can be taken to mitigate the situation if
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the slurry temperatures exceed the operating criterion.

The higher of the two temperatures will k< used in all of

the steps since the limit on supernatant temperature will

not be contrelling. The supernatant temperature will

have to be lower.than the allowable in order for slurry

temperatures to remain below their limit. The air inlet

temperature that will be used for these calculations is:
AIR_INLET _TEMPERATURE ;= cf(82) =(8B2 F 'J(agf-ﬂgfl’jﬂ)o

Hargld E. Adki
The inlet absolute humidity is provided in pounds of
moisture per pound of dry air [Ref 6].

Jan/G4/00

1b *(3.58

AIR_INLET ABSOLUTE_HUMIDITY := 0.0066 E?m farora 5. pa)
. I

This value will have to be converted to a pressure ratio
for use in the code. The water vapor pressure ratio can
be calculated assuming that the atmospheric pressure is
14.7 psia and the air temperature is that given by
Equation 3.57. The mass fraction of water wapor at the

i fied absolute idi is:
specitie humidity Jan/04/00 Harold E, Adki*{3.59)

ATIR_INLET_ABSOLUTE_HUMIDITY -
wv_mf := — - — =|0.0065567

1 + AIR INLET_ABSOLUTE_HUMIDITY

The mass fraction of air is:
Jan/04/00

air mf :=1-wvmf =|0.99344] +(3.60)

Harold E. Adk
The molecular weight of water vapor is:

Jan/g4/00
1b *(3.61
MW_watexr := 18.016 — Haro}.d(a. Adki
1lbm-mole
The molecular weight of air is:
Jan/04/00
*(3.62
MW_air := 28.86 — % Hazold 3. ook
lbm-mole
The lbm-moles of water vapor per lbm of mixture is:
Jan/04/00
wv_mf *(3.63
wv_moles, := = ={0.00036394 moia HmmldE.Aﬂ&
MW_water

The lbm_mcles of air per lbm of mixture is:
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aixr_moles —ﬁ =|0.034304 mole} Harold(g.'gd%{)x
MW_air

The total moles of mixture is:

Jan/04/00 Hareld E, Adki*(3.65)

wv_moles + air'moles =I0.034668 mole, .

tot_moles

The mecle fraction of water vapor is then:

=[0.020¢58]

Atmospheric pressure is assumed to be:

Jan/04/00

*(3.66)

wv_moles
= - Harold E. Adki

wv_vi
tot_moles

Jan/04/06

P_tot := 14.7 psi *(3.67)
Harold E. Adki

Jan/04/06

P_wv := P_tot -wv_vE =]0.15432 psi *{3.68)

Hareld E. Adki

The mole fraction is the same as the pressure ratio so the
water vapor pressure ratio for air at 82°F is:

= wv_ve =[0.010458]

Jan/04/00

*(3.69)

wv_p_ratio
Harold E. Adki

3.2.6. VENTILATION FLOW RATE.

3.2.6.1. Primary Ventilation Flow Rate.

The nominal once through primary ventilation flow for
this tank is [Ref 6}:

Jan/04/00

3 3 *(3.70
ft ft

Q_primary := 500 - =lg.3333 —— Harold E. Adk}.
min s

The recirculation flow for this tank is, (Ref 61]:

Jan/04/00

£e ? ﬂég'liz

Q _recirc := 400 — =16.6667 Hare . i
min s

A flow of 100 {ft3/min} is brought into the tank from the
ambient air when the tank is operated in the recirculation

mode [Ref 61.
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Jan/04/00 Harold E. Adki*(3.72)
3

fL

Q_inlet_recir := Q_primary - Q_recirc =)1.6667

The tank inlet conditions for the recirculation flow is air
at 117°F and 100% relative humidity.

3.2.6.2.. Secondary Ventilation Flow Rate.

The nominal secondary flow rate is {Ref 6}:

Jan/C4/00

3 * .
ft ’ Harold( g Zd3k?.

Q_seconda;y = 1000

min

4. GOTH_SNF MODEL DESCRIPTION.

A GOTH_SNF model has been constructed for performing the
specified simulations. A schematic of the model is shown
in Figure 4.1. As shown, the model includes the primary
waste tank, the annulus formed by the primary and secondary
shell eof the waste tank, floor slots and their associated
vent/feed pipes, a mixer pump, a water refill sump which
mimics the interaction of the condenser, and a primary
ventilation duct. The primary wventilation inlet and outlet
are represented by a flow condition *1F" and a pressure
condition "6P". These components form the primary flow
path. The secondary flow path is formed by the inlet
pipes, the floor slots, and the annulus. The secondary
ventilation inlet and outlet are represented by a flow
condition "4F" and a pressure condition "3P".

To accurately represent particle settling, slurry and
supernatent interaction, and heat transfer

characteristics within the tank waste, the primary waste
tank volume was broken into 16 axially oriented

subvolumes in 1-D fashion. The determination of the axial
thicknesses will be presented later. The 1-D nodal layout
illustrating the 16 subvolumes of the waste tank volume is
shown in Figure 4.2. Also presented in this figure are the
conductors representing the conductive link to the concrete
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pad on into the soil, and the convective link into the
floor slots. The pump. inlet is alsao shown.

To accurately represent the additional heat load of the
mixer pump during operation, a heat source was added in the
supernatent equaling l.5x106Btu/hr. For this particular
model, it was added to the llth subvolume from the bottom.

Finally, so0il thickness of 100 ft between the tank bottom
and the 50°F'water table, 7 ft between the tank dome and

the 82°F ambient, and 50 ft spanning radially away from the
annulus to an adiabatic boundary, were degsignated.
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' Jan/18/00 Harold E. Adki*

Tank Mode!
Mon Jan 17 14:55:18 2000
GOTH_SNF Version 5.0 - November 1959

Primary Vientilation

Slot Flow J’ Redirculation
{tnactive}

4 ¢

WASTE TANK Lo

140,00 ft

- -100.00 ft -

e e,

Figure 4.1 GOTH_SNF Model of Tank AY-102.
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Jan/18/00 Harold E, Adki~+

Mon Jan 17 15:01:08 2000 .
GOTH_SNF Varsion 5.0 - Novamber 1999

Volume 1s
Level 1

Top View

%8,
=

11 l
L2

Elevation

Figure 4.2 GOTH_SNF Model Node Layout of Tank AY-102.

23 of 73

E-32



RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_01
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTHE_SNF Simulation of Tank-AY102

5. DEVELOPMENT OF INPUT PARAMETERS FOR THE GOTH_SNF
MODEL.

The raw data given in Section 3 is used in this section to
calculate the parameters that are regquired for the
GOTH_SNF tank model described in Section 4.

5.1. GEOMETRIC INPUT DATA.

There are four volumes in the GOTH_SNF model of Tank

AY-102. The first three of these represent fluid volumes
determined by the tank geometry. The fourth is an R
auxiliary volume used, in the model, to condense water

vapor out of the air leaving the tank and returning the
condensate to the tank to maintain the liquid level at a .
constant. This volume can also be used to represent the
operation of the condenser, or & chiller, if one is

regquired to meet the tank operational and safety )
temperature limitations. The input parameters for each of
these volumes will be calculated in this section. First,

some useful functions are defined that will simplify doing

the calculations. '

5.1.1. Usaful Functions and Parameters.

Area of a circle of radius r [Ref. 3, p. 12}:
. : Ja.m;jﬂdlfo
Ac(r) :=m-x? Harold é. Adk

Area of an annular ring formed by a larger circle of radius
rl and a smaller circle of radius r2 [Ref. 3, p. 13]:

Jan/04/00

Aalrl,r2) := n'(rlz - r22) Harold E(Shdzkl

The perimeter of a circle of radius r [Ref. 3, p. 12]:
Jan/04/00

P ;= 2-T-r - .3)
c(¥) Harold E. Adkl

The perimeter of an annular ring formed by a larger
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circle of radius rl and a smaller circle of radius r2,

[Ref. 3, p. 121:

Jan/04/00
Palrl.r2) :=2-m-{xl +1r2) (5.4}
Harold E. Adki

The hydraulic diameter of a flow path with flow area, A,

and wetted perimeter, Pw, [Ref. 4, p. 165]:

Jan/04/00

A “{5.5)
— Harold E. Adki

Dp (A, Pw) 1= 4-
The volume of a cylinder of radius, r, and height, h,

[Ref. 3, p. 16]
. Jan/04 /00
Vci{r,h) := A (xr}-h *(5.6)
Harold E. Adki
The volume of an annulus formed by a larger cylinder of
inside radius, rl, and a smaller cylinder of ocutside

radius, r2, and of height h [Ref. 3, p. 16]:
' Jan/04/00
Valrt,r2,h) :=A,(rl,r2)-h “{5.7)
Harold E. Adki

The acceleration of gravity is:

Jan/04/00
fr “{5.8
g = 32.2 —— Harold é. Adki

5
5.1.2. Tank Primary Volume.

The primary tank shell consists of a upright cylinder with
a flat bottom and a dome top that has the shape of a body
of revolution formed by a modified half ellipse. The dome
of the secondary tank is a body of reveolution formed by a
half ellipse. The primary tank dome is formed by a body
of revolution formed by the portion of a circle which is
tangent to the primary tank cylindrical wall and the
secondary tank dome.

5.1.2.1. Area of Tank Primary Volume.

The cross-sectional area of the tank primary volume will be
taken as the inside cross-sectional area of the cylindrical
portion of the primary tank shell. This area shall be used
for the pool area used to calculate the evaporation rate
from the supernatant surface, the conduction area for heat
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transfer in the waste and the flow area in the tank during
pump mixing. The area of the primary tank volume is:

Jan/04/00
PS_area := A. (PS_IR) =|4417.9 ft° parora 80:2)

5.1.2.2. Volume of Tank Primary Volume.

The volume of the cylindrical portion of the primary tank

is:
- Jan/04/00 Harold E. adki*{5.10)

Ps_cyl_vol := V. (PS_IR,PS_CHT) ={1.5621 X10'" f_t3!

The centroid of the semi-ellipse of the size of that
forming the secondary tank dome, [Ref. 3, p. 20]:

4. 8S_ELIP_MAJCOR Jan/04/00

2 . : *{5.11
Elip_cent := =116.577 £t Huonfs.mﬁ;

3.

The cross-gectional area of the guarter ellipse formed by
the planar half section of the secondary tank dome is,

[Ref. 3, p.13}):
Jan/04/00 Harcld E. Adki*{5,12)

n S55_ELIP_MAJOR SS_ELIP_MINOR
Elip_area :=— .— = — = =1471.24 ftz

4 2 2

The volume of the body of revolution formed by the
secondary dome shell is equal to the diameter of the .
circle formed by the centroid as the ellipse is rotated
about the tank centerline times the area of the guarter
ellipse, [Ref. 3, p. 19]).

Body_of_rot_vol := P_.{Elip_cent ) Elip_area Jan/04/00

*{5.13)
3
= 50265 ft

Harcld E. Adki
Most, but not all of this volume is within the primary
tank. A small portion of it is in the annulus. Some of
this volume is also in the cylindrical portion of the
primary tank. The above information will be used to
calculate the volume of the annulus once the volume of the
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primary tank dome is known.

The equation for an ellipse whose major axis is 2a and
whose minor axis ies 2b and whose center is at the origin
is., {Ref. 3, p. 365]:

Jan/04/00

*{5.14}

Yel{x,a,b} := Harold E. Adki

The equation for a circle of radius, r, whose origin is

located at (h,k) is [Ref. 3,p. 3631:
Jan/04/00

e “(5.15)
Yelx,r,h, k) := r2 _ (x_h)z + k Harold E. Adki

The shape of the dome of the primary shell can be plotted
using these two functions. These functions are shown in
Figure 5.1. The ellipse function 1s plotted from the tank
centerline to the peint of tangency hetween the primary and !
secondary shell and the circle function is plotted between

the point of tangency of the primary and seccondary shells

and the inside radius of the primary shell.

The cross-sectional area of the primary shell half dome is
obtained by integrating the ellipse and circle functions
over their appropriate ranges and sub-tracting the portion
of the ellipse that is within the cylindrical portion of
the primary tank shell. This is done in the following two
equations.

Jan/04/00 Hareld E. aaki*(5,16)

PS_SS_TAN _
, §S_ELIP_MAJOR  SS_ELIP_MINOR
Aelip := Vel X, . dx
2 2
0 it
- PS_TR -PS_TAN_SS_TAN =|319.67 ft*
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Jan/04/00 Harold E. Adki+{5,17)
PS5_IR

Acirc :=

PS_S5_TAN

Ye (x,PS_TOP_RC ,PS_IR - PS_TOP_RC ,PS5_TAN_SS_TAN ) dx

=,8.6426 £t

-

Jan/0D4/00
Ps_Dome_XArea := Aelip + Acirc =|328.31 ft? Hanﬂ;(g'kﬁi

The volume of the primary tank dome can be obtained by
multiplying the primary tank half dome area by the length

of the path drawn by its centreoid when the area is rotated '
about the tank centerline. The distance from the tank
centerline to the centroid of the dome cross-sectional area

is obtained by iteratively integrating the equation for the
ellipse until one half of the dome cross-sectional area is
obtained.

Jan/g4/00

XA (5.
PS"Domez* re3  _|164.15 fe? Harora B.” Sdx
Jan/04/00 Harold E, Adki*(5.20)
14.82 ft .
_ SS_ELIP_MAJOR  SS_ELIP_MINOR
Aelip cent := Yei X, . dx
2 2
0 fe
- 14.82 ft-PS_TAN_SS_TAN ={164.23 ft2

Therefore, the distance to the centroid is:

Jan/04/00

Ps_dome_centroid := 14.82 ft *(5.21)
Harold E. Adki

and the primary tank dome volume is:
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Jan/04/00 Harold E. Adki*{5,22)
Ps_dome_vol := Ps_Dome_XArea -P.(Ps_dome_centroid )}

=130571 ft’l

The total wvolume of the primary tank is:

PS_vol := Ps_dome_vol + A_.{PS_IR) :PS_CHT Jan/04/00

*(5.23)
Harold E. Adki

0s
={1.8678 x 10"~ ft°

Jan/04/00

06 *(5.24
PS_vol =|1.3972 X10 gal karola B o)

Jan/04/0C¢ Harold E. Adki*

© .
N—
Doat
2 A0
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s L
o o
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a E ..........................
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Distance From Tank Centerline (ft)
Figure 5.1 Approximation of Primary Dome Shape.
5.1.2.3. Bottom Elevation of Tank Primary Volume.

The bottom of the tank annulus will be taken as zero,
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therefore, the bottom of the tank primary volume is:

Jan/04/00
PS_elev := §5 PS_SPACE =|0.66667 ft *{5.25)

Harold E. Adki

5.1.2.4. Height of the Tank Primary Volume.

The height of this volume will be assumed to be equal to
the volume of this volume divided by the area of this
volume:

-+

Jan/04/00
PS_vol *(5.26)
PS_ht 1= ————— =,42.279 ft Harold E. Adki
PS_area
5.1.2.5. subdivisions of Primary Tank Volume.

The primary tank will be vertically subdivided into several
computational c¢ells tco model the settled slurry layer, the
supernatant level, the level of the settled slurry after
mixing and the location of thermocouples where possible.
The subdivisions will be sized to give a reasonable
representation of the conduction heat transfer within the
settled, non-convective layer.

The location of the bottom thermocouple is about 11 inches
off of the floor of the waste tank. The thickness of the
slurry initially in AY-102 is 17 inches. Therefore, if we
make the first node 5 inches hight and the second node 17
inches high, the center of the second node will be at the
thermocouple location.

Jan/04/00
Ax, :=51in =[0.41667 ft *(5.27)

Harold E. Adki

Jan/04/00
12 in =[1 £t} <(5.28)

Harold E. Adki

A}Cz

Location .of center of node 2:

Jan/04/00
Axy +0.5-Ax; =[1L in| “(5.29)

Harold E. Adki
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The cell subdivision heights selected for medel
construction are as displayed in Table 5.1.

Table 5.1 Subdivision Heights and Pressures.

Jan/04/00 Harold E. AdkiM*

Level Height Pressure Elevation Dist. to
Node Center

From Bot,

of Tank

ft psi ft ft
1 0.41667 25.49855 0.667 0.208
2 1.00000 24.74739 1.083 0.917
3 0.77700 24.19821 2.083 1.805%
4 0.60400 23.7998¢0 2.860 2.496
5 0.77100 23.40312 3.464 3.183
6 0.95800 22.90432 4,235 4,048
7 0.50600 22.48157 5.1853 4.780
a 1.2860Q0 21.9649% 5.69¢9 5.676
9 2.48456 20.87721 6.985 7.561
10 1.68246 19.273%94 9.474Q 9.644
11 2.21203 18.25955 11.152 11.592
12 2.34600 17.16949 13.364 13.871
13 1.95600 16.14067 15.710 16.022
14 1.00000 15.43373 17.666 17.500
15 1.06808 14.95543 18.666 18.534
16 19.734 18.750
Array: 1

The computational cell elevations need to be set so that
the level of the original AY-102 slurry lies on a node

boundary,

the current C-106 slurry that has been added to

C-106 lies on a node boundary and the level of the
resettled mixed waste lies on a cell boundary.

The height

of the original AY-102 slurry is:

SLURRY_HT_AY102_O0RG

Jan/18/00

«{5.30)
Harold E. Adki

=11.4167 ft
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The current height of C-106 slurry that has been added to
Tank AY-120 is:
Jan/18/00
SLURRY_HT C106 =14.875 ft *(5.31)
Harold E. Adki
This gives a total slurry height in the tank of:

Jan/18/00
SLURRY_HT_MOD =|6.2917 ft *(5.32)

_ Harcld E. Adki
The resettled height of the original AY-102 slurry after it

is mixed with the pumps is:
- Jan/1B/00

o, _102 +(5.33)
11 := SLURRY_HT_AY102_ORG -————— =|2.9504 ft Harold E. Adki

O, Mp
The resettled height of the C-106 slurry after it is mixed
with the pumps is:

Jan/18/00

o, 106 (5.34)
12 := SLURRY_HT_C106 -———— =|5.8342 ft Harold E. Adki
o TP

The total height of slurry in the tank after mixing is:
Jan/18/00
11 + 12 =|8.7845 ft +{5.35)
Harold E. Adki
Check the location of nodeg in Table 5.1 to assure that all
slurry interfaces are on node boundarys.

The total height of nodes 1 and 2 should be equal to the
original AY-102 slurry height. Comparing the following
equation with Eguation 5.3 shows that this is true.

Jan/18/00

2

_ *{5.36
Z li,2 =|1.4167 ft Harold(E. Adk!).
i=1

The total height of nodes 3 through 8 should be equal to
the current height of the C-106 slurry in the tank.
Comparing equations 5.31 and 5.37 shows that this is
essentially true.

-
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Jan/18/00

8

- “(5.37
E 1, , =(4.902 £t amm(z. iaki
i=3

The total height of nodes 1 through 9 should be equal to
the resettled height of slurry in the tank after pump
mixing. Comparing equations 5.35 and 5.40 shows that this
is esgentially true.

L) - Jag/l;/oo
. «{5.38
li Lz = 8.8032 ft Harold(B. Adk)i
i=1

5.1.2.6. Hydraulic Diameter of Tank Primary Volume.

The hydraulic diameter of this volume will be assumed to be
equal to the primary tank diameter:

Jan/04/00
PS_hyd := 2-PS_IR =|75 £t +(5.39)

Harold E. Adki

5.1.2.7. Dimensions of Conductor at the Top of the Tank. '

Heat can be conducted through the soil covering the tank
dome to (or from) the ambient air. This heat transfer path
will be represented in the model with a conductor having
the thermal properties of soil and the average thickness of
the soil covering the tank dome. The ambient dry bulb
temperature will be specified on the surface of this
conductor and a natural convection heat transfer
coefficient will be specified on the side facing the tank,

dome space. The surface area of this conductor is:
Jan/04700 Harold E. Adki*(5.40)

Dome_soil_conductor_area 1= PS_area =]4417.9 £r?

The thickness of this conductor is:

Jan/04/00
Dome_so0il_conductor_thk := 84 in = *{(5.41})
Harold E. Adki
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The thermal properties for all soil conductors were assumed
to be constant and to be p = 10: lbm/ft®, k = 0.25
Btu/hr-£ft-°F, and Cp = 0.4 Btu/lbm-°F [Ref. 8].

5.1.2.8. Dimensions of Conductor at the Bottom of the
Tank.

Heat can be conducted through the soil under the tank to
the ground water. This heat transfer path will be
represented“in the model with a conductor having the
thermal properties of soil and the average thickness of the
soil between the bottom of the tank and the ground water.
The ground water temperature will be specified on the
surface of this conductor and a natural convection heat
transfer coefficient will be specified on the side facing
the tank bottom. The surface area of this conductor is:

Jan/04/00 Harold E. Adki+(5.42)

Ground_scil_conducter_area := PS_area =|4417.9 ft2
.The thickness of this conductor is: .

Jan/04/00
Ground_soil_conductor_thk 1= 1200 in : . *(5.43)

Harold E. Adki

5.1.3. Tank Annulus Volumea,

The tank annulus is formed by the space between the tank
primary and secondary shell walls. It is a cylindrical
annulus except for the top portion which is formed by the
space between the secondary dome which is elliptical in
shape and the primary tank dome which is circular in shape
at the annulus boundary.

5.1.3.1. Area of Tank Annulus Volume.

The cross-sectional area of the tank annulus volume will be
taken as the area of a annulus formed by the tank primary
and tank secondary shell cylinders:
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Jan/C4/00
Annulus_area := A, (SS_IR,PS_IR) =|608.68 ft? varora o 241

5.1,3.2. Velume of Tank Annulus Volume.

The tank annulus volume consists of the volume of the
cylindrical annulus formed by the tank primary and
secondary shells up to the height of the cylindrical
portion of the secondary shell and by the volume formed
by the boundaries of the secondary and primary domes above
this height. '

The volume of the cylindrical portion of the annulus is:

Annulus_cyl_wvol := A, (SS_IR,PS_IR} -S55_CHT Jan/04s60

*(5.45)
Harold E. Adki .

=119757 £t

The volume of the dome portion of the annulus is the wvolume
of the body of revolution formed by rotating the

secondary shell ellipse about the tank centerline less the
volume of the primary tank dome volume and the cylindrical
portion of the secondary shell dome volume that is

contained in the primary tank volume:
P ¥ Jan/18/C0 Harold E. adki*(5.46)

Annulus_dome_vol := Body_of_ret_vol - Ps_dome_vol

- A_(PS_IR) -PS_TAN_SS_TAN =|3932.8 ft°

The total annulus volume is:

Jan/G4/00 Harold E. Adki*{5.47)

Annulus_wveol := Annulus_cyl_veol + Annulus_dome_vol
=|23690 f£t?
5.1.3.3. Bottom Elevation of Tank Annulus Volume.
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The bottom of the tank annulus will be taken as zero,

therefore, the bottom of the tank annulus volume is:

Jan/04/00

85_elev := 0 ft *{5.48)
Harold E. Adki

5.1.3.4. Height of the Tank Annulus Volume.

The height of the tank annulus volume will be assumed to be
equal to the tank annulus volume divided by the cross-
sectional afea of the tank annulus

Jan/04/00

~(5.49
ss_ht ;= —mmulusvol G5 07 g azold £ Adkh

Annulus_area -

~

5.1.3.5. Hydraulic Diameter of Tank Annulus Volume.

The hydraulic diameter of this volume is:
Jan/04/00 Harold E. Adki*(5.50)

8S_hyd := Dh(Annulus_area ,Pa {S5_IR, PS_IR )) =

5.1.3.6. Dimensions for Conductor Between Primary Air
Volume and Annulus Air.

The surface area of the conductor between the tank dome air
space and the annulus area is a function of the level of
waste and supernatant in the tank.

Slurry height in tank:
Jan/04/00

Slurry_ht := SLURRY_HT_MOD -— *{5.51)

Harold E. Adki

Supernatant height: Jan/04/00 Harold E. Adki*(5.52)

Supernatant_ht := SUPERNATANT _LEVEL - Slurry_ht =|12.458 ft

Total waste height:
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Jan/05/00 Hareld E. Adki* {5 . 53)
Waste_ht := Slurry ht 4+ Supernatant_ht =118.75 ft

The surface area of the conductor between the primary air

volume and the annulus air is:
Jan/05/00 Harold E. Adki*{5.54)

Air_cond_area := (SS_ht - Waste_ht ) -P. (PS_IR) =|4752.3 ft2

The thickness of this conductor represents the tank shell
thickness which is:

- Jan/04/00
Air_cond_thk := PS_THK =10.03125 ft *{5.55)

Harold E. Adki

5.1.3.7. Dimensions for Conductor Between Supernatant and
annulus Air.

The surface area of the conductor between the supernatant

and the annulus air is:
Jan/04/00 Harold E. Adki*(5.56)

Supernatant_cond_area := Supernatant_ht -P.(PS_IR)

=[2935.4 £t

The thickness of this conductor is:

Feb/10/06
Supernatant_cond_thk := PS_THK =|0.03125 ft *(5.57)

Harold E. Adki

5.1.3.8. Dimension for Conductor Between Annulus Air And
Spil Around the sides of the Tank.

The surface area for the secondary shell conductor is:
Jan/04700 Harold E. Adki* (5 .58)

Side_soil_conductor_area := 85_ht -P.(SS_IR) =[9781.5 ft2

This conductor will have the properties of soil. The
thickness of the conductor will be equal to the average
distance between tanks.
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Jan/04/00
Side_so0il_conductor thk := 600 in =[50 ft *{5.59)
Harold E, Adki

5.1.4. Tank Floor Slot Volume.

The tank floor slot volume represents the slots that are
molded into insulating concrete that lie between the
bottoms of the primary and secondary shells. Air is
injected into this volume to remove heat from the bottom of
the waste contained in the primary volume.

5.1.4.1. Area of Floor Slot Volume. -

The floor slots are arranged in three rings, as shown in .
Figure 3.2. The flow area of the individual slots in each

ring are:
Jan/04/00 Harold E, Adki+*(5,60)

SLOT_A WD -SLOT HT =|0.03125 fr 2
Jan/04/00 Harold E. adki*{5.61)

SLOT_B_WD - SLOT_HT =[0.020833 £r? '
Jan/04700 Harold E. adki*{5.62}

Slot_A_area

I

Slot_B_area

SLOT_C_WD - SLOT_HT =|0.015525 ft2|

Slot_C_area

The wetted perimeter of the flow holes is:

Jan/04/00
2. (SLOT_A WD + SLOT_HT ) =[0.75 ft '(5.632

Slot_ A wp := A E
aro .
Jan/04/0¢ Harold E. Adki'(_En 311()
Slot_B wp := 2 (SLOT_B_WD + SLOT_HT ) =[0.58333 ft
Jan/04/00
Slot_C_wp = 2. (SLOT_C_WD + SLOT_HT ) =[0.5 £t +{5.65)

Harcld E. Adki

The hydraulic diameter of the flow holes is:
Jan/04/00 Harold E. Adki*(5,66)

Slot_A hyd :=Dp(Slot_A_arxea ,Slot_A wp ) =|0.16667 ft

Jan/04/00 Hareld E. adki*(5.67)

Dy {Slot_B_area ,Slot_B_ wp ) =|0.14286 ft

Slot_B_hyd

it
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Slot_C_hyd

Jan/04/00 Harold E. Adki*{5.68)

:= Dy {Slot_C_area ,Slot_C wp ) =|0.125 ft

The total flow area of slots in each ring are:

Slot_A_area_tot :=

0.5625 f£t2

-

Slot_B_area_tot
=lo.75 £c?

Slot_C area_tot

={1.125 ft?

The total area for heat transfer between

SLOT_A_WD

SLOT_B_WD

SLOT. C_WD

waste in each ring is (assume

Slot_A_ht_area :=
=|31.5 ft?

Slot_B_ht_area :=
(72 27

Slet_C_ht_area :=

=l150.75 £t?

«SLOT_HT -SLOT_A_N Jan/04/00

'(5.69}

Harold E. Adk

- SLOT_EB_N

. SLOT_HT Jan/04/00
=(5.70 l

Harold E. Adk
- SLOT_HT - SLOT_C_N Jan/04/00
~(5.71)

Harold E. Adki

the air and the

slot top area}l:
%an!ﬂd{OO}Harold E. Adxi*(5.72)

SLOT_A_WD -SLOT A N -{R1_OR - AD_OR)
Jan/04/00 Harold E. Adki* (5,73}
SLOT_B_WD -SLOT_B_N - {R2_OR - R1_GCR)
Jan/04/00 Harold E. Adki*({5.74)
SLOT _C_WD -SLOT_C_N : (R3_OR - R2_OR))
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Jan/$4/0¢ Harold E. Adki*{5S.68)

Slot_C_hyd := Dy {(Slot_C_area ,Slot_C_wp ) =|0.125 ft

The total flow area of slots in each ring are:

Slot_A_area_tot :=

=|0.5625 ft4

-

Slot_B_area_tot

I

={0.75 £t?

Slet_C_area_tot

=|1.125 fe?

SLOT_A_WD

SLOT_B_WD

SLOT_C_WD

«+SLOT_HT -SLOT_A_N Jan/04/G0

*(5.69)
Harold E. Adki

- SLOT_HT -SLOT_B_N Jan/04/00

*(5.70)
Harold E. Adki

- SLOT_HT - SLOT_C_N Janf04/00
+(5.71)
Harcld E. Adk

The total area for heat transfer between the air and the
waste in each ring is (assume slot top area):

Jan/04/00 Harold E. Adki*{5,72)

Slot_A ht area := SLOT_A WD -SLOT_A N -{R1_OR - AD OR)

=|31.5 £t*?

Jan/04/00 Harold E. Adki*(5,73)

Slot_B_ht_area := SLOT_B_WD -SLOT_B_N - (R2_OR -~ R1_OR}

=172 £t?

Jan/04/00 Hareld E. Adki+(5.74)

Slot_¢C_ht_area := SLOT C WD -SLOT_C_N - (R3_OR - R2_OR)

={150.75 fr*°
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The flow area of the cuter slots is twice the flow area of
the inner slots, therefore, the Reynolds number will ke
halved. See what effect this has. The Reynolds number is

given by [Ref. 5]:

‘Re(p,V,D,jJ.) 1= p-V-'—E

The assumed dry bulb air temperature is:
Tp 1= tE{76)

The air pressure is:
Py = 14.7 psi

The gas constant for air is:

. -1bf
R, := 63,34 2E7iBE
lbm-R

The density of air at these conditions is:

P 1b
pp 1= ——— =|0.074085 —=

Rp - Ta e 3

The air flow rate is:

1
fr?

mnin

Qa 1= Q_secondary ={1000

1b
mp 1= Qcpa =|1.2347 m;ﬂ

Jan/04/00

*(5.75}
Harcld E. Adki

Jan/04/00

(5.76)
Harold E. Adki

Jan/04/00

'(5.771
Harold E. adk

Jan/04/00

“(5.78)
Harold E. Adki

Jan/04/00
= (5.79)

Hareld E. Adki

Feb/10/00

*{5.80)
Harold E. Adki

Jan/04/00

'(5.812
Harold E. Adk

The viscosity of air at these conditions is [Ref. 5]:

Jan/05/00

*(5.82)
Harold E. Adki

Jan/05/00

+(5.83)
Hareold E. Adki

My i=0.04 x10° 22525 _[0.00019152 poise]
£t 2
The thermal conductivity of air at these conditions is
[Ref. 4]:
Btu
ka := 0.016 —————
hr-ft-R

The specific heat of air at these conditions is [Ref. 4}:
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CpA H

Btu

.24 ———
lbm-R

The Prandle number for the air is:

Pra. = Ka

Had s

kAA H

PIAA = uAA

Slot_A_Re :=

Slot B:

PAB :

HaB :

" Ry tf£(97)

ka

Py

22 -[o.6oave]

1b
=[0.07129 X
£r 2

-5 1bf -
0.0395 X 10 —=—% _.{0.00018913 poise
2
ft
Bt
0.0157 ———mm——
hr-ft-R
Cpa
— =[0.69939
A
Jan/04/00 Harold E.
Mma
Re pAAf

PaA-Slot_A area_tot

P
T2 _lo.067876 2™
R, - tf (125) £e3
- of - X
0.061 x10°° 22E25 [ 00010631 poisel

££2
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Jan/05/00

*{5.84)
Harold E. Adki

Jan/¢4/00

+(5.85)
Harold E. Adki

Jan/04/00

*(5.86)
Harold E. Adki

Jan/05/00

*{5.87)

Harold E. Adki

Jan/05/00
*(5.88)

Harold E. Adki

Joan/04/00
"5'892
Harold E. Adk

Adki+(5.90)

,Slot_A_hyd ,jaA

Jan/04/00

*(5.911
Harold E. Adk

Jan/05/00

'(5.921
Harold E, Adk
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Jan/05/00

*(5.93)
Harold E. Adki

Jan/04/0G0

*{5.94)
Hareold E. Adki

Jan/04/00 Harold E. Adki*({5.95)
mp

Btu
kaB = 0.0162 ———r——
A hr-ft-R
Cpa
PIAB = uaB‘ k. B =|0,70354
A
Slot_B Re := Re(pAB

=[17829]

! paB-Slot_B _area_tot -

,Slot_B_hyd ,ppB

Slot (C:
Pap 1bm
PpAC 1= ——————— =[0.064774 -— _"(ag’°§’6“)°
Rp-tf{153) £ Harold E. Adki
Jan/05/00
-5 1bf - *(5.97
LaC := 0.0425 x 10> =222 _[0.00020345 poisel darord 2. Nak)
fr2
Jan/Q5/00
KpC 1= 0.0167 — =2 Harola 5. Ba)
= - - ATXO. -
A hr-ft-R
Jan/04/00
cp «{(5.99
PrAC - ”'Ac ” 2 =t0.70744 Harcld E. mi
A
Jan/04/00 Harold E. Adki*{5.100}
oA lot_C_hyd ,pAC
Sleot_C_Re := Re C, ,8lot_C_hyd ,
OF—— At ¢ slot C_area_tot #a

= [20033]

The heat transfer coefficient for flow in tubes will be
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used for the heat transfer in the flow slots. The heat
transfer coefficient will be the maximum of the laminar

flow value [Ref. 4],
k
hy (D, k) := 4.0":5

and the turbulent flow value[Ref. 4];

hp {Re,Pr,k,D) := 0.023 -Re®'® .prP*

olx

P

or:

h(D,k,Re,Pr) := max(hy (D,k) by (Re,Pr,k,D))

slot_A_h := h( Slot_A_hyd ,kaA,Slot_A_Re ,PrAA)

Bt
6.9347 2

hr-ft?-g

Slot_B_h := h(slot"B_hyd ,kpB,Slot_B_Re ,PIAB)

5.7037 Btu

1

hr-ftz—R

Slot.C_h := h{Slot_C_hyd ,kaC,Slot_C Re ,PrsC)

Btu
=|4.2517

hr-ftz—R

Jan/04/00

(5.101)
Harold E. Adki

Jan/Q4/00

*(5.102)
Harold E. Adki

Jan/04/00

*(5.103)
Harold E. Adki

Jan/04/00
'(5.1041

Harcold E. Adk

Jan/04/00

*(5.105)
Harold E. Adki

Jan/04/00

o .1061
Harold E. Adk

Assuming a waste temperature of 200°F established from
previous runs the slot outlet temperatures are determined

as:

Tw := t£E(200}
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Jan/04/04 Harold E. Adki*(5,108)

h-A:-Tw +m.-Cp -Tpin

Tkout(h.-lA;TW; TAin.rerp) M

m-Cp +h-A

Jan/04/00 Harold E. Adki+*{5,109)

Slot_A_out :=

TAout(Slot_A__h ,8lot_A_ht_area ,TW,TA,mA,CpA)

=[97.075 4

- Jan/04/00 Harold E. adki~(5.110)

Slot_B_out :=

Tpout ( S8lot_B_h ,Slot_B_ht_area ,T,,Slot_A_out ,my, CpA)

=[125.68 7]

Jan/04/00 Harold B. Adki+(5.111)

Slot_C_out :=

Tpout ( Slot_C_ h ,S8lot_C_ht_area ,T,,Slot_B_out ,mp., CpA)

=[153.58 )

and the efficiency is determined to be:

Slot C_out - Tp
eff := - =[0.62561

Ty - Ta

Determine total slot heat transfer area:

Tot_slot_ht_area := Slot_A_ht_ area

+ 8lot_B_ht_area + Slot_C_ht_area

=l254.25 fr.2

Look at total heat transfer per leg:
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Jan/Q4/00 Harold E. Adki*(5.114)

Q_A := Slot_A_h :Slot_A_ht_area -('I‘w - 8lot_A_ocut ) =[ 22483 Bhtu
x
Jan/04/00 Hareld E. Adki*(5,115)

Q_B := Slot_B_h 'Slot_B_ht_area -(Tw - 8lot_B _out ) ={30520 B
Jan/04/00 Hareld E. Adki*{5.116)

Btu

Q_C := Slot_C_h -Slot_C_ht_area -(Tw - 8lot_C_out ) =| 29756 o |
. r

Look at energy transfer for each leg:

-t

Jan/04/00
Btu *(5.117
MO A :=my -Cpp -(Slot_“A__out - TA) =|22483 —h— Harol(d E. Adk.)x
r
Jan/04/00 Hareld E. Adki*{5,118)
Btu
MQ_B :=mp Cpa - ({Slot_B_out - Slet A out ) =]30520 "
© R
Jan/04/00 Harold E. Adki*(5.119)
Btu
MQ_C :=mp Cpp - {Slot _C_out - Slot _B_out ) =[28756 . '
Total Heat Transfer to Secondary Air:
: Jan/04/00
’ Bt *(5.120
Q tot :=Q A +Q B +Q C =|82759 “1—1£ Haro.‘Sd E. mk)l
. r
The average heat transfer coefficient is:
Q_tot
h_ave :=
Tot_slot_ht_area -(Tw - Slot_C_out ) Jan/04/00
*(5.121}
Harald E. Adki
Btru
=[7.0114
hr-ft*-R

Fraction of total heat:
Feb/10/00

tot =(5.122
Q_frac_sec := Q_te =|0,71117 H'.arn]sd E. adk.)i

Q_102 + 0 108

I come to the follewing conclusions from the above
analyses:

1. The temperature rise in the secondary inlet air
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before it enters the tank floor is small {(even if the
annulus bulk temperature was at 200°F the temperature
rise on the inlet air weould only be about 5°F).

2. The heat transfer from the waste to each ring of
slots is about the same for each slot.

3. The heat transfer coefficient for the slots ranges
from between 4 and 7 (Btu/hr—ftz—R).

4. The efficiency factor is more likely to account for
the temperature gradient surrounding the slot than

for anything else.

5. Recommend using the actual slot top area of all
slots for the conductor surface area.

6. Use a gas volume for the slots that is large enocugh
to avoid a courant time step limitation.

Velocity of air in annulus:

Jan/D;é?D
: (5.1
Ra =|0.027381 £t Haro]!d E. Adki
Annulus_area s
Velocity of air in flocor slots:
Jan/04/C0
*(5.124
Oa =|29.63 -f—t Haro]!d E. Adkz
Slot_A_area_tot 5
.:ran.-'osgoo
. - 5 R 1
QA =(22.222 E Haro{d E. Adk}.
Slot_B_area_tot
Jan/os%oo
*{(5.1
Oa ~{14.815 -2 varoid £ 28]
Slot_C_area_tot 5
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Jan/04/00 Rarold E. Adki=(5.127)
Slot_channel_area ;= Slot_A_ht_area

+ S5lot_B_ht_area + Slot_C_ht_area =[254.25 ftz

L£.5 fr .:Samfégo
55_ht * .
Annulus_vol -—"-g““"" =118.261 s Harol(d E. Adk:)'.
A
5.1.4.2. Volume of Floor Slot Volume.
Jan/04/00 Harold E. Adki*(5,129)
Slot_wolume := Slot_A_area_tot -(R1_OR - AD_OR)

.

+ Slot_B_area_tot - {R2_OR - R1_OR}

+ Slot_C_area_tot :{R3_OR - R2_OR)}

=[31.781 ft3|

Jan/04/00

*(5.130
Slot_volure (oo arold &

On

volume will need to be made artificially large to avoid
time step limitation.

Jan/04/00

Slot_volume_model := Q,-160 s ={2666.7 £i3 m,;ffg_lﬁil

5.1.4.3. Elevation of Floor Slot Volume.

. Jan/04/00 Harold E. Adki+(5.132)
Slot_elev := S5_PS_SPACE - SLOT_HT =|0.54167 ft

5.1.4.4. Height of Floor Slot Volume.
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Jan/04/00
Slot_ht := SLOT_HT =[0.125 ft *(5.1331

Hareold E. Adlk

5.1.4.5. Hyvdraulic Diameter of the Floor Volume.

The hydraulic diameter of the floor volume will be set to
the hydraulic diameter of the out set of each floor slots.

Jan/04/00
Slot_hyd == Slot_C_hyd = +{5.134)

Harold E. Adki
5.1.4.6, Slot Conductor Dimensions.

The surface area of this conductor is egual to the top area
of all of the radial slots in the floor. The azimuthal

slots will be ignored.
e lgnore Jan/04/00 Harold E. Adki*(5.135)

Slot_ht_area := Slot_channel_area =|254.2%5 ft2

This conductor is made of steel plate. The thickness of
this plate is:

Jan/04/00
Slot_cond _thk := PS_THK =]0.03125 ft *(5.136}

Harold E. Adki

5.1.5. Floor Slot Air Inlet Volume.

This volume represents the four, 4 inch schedule 40 pipes
that supply air to the floor slots. This volume is
necessary to preheat the incoming air from the ambient
conditions to the temperature that the air will enter the
floor slots at the center of the tank.

5.1.5.1. Supply Pipe Volume.
Well, lets look at the temperature increase that might
occur to the inlet air as the air travels through the pipes

to the floor of the tanks (never mind that these pipes pass
at least 84 inches through the ground) before entering the
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tank annulus,
Secondary ventilation inlet pipes:

Length:

Jan/04/00
P4_Len := R3_OR - AD OR =|[35.75 ft «{5.137)

Harold E. Adki
Flow Area:

?;nfOilOD
P4_1ID *(5.
P4_Area ;= AC(——§—~) =I0.088405 ft# fmnédz}igg
Single Pipe Volume:
Jan/04/00
P4_Vol := P4_Area -P4_Len =|3.1605 ft° warsg s 132}
Number of pipes:
) Jan/04/60
P4_n :=4 *{5.140)

Harold E. Adki
Total Volume of Pipes: ‘

- Jan/04/00
P4_Vol_tot := P4_Vol -Pd_n =|12.642 fc:" varei2 s 141)
Total Flow Area of Pipes:

Jan/Q4/00
P4_Area_tot := P4d_Area -P4 n =|0.35362 ft2 varots s 142)

Courant Limit of Pipe volume:

Jan/04/00
4_Vol_t *(5.143
Fd_Vol_tot _[7.758581 s Harosd & el
Qp
The pipe volume will have to be increased to get
reasonable run times:
Jan/04/00
£e3 *(5.144)
P4_vol_model := 2000 ——.160 s =|5333.3 ft° Harold E. Adki

min

5.1.5.2. , Supply Pipe Area.

49 of 73

E-59




RPP-5637

Rev. 0
JOHN MARVIN, INC, Calculation Ilumber: JMI-5910_01
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-AY102

¢ vol model Jan/04/00

P -

P4_area_model := =Y0-_Toas =|137.03 ftz, HmmL?é}iig
83_ht

5.1.5.3. Supply Pipe Elevation.

The supply pipe elevation will be assumed to be the same as
theé bottom elevation of the tank annulus volume (this
assumpticn %s not important):

’ Jan/04/00
pd_elev := SS_elev =|0 ft] +(5.146)

Harold E. Adki

5.1.5.4. Supply Pipe Height.

The supply pipe volume height will be assumed to be equal
to the height of the annulus (this assumption is not
important:

Jan/04/00
pa_ht := SS_ht =[38.92 ft] +(5.147)

Hareld E. Adki

5.1.5.5. Supply Pipe Hydraulic Diameter:

Jan/g4/00

P4_hyd := P4_ID =|0.3355 ft *(5.148)

Harold E. Adki

5.1.5.6. Supply Pipe Conductor Dimensions.

Reynolds Number:

Qa Jan/C4/00

= = «(5.149

P4_Re := Re on. Pd_n PA_TD . p 51027 Hml((1 ;: Mk)i
P4_Area -

Heat transfer to air flowing through pipes in tank floor:
Heat Transfer Area:
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Jan/04/00

*{5.150)

Harold E. Adki

37.681 fr2

P4_1ID
P4_ht_area := PC(#)-P&_Len =

Jan/04/00 Hareld E. adki*{5.151}

P4_ht_area_tot := P4_ht_area -P4d_n =|150.72 ft2

Air side pipe heat transfer coefficient:
pip Jan/04/00 Hareold E. Adki*(5.152)

Btu
P4_h := h{P4_ID ,ka.P4 Re ,Pra) =|8.7958 :
hr-ft®-g
Inlet temperature to bottom of tank:
P4_out =
My Jan/04/0¢
Tpout| P4_h ,P4_ht_area ,T,.Ta T Cpy Hugl(dsé.l‘\sgkz

=[(204.71 ¥

Look at waste side heat transfer coefficient:

Temperature drop across concrete[Ref. 4]:

¢.17 btu Jsam'fgl;;)
—ft- Bt (5.
he := hr—fe-R |2, 04 2 harord 2 Rdkd
1in hr-f£?-R
P4 _out :=
Jan/04/00
*(5.155)

Ma
Tpout (hc »P4_ht_area , Ty, Ta .. CPA) Harold E. Adki

={103.74 F

Look at natural convection heat transfer in annulus

[Ref. 5] :
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Nu =0.13 (Grf Prf)°‘333
3
-y X
Gr = Ty =T -_—
gl3( w B) 2
v
Nu ==b.-Ji
k
h==0.13 (Grf Prf)"'m
x
ft i
g := 32.2 —
52
1 1
B :=— =|0.0018668 —
T, R
v=L
p
3 92
Gr:gﬁ(Tw—TB)x Y
i
pa’ 1
+08
Gr := g-ﬁ-(Tw -TA). A ={2.4701 X 10 —
w2 £e3
’ Btu
Pda_n :=ky-0.13 -(Gr*PrA)o'sn ={1.1473
hr—ftz-rq
P4_ID
Pd4a_ht_area := Pc(wﬂi;——)-SS_ht =[41.021 ft2
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Jan/05/00

“{5.156)

Harold E. Agdki

Jan/04/00

*(5.157)
Harold E. Adki

Jan/Q4/00

+(5.158)
Harold E. Adki

Jan/05/00

«(5.159)
Harold E. Adki

Jan/04/00
*(5.160)

Harold E. acki

Jan/04/00
*{5.161)

Harold E. Adki

Jan/04/00

+(5.162}
Harold E. Adki

Jan/04/00
*(5.163)
Harold E. Adki

(5.164)

(5.165)

Jan/04/00

*(5.166)
Hareld E. Adki
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Jan/04/00 Harold E. Adki*(5,167)
Pda_out :=

' m
TAout(Pda_h ,Pda_ht_area ,tf (110} ,T, ,—f“, CPA)

=[e2.1

Conclusion, main heating occurs in floor so heat transfer
to these piges will be that due to heat transfer between
waste and air in pipe.

5.1.6. Water Refill Sump.

This volume has no importance other than to provide a
computational wvolume to mimic the collection and return of
the condensate formed through tank waste evaporation.

The amount of water that is supplied by this

computational veolume in conjuction with supply line "SF" is
directly dictated by the gquantity which leaves the. tank via
evaporation., The refill water temperature is
conservatively set at 110°F.

5.1.6.1. Volume of Sump Volume.

This volume will simply be made large enocugh so that its
volume does not limit the code time step.

Jan/18/00
3 (5 188)
Sump_vol := 160 s-2000 —— =!5333.3 ft Harold E.
min
5.1.6.2. Cross-sectional Area of Sump Volume.

The area of this volume is chosen using a reasonable height.
Jan/19/700¢

1 *(5.169
Sump_area :=—S-u£p"—v9— =[533.33 ft? Haml(d E. Adkj).

10 ft
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5.1.6.3. Elevation of Sump Volume.

The sump will placed at the t f th im, t
¢ sunp P a op of the primary L2PKrIEYSy)

Sump_elev := Pé_elev +P5_ht +1.0 fr =(43.946 ft

5.1.6.4. Height of Sump Volume.

The height Used to caleulate the sump volume area will be

used:

Sump_ht := 10 ft

5.1.6.5. Sump Hydraulic Diameter.

S
Sump_hyd := 4 .———p-0resd =|23.094 ft
4-1{Sump,area

5.1.7. Summary of Geometrliec Input Data.

Jan/1%/00

*(5.171)
Harold E. Adki

Jan/19/00

'(5.1721
Harold E. Adk

The geometric data reguired for GOTH_SNF input which has
heen calculated in the above secticon is summarized in this

section.

5.1.7.1. Volume Input Data.

The volume input data input into GOTH_SNF is tabulated in

Table 5.2.
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Table 5.2 Contrel Volume Input Data.
Jan/19/00 Harold E. Adki~

Vol Description Vol Elev Ht Hyd. D Pl Area

#
£l ft £t ft £t 2

1l |Tank Primary 186783.9|0.6667{42.279|75.000|4417.86
2 |Floor Slots 2666.7|0.5417| 0.125| 0.125| 254.25
3 |[Annulus 23689.7(0.0000,;38.920( 5.000| 608.68
4 Water*Sump 5333.3(43.945;10.000|23.054| 533.33
5

Air Inlet Pipes 5333.3|0.0000]|38.920} 0.336| 137.03

Array: volumes

5.1.7.2. Conductor Input Data. :

The input data for the thermal conductors is summarized in
Table 5.3. All conductors will be initialized to the
averagé ambient air temperature [Ref 6]. The values for
heat transfer coefficient or side temperature given in this
table are those which are to be specified by number. Some
of these are flow dependent and will need to be updated for
the flow being specified. The natural convection heat
transfer option will be specified in the code when a value
is not given in the table. The fluid temperature adjacent
to the conductor surface will be used where a temperature
is not specified in the table. ’
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Table 5.3 Conductor Input Data.
Jan/18/00 Hareld E, Adki*

Con Description S. A. Init. Side Side Side Side
# Temp . A A B B
BR.T.C Temp. H.T.C Temp.
Btu Btu
£t F 2 F N F
hr-ft" -R hr-ft“ -R
1 |Floor Slots 254.2 | 82.0| 2.568 ~---- 7.01 | wum===
2 | supernatant-Ann [2935.4} 82.0|----- | —-=em | mememmm | —om-
3 | Dome-annulus 4752.3 82.0 | ~=mmmm [ mrmmm | e | e
4 | Floor-ground 4417.9 1 82.0| 2.568 | ----- | -mmemne 50.0
5 {Annulus-ground 9781.5 7 82,0 -----+ | w-=== 0.00|----~
6 ! Dome-ground 4417.9 | 82.0| -—-cww | mmmmm | mmman 76.0
7 1Air inlet pipes 150.7{ 82.0| 8.796 [ ~-—=- 2.04
5.1.7.3. Conductor Type Input Data. ‘ :

The input data for the conductor types are summarized in
Table 5.4. All of the data in this table have been
previously defined except for the conductor geometry and
the material, which are defined in this table.

Table 5.4 Conductor Type Input Data.
Jan/04/00 Harold E. Adki*

Con Description Geom Thick 0.D. Material
#
in in
1 |Floor Slots Wall 0.375 | —===~-~ Steel
2 | Supernatant-Ann Tube |0.375|500.75 Steel
3 | bome-annulus Tube |0.375|900.75 Steel
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Con Description Geom Thick 0.D. Material
#
in in
4 | Floor-ground Wall {1200.)-~----- Soil
5 | Annulus-ground Tube {600.0]|2160.0 Soil
& | Dome-ground Wall [84.00)------ Soil
7 | Air inlet pipes Tube {0.237| 4.500 Steel
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5.1.7.4. Flow Path Input Data.

The flow path data are summarized in Tables 5.5 and 5.6.
The data for the -flow paths are based on the elevations and
heights of the volumes that they connect to. The flow
areas are defined by the volumes that they connect to,
where the area is not important, an arbitrary value is
assigned. This can be done because pressure drops and
fluid velocities are not important in this calculation.

Table 5.5 Flow Path Input Data (1).
Jan/04/00 Harold E. Adki*

F.P. Description End A End A End B End B
# Elev. Ht Elav. Ht
ft ft ft ft
1 |Inlet Primary 42.836(0.1000|50.946]| 0.100
2 |Outlet Primary 53.846(0.1000|54.946| 0.100
3 | 8let Inlet 0.010/0.1000| 0.552( 0.100
4 | 8lokt Qutlet 0.552]0.1000( 0.552| 0.100
5 |Outlet Secondar 38.810(0.1000|46,920| 0.100
6 |Water Drain 43.956(0.1000[41.946| 0.100
7 | Primary Fan 41.946({0.1000|43.446| 0.100
8 |Fan Outlet 45.946(0.1000}43.446] 0.100
9 {Recirc. Fan Out 41.946|0.1000,43.446] 0.100
16| Recirc. Fan Inl 45.946(0.1000(43.446| 0.100
11} Annulus Air Inl 38.810{0.1000|46.520| 0.100
12| Pump Inlet 18.917:/0.1000(18.917| 0.100
13| Pump Outlet 0.91710.1000] 0.%17| 0.100
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Taklie 5.6 Flow Path Input Data (2).
Jarn/04/00 Harold E, Adki*

F.P Description Flow Hyd. Length Loss
# Area Dia. Coeff,
2 ft ft
1 [ Inlet Primary 3.142{2.0000| £.000] 2.700
2 |Outlet Primary 3.142(2.0000( 8.000] 2.700
3 [Slot Inlet 0.562|0.1667| 7.000| 2.700
4 |siot outlet 1.125[0.1250{16.750| 2.700
5 | Outlet Secondar 3.,142({2.0000| 8.000| 2.700
6 |Water Drain 3.142{2.0000| 8.000( 2.700
7 | Primary Fan 3.142|2.0000| 8.000| 2.700
8 | Fan Qutlet 3.142{2.0000] 8.000] 2.700
9 |Recirc. Fan Out 3.142{2.0000| B8.000( 2.700
10| Recirc. Fan Ini 3.142|2.0000( 8.000| 2.700
11! Annulus Alr Inl 3.1422.0000| B.000| 2.700
12{ Pump Inlet 3,142(2.0000| 8.000| 2.700
131 Pump Qutlet 3.142(2.0000| 8.000| 2.700
5.1.7.5. Boundary Condition Input Data.

Tabulated in Table 5.7 is the boundary condition input data’
for the problem described above.

58 of 73

E-69 ’




RPP-5637

Rev. 0

JOHN MARVIN, INC. Calculation Number: JMI-9910_01
Analyst: Marvin J, Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 92, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-AY102

Table 5.7 Boundary Condition Input Data.
Jan/04/00 Harold E. Adki-®

F.P Description Pressure Temp. Flow W.V.

# Press.,
Ratio

psi F fta

5
1 |Inlet Primary 14.700(82.000f 0.000|0.01C50
2 | Stack Inlet 14.700;82.000| 0.000(0.01050
3 |Slot Inlet 14.700(82.000) 0.000(0.0105C
4 | 8lot Outlet 14.700(82.000|16.667(0.0105C
5 |Primary Out 14,7001 82.000| =-=ww- 0.01C50C
& | Primary Couple 14.700(82.000| 8.333(0.01050C
7 |Recir Out 14.700(82.000| 6.667(0.01050
8 |Recirc Couple 14.700|82.000] v~ 0.01050
9 |[Pump Inlet 14.700|82.000(46.180{0.01050
10| Pump Outlet 14.700| 82.000) ~—-——- 0.01050

Feb/10/00 Hareld E. Adki*(5.173)

(14-0.5 £t + 22 ft + 0.5 £t + 32.5 ft) -PS_area =12.7391 X 10 ft

3

Feb/10/00
+06 *(5.174)
PS_wvol =[1.3972 X 10 gal Harold E. Adkl

Feb/10/00 Harold E. Adki+*(5.175)

1b Bt
17 in-PS_area -0.417 -62.4 - .1.925 .0.125 ———
3 lbm-hr
£t
Btu
=|39187 —4
hr
! Feb/10/00 Harold E. adki*{5.176)
. 1b Bt Btu
1 Ft.ps area -142.34 ——=.0.34 .0.17475 — " =[37362 —
- 3 lbm-hr hr
: fe
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6. SIMULATION RESULTS.

The results of simulations that are required to determine
ventilation requirements for maintaining waste temperatures
below operat&onal and safety limits are presented in this
section. Three cases have been simulated. These are:

1. Nominal once through primary ventilation flow of 500
CFM and slot ventilation flow of 1000 CFM. Air inlet
temperature for both flows is 82°F. ‘

2. Nominal once through primary flow and secondary flow ‘
with loss of both ventilation systems when pumps are
turned cff.

3. Nominal once through primary flow with o slot flow.
Air inlet temperature is 82°F.

The results for each of these calculations are presented in
the following sub-sections.

6.1. NOMINAL PRIMARY AND FLOOR SLOT VENTILATION FLOWS.

This case considers the tank to initially be filled with
waste at the conditions at the end of waste transfers from
C-106. The ventilation system consists of the nominal once
through primary ventilation flow of 500 CFM and the slot
ventilation flow of 1000 CFM. The air inlet temperature
for both systems is 82°F. The simulation is run to the
steady state temperature for ambient air conditions of 82°F
with the solid particles in an undisturbed slurry on the
bottom of the tank. The mixer pumps are then turned on and
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the slurry in the bottom of the tank is mixed with the
supernatant. The assertion is that the mixer pumps mix the
waste to a homogeneous mixture with no slurry remaining on
the bottom of the tank. The pumps are run until the
supernatant comes to a steady state temperature. The pumps
are then turned off and the solid particles are allowed to
resettle to the bottom of the tank. The rate the particles
settle is a function of the particle size, particle
density, supernatant density and supernatant viscosity.

The code calculates this rate from the force balance on the
particles. “The mixture remains convective as long as the
particle fracticn in a computational cell remains below
O.?S*apmp. The slurry becomes non-convective once the
particle fraction reaches this value and the slurry begins
to heat up as the radioactive decay heat must be removed by
conduction through the slurry to the supernatant. Heat is
removed from the surface of the supernatant by convective
sensible heat transfer and evaporative heat transfer to the
primary ventilation flow. Heat is also conducted down
through the non-convective slurry to the air flowing
through the slots in the floor of the tank and to the
ground under the tank if the ground is cooler than the
slurry at the bottom of the tank.

The important waste temperatures in the tank for the
initial settled state and for the period when the pumps are
running are shown in Figure 6.1. The steady-state super-
natant témperature prior to pump operation is shown as
point Tl in this figure. The peak slurry temperature for
this state is shown as peoint T2 in this figure. The pumps
are turned on and the waste comes to a uniform temperature,
T3 in Figure 6.1. ({Note: There is only one graphics dump
between point T2 and T3 so the actual mixed temperature may
be lower than that shown for T3 in the figure. This is not
important as long as T3 is lower than the LCC supernatant
cemperature limit of 195°F, which it is.) The pumps are
run until the supernatant comes to a steady-state
temperature, point T4 in Figure 6.1.

61 of 73

E-72



RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-2910_01
Analyst: Marvin J, Thurgood Date: Feb 9, 2000
Reviewer: Harold E. aAdkins Date: Feb 8, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-aY102

Jan/18/00 Hayxeld E. Adki*

-K1 oz
Thu Jan 15:41:30 2000
GOTH_SNF VYeralon E.0 - November 1999

Tank Temperatures
TV1s16 TL1s16 TL1s1 TL1s5 TLIs3

215

TTTTTTT

15

o] Tw=1p5F, (LCO 3.3.2.1)
o e
E i
& wF
= =
ar

85
L
s
L

PRRTRTUU DT S A S [N T S A AR
L:1e]

Time (Days)

Figure 6.1 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing.

The temperatures T1, T3 and T4 must be below the LCO limit
of 195°F for the ventilation conditions specified for this
case to be acceptable, and they are. Temperature T2 must
be below 215°F to be acceptable, and it is.

The pumps are then shut ¢ff and the solid particles settle
out of the supernatant and once again form a non-convective
layer. The waste cools prior to the layer becoming
non-convective since the pumps are shut off and are no
longer depositing energy into the waste and the primary
ventilation system is removing a large amount of energy
stored in the waste by evaporative cooling. The ground
under the tank also cools as the waste ccols. The cooler
ground slows the heat up of the non-convective slurry in
the bottom of the tank as it absorbs heat from the waste by
conduction. The ground conductor is important here as it
damps out the peak in temperature that would otherwise
occur in the waste since the supernatant is still rejecting
heat resulting from having run the pumps.
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The resulting peak slurry temperature is shown in Figure
€.4 as point T2'. This temperature must remain below 215°F
for the ventilation system to be acceptable and it is. The
temperature is still slowly increasing at this point due to
slow increases in the particle concentration in the
non-convective layer. This is not a concern, however,
because of the time peried invelved {over a year). Ambient
temperatures will have gone through a winter and will have
cooled the waste down over this period. A constant ambient
temperature‘Pf 82°F has been used in the calculation.

Jan/18/00 Harold E, Adki®

ay1o2
Tr\u Jan 8 16.42:18 2000
GOTH_SHNF Version 5.0 - November 1999

Tank Temperatures
TV1s16 TLis16 TLi1s1 TLI1s5 TL1s3

T=215F (LCO 3.3.2.b)

Temperature {F)

Tima (days)

Figure 6.2 Important Waste Temperatures After Pumps are
Shut off.

The axial temperature profile in the waste prior to pump

operation (T2) and after pump operation (T2') are given in

Table 6.1 and are shown in Figure 6.3.

63 of 73

E-74




JOHN MARVIN, INC.

RPP-5637
Rev. 0

Calculation Number: JMI-9910_01

Analyst:

Marvin J. Thurgood

Date: Feb 9, 2000

Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTE_SNF Simulation of Tank-AY102

Table 6.1 Axial Temperature Distribution in Tank.

T2 :

T4 :

T2

T4

9,2

Jan/18/00 Harold E. Adkir

elevation Temperature Temperature
T2 TZ'

0.208 183.800 190.100

0.917 19¢.100 200.700

1.805 150.700 208.400

2.4986 187.200 211.800

L 3.183 180.900 2311.900

4.048 168.600 © 208.200

4.780 152.900 201.5800

5.676 130.000 150.800

7.561 107.500 152,200

9.644 107.500 107.500

11.592 107.500 107.500

13.871 107.500 107.500

16.022 107.500 147.500

17.500 107.500 107.500

18.534 167.500 107.500

18.750 107.500 107.500

Array: axl
Jan/18/C0
array ( aXl 0.2 L axl ¢, 1) Harold'E(.Gidlkl
Jan/l8/00¢
array (aXl c,3- axl 0, 1) Harold.l(.sid?kg
Jan/18/00
:= 6.2917 Harold.x(.eid:;,u)
Jan/1B/00
= 8.7845 Harold'E(.Gid‘.ikz.
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Jan/18/00 Harold E. Adki~

20

(£t}
16

12
1

| Fesettled Slurry Level

0 -

pre-mixed Slurry Level

Distance From Bottom

[ original AY-102 Slurry !

Q | 1 1} P Lead L - [ I | L Lol ] 1 13 !
0 50 100 150 200 250

Temperature (F}

Figure 6.3 . Maximum Axial Temperature Distribution in Tank
Before, T2, and After (T2'), Mixing.
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The high evaporative removal rate during mixing operations
is shown in the water vapor mass flow rate results
displayed in Figure 6.4. This figure shows the amount of
water vapor that must be removed from the outlet air by the
primary ventilation system condenser in order for dry air
to enter the ventilation fans. As is shown, during mixing
operations, the evaporation rate rises to 0.4 ibm/s.

Since the primary ventilation flow can not be maintained at
the specified level if this moisture is not removed, the
ventilation system condenser must be rated such that it is
capable of removing at least 0.4 lbm/s,

Jan/18/00 Harold E. Adki™*
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Figure 6.4 Water Vapor Mass Rate Carried Over By the
Primary Ventilation System.

6.2. LOSS OF VENTILATION FLOW WHEN PUMPS ARE TURNED OFF.
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The purpose of this simulation is to determine the time
avallable to recover from loss of ventilation if it occurs.
Loss of ventilation is assumed to occur after the pumps
have run long encugh for the supernatant to reach a steady
state temperature. Losing ventilation at this time will
result in the most rapid heat up of the waste. This case
considers the tank to initially be filled with waste at the
conditions at the end of waste transfers from C-106. The
ventilation system prior to pump operation consists of the
nominal once through primary ventilation flow of 500 CFM
and the slot ventilation flow of 1000 CFM. The air inlet
temperature for both systems is 82°F. The simulation is
run to the steady state temperature for ambient conditions
of 82° with the so0lid particles in an undisturbed slurry
on _the bottom of the tank. The mixer pumps are then turned
on and the slurry in the bottom of the tank is mixed with
the supernatant. The assertion is that the mixer pumps mix
the waste to a homogeneous mixture with no slurry remaining
on the bottom of the tank. The pumps are run until the
supernatant comes to a steady state temperature. The punps
are then turned off and the solid particles are allowed to
resettle to the bottom of the tank. Both the primary and
secondary ventilations flows are shut off when the pumps
are turned off to simulate loss of ventilation.

The rate the particles settle after the pumps are turned
off is a function of the particle size, particle density,
supernatant density and supernatant viscosity. The code
calculates this rate from the force balance on the
particles. The mixture remains convective as long as the
particle fraction in a computational cell remains below
O.75*apmp. The slurry becomes non-convective once the
particle fraction reaches this value and the slurry begins
to heat up as the radioliytic decay heat must be removed by
conduction through the slurry to the supernatant. Heat is
removed from the waste in this case by conduction through
the ground only since ventilation flow has been lost.

The important waste temperatures in the tank for the
initial settled state, for the period when the pumps are
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running and for the period when ventilation flows are lost
are shown in Figure 6.5. The steady-state supernatant
temperature prior to pump operation is shown as point Tl in
this figure. The peak slurry temperature for this state is
shown as point T2 in this figure. The pumps are turned on
and the waste comes to a uniform temperature, T3 in Figure
6.5. (Note: There is only one graphics dump between point
T2 and T3 so the actual mixed temperature may be lower than
that shown for T3 in the figure. This is not important as
long as T3 i§ lower than the LCO supernatant temperature
limit of 195°F, which it is.) The pumps are run until the
supernatant comes to a steady-state temperature, point T4
in Figure 6.5. The particles settle after the pumps are
turned off, feorming a new non-convective layer at the new
fluffed height. The supernatant and the slurry heat up as
a result of the decay heat in the waste and the loss of
‘ventilation flow. The temperatures continues to increase
until the waste reaches the local saturation temperature. '
The temperature then becomes constant as steam forms in the
slurry.

The time required for the waste to reach the saturation
temperature or the 250°F safety limit is important as it
determines the amount of time available to repair the
existing ventilation system or put into operation a backup
ventilation system. The time between loss of ventilation
and when the safety limit is reached is 60 days in this
case. This is much longer than the 50 hecurs allowed by the
AGA parameter specification so this criterion is satisfied.
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Figure 6.5 Temperatures From the Initial Steady-State
Conditions Through Heat Up Following Loss of
Ventilation.

The temperatures T1, 73 and T4 must be below the LCO limit
of 195°F for the ventilation conditions specified for this
case to be acceptable, and they are. Temperature‘TZ must

be below 215°F to be acceptable, and it is.

6.3. NOMINAL PRIMARY AND NO FLOOR SLOT VENTILATION FLOWS.

This case considers the tank to initially be filled with
waste at the conditions at the end of waste transfers from
€C-106. The ventilation system consists of the nominal once
through primary ventilation flow of 500 CFM only. The slot
ventilation flow is disabled. The air inlet temperature
for the primary ventilation systems is 82°F. The
simulation is run to approximately steady state
temperature, for ambient air cenditions of B82°F with the
solid particles in an undisturbed slurry on the bottom of
the tank. During this periocd heat is removed from the
surface of the supernatant by convective sensible heat
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transfer and evaporative heat transfer to the primary
ventilation flow. Heat is alse conducted down through the
non-convective slurry to the ground under the tank if the
ground is cooler than the slurry at the bottom of the tank.

Figure 6.6 shows the critical temperatures as the numerical
model converges of the near steady state solution for the
initial undisturbed state. As shown, the steady-state
slurry temperatures exceed the LCO slurry temperature limit
of 215°F [Ref 6] prior to adding the heat load associated
with mixing "operations. Hence, this ventilaticn
configuration is not acceptable at any time or for any
purpose.

Jan/18/00 Harold E. Adki=
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Figure 6.6 Temperatures From the Initial Steady-State
Temperature Determination
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7. CONCLUSIONS.

As has been shown in the normal operations case evaluation
featured in Section 6.2, a ventilation system
configuration consisting of a nominal once through primary
ventilation flow of 500 CFM and a slot ventilation flow

of 1000 CFM adequately maintains AY-102 tank waste
temperatures below the established normal operations
temperature limits during all pre, current and

post-mixing operations. This is provided that the system
is equipped with a condenser capable of removing at least
0.4 lbm/s. As shown in Section 6.2 for this ventilation
configuration, the maximum allowable recovery duration that
can be allowed for this system if a hypothetical loss of
ventilation event occurs is 60 days.

Finally, it has been determined that a.ventilation system
configuration consisting of the nominal primary and
disabled flcor slot ventilation flows {500 CFM & 0 CFM,
respectively) with an inlet temperature of 82°F is an
unacceptable configuration. The steady-state siurry
tenmperatures exceed the LCO slurry temperature limit of
215°F [Ref 6] prior to adding the heat load associated with
mixing operations.
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9. REVIEWER’S COMMENTS

[QA-1] Comment by: Harold E. Adkins Date:

Jan/18/00

As indicated by the analyst, no reference (explicitly
stating this parameter) is available. However, this
concrete pad thickness (between shells) identifies with
construction practices commonly used on the Hanford Site,

[OA-2] Comment by: Harold E. Adkins Date:
Jan/18/00

The depth of my review includes review of input data,
equational relationships, derivations, consistency with
cited references, and review of GOTE_SNF input and

72 of 73

E-83




RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_01
Analyst: Marvin J. Thurgeod Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank-AY102

output.

Output results are consistent with input.
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Comments on AZ-102 Notebook

This comment is directed towards the soil thermal properties that are used as model
parameters. There is an inconsistency between the values used and other site specific
data sources. An important point to note is that there is not a major dependency between
these parameters and the end resulis. Nevertheless, these discrepancies need to be
resolved prior to performing any subsequent work based on this model

The heat capacity value of 0.4 But/lbm-F is inconsistent with that given in other sources for Hanford sand
and backfill, where values of .18 - .24 for natural sand and 0.18-0.34 for backfill are ¢ited { Shannon &
Wilson, Inc, Irwin), The thermal conductivity also seems to be on the low side of the range given in some
references. .




RPP-5637
Rev. 0

This page intentionally left blank.




JOHN MARVIN, INC.

RPP-5637
Rev. 0

Calculation Number: JMI-9910_ 02

Analyst: Marvin J. Thurgood Date: Feb 9, 2000

Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

1. INTRODUCTION

TABLE OF CONTENTS

2. PROBLEM DESCRIPTION. . . i it it e ot te s st e e st aanas
2.1. Cases and Evaluation Criteria..................
3. SPECIFICATION OF INPUT PARAMETERS FOR TANK AZ-10Z...
3.1. TANK GEQOMETRIC DATA. . ....«.ccv..- Cr e s a e

3.
3.

[
B

Tank Shell Geometric Data........oveueenn.
Air Distributor Geometric Data............

3.2. TANK WASTE PARAMETERS. .. ... ittt i s e anesaan

W W W w
NN

Supernatant Height In AZ-~102..............

1.
2. The Initial Depth of slurry in AZ-102.....
3
4 VENTILATION INLET TEMPERATURE AND

HUMI DIy . e e e et e st b s e i s et v s

%)

.2.5.  VENTILATION FLOW RATE. ... ..o'eunnennnennns
3.2.5.1.
3.2.5.2,

Primary Ventilation Flow Rate........
Secondary Ventilation Flow Rate......

4. GOTH_SNF MODEL DESCRIPTION. .. .. ..ttt it mismennnnas
5. DEVELOPMENT OF INPUT PARAMETERS FOR THE GOTH_SNF

un
[
8]

.......................................

S
o
n
@
h
=
ut
T
=1
o
0
ot
e
s}
S
n
T}
=
u
g
o
iad
1
=4
®
o
{0
[t
i

. Tank Primary Volume....... ... nennnnn
5.1.2.1.
V2.
5.1.2.3.

Area of Tank Primary Volume..........
Volume of Tank Primary Volume........
Bottom Elevation of Tank Primary

Height of the Tank Primary Volume....
Subdivisions of Primary Tank

Dimensions of Conductor at the Top of

i of vi




JOHN MARVIN, INC.

RPP-5637
Rev. 0

Calculation Number: JMI-9910G_02

Analyst: Marvin J. Thurgood Date: Feb 9, 2000

Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

the Tank. ....... ... . i .., 35
5.1.2.8. Dimensions of Conductor at the Bottom
of the Tank...... ... .. 6
5.1.3. Tank Annulus Volume.............. ..., 36
5.1.3.1. Area of Tank Annulus Volume.......... 36
5.1.3.2. Volume of Tank Annulus Volume........ 37
5.1.3.3. Bottem Elevation of Tank Annulus
VO IUImE . & ot e e e e e 37
5.1.3.4. Height of the Tank Annulus Volume....38
5.1.3.5. Hydraulic Diameter of Tank Annulus
R N U 1 38
5.1.3.6. Dimensions for Conductor Between
Primary Alr Volume and Annulus Air...38
5.1.3.7. Dimensions for Conductor Between
Supernatant and Annulus Air.......... 39
5.1.3.8. Dimension for Conductor Between
Annulus Air And Soil Around the =ides
ef the Tank. .. ... .. ... . .. .. ... 39
5.1.4, Tank Floor Sleot Volume.................... 40
5.1.4.1. Area of Flecor Slot Volume............ 40
5.1.4.2. Volume ¢f Floor Slot Volume.......... 51
5.1.4.3. Elevation of Floor Slot Volume....... 51
5.1.4.4. Height of Floor Slot Volume.......... 52
5.1.4.5. Hydraulic Diameter of the Floor
VolUmE. . . oottt s e e e e e e e e 52
5.1.4.6. Slot Conductor Dimensions............ 82
5.1.5. Floor Slot Air Inlet Volume............... 52
5.1.5.1. Supply Pipe Velume................... 53
5.1.5.2. Supply Pipe Area...........coueuin.. 54
5.1.5.3. Supply Pipe Elevation................ 54
5.1.5.4. Supply Pipe Height................... 54
5.1.5.5. Supply Pipe Hydraulic Diameter:...... 54
5.1.5.6. Supply Pipe Conductor Dimensicns..... 54
5.1.6. Water Refill Sump....... ..t s 57
5.1.6.1. Volume of Sump Volume................ 57
5.1.6.2. Cross-sectional Area of Sump
. Volume. ... i e e e e e e e e 58
5.1.6.3. Elevation of Sump Volume............. 58
5.1.6.4. Height of Sump Volume................ 58

ii of wvi

F-6



RPP-5637

JOHN MARVIN, INC. Calculation Number: JMI-9910_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date; Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

5.1.6.5. Sump Hydraulic Diameter.............. 58
5.1.7. Summary of Geometric Input Data........... 58
5.1.7.1. Volume Input Data.................... 59
5.1.7.2. Conductor Input Data.........couu.... 59
5.1.7.3. Conductor Type Input Data............ 60
5.1.7.4. Flow Path Input Data................. 61
5.1.7.5. Boundary Conditieon Input Data........ 63
6. SIMULATION RESULTS. . . . e e e e e e e e e e 64
6.1. CASE 1 - NOMINAL PRIMARY AND FLOOR SLOT
VENTILATION FLOWS . . o v i it i i s i i e nnana e e 66
6.2, CASE 2 - NOMINAL PRIMARY AND CHILLED NOMINAL
FLOOR SLOT VENTILATION FLOWS. ... vt iiin i 72
6.3 CASE 3 - NOMINAI, PRIMARY AND MAXIMUM FLOOR SLOT
VENTILATION FLOW. . o ittt et ot e e e e e e et e e e e e 78
6.4. CASE 4 - NOMINAL PRIMARY AND MAXIMUM CHILLED
FLOOR SLOT VENTILATION FLOW. . ... . v nvenrenaa.. 84
6.5 CASE 5 - PRIMARY, FLOOR SLOT, AND RECIRCULATIVE
VENTILATION FLOWS . .ot it it it e it it i e e vea e 89
6.6. CASE 6 - NOMINAL PRIMARY FLOW WITHOUT FLCOR
SLOT VENTILATION FLOW. ... .t i it i ie v anas v 95
6.7 CASE 7 - NOMINAL PRIMARY AND MAXIMUM CHILLED
FLOOR SLOT FLOWS WITH VENTILATION LOSS AFTER
PUMPING. . . i it ittt e ittt et et et i e e et 97
7. CONCLUSTION S . . i i ittt sttt s ean et e et e e e et it aea s 99
8. REFERENCES . & - i i i ittt s e s mm s et s et e mneenaeesas 100
9. REVIEWER'S COMMENTS . . . . . it it ittt i emrem e nenemasaen 101
1¢. RESPONSE TO INDEPENDENT REVIEWERS COMMENTS........ 101

iii eof wvi

F-7

Rev. 0




RPP-5637

Rev. 0
|

JOHN MARVIN, INC. Calculation Number: JMT-9910_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000
Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102
LIST OF TABLES
5.1 Subdivision Heights and Pressures. ..................
5.2 Control Volume Input Data. ........... . .00 ernnn.
5.3 Conductor InNpuUt Data. ... ..ttt et
5.4 Conductor Type Input Data. ........tviimnnneenrnnnns
5.5 Flow Path Input Data (1) . ... iieiiennn
5.6 Flow Path Input Data (2). ... ...ttt
5.7 Boundary Condition Input Data. ........ccuiiivmnnnnn.
6.1 Axial Temperature Distributions in Tank .............
6.2 Axial Temperature Distributions in Tank .............
6.3 Axial Temperature Distributions in Tank .............
6.4 Axial Temperature Distributions in Tank .............
6.5 Axial Temperature Distributions in Tank .............
iv of vi



RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-~102

LIST OF FIGURES

2.1 Distribution of Material In Tank. .............. ceae..d
3.1 AZ-102 Tank Shell Dimensions ................... ve...10
3.2 Secondary Ventilation Air Slot Layout. ..............12
4.1 GOTH_SNE Model of Tank AZ-102. ................. vee..24
4.2 GOTH_SNF Model Nodal Laycut of Tank AZ-102. ......... 25
5.1 Approximation of Primary Dome Shape. ................ 32
6.1 Temperatures From the Initial Steady-State

Conditions Through Pump Mixing {Case 1).......... . .67
6.2 Critical Waste Temperatures After Pumps are Shut off.

Y- e 69
6.3 Axial Temperature Distributions in Tank Waste Before

(T2), Peak After (T2'), and Steady State After

Mixing {T2'') (Case 1) ...t iiii i 71
6.4 Water Vapor Mass Rate Carried Over By the Primary

VentilationASystem (Case 1) ... iiine ey .12
6.5 Temperatures From the Initial Steady-State

Conditions Through Pump Mixing (Case 2)............ 73
6.6 Cricical Waste Temperatures After Pumps are Shut off

(CaSe 2) i ittt i it i it et e e e ...75
6.7 Axial Temperature Distribution in Tank Waste Before

(T2), Peak After (T2'), ‘and Steady State After

Mixing (T2°') {€ase 2) . ittt inannenns .77
6.8 Water Vapor Mass Rate Carried Over By the Primary

Ventilation System (Case 2) . ..vvnieereinnnnanecannns 78
€.9 Temperatures From the Initial Steady-State

Conditions Through Pump Mixing (Case 3)............ 79
6.10 Critical Waste Temperatures After Pumps are Shut

off (Case 3) ..ttt ittt vee.....80

6.11 Axial Temperature Distributions in Tank Before
(T2}, Peak After (T2'), and Steady State After
Mixing (T2'’) (Case 3) .. ... .. nnennnan 83

v of vi

F-9




RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_02
Analyst: Marvin J. Thurgoed Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

6.13

6.14

6.15

Temperatures From the Initial Steady-State

Conditions Through Pump Mixing (Case 4)........... 85
Critical Waste Temperatures After Pumps are Shut

off (Case 4} ... .. i, Pt e 86
Axial Temperature Distributions in Tank Before

{T2), Peak After (T2’'), and Steady State After

Mixing (T2'7) (CAS€ 4) .ttt ittt enennnnnereaanan g8
Water Vapor Mass Rate Carried Over By the Primary

Ventilation System (Case 4)............. e ..89
Temperatures From the Initial Steady-State

Conditions Through Pump Mixing (Case 5)........... 91
Critical Waste Temperatures After Pumps are Shut

off (Case 5)}..... e e e e ey 92
Axial Temperature Distributions in Tank Before

{T2), Peak After (T2'), and Steady State After

Mixing (T2') (Ca5€ 5 ittt ee i tninannens 94
Water Vapor Mass Rate Carried Over Ry the Primary

ventilation System (Case 5) ... ... a5 '
Critical Waste Temperatures (Case 6}). .......... ..., 97
Critical Transient Waste Temperature Response

During Safety Evaluation..................... ve-..98

vi of vi

F-10



RPP-5637

Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-$510_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

{1)

exec {'pwd’' ) =|/projects/AGA_parametric_Study/Test_runs/A%Z
_102

info ('file’ ) =[note book] (2)

(Qa-1]

Date: 4

JMI Management:

Marvin J. urgdod

Reviewed By: M% Date: Zé /éz y/

Harold E. aAdkins

1 of 102

F-11




RPP-5637

_ Rev. 0
JOHN MARVIN, INC. Calculation Number: JMI-9910_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

1. INTRODUCTION.

This notebook documents the methods, models and data
required to set up the input deck for evaluating the
ventilation regquirements for tank AZ-102 once the mixing
pumps have been installed. The results of these
calculations are to be used to write the specifications for
the tank ventilation systems. Tank AZ-102 is used for the
analysis because it is the bounding tank in the AZ tank
farm. The ventilation requirements for the other tanks in
the farm will be over-specified because their requirements
are lower than those for the bounding tank. The
ventilation requirements for these other tanks can be
reduced by additional analysis at a later time if
necessary. '

2. PROBLEM DESCRIPTION.

The problem consists of Tank AZ-102 which has an initial
settled slurry layer of 2.87 feet. No additional slurry
from other tanks is expected to be transferred to this tank
before the existing waste in the tank is retrieved. The
supernatant liguid level of the tank is 344.7 inches. The
tank has a total heat load of 199,700 Btu/hr. The various
fluid regions of the tank are shown in Figure 2.1. The
slurry laver and the supernatant liguid level are
illustrated in the figure. Also illustrated are the
primary and secondary ventilation flows that are used to
cool the tank contents. The primary flow path alsc removes
meisture from the tank dome as this air comes into direct
contact with the supernatant ligquid in the tank.

The secondary flow enters at the center of the tank floor
through pipes that pass through the concrete pad at the
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bottom of the tank. The air.then flows radially outwards
through flow channels formed into the concrete pad directly
under the steel tank shell. This air flow removes heat
from the bottom of the tank, cooling the settled slurry.
This air then exits into the annulus formed by the tank’s
double shell where it flows upwards and is extracted from
the top of the annulus through annulus ventilation piping.

The primary air is drawn into the tank through filtered
inlet vents and leakage paths by the primary ventilation
fans. The fans remove air from the dome via the primary
system ventilation piping. This flow cools the tank by
hoth sensible and evaporative heat removal from the surface
of the supernatant liquid pool. Dryer, usually cocler, air
from the atmosphere removes heat and moisture from the tank
dome atmosphere, allowing evaporation from the pool surface
to ocecur. When the inlet air is cooler than the tank
atmosphere the air also removes sensible heat from the :
pool.

Solid particles in the settled slurry generate heat due to
radionuclide decay. The supernatant ligquid also contains
dissolved radionuclides that also generate heat. This heat
must be removed primarily by the ventilation flows,
although some of it is conducted through the ground to the
surface or to the ground water,
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' T Primary Outflow
Secondary Outflow
/ <
q Primary Inflow
Dome Air

- Convective
Sludge

Non-Convective
- : Sludge

= =

Secondary Airin

A

Figure 2.1 Distribution of Material In Tank.

The initial steady state at which the simulations begin is
with the so0lid particles in an undisturbed siurry on the
bottom of the tank. The mixer pumps are then turned on
and the slurry in the bottom ¢f the tank is mixed with the
supernatant liquid. The assertion is that the mixer pumps
mix the waste Lo a homogeneous mixture with no slurry
remaining on the bottom of the tank. The pumps are
conservatively run until the supernatant liquid comes to a
steady state temperature for all evaluations.

The pumps are then turned off and the solid particles are
allowed to resettle to the bottom of the tank. The rate
the particles settle is a function of the particle size,
particle density, supernatant liguid density and
supernatant liguid viscosity. The code (GOTH_SNF}
calculates this rate from the force balance on the
particles. For all evaluated cases, the mixture is assumed
to remain gonvective as long as the particle fraction in a
computational cell remalns below 0.75*apmp. This wvalue has
been chosen to match the time for a non-convective layer to
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form following waste transfers into AY-102 and it matches
the settling rates specified by the input specification
document [Ref 6}. The slurry becomes non-convective once
the particle fraction reaches this value and the slurry
begins to heat up as the radiocactive decay heat must be
removed by conduction through the slurry to the supernatant
liguid. Heat is removed from the surface of the
supernatant liquid by convective sensible heat transfer and
evaporative heat transfer to the primary ventilation flow.
Heat is also conducted down through the non-convective
slurry to the air flowing through the slots in the floor of
the tank and to the ground under the tank if the ground is
cooler than the slurry at the bottom of the tank.

The purpose of the calculations is to evaluate the
ventilation reguirements for this tank as mixing pumps are
run to mix the waste in preparation for retrieving the
waste for the vitrification process. Additional heat is
added to the tanks during the retrieval process due to the
operation of the mixing pumps. This additional heat may
require upgrading of the tank ventilation systems to handle
the additional heat load. Results of these calculations
will be used to develop the ventilation specifications for
this tank and the tank farm associated with it.

2.1. Cases and Evaluation Criteria

Seven cases involving the bounding tank AZ-102 are
evaluated herein. These congsist of six potential
ventilation configurations being evaluated under criteria
applying to normal operating conditions, and one being
evaluated under criteria established as safety limits for
the system in question. This latter case involves the
evaluation of & loss of ventilation. &all cases consider
the tank to initially be filled with waste at steady state
conditions, A transient period enveloping pump start-up,
operation, shut-down, and re-establishment of steady state
conditions is then simulated.
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Unless specified otherwise, the ventilation system
consists of a nominal once through primary ventilation
flow of 500 CFM and a slot ventilation flow of 1000 CFM or
2000 CFM. The air inlet temperature for the primary
ventilation system as well as the ambient air conditions
are specified to be 82°F. Whereas the slot ventilation
flow temperature is either specified to be that of the
ambient (82°F} or chilled to 40°F prior to duct entry. A
constant ambient temperature of 82°F has been used in all
simulations. Case specific input parameters are presented
with the respective results in the appropriate sections.

The operation and safety related criteria that must be met
in order for the ventilation system to be deemed
acceptable are that prior to and after mixing operations,
no portion of the top 15 feet waste may exhibit
temperatures in excess of 195°F {(LCO 3.3.2.b}, no waste ;
temperatures may exceed 195°F at any time during mixer pump
runtime (LCO 3.3.2.a), and no porticn of the waste existing
below the top 15 feet'may exhibit temperatures in excess of
215°F prior to and after mixing operations (LCO 3.3.2.b)
[Ref 6]. Additionally, in the event of a loss of
ventilation, no waste temperature shall exceed 250°F during
the recovery period (SL 2.1.1}.

Loss of ventilation evaluations are performed on
ventilation system configurations deemed acceptable only.

3. SPECIFICATION OF INPUT PARAMETERS FOR TANK
AZ-102.

Preparation of the GOTH_SNF input file requires that tank
geometric data, tank waste conditlons, ventilation
parameters and pump operation conditions be specified. The
reguired data specifications are provided, with source
references in this section.
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3.1. TANK GEOMETRIC DATA.

The geometric data required to set up a GOTH_SNF input
model for the tank is provided in this section. This data
is divided into two basic groups; the tank shell geometric
data and the floor air distributor geometric data.

3.1.3. Tank Shell Geometric Data.

The basic dimensions of the primary and secondary tank
shells are shown in Figure 3.1. The parameters shown in
the figure are:

Inside radius of primary shell, [Ref. 1]:
Jan/ 03700

PS_IR := 37.5 ft *{3.1)
Harcld E. Adki

Jan/03/00 Harold E. Adki

. . 13 in
PS_CHT := 31 ft + 9.5 in + 3 fr + 4 in + ——— =|35.1827 ft

16

Height of cylindrical portion of primary shell [Ref;(%}é)

Inside radius of secondary shell, {Ref. 11:
Jan/s03/00

SS_IR := 40 ft '(3.3)
Hareld E. Adki

Distance Between bottoms of primary and secondary

shells [Ref. 1]:
Jan/03/00

SS_PS_SPACE := 8 in (3 .4)
Harold E. Adki

. ; i i £ condar 1]:
He:l-ght Of Cyllndrlcal portlcn © se Jan/03/0 HasrzlledlE]: AEi%?ﬁ{S.S;

SS_CHT := 31 ft + 9.5 in + SS_PS_SPACE =[32.4583 ft

Other tank shell parameters of interest are:

Radius of curvature at shell cylinder and bottom plate

junctian [Ref. 1].
Jan/03/00

S.RC := 1 ft *(3.6)
) Harold E. Adki
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Secondary shell ellipsoid head major diameter [Ref. 1}:

Jan/03/00

55_ELIP_MAJOR := 80 ft *(3.7)
Harold E. Adki

Secondary shell ellipscid head minor diameter [Ref. 1):

; Jan/03/00
SS_ELIP_MINOR := 30 ft *(3.8)
Hareld E. Adki

The radius of the bend in the primary shell hetween the

cylindrical shell and the secondary shell head [Ref. 1]:
Jan/03700
PS_TOP _RC :=4 ft =[4 ft * .
- - Harold I-S3Ad9k!.
The height of the primary shell tangency point with the
- secondary dome shell above the secondary tangent line

is [Ref. 1]:
Jan/03/00

=|6.57292 ft Harold‘g.‘%d?c:).

The height of the primary tangent line above the
secondary tangent line iz [Ref. 1}

7 in
PS_SS_TP := 6 ft + 6 in +

Jan/03/00 Harolé E. Adki*{3.11)

PS_TAN_SS_TAN := 3 ft +4 in +% ={3.40104 ft

The distance from the tank centerline to the point of
tangency between the primary tank shell and the secondary

tank shell is (Ref. 1]:
Jan/03/00

=' Hurol.d( % }dzk}

5
PS_SS_TAN := 35 ft + 11 in +

The primary tank cylinder wall is made of three thicknesses
of carbon steel plate. Since the exact thickness of this
plate does not strongly influence the thermal properties of
the tank nor the volume of its contents, a constant
thickness will be assumed for the entire primary shell

[Ref. 1]:
Jan/03/00

i *(3.13
PS5_THK := 330 = Harold(s. Adk;.

8

Thig is the actual thickness of the shell bottom plate and
the shell dome plate. The side walls are thicker.
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The secondary shell plate thickness is [Ref. 1):
Jan/03/00

3 i +(3.14
ss.THK := —— =|0.03125 ft parold B, Eak)

8
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Figure 3.1 AzZ-102 Tank Shell Dimensions
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3.1.2. Air Distributor Geometric Data.

The space at the bottom of the tank between the primary and
secondary shells is filled with an insulating concrete
which has air flow slots molded into it, [Ref. 2]. The
purpose of these slots is to allow air from the secondary
ventilation system to flow radially outward from the center
of the tank floor to the annulus formed by the primary and
secondary cylindrical shells. “This ailr flow provides
coeoling to the bottom of the tank. The plan view of the
floor slots Jis shown in Figure 3.2. The radial slots are
arranged in three sets across the radius of the tank. The
first set contains 16 radial slots arranged azimuthally
around the tank in 22.5° intervals. The second set
contains 32 radial slots at 11.25° intervals. The third
set has 64 radial slots at 5.625 intervals. The center
most end of the slots in the first radial group connect to
the central air distributor. The cuter most end of each
slot in the inner ring of slots connects to two slots in .
the center ring of slots via a y connection. Each slot in
the middle ring of slots connects on its outer most end to
two slots in the outer ring of slots via a y connection.
The outermost end of the third set of slots connecks to the
annulus formed by the gap between the primary and secondary
tank walls.

Cross-sectional views of the slots are also shown in
Figure 3.2 with the dimensions of the slots. The type A
slots are near the center of the tank. Type B slots form
the second ring of slots. Type C slots are on the outer
perimeter of the tank.
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Feb/10/00 Harold E. Adkir~

Central Air Distributer (1.5 ft R)

16 slots @ 22.5°

32 slots @ 11,25° 64 Slots 8 5.625°

T it P

Slot Types

' 75

3“ x 1 Sll 5|| X 1 Oll
Type A & B Type C

Figure, 3.2 Secondary Ventilation Air Slot Layout.
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The radius of the central air distributor is [Ref. 27:
Jan/ei/00

*(3.13)

Harcld E. Adkl
{Type A slots)

AD-OR := 1.5 ft

The outer radius of the first ring of sliots
is [Ref. 2]:

:=13 f£t + 9in =(13.75 ft

The cuter radius of the second ring of slots (Type B slots)
is [Ref. 2]:

Jan/Q3/00

*{3.16)
Harold E. Adki

R1_OR

Jan/03/00
*(3.17)

R2_OR := 24 ft
- Harold E. Adki

The outer radius of the. third ring of slots (Type C slots)

[Ref. 2] is:
Jan/03/00
R3_OR := 37.25 ft *{(3.18)
Harold E. Adki
The height of all slots is [Ref. 2]:
Jan/G3/00
SLOT_HT := 2.% in = 0.208333 ft '(3.191
Harecld E. Adk:
The top width of the Type A slots is [Ref. 2]:
Jan/¢3/00
SLOT A_TWD := 3 in =|0.25 ft -(3.201
Harcld E. Adk
The bottom width of the Type A slots is [Ref. 2]:
Jan/g3/00
1= 1.5 in =|0.125 f «(3.21
The top width of the Type B slots is [Ref. 2]:

Jan/¢3/00

'(3.221
Harold E. Adk

SLOT_B_TWD := 3 in =

The bottom width of the Type B slots is {Ref. 2}:

Jan/03/00
SLOT_B_BWD := 1.5 in =[0.125 ft -(3.23{
Harold E. Adk

The top width of the Type ¢ slots is (Ref. 2]:
Jan/03/00
SLOT_C_TWD := 2.5 in =]0.208333 ft] (3.24)

Harold E. Adki

The bottom width of the Type C slots is [Ref. 2):
Feb/10/00

=|0.0833333 ft =(3.25)

:= 1.0 in .
Harold E. Adki

SLOT_C_BWD
The number of Type A slots is [Ref. 2]:

Jan/03/00

'(3.261

=16
Harold E. Adk

SLOT_A_N
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The number of Type B slots is [Ref. 2]:

Jan/03/00
SLOT_B_N := 32 *{3.27)
Harold E. Adki

The number of Type C slots is [Ref. 2]:
. Jan/03/00
SLOT_C_N := 64 *{3.28)
Hareold E. adki
The thickness of the insulating concrete that the slots are
cut into is (Ref. 2]:
Jan/03/00
INSUL_CCNC_TCK := 8 in =|0.6686667 ft| - +{3.29)
Harold E. Adki
The air is supplied to the central air distributor in the
center of the tank flocr by 4 four inch supply lines which
are spaced around the tank at 90° intervals. The
dimensions of these secondary ventilation inlet pipes are:
Inside Diameter [Ref. 2], [Ref. 7]:
Jan/03/C0 '
P4_ID := 4.026 in *{3.30)
Harold E. Adki
Pipe wall thickness [Ref. 7]:

Jan/03/0¢

P4_thk := 0.237 in *{3.31)
Harold E. Adki

3.2. TANK WASTE PARAMETERS.

The properties for the tank waste are taken from [Ref 6€].

3.2.1. Initial waste In AZ-102.

The vapor pressure of the mixed waste sclution is
established to be 85% of that of water [Ref 6].

The fluffing factor due to mixing for the criginal slurry
in AZ-102 is:
Jan/03/00

FLUFF_FACUT_AZL02 = 2.0 “{(3.32)
Harold E. Adki

The slurry height for the waste in aAZ-102 is:
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Jan/03/00
“(3.33)

Harold E. Adki

;= 34.5 in =2.875 £t

The volume of the supernatant liquid layer in AZ-102 is:

slurry HT AZ102_ORG

Jan/03/00
SUPER_VOL := 854000 gal =|114163 ft° parera o 24l
The volume of the slurry layer is:
_ Jan/D3/00
_ _ 3 *(3.35)
slurry_VOL := 95000 gal =|12695.7 ft Harold E. Adki
The total heat load for the supernatant liquid layer is:
Jan/ 03700
*(3.36
SUPER_Q i 67000 oo narold 5. 2l
: : hr
The total heat load for the slurry layer is:
Jan/23/90
Bt *{3.37
slurry © := 132700 ) Harold(E. Adki
hr
The total heat lcad for the tank is:
. Jaglﬂ;lauﬂ
Bt * .
TOTAL_Q := SUPER_Q + slurry Q =|199700 —— narord 5. 2]
r
The particle volume fraction for slurry in AZ-102 is:
Jan/03/00
@, 102 := 0.17 *(3.39)
Harold E. Adki
The specific heat of the solid particles is:
Jan/03/¢0
C,_PART := 0.2 —=2 Harola 3. Aml
= . . arc .
p= 1bm-R

The specific heat of the supernatant liguid is:

Jan/03/00

Btu *{3.41)

Cp_ SUPER := 1— Harold E. Adkl
-1bm-R

The thermal conductivity of the solid particles is:

Dec/29/99

' Btu +(3.42)

K_PART := §S-——— Harold E. Adki
- hr-ft-R

The thermal conductivity of the supernatant liquid is:

Jan/03/00

: Btu "(3.43)

K_SUPER := 0.35 ——— Harold E. Adki
hr-ft-R
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The specific gravity of the solid particles is:

1
237.1 222 ‘
3
ft
SPG_PART := —————— ={3.82419 f;g’_";g;
62 Abm Harold E. Adki
£e

The specific gravity of the supernatant ligquid is:

68.64 —J'—b—‘:—
. -
SPG_SUPER "1 —————— ~[1.1071 i3 45)
€2 1bm Harold E. Adki
fe?

the specific gravity

The density of water used in
calculations is:

Lbm Jan/03/00
*(3.46
Py = 62 —3 Harald(‘r:. Adk}.
ft ’
The density of the particles is: .
Jan/03/00
1b *(3.47
P_BART := SPG_PART -p, =|237.1 —= Harotd 5. o)
£t
The density of the supernatant liquid is:
Jan/03/00
1L *(3.4
p_SUPER := p, - SPG_SUPER =|68.64 -——2“- Karold 5. S
ft

The total mass of the supernatant liquid is:
Jan/03/00 Harold E. adki+{3.,45)

7.83616 x10°°° 1b

SUPER_MASS

:= p_SUPER - SUPER_VOL =

The specific heat load for the supernatant ligquid is:
Jan/O;/DD
SUPER, Bt *{3.50
Super_¢q := __SUPER.Q =[0.0085501 —— Harold(E. Adk:l.
SUPER_MASS lbm-hr

The mass of particles in the slurry is:
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Janf03/00 Harold E. adki* {3 .51}
Part_Mass := Dtp__102 +slurry VOL -p_PART =|511885 lbm

The mass of supernatant liquid in the slurry is:
Jan/03/06 Hareld E. Adki*(3.52)

Super_Mass := (1.0 -0, 102 ) -slurry VOL -p_SUPER
= (723514 lbm

The density of the slurry is:

Jan/03/00

Part_M + 8 Mass 1lbm +(3.53

ps = —oXT="088 2 SURER AR . o|97.2782 = harolal 3.’ abel
slurry VOL fe 3

The average particle heat load for the AZ-102 slurry is:

slurry_Q - Super Mass -Super_g

Q_PART :=
Part_Mass - Jan/03/00
*(3.54)
s Harold E. Adki
=|0.247153 —
hr-lbm

The maximum packing fraction that the particles will settle
to after pump mixing is:
Jan/03/0G

apmp 1= (lp__102 = Ha_rol.d(g.'i)dskll.

FLUFF_FACT_AZ102

The slurry conductivity can be calculated from these
parameters using the series conductivity model:

1.0
slurry_cond (Otp yKp kl) = —a—'—l—:—a“: "’(“5’""%’2‘1’
—2 §—_— Harold E. Adk
kp k1
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kg 1= slurry_cond (%_102

, K_PART , Jan/Q5/00
'(3.573
Harold E. Adk
K_SUPER ) =|0.415726 _Bru |
hr-ft-H
3.2.2. The Initial Depth of slurry in AZ-102.

The total unmixed depth of the slurry is A-102 is then:

slurry HT MOD := slurrxy_ HT. _AZ102_OCRG . Tan/03/00

*{3.58)

] Harold E. Adki
=|34.5 in -

3.2.3. Supernatant Height In AZ-102.

The tank cross-sectional area ig given by:
: Jan/03/00

L l ' (3.
tank_area := slurzy VO =14417.27 ft:zl Haruld(g. Ed?k}.

slurry_ HET _MOD

The supernatant liquid height is given by:
Jan/03/00

SUPER_VOL *{3.60
SUPERNATANT HT :=———— =[25.8447 ft Huom(s. a\dkl

tank_area

The waste level in the tank is:
. JanfQ3/60 Harold E. Adki*(3.61)

SUPERNATANT_LEVEL := SUPERNATANT_H‘I‘ + slurry_HT_MCD

=[28.71587 ft

]
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3.2.4. VENTILATION INLET TEMPERATURE AND HUMIDITY.

Two temperatures are specified in the input parameter
specifications for this analysis [Ref 6]. The first of
these is to be used during step one of the analysis and the
higher is to be used with all of the remaining steps. This
is of little real benefit and unnecessarily complicates the
analysis. The lower of the temperatures is recommended for
step one since all one has to do is turn the pumps off if
the temperature criteria for the supernatant liquid is
exceeded. The higher temperature is recommended for
calculating'the settled waste temperatures before and after
pump operation since no action can be taken to mitigate the
situation if the slurry temperatures exceed the operating
criterion. The higher of the two temperatures will be used
in &ll of the steps since the limit on supernatant liguid -
temperature will not be controlling. The supernatant
liquid temperature will have to be lower than the allowable
in order for slurry temperatures to remain below their
limit. fThe air inlet temperature that will be used for
these calculations is:

" AIR_INLET_TEMPERATURE := tf (82) = -J(a gf.cé’zo?

Harold E. Adki

The inlet absolute humidity is provided in pounds of

meisture per pound of dry air [Ref 6].

Jan/¢3/00
1bm *(3.63)

AIR_INLET_ABSOLUTE_HUMIDITY := 0.0066 Tom Harold E. Adki
This value will have to be converted to a pressure ratio
for use in the code. The water vapor pressure ratio can
be calculated assuming that the atmospheric pressure is
14.7 psia and the air temperature is that given by
Equation 3.62. The mass fraction of water vapor at the

ifi idity is:
specified absolute humidity is Jan/03/00 Harold E. Adki*{3.64)

wv_mf = AIR_INLET ABSOLUTE_ HUMIDITY 0. 00655673

1 + AIR_INLET ABSOLUTE_HUMIDITY

v

The mass fraction of air is:
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Jan/03/00
air mf := 1 -wvmf =[0.993443 '(3.651

Harold E. Adk
The molecular weight of water vapor is:

Jan/03/00
1k » .
MW_water := 18.016 —_— Harold(g. fd?ci
lbm-mole
The molecular weight of air is:
Jan/03/00
b * N
MW_air i= 28.96 - i Harerd 5.’ Skl
lbm~-mole
The 1bm—molgs of water vapor per 1bm of mixture is:
Jan/03/00
f *{3.68
wv_moles :=———‘fi“rL ={{$.00036353% mole mrold(s. Adkg
MW_water
The lbm_moles of air per lbm of mixture is:
Jan/03/00
i b *(3.69
air_moles :=E._r;rln_~ =|0.034304 moleJ Harold(E. Adk.){
MW_aixr

The total moles of mixture is:
Jan/03/00 Hayold E. Adki*{3.70)

tot_moles := wv_moles + air_moles =|0.0346679 molel

The mole fraction of water vapor is then:
Jan/03/00

(3.71
wv vE = =moles 10001979 parora 3. Ad)

tot_moles

Atmospheric pressure is assumed to be:
Jan/03/00

P_tot := 14.7 psi '(3.72}
Harold E. Adk

Jan/01/00

P_wv := P_tot -wv_vf =|0.154319% psi *(3.73)

Harold E. Adki

The mole fraction is the same as the pressure ratioc so the
water vapor pressure ratio for air at 82°F is:
Jan/03/00

wv_p_ratio := wv_vf =[0.0104979 “{3.74}

Harold E. Adki
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3.2.5. VENTILATION FLOW RATE.
3.2.5.1. Primary Ventilatlion Flow Rate.
The nominal once through primary ventilation flow for
this tank is [Ref 6}:
Jan/03/00
3 3 *(3.75)
fc i
O primary := 500 % =|8.33333 25 Harold E. Adkl
min =
The recirculation flow for this tank is, [Ref 6)]:
—— Jan/03/00
3 3 *{3.786)
ft i
Q_recirc := 400 — =|6.66667 A Harold E. Adki
min

A flow of 100 {ft3/min} is brought into the tank from the
ambient aiyx when the tank is operated in the recirculation

f .
mode [Ref 6] Jan/03/00 Harold E. Adki*{3.77)

£t
151

Q_inlet_recir := Q _primary - Q recirc =11.66667

The tank inlet conditions fer the recirculation flow is air
at 117°F and 100% relative humidity.

These flows are at standard conditions so the ventilation
recirculation flow at 40°F corresponds to & volumetric flow

of:
. Jan/03/00
tl := tf (70 =|5258.67 R *{3.78
( ) _ Harold(E. Adkz.
Jan/03/a0
2 := tf (40) =|499.67 R +(3.79
t (4 ) — Harcld(E. Adkl).
.Jan/03/00
3 3 *(3.80)
t2 fr J
400 25— 52 1397344 2 Haxoid =. Adki
min tl min
3.2.5.2. Secondary Ventilation Flow Rate.

The nomingl secondary flow rate is [Ref 6}:
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Jan/03/00

3 - .
fr Harold( g Ed%‘z

¢ _secondary := 100C

min

4. GOTH_SNF MODEL DESCRIPTION.

A GOTH_SNF model has been constructed for performing the
specified simulations. A schematic of the model is shown
in Figure 4.1. As shown, the model includes the primary
waste tank, the annulus formed by the primary and secondary
shell of the waste tank, floor slots and their asscciated
vent/feed pipes, a mixer pump, a water refill sump which
mimics the interaction of the condenser, and a primary
ventilation duct. The primary ventilation inlet and outlet
are represented by a flow condition "1F" and a pressure
condition "6P". These components form the primary flow
path. The secondary flow path is formed by the inlet
pipes, the floor slots, and the annulus. The secondary
ventilation inlet and cutlet are represented by a flow
condition "4F" and a pressure condition "3P".

To accurately represent particle settling, slurry and
supernatent interaction, and heat transfer

characteristics within the tank waste, the primary waste
tank volume was broken into 17 axially oriented subvolumes
in 1-D fashion. fThe determination of the axial
thicknesses will be presented later. The 1-D nodal layout
illustrating the 17 subvolumes of the waste tank volume is
shown in Figure 4.2. Also presented in this figure are the
conductors representing the conductive link to the concrete
pad on into the soil, and the convective link into the
floor sliots. The pump inlet 1is also shown.

To accurately represent the additional heat load of the
mixer pump .during operation, a heat source was added in the

supernatent equaling l.leOSEtu/hr. For this particular
model, it was added to the 12th subveolume from the bottom.
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The pump heat is dissipated in the tank as the kinetic
energy of the outlet jet is converted into thermal energy.
The exact location of the heat addition is not important as
the flow driven by the pump mixes the waste to a uniform
temperature. : -

Finally, soil thickness of 100 ft between the tank bottom
and the 50°F water table, 7 ft between the tank dome and
the 82°F ambient, and 50 ft spanning radially away from the
annulus to an adiabatic boundary, were designated.

-r
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Jan/18/0¢ Harold E. Adki™
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GOTH_SNF Varsion 5.0 - November 1939
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Figure 4.1 GOTH_SNF Model of Tank AZ-102.
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Jan/18/00 Harold E. Adki®*

Men Jan 17 15:05:51 2000
GOTH_SNF Versicn 5.0 - November 1992

Volume 1s
m Level 1

Top View

455,
@

1
ft

12.27
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Figure 4.2. GOTH_SNF Model Nodal Layout of Tank AZ-102.
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5. DEVELOPMENT OF INPUT PARAMETERS FOR THE GOTH_SNF
MODEL.

The raw data given in Section 3 is used in this section to
calculate the parameters that are required for the
GOTH_SNF tank model described in Section 4.

5.1. GEOMETRIC INPUT DATA. -

There are four volumes in the GOTH_SNF model of Tank ‘
AZ-102. The first three of these represent fluid wvolumes
determined by the tank geometry. The fourth is an
auxiliary volume used, in the model, to condense water
vapor out of the air leaving the tank and return the
condensate to the tank to maintain the liquid level
constant. This volume can also be used to represent the
operation of the condenser, or a chiller, if one is
required to meet the tank operational and safety
temperature limitations. The input parameters for each of
these volumes will be calculated in this section. First,
some useful functions are defined that will simplify doing
the calculations.

5.1.1. Useful Functions and Parametexrs.

- Area of a circle of radius r [Ref. 3, p. 12]:
Jan/03/00

Ao () =% r? Haxold'é.sﬁd]ii

Area of an annular ring formed by a larger circle of radius
rl and a smaller circle of radius r2 {Ref. 3, p. 13]:
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Jan/03/Q0

B, {rl,x2) n=ﬂ-(r12 —r22) tmm1;£$ﬂ£g
The perimeter of a circle of radius r [Ref. 3, p. 12]:

Jan/03/00

Po{r) :=2-n-xr *{5.3}

Harold E. Adkl
The perimeter of an apnular ring formed by a larger
circle of radius rl and a smaller circle of radius r2,

[Ref. 3, p. 12]:
Jan/03/00
Polrl,r2) :=2-m - {rl +x2) *(5.4)
Harold E. Adki
The hydraulic diameter of a flow path with flow area, A,

and wetted perimeter, Pw, [Ref. 4, p. 165):

Jan/03/00
A *{5.
D (A, Pw) := 4. — Harold z(.s}\c?kg
Pw
The volume of a cylinder of radius, r, and height, h;,
fRef. 3, p. 16]
Jan/03/00
Velr,h) := A (r) -h (5.6
Harold E. Adki

The volume of an annulus formed by a larger cylinder of
inside radius, rl, and a smaller cylinder of outside
radius, r2, and of height h [Ref. 3, p. 16]:

Jan/03/00
Valrl,r2,h) :=A,(rl,x2) h '(5.71
Harcold E. Adk

The acceleration of gravity is:
Jan/03/00
ft (5.8
g = 32.2 — Hareld E:( Adkl

s

5.1.2. Tank Primary Volume.

The primary tank shell consists of a upright cylinder with
a flat bottom and a dome top that has the shape of a body
of revolution formed by a modified half ellipse. The dome
of the secondary tank is a body of revolution formed by a
half ellipse. The primary tank dome is formed by a hody
of revelution formed by the portion of a circle which is
tangent to the primary tank cylindrical wall and the
secondary tank dome.
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5.1.2.1. Area of Tank Primary Volume.

The cross-sectional area of the tank primary veolume will be
taken as the inside cross-sectional area of the c¢ylindrical
portion of the primary tank shell. This area shall be used
for the pool area used to calculate the evaporation rate
from the supernatant liquid surface, the conduction area
for heat transfer in the waste and the flow area in the
tank during pump mixing. The area of the primary tank
volume is:

- Jan/G3/00
PS_area := A, (PS_IR) =|4417.86 ft* Haro1d & Ade)

5.1.2.2. Volume of Tank Primary Volume.

The volume of the cylindrical portion of the primary tank
is:

' Jan/03/00
Ps_cyl_vol := V. (PS_IR,PS_CHT ) =|155477 ft:3 Haml'd( E %d%

The centroid of the semi-ellipse of the size of that
forming the secondary tank dome, [Ref. 3, p. 20]:

Jan/03/0¢

=116.9765 ft Harol'd(g..}djl‘:?.

The cross-sectional area of the guarter ellipse formed by
the planar half section of the secondary tank dome is,

(Ref. 3, p.13}: Jan/03/00 Harold E. adkis(5.12)

T SS_ELIP_MAJQR S5_ELIF_MINCR
Elip_area :=-:;—- "E‘ == - . = =1471.239 ft:2

2 2

4. S58_ELIP _MAJOR

=N 5

Elip_cent := 3

The volume of the body of revolution formed by the
secondary dome shell is equal to the diameter of the
circie formed by the centroid as the ellipse is rotated
about the fank centerline times the area of the quarter
ellipse, [Ref. 3, p. 19].
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Body_of_rot_vol := P.{Elip_cent }-Elip_area Jan/03/00

=(5.13)

Harold E, adki
=|50265.5 f£t3

Most, but not all of this volume is within the primary
tank. A small portion of it is in the annulus., Some of
this volume is also in the c¢ylindrical portion of the
primary tank. The above information will be used to
calculate the volume of the annulus once the volume of the
primary tank-dome is known.

" The equation for an ellipse whose major axis is 2a and
whose minor axis is 2b and whose center is at the origin
is, [(Ref. 3, p. 365]:

Jan/03/00

*(5.14)

Ye (x,a,b) := Harold E. Adki

The equation for a circle of radius, r, whose origin is

located at (h,k) is [Ref. 3,p. 363]:
Jan/03/0¢

f =(5.15
Yelx,r, h,KkK) := r2 - (x - h)2 + k Harold E. Adk?t

The shape of the dome of the primary shell can be plotted
using these two functions. These functions are shown in
Figure 5.1. The ellipse function is plotted from the tank
centerline to the point of tangency between the primary and
secondary shell and the circle function is plotted between
the point of tangency of the primary and secondary shells
and the inside radius of the primary shell.

The cross-sectional area of the primary shell half dome is
obtained by integrating the ellipse and circ¢le functions
over their appropriate ranges and subtracting the portion
of the ellipse that is within the cylindrical portion of
the primary, tank shell. This is done in the following two
equations.
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Jan/03/00 Hareld E. Adki+(5.16)
PS_SS5_TAN

helip := Ye(xa
o ft

SS_ELIP_MAJOR SS5_ELIP_MINOR
5 . ax

- PS_IR - PS_TAN_SS_TAN =|325.77% ft?

Jan/03/00 Hareld E. Adki*(5.17)
PS_1IR

Acirc := .

PS_SS_TAN

Yo {x,PS_TOP_RC ,PS_IR - PS_TOP_RC ,PS_TAN_SS_TAN )} dx

=|8.67074 f£t?

' Jan/03/00
_ . : _ 2 *(5.18)
Ps_Dome_XArea := Aelip + Acirc =[334.45 ft Harold E. Adki

The volume of the primary tank dome can be obtained by
mulitiplying the primary tank half dome area by the length
of the path drawn by its centroid when the area is rotated
about the tank centerline. The distance from the tank
centerline to the centrold of the dome cross-sectional area
is obtained by iteratively integrating the equation for the
ellipse until one half of the dome cross-sectional area is
obtained.

Jan/03/00

*(5.19
Ps_Dome_XArea =|167.22¢% f££? Harold(z:. Adk.)i

2
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Jan/03/00 Harold E. adki*(5.20)
14 .87 ft

Aelip_cent := ye(x,
0 fe

- 14.67 ft PS_TAN SS_TAN =|167.227 ft°

Therefore, the distance to the centroid is:

2 ’ 2

Jan/03/00
Ps_dome_centroid := 14.87 ft '(5.211
Harold E. Adk

ri tank dome volume is: :
and the primary n Jan/03/00 Harold E. Adki*{5.22)

Ps_dome_vol := Ps_Dome_ XArea P, (Ps_dome_centroid }

=|31248 £t3

The total volume of the primary tank is:

PS_vol := Ps_dome_vwol + A. (PS_IR) -PS_CHT Tans03480
*{5.23)
Harold E. Adki
={186725 ft?

Jan/03/00
+06 *(5.24)
P5_vol =[1.3968 X 10 gal Harold E. Adki
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Jan/03/00 Harold E. Adki*
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Figure 5.1 Approximation of Primary Dome Shape.
5.1.2.3. Bottom Elevation of Tank Primary Volume.

The bottom of the tank annulus will ke taken as zero,
therefore, the bottom of the tank primary volume is:

Jan/03/00
PS_elev := S5_PS_SPACE =|0.666667 ft *(5.25)

Harold E. Adki

5.1.2.4. Height of the Tank Primary Volume.

The height of the.tank primary volume will be assumed to be

equal to its volume divided by its area:
Jan/03/00

*{5.26
PS_ht := ~E§=!gl— =|42.2658 ft }hrthE.Adg

PS_area
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5.1.2.5. Subdivisions of Primary Tank Volume.

The primary tank will be vertically subdivided into several
computational cells to model the settled slurry layer, the
supernatant liquid level, the level of the settled slurry
after mixing and the location of thermocouples where
possible. The subdivisions will be sized to give a
reasonable representation of the conduction heat transfer
within the settled, non-convective layer.

The location of the bottom thermocouple is about 11 inches
off of the floor of the waste tank. The thickness of the
slurry initially in AZ-102 is 17 inches. Therefore, if we
make the first node 5 inches high and the second node 17
inches high, the center of the second node will be at the
thermocouple location. .

Jan/03/00

Ax; :=51in =|0.41E6667 ft *(5.27)
Harold E. Adki

Jan/03/Q0

Axg := 12 in =[1 ft] (5.28)

Harold E .' Adki
Location of center of node 2:
Jan/03/0%

Axy + 0.5 -Axp = *{5.29)

Hargld E. Adki

Dons values for AX:
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Table 5.1 Subdivision Heights and Pressures.
Fab/10/00 Harcld E. Adki+

Level Height Pressure Elevation Dist, to

Node Cente

From Bot.

of Tank

ft psi ft ft

1 0.41667 29.52754 0.66667 0.20833

2 .. l.Qooo00 29.04864 1.08333 0.91667

3 0.77700 28.44794 2.08333 1.80517

4 0.68133 27.95496 2.86033 2.53433

5 0.77100| 27.46400 3.54166 3.26050

6 0.95800 26.87953 4.312¢66 4.12500

7 1.14600 26.04514 -5.27066 5.17700

8 1.28600 25.35100 6.41666 6.39300

9 2.00000 24.56720 7.70266 8.03600

10 3.20000 23.32687 9.70266 10.63600

11 4.00000 21.6094%9 12.90266 14.23600

12 5.48374 15.34737 16.50266 18.97787

13 4.00000 17.08526 22.38640 23.71974

14 2.00000 15.65410 26.38640 26.71974

15 1.00000 14.93853 28.38640 28.21974

Array: 1

slurry HT MOD = 'F(ng,.lgﬁ)?
Harold E. Adki
Feb/10/00
2 .slurry HT MOD = Haml'd( g'. 2:%: ?1
Feb/10/00
SUPERNATANT_LEVEL = *{5.32)

4
E 1, , | =[2.875 ft
i=1
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7
Feb/10/00
li, 2 =[35.75 ft Harol'd(g.- gdal'cg
i=1 '

Feb/10/00

15 :
Yo, | -l2amer s sarora 5. adk
i1

-

5.1.2.6. Hydraulic Diameter of Tank Primary Volume.

The hydraulic diameter of this wvolume will be assumed to be
equal to the primary tank diameter: -

. Jan/03/00
PS_hyd := 2-PS_IR =|75 ft] -(5.36)

Harold E. Adki

5.1.2.7. Dimensions of Conductor at the Top of the Tank.

Heat can be conducted through the scil covering the tank
dome to {or from) the ambient airx. This heat transfer path
will be represented in the model with a conductor having
the thermal properties of soil and the average thickness of
the soil covering the tank dome. The ambient dry bulb
temperature will be specified on the surface of this
conductor and a natural convection heat transfer
coefficient will be specified on the side facing the tank

dome space, The surface area of this conductor is:
Jan/03/00 Harold E. Adki* (5,37}

Dome_solil_conductor_area = PS_area =|4417.86 ft2

The thickness of this conductor is:
Jan/03/00
; - in = : *(5.38
Dome_scoil_conductor_thk 84 in Harnld(E. ng
The thermal properties for all scil conductors were assumed
to be constant and to he p = 104 ibm/ft?, % ='0725
Btu/hr-£ft-°F, and C, = 0.4 Btu/lbm-°F [Ref. B8].
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5.1.2.8. Dimensions of Conductor at the Bottom of the
Tank.

Heat can be conducted through the soil under the tank to
the ground water. This heat transfer path will be
represented in the model with a conductor having the
thermal properties of soil and the average thickness of the
soil between the bottom of the tank and the ground water.
The ground water temperature will be specified on the
surface of this conductor and a natural convection heat
transfer coefficient will be specified on the side facing
the tank bottom. The surface area of this conductor is:

Jan/03/00 Harold E. Adki*(5,39)

Ground_soil_conductor_area 1= PS_area =]4417.86 ftz

The thickness of this conductor is:

Jan/03/00
Ground_soil_conductor_thk ;= 1200 in ={100 ft {5 401

Harold E. Adk

5.1.3. Tank Annulus Volume.

The tank annulus is formed by the space between the tank
primary and secondary shell walls. It is a cylindrical
annulus except for the top portion which is formed by the
space between the secondary dome which is elliptical in
shape and the primary tank dome which is circular in shape
at the annulus boundary.

5.1.3.1. Area of Tank Annulus Volume.
The cross-sectional area of the tank annulus volume will be

taken as the area of a annulus formed by the tank primary
and tank secondary shell cylinders:

Jan/O;To
2 *{5.
Annulus_area := A, (SS_IR,PS_IR) =(608.684 ft HMmlJE_Add
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5.1.3.2. Volume of Tank Annulus Volume.

The tank annulus volume consists of the volume of the
cylindrical annulus formed by the tank primary and
secondary shells up to the height of the cylindrical
portion of the secondary shell and by the volume formed
by the boundaries of the secondary and primary domes above
this height.

The volume of the cylindrical portion of the annulus is:

‘Annulus_ecyl_vol = A, (SS_IR,PS_IR) -SS_CHT

=|19786.9 £t3

The wvolume of the dome portion o¢f the annulus is the volume
"of the body of revolution formed by rotating the '
secondary shell ellipse about the tank centerline less the
volume of the primary tank dome volume and the cylindrical
portion of the secondary shell dome volume that is

contained in the primary tank volume:

Jan/03/00

*(5.42)
Harold E. Adki

Jan/03/00 Harold E. Adki*(5.43)
Annulus_dome_vol := Body_of_rot_vol - Ps_dome_vol

- A, (PS_IR) -PS_TAN_SS_TAN =|3992.19 f£t’

The total annulus veolume is:
Jan/¢3/00 Harold E. Adki*(5,44)

Annulus_vol := Annulus_cyl_vol + Annulus_dome_veol

=|23745 £¢3

5.1.3.3. Bottom Elevation of Tank Annulus Volume.

The bottoﬁ of the tank annulus will be taken as zereo,
therefore, the bottom of the tank annulus volume is:
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Jan/03/00

8S_elev . := 0 ft *(5.45)
Harold E. Acdki

5.1.3.4. Height of the Tank Annulus Volume.

The height of the tank annulus volume will be assumed to be
equal to its volume divided by its area:

Jan/Q03/00

Annul 1 (5.46)
§S_ht 1= —2DUiBS.VOL  _[39.0171 £t Haxold 2. S

Annulus_area

-

5.1.3.5. Hydraulic Diameter of Tank Annulus Volume.

The hydraulic diameter of this volume is:
Jan/03700 Harold E. Adki*(5.47)

S5 _hyd := Dh(Annulus__area . P (S5_IR,PS5_IR )) =

5.1.3.6. Dimensions for Conductor Between Primary Air
Volume and Annulus Air,

The surface area. of the conductor between the tank dome air
space and the annulus area is a function of the level of
waste and supernatant liquid in the tank.

Slurry height in tank:

Jan/03/00
slurry _ht := slurry HT MOD = *(5.48)

Harold E. Adki

Supernatapt ligquid height: an/03/00 Harold E. Adki<(5.d9)

Supernatant_ht := SUPERNATANT_LEVEL - slurry_ht

=|25.8447 ft

Total waste height:
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Jan/03/00 Harold E, hdki*({5.,50)
Waste_ht := slurry _ht + Supernatant_ht =|28.7197 ft

The surface area of the conductor between the primary air
volume and the annulus air is:

Air_cond_area := ($S_ht - Waste_ht ) -P.(PS_IR) Jans03/00

*{5.51)

. Harold E. Adki
=|2426.25 £t?

The thickness of this conductor is:

~+

Jan/03/00
Air_cond_thk := PS_THK .—. '(5.521

Hareld E. Adk

5.1.3.7. Dimensions for Conductor Between Supernatant and
Annulus Air.

The surface area of the conductor between the supernatant

liquid and the annulus air is:
- Jan/03/00 Hareld E, Raki*(5.53)

Supernatant_cond_area 1= Supernatant_ht -P_.{PS5_IR}

=|6089.52 fr?

The thickness of this conductor is:

Feb/10/00
Supernatant_cond_thk := PS_THK =1{0.03125 ft *(5.54)

Harold E. Adki

5.1.3.8. Dimension for Conductor Between Annulus Alr And
Soil Around the sides of the Tank.
The surface area for the secondary shell conductor is:
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Side_soil_conductor_area  := S5_ht «P. (85_IR]}
Jan/03/00

*{5.55})

Harold E. Adki
=19806.06 fr’

This conductor will have the properties of soil. The
thickness of the conductor will be equal to the average
distance between tanks.
Jan/0570C
Side_soil_conductor_thk := 600 in = *{5.56)
Harold E. Adki

-

5.1.4. - Tank Floor Slot Volume.

The tank floor slot volume represents the slots that are
molded into insulating concrete that lie between the
bottoms of the primary and secondary shells. &air is
injected into this veolume to remove heat from the bottom of
the waste contained in the primary wvolume.

5.1.4.1. Area of Eloor Slot Volume.

The floor slots are arranged in three rings, as shown in
Figure 3.2. The flow area of the individual slots in each

ring are:
g Jan/03/00 Harold B. Adki*{5,57)

LOT_A_TWD + SLOT_A_BWD
Slot_A_area := g —= > —= - SLOT_HT

=l0.0390625 £e?
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Jan/03/00 Harold E. Adki*{5,58)

SLOT_B_TWD + SLOT_B_BWD
Slot_B_area := 3 - SLOT_HT

.—.[0.0390625 ftz]

Jan/03/00 Hareld E. Adki+({5.59)

SLOT _C_TWD + SLOT_C_BWD
Slot_C_area := 5 - SLOT_HT

=[0._0303819 ft2]

The wetted perimeter of the flow holes is:
Jan/03/00 Harold E. Adki*(5,60) '

2
A dia_len := \/( SLOT_A_TWD - SLOT_A_BWD ) + SLOT HT 2
> -

=|0.217506 ft

Jan/03/00 Harold E. acki*{5.61}

2
B_dia_len :=\/( SLOT_B_TWD - SLOT_B_BWD ) + SLOT_HT 2
2

=10.217506 ft

Jan/03/00 Harold E. Adki*(5,62)

2
c_dia len := \/ ( SLOT_C_TWD - SLOT_C_BWD ) + sLor_ur 2

2
={0.217506 £t

Jan/03/00 Hareld E. Adki*(5,63)
Slot_A wp := SLOT_A_TWD + SLOT_A_BWD + 2.A_dia_ len

=|0.810013 ft
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Jan/03/00 Harold E. Adki* (5,64}
Slot_B_wp := SLOT_B_TWD + SLOT B_BWD + 2:-B_dia_len

=1 0.810013 ft

Jan/03/00 Hareld E. Adki*{5.65)
Slot_C_wp := SLOT_C_TWD + SLOT C_BWD + 2-C_dia_len

=10.726678 ft

The hydraulic diameter of the flow holes is:

Slot_A_hyd := Dy (Slot_A_area , s.lot_A_wP ) 5an’03700

*(5.66)

Harold E. Adki
={0.192898 ft

Slot_B_hyd := Dy (Slot_B_area ,Slot_B _wp ) 280703700

*(5.67)

Harold B, Adki
=(0.192898 ft

Jan/03/00
*(5.68)

Harold E. Adki
=|0.167237 ft

Slot_C_hyd := Dy (Slot_C_area ,Slot_C_wp )

The total flow area of slots in each ring are:

Slot_A_area_tot := Slot_ A _area -SLOT_A_N Jans03/00

'(5.69{
Harold E. Adk

=|0.625 f£t?

Slot_B_area_tot := Slot_B_area SLOT_B N Jan/03/00
«{5.70)
Harold E. Adki

=|1.25 £t?
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Slot_¢_area_tot := §leot_C_area 'SLOT_C N Janse3700

*(5.71})

5 Harold E. Adki
=]1.94444 ft

The total area for heat transfer between the air and the

waste (assume slot top area):
Jan/03/00 Hareld E. Adki*(5.72)

Slot_A_ht_area := SLOT_A._TWD -SLOT_A_N - (R1_OR - AD_OR )
-

Slot_B_ht_area

={82 £t?
Jan/f03/0¢ Harold E. Adki*{5.74}
Slot_C_ht_area := SLOT_C_TWD -SLOT_C_N . (R3I_OR ~ R2_OR)

=|176.667 ft?

Jan/03/00 Harold E. Adkiv{5.73)
SLOT B TWD -SLOT_ B N . (R2_OR - RI_OR)

)

The flow area of the outer slots is larger than the flow
area of the inner slots, therefore, the Reynolds number
will be reduced. See what effect this has. The Reynolds
number is given by [Ref, 5]:

Janfﬂ!??ﬂ

Re{p,V,D, U} := p-V-*E* Haro!.d(g.'del
The dry bulb air temperature is:

Jan/05/00

Tp := t£(B2) *{5.76)

Harold E. Adki

The air pressure is:
Jan/03/00
Py := .7 i “(5.77)
A 14.7 psi Hazold(s. Adki

The gas constant for air is:
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£t-1bE aag/oafoo
t- *(5.78)
Ry := 53.34 —— .

A 1hm-R Harcld E. Adki

The density of air at these conditions is:

Pa 1b;
pa 1= — =]0.0732642 = Sparoaes
Ra .TA ft3 Harold Z. Adki
The air flow rate is:
Jan/05/00
ft3 ~{5.80)
Qa := Q_sécondary .=|1000 arold E. Adki
min
Janf03/00
1bi *{5.81
mp = Qp P =[1.22107 — Harold(g. Adk.{
5
The viscosity of air at these conditions is [Ref. 51:
Jan/18/00
- bf - ; *{5.82
wa o= 0.04 x 10° 22E22 _To ooo1e1s21 poisel Hazord 5. SBl
£t
The thermal conductivity of air at these conditions is
[Ref. 4): ’
Jan/05/00
Bt “(5.83
kp = 0.01¢ — = Harold‘E. Adkg
hr-ft-R
The specific heat of air at these conditions is [Ref. 4]:
Jan/ﬂ;fgo
Cpp := 0.24 ""'"B*‘EH— Hatoldté..‘\dk?.
1bm-R
The Prandtl number for the air ig:
Jan/03/00
*{5. 85}
Pra = lp =[0.694959 Harold E. Adk
Xa
Slot A:
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P
Pad :=-ﬁ——-'*—-A—'-2+— =[0.06%9884 b ‘J(a.gmélso)o
Ra-t£{108.2) fel Hareld E. Adki
. Jan/05/00
-5 1bf - *{5.
BaA = 0.0395 X 10 =22 _{0.000189127 poise| harold B.” ol
P .
J(anIOSIBBO
Btu (5.8
kpad := 0.0157 m Karold E. mkf

PraA 1= PaA-

Slot_A Re ;= Re| ppA,

Sleot B:

PAE

PraB

=[0.69938¢]

2y

Janf03 /00

*(5.89)
Hareld E. Adki

Jan/03/03 Harold E. Adki*(5.90)

ma

pad-Slot_A _area_tot

=[29654.2]

Cp
2 -l0.703539

= B-
Ha KaB
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P
.= 2 ~10.0675409 2%
Rp - tf (127.9) 03
s 1bf -
=0.041 x10° =222 _[0.000196209 poise
2
£
- hr-ft-R

,Slot_A_hyd ,p,a

Jan/05/00

*{5.91
Harold E. hdk

Jan/05/00

+*{5.92)
Harold E, Adki

Jan/05/00
{5, 93{
Harold E. Adk

Jan/03/00

(5. 94}
Harold E. Adk
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Jan/03/00 Harold E. adki*(5,95)
ma

Slot_B_Re := Re(pAB, ,Slot_B_hyd ,upB

ppB-Slot_B_area_tot

= (14284 6]

Slot C:
P 1b
PAC i= A =|0.0653284 —=7 YT
Rp;t£1{147.8) £r3 Harold E. Adkg
Jan/05/00
-5 1bf -~ *(5.97
BAC := 0.0425 x 10" 22275 [ 000203491 poise Marold B." ekl
fe?

Jan/05/00
KaC 1= 0.0167 mr—in sarord 5. S

an i hr-froR et =
Jan/03/70¢
Cpa *(5.99)
PraC := HpC- =]0.707444 harold E.  Adkl
XA C .
Jan/03/00 Hareld E. Adki+(5.100)

my
Slot_C_Re := Re pAC ,Slot_C_hyd ,]J.AC

! PaC-Slot_C_area tot

=[7680.39]

The heat transfer coefficient for flow in tubes will be
used for the heat transfer in the flow slots. The heat
transfer coefficient will be the maximum of the laminar

flow value [Ref. 51,

Jan/03/00

*{5.101}
hL(D,k)_‘:ﬂ 4.0'—0‘ Harold E. Adki

and the turbulent flow value;
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Jan/03/00

*{5.102)

0.4
. Harold E. Adki

hr(Re,Pr,k,D) := 0.023 -Re®® .pr

o=

or:
Fan/03/00

*(5.103)

h(D,k,Re,Pr} {= max(by (D k), by (Re,Pr,k,D} ) L (5.103)
B8X0 .

Slot_A_h := h{Slot_A hyd ,kaA, Slot_A Re ,PrAA)

Jan/G3/00

*(5.104

=|6.13557 Btu | narrd £ o)
hr-ft2-§

Slot_B.h := h(SILot"B_,hyd . KnB,Slot_B Re ,Pr,B)

%;n/uaggo

(5.1

=|3.53774 Btu Harord & L i
hr-ft’-R

Slot_c_h := h(Slot_C_hyd ,kaC,Slot_C_Re ,PrAC)

Jan/03/00
*(5.106
=|2.56623 Bru Harol{d E. Ad.kl
hr-ft2~R

Assuming a waste temperature of 200°F as determined through
analyses and performing an energy balance, assuming that
heat transfer takes place using the air outlet temperature:

Jan/05/700

+{5. 107;
Jan/03/00 Harold E. Agltfe}%?'la‘%

h-A-Tw +m:Cp -Tpin
m-Cp +h-A

T, = t£{200)

TA(NJt(11gA| TW,'rAiJI,Kh cp) =
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Jan/03/00 Harold E. Acki*{5.,109)
Slot_A_ocut :=

TAout(Slot_A_h ,Slot_A_ht _area ,T,,Tp,mp., CpA)

=[108.169

Jan/03/00 Harold E. Adki*{5,110)
Slot_B_out :=

Tpout (Pslat_B_h :Slot_B_ht_area ,T,,Slot_A_out ,my, CpA)

=(127.974 4

Jan/03/00 Harold E. adki*{5.111)
. Slot_C_out :=

T, out ( Slet_C_h ,Slet_C_ht_area ,T,,Slot_B_out ,ma, CpA)

=|145.623

Jan/03/00

Slot_C_out - Ty +(5.112)

eff := =10.573073 Harold E. Adki

Tw = Ta

Tot_slot_ht_area := Slot_A ht_ area

Jan/04/00

+ Slot_B_ht_area + Slot_C_ht_area (5. 1131

Harold E. Adk

={307.667 ft?

Look at total heat transfer:
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Jan/04/00 Harold E. adki*(5,114)

Q_A = 8lot_A _h Slot_A_ht_area -(Tw - 8lot_A_out )

=1{27608.4

hr

Btu

Jan/04/00 Harold E. adki*(5.115)

QB := Slot_B_h 'Slot_B ht_area -(Tw - Slot_E_out )

=]20894.4
- hr

Btu

Jan/04/00 Harold E. Adki*(5.116)

Q C := Slot_C_h -Slot,_(f,_ht__area v(Tw - 8lot_C_out )

MQ_B

MQ_C

Total Heat

=|22839.4 B
hr

Loock at energy transfer:

=[27608.4
hr

Btu

1= mp *Cpa - (Slot_B_out

20894.4

hr

Btu

t= my cCpa - (Slot_C_out

=l22839.4 BE
hr

4

u

s=mp - Cpp -(Slot_A_,out - TA)
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Jan/04/00

+(5.117)
Harold E. Adki

- Slot_A_out )
Jan/04/00
*(5.118)
Harold E. Adki

- S5lot_B_out. )
Jan/04/00
*(5,119])

Harold E. Adki

Transfer to Secondary Air:
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Jan/04/00

Btu +(5.120)

Q_tot :=Q A +Q B+0QC =|71342.2 Harold E. Adki
Ir

The average heat transfer coefficient is:

Q_tot
h_ave :=

Tot_slot_ht_area -(Tw - S8let_C_out ) Jan/04/00
«(5.121)
Harold E. Adki

Bt

=|4.60288 =

' hr-ft-g

-

Fraction of total heat:
Jan/04/00

tot *(5.122) -
Q_frac_sec := Q_to =[0.357247 Haro]!dsr:. Adkg.

slurry © + SUPER_Q

I come “to the following conclusions from the above
analyses:

1. The temperature rise in the secondary inlet air
before it enters the tank floor is small (even if the
annulus bulk temperature was at 20°F the temperature
rise on the inlet air would only be about 5°F}.

2. The heat transfer from the waste to each ring of
slots is about the same for each slot.

3. The heat transfer cocefficlent for the slots ranges
from between 2 and 6 (Btu/hr-ft-R).

4. The efficiency factor is more likely to account for
the temperature gradient surrounding the slot than

for anything else.

5. Recommend using the actual slot top area of all
slots for the conductor surface area.

6. Use a gas volume for the slets that is large enough
to avoid a courant time step limitation.
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Jan/04/00 Harold E. Adki~{5.,123)
Slot_channel _area := Slot_A ht_area

+ Slot_B_ht_area + Slot_C_ht_area =|307.667 £t°2

5.1.4.2. Volume of Floor Slot Volume.

Jan/04/00 Harold E. Adki+(5.124)
Slot_wolume := Slot_ A area tot -{R1_OR - AD _OR)

+ Slot_B_area_tot - (R2_OR -~ Ri_OR)

+ Slot_C_area_tot - (R3_OR - R2_OR)

=|a6.2326 £’

Jan/04/00

«(5.125
Slot_volume 396 = Horoid £ X200

Qa

Volume will need to be made artificially large to avoid
time step limitatien.

Janlﬁdlsoo
Slot_wvolume_model :=Q,-160 5 =|2666,67 ft3 Har;]!dsé_lgdkz

5.1.4.3. Elevation of Floor Slot Volume.

Jan/04/00 Harold . Adki*{5.127)
Slot_elev := §5_PS5_SPACE - SLOT_HT =|0.458333 ft
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5.1.4.4. Height of Floor Slot Volume.

Jan/04/00
Slot_ht := SLOT_HT =|0,208333 ft «(5.128)

Harold B. Adki

5.1.4.5, Hydraulic Diameter of the Floor Volume,

The hydraulic diameter of the floor volume will be set to
the hydraulic diameter of the outer set of flcoor slots.
This is not,critical since the velume is made artificially
large anyway to accomodate a reasonable courant time step
limitation, flows are specified, pressure drop across the
flow slots is not important in this calculation and the
heat transfer coefficient is specified.

Jan/04/00
Slot_hyd := Slot_C_hyd =[0.167237 ft *(5.129)

Harold E. Adki
5.1.4.6. Slot Conductor bDimensions.

The surface area of this conductor is egual to the top area

of all of the radial slots in the floor.
Jan/04/00 Harold E. Adki+(5.130)

Slot_ht_area := Slot_channel area =[307.667 £t 2

This conductor is made of steel plate. The thickness of
this plate is:
Jan/04/0C

Slot_cond_thk := PS_THK = *{5.131)

Harold E. Adki

5.1.5. Floor Slot Alr Inlet Volume.

This volume represents the four, 4 inch schedule 40 pipes
that supply air to the floor slots. This volume is
necessary to preheat the incoming air from the ambient
conditions_te the temperature that the air will enter the
floor slots at the center of the tank.
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5.1.5.1. Supply Pipe Volume.

Well, lets look at the temperature increase that might
occur to the inlet air as the alr travels through the pipes
to the floor of the tanks (never mind that these pipes pass
at least B84 inches through the ground) before entering the
tank annulus.

Secondary ventilation inlet pipes:

-

Length:

P4_Len := R3_OR - AD_OR =|35.75 ft

Flow Area:

Jan/04/00

*{5.132)

Harold E. Adki

Jan/04/90
«{5.133)

Harpld E. Adki

P4_Area :=

P4_ID
Ac(v—;—) =| 0.0884046 ft2|

Single Pipe Volume:

_ - Jan/04/00

Pa_Vol := P4_Area -P4_Len =|3.16046 ft° papek2-134)
Number of pipes:

Jan/04/00

Pd_n := 4 «(5.135)

Harold E. Adki
Total Volume of Pipes:

Jan/94/00
P4 Vol tot := P4_Vol -Pd_n =|12.6418 ft> sareip:136)

Total Flow Area of Pipes:

Jan/04/00
P4_Area_tot := P4_Area -P4_n =|0.353618 ftz Hml‘fg,lﬁdﬂ

Courant Limit of Pipe volume:

P4_Vol tot I 75512 s

Qa

Jan/04/00

*(5.138)
Harold E. Adki

The pipe volume will have to be increased to get

reascnable run times:
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3
P4_vol_model := 2000 ~f$~-160 s =|5333.33 ft°
min

5.1.5.2. Supply Pipe Area.

P4 1 '
P4_area_model := ~vol model =}1136.692 ft2

85_ht

5.1.5.3. sSupply Pipe Elevation.

Jan/04/00

*{5.139)
Harold E. Adki

Jan/a4/00

'(5.1401
Harecld E. Adk

The supply pipe elevation will be assumed to be the same as
the bottom elevation of the tank annulus volume (this

assumption is not important:

P4_elev := S5_elev =

5.1.5.4. Supply Pipe Height.

The supply pipe volume height will be assumed
to the height of the annulus {(this assumption
important:

P4_ht := SS_ht ={35.0171 ft

5.1.5.5. Supply Pipe Hydraulic Diameter:

P4_hyd := P4_ID =[0.3355 ft

5.1.5.6. |, Supply Pipe Conductor Dimensions.

Reynolds Number:
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Qa Jan/04/00

P4_Re := Re Pd_n -[90018.7] -(5.144)

Pa Y ,P4_1ID , 1Y Hareld E. Adki
_Area

Heat transfer to air flowing through pipes in tank floor:

Heat Transfer Area:
Jan/04/00

P4_TID - .
P4_ht_area := Pc("—”—é‘“"‘“) .P4_Len =37.6807 ft* Harol(dsz.lgd?:l

Jan/04/00 Harold E. Adki*(5.146)

Pa.__ht_,are;_tot := P4_ht_area P4_n =|150.723 £t 2

Air side pipe heat transfer céefficient:
pip Jan/04/00 Marold E. Adki+(5,147)

P4_h := b PA_ID, ks, P4_Re ,Pra) ={8.71777 Bru
hr-fti-g
Inlet temperature to bottom of tank:
P4_out :=
my Jan/¢4/00
Tpout| P4_h , P4 _ht_area ,T,,Tx T Cpp. Hargl(dsl-.:.l;ldak!

=|147.44% F

Look at waste side heat transfer coefficient:

The temperature drop across the concrete pad is based on a
concrete conduction coefficient presented by

{Ref. 4]:
0.17 _btw : Jan/04/00
hr-ft-R Btu *{5.149)
ke = . =|2.04 —— Harold E. Adki
1in hr-ft2-R
55 of 102

F-65



RPP-5637
Rev. 0

JOHEY MARVIN, TNT. Calculation Number: J¥MI-9910_02
Analyst: Marvin J. Thurgood Date: Feb 9, 2000
Reviewer: Harold E. Adkins Date: Feb 9, 2000

Subject: Notebook for GOTH_SNF Simulation of Tank AZ-102

P4_out :=
m aeiraie
Tpout| h.,P4_ht_area ,Ty,Ta et Cpa Ham:{d i, ml

=}108.629

Look at natural convection heat transfer in annulus:

Jan/04/00

*(5.151)

Nu Harcld E. Adki

0.13 ‘(Grf prf)"'333

3(3 Jan/04/00

Gr=gﬁ(Tw-Ts)— *(5.152)
v . Harold E. Adki

Jan/04/00

. x *{5.153)
Nu = h-; Harold E. Adki

Jan/04/00

«(5.154}
Harold E. Adki

Jan/04/0¢

ft *(5.155)
Harold E. Adki

Jan/04/00

*(5.156
L 0.00184614 '% Haro]f:;jz.lidkg.

Jan/04/00

*(5.157
Harold E.

Jan/04/00

*{5.158}
Harold E. Adki
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Feb/10/0C Harold 2. adxi*(5.159)

2
Pa
Gr_over_x 3 := g'ﬁ"(Tw - TA)‘ . = 2.27329 X 10*08 1
Ka £r’
Feh/10/00 Harold E. Adki*{5.160)
) , 0.333 BE
Pda_h := kp-0.13 -(Gr__over_x 3 -PIA) =[1.11606 L
hr-ft?-g
4 Jan/04/60
P4_ID *(5.1
Pda_ht_area := pc(—';——) .SS_ht =!41.1242 ft2 Haredd £ o)
- Jan/04/0¢ Harold E. adki*{5.162)

Pda_out :=

Ma
TAout(P4a b, Pda_ht_area ,tf{110),Ts,—— 2 ,CPA)

={86.2502 5 |

Conclusion, main heating occurs in floor so heat transfer
to these pipes will be that due to heat transfer between
waste and air in pipe.

5.1.6. Water Refill Sump.

This volume has no importance other than to provide a
computational volume to mimic the collection and return of
the condensate formed through tank waste evaporation.

The amount of water that is .supplied by this

computational volume in conjuction with supply line “BF" is
directly dictated by the quantity which leaves the tank via
evaporation., The refill water temperature is
conservatively set at 110°F.

5.2.6.1. ,Volume of Sump Volume.

This volume will simply be made large enough so that its
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volume does not limit the code time step.
Jan/18/00

ft3 «(5.163)
Sump_vol := 160 s.2000 —— =|5333.33 ft° Harold E. Adki
min : )

5.1.6.2. Cross-sectional Area of Sump Volume.

The area of this volume is chosen using a reasonable height.

57164)

S 1 (5.

Sump_area :=-—~M =|533.333 ft? Harol(d E. Adk.z.
- 10 ft

5.1.6.3. Elevation of Sump Volume.

The sump will placed at the top of t%ﬁa 5#?&5%@2?%5k¥3%??%5)

Sump_elev := Ps_elev +PS_ht +1.0 ft =[43.9325 ft

5.1.6.4. Height of Sump Volume.

The height used to calculate the sump volume area will be

used:
Jan/19/00

Sump_ht := 10 ft '(5.166}
) Haraold E. Adk

5.1.6.5. Sump Hydraulic Diameter,

Sump_hfd i= 4 Sump_area =|23.094 £t '(?nT%?O
4 -y Sump_area Harold E. Adkl

5.1.7. Summayy of Gecmetric Input Data.

The geometric data required for GOTH _SNF input which has
been calculated in the above section is summarized in this
section.
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5.1.7.1. Volume Input Data.
The volume input data input into GOTH_SNF is tabulated in
Table 5.2.

Table. 5.2 Control Volume Input Data.
Jan/1%/00 Harold E. Adki*

Vol Description Vol Elev Ht Hyd. D Pl Area

#

£l ft £t ft £l

1 |Tank Pfimary 186724.6|(0.6667142.266|75.000|4417.86

2 |Floor &Slots 2666.7|0,.4583] 0.208] 0.183| 307.67

3 |Annulus 23749.0(0.0000{39%,017| 5.000| 608.68

4 |Water Sump 5333.3|143.932110.000{23.094| 533.33

5 |Air Inlet Pipes £333.3|0.0000]39.017] 0.336]| 136.69%9
Array: volumes !

5.1.7.2. Conductor Input Data,

The input data for the thermal conductors is summarized in-
Table 5.3. All conductors will be initialized to the
average ambient alr temperature [Ref 6]. The values for
heat transfer coefficient or side temperature given in this
table are those which are to be specified by number. Some
of these are flow dependent and will need to be updated for
the flow being. specified. The natural convection heat
transfer option will be specified in the code when a value
is not given in the table. The fluid temperature adjacent
to the conductor surface will be used where a temperature
.is not specified in the table.
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Table 5.3 Conductor Input Data,
Feb/10/00 Harold E. Adki™

Con Description S. A. Init. Side Side gide Side
# Temp. A A B B
H.T.C Temp. H.T.C Temp .
Btu Btu
2 F F
ft F
hr-ft’-R hr-ft?-R
1 [Floor Slots 307.7 B2.0| 1.663 | ----- 4.32§y-----
2 | supernatant~Ann | 6089.5 B2.0|——-=-- | —=——= | mmvmmee { mm
3 | Pome-annulus 2426.3 82,0 —————- | mmmee [ e
4 | Floor-ground 4417.9 B2.0 1.8663|-—---|[-----=- | s50.0
5 | Annulus-ground 9806.1 B2.0}p------|-——---- 0.00 | =———-
& | Dome-ground 4417.9 B2.0) -~ | mmmm= [ —mmema 82.0
7 {Air inlet pipes 150.7 | 82.0] 8.718B [ ----- 2.04

The heat transfer coefficient for waste side of conductors .
connecting to the bottom of the waste are given by the

conductivity of the sludge divided by half the length of

the bottom sludge node, h=2*k_ /Ax,.

5.1.7.3. Conductor Type Input Data.
The input data for the conductor types are summarized in
Table 5.4. All of the data in this table have been

previously Gefined except for the conductor gecmetry and
the material, which are defined in this table.
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Table 5.4 Conductor Type Input Data,
Jan/04/00 Harold E. Adki*

Con Description Geom Thick ©0.D. Material
#
in in
1 | Fleor Slots Wall |0.375 | —--==- Steel
2 | Supernatant-Ann Tube |[0.375|900.75 Steel
3 | bome-annulus Tube |[0.375|900.758 Steel
4 | Floor-ground Wall 1200, | ---~=~-- Soil
5 { Annulus-ground Tube |£00.0(2160.0 Soil
& | Dome-ground Wall |B84.00 [~------~ Soil
7 |Air inlet pipes Tube |[0.237( 4.500 Steel

5.1.7.4. Flow Path Input Data.

The flow path data are summarized in Tables 5.5 and 5.6.

The data for the flow paths are based on the elevations and
heights of the volumes that they connect to.

The flow

areas are defined by the volumes that they connect to,
where the area is not important, an arbitrary value is
assigned. This can be done because pressure drops and
fluid velocities are not important in this calculation.
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Table 5.5 Flow Path Input Data
Jan/04/00 Harold E, Adki®

{1)

F.P Description End A End A End B End B
# Elev. Ht Elev. Ht
ft £t ft fe
1 jInlet Primary 42.822|0.1000(50.932| 0.100
2 {Outlet Primary 53.832(0.1000|54.932| 0.100
3 |Slet Inlet 0.010{0.1000| 0.468| 0.100
4 |Slot OQutlet C.468(0.1000| 0.468| 0.100
5 Outlet Secondar 38.907|0.1000(47.017| 0.100
6 |Water Drain 43.942,0.1000141.932( 0.100
7 |Primary Fan 41.93210.1000{43.432| 0.100
8 |Fan Qutlet 45.93210.100043.432| 0.100
9 |[Recire. Fan Qut 41.93210.1000(|43.432{ 0.100
10| Recirce. Fan Inl 45.832|0.1000|43.432( 0:100
11] Annulus Air Inl 38.907{0.1000|47.017| ©0.100
12| Pump Inlet 28_.88610.1000128.886( 0.100
13| Pump Qutlet 0.917|0.1000( ©.917| 0.100
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Table 5.6 Flow Path Input Data (2).
Jan/04/60 Harold E. Adki®

F.P Description Flow Hyd. Length Loss
# Area Dia. Coeff.
ft2 ft ft
1 |Inlet Primary 3.14212.0000] 8.000| 2.700
2 |Outlet Primary 3.142|2.0000; B8.000; 2.700
3 | 8lot Inlet 0.62510.1929112.250| 2.700
4 | 8lot Outlet 1.944|0.1672113.250| 2.700
5 |outlet Secondar 3.142(2.0000} 8.000| 2.700
6 |Water Prain 3.142(2.0000; 8.000| 2.700
7 | Primary Fan 3.142|2.0000f 8.000| 2.700
8 |Fan Qutlet 3.,142(2.0000; 8.000| 2.700
9 |Recirc. Fan Out 3.142(2.0000; 8.000] 2.700
10| Recirc. Fan Inl 3.142|12.0000| 8.000| 2.700
11! Annulus Air Inl 3.142{2.0000| 8.0C0| 2.700
12| Pump Inlet . 3.142;2.0000| 8.000| 2.700
13| Pump Outlet 3.142}2.0000| B.000| 2.700
5.1.7.5. Boundary Condition Input Data.

The boundary conditien input data used in the model
described above is tabulated in Table 5.7.
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Table 5.7 Boundary Condition Input Data.
Jan/04/00 Harold E. Adki®

F.P Description Pressure Temp. Flow W.V.

# . Press.

. Ratio

psi F -551
S

1 |Inlet Primary 14.700|82.000{ 0.000/0.01050
2 | Stack Inlet 14.700|82.000{ 0.000|0.01050
3 Slgt Iniet 14.700| 82,000 ©0.000(C.01050
4 | 8lot Outlet 14.700|82.000(116.667|0.01050
5 | Primary Out 14.700|82.000} ———~-- 0.01050
6 | Primary Couple 14.700|182.000| 8.333|0.01050
7 |Recir Out 14.700;82.000] 6.667(0.010590
8 |Recirc Couple 14.700;82.000} --~-~--- 0.01050
9 |Pump Inlet 14.700182.000;46.180|0.01050
10| Pump Outlet 14.700,82.000} —-——-~ 0.01050 '

The mixer pump flow is set to a value high enough to mix
sludge with supernatant without resettling but low enough
not to excessively limit the time step size.

6. SIMULATION RESULTS.

Presented in this section are the simulation results
concerning heat removal from high-level waste tank AZ-102
during pre, current and post-mixing operations. Seven
cases are evaluated herein. These consist of six
potential ventilation configurations being evaluated under
criteria applying to normal operations conditions, and
one being evaluated under criteria established as safety
limits for the system in question. This latter case
involves the evaluation of a loss of ventilation. All
cases consider the tank to initially be filled with waste
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at steady state conditions and then a transient period
enveloping pump start-up, shut-down, and re-establishment
of steady state conditions.

Unless specified otherwise, the ventilation system
consists of a nominal once through primary ventilation
flow of 500 CFM and a slot ventilation flow of 1000 CFM or
2000 CFM. The air inlet temperature for the primary
ventilation system as well as the ambient alr conditions
are specified to be 82°F. Whereas the slot ventilation
flow temperature is either specified to be that of the
ambient (82°F)'or chilled to 40°F prior to duct entry. A
constant ambient temperature of B2°F has been used in all
simulations. Case specific input parameters are presented
with the respective results in the appropriate sections
below. .

The initial steady state at which the simulation begins is
with the solid particles in an undisturbed slurry on the
bottom of the tank. The mixer pumps are then turned on
and the slurry in the bottom of the tank is mixed with the
supernatant liguid. The assertion is that the mixer pumps
mix the waste to a homogeneous mixture with no slurry
remaining on the bottom ¢f the tank. The pumps are
conservatively run until the supernatant liguid comes to a
steady state temperature.

The pumps. are then turned off and the solid particles are
allowed to resettle to the bottom of the tank. The rate
the particles settle is a functien of the particle size,
particle density, supernatant ligquid density and
supernatant ligquid viscosity. The code (GOTH_SNF)
calculates this rate from the force balance on the
particles. For all evaluated cases, the mixture is assumed
to remain convective as long as the particle fraction in a
computational cell remains below 0.75*apmp. The slurry
becomes non-convective once the particle fraction reaches
this value and the slurry begins te heat up as the
radicactive decay heat must be removed by conduction
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through the slurry to the supernatant liguid. Heat is
removed from the surface of the supernatant liguid by
convective sensible heat transfer and evaporative heat
transfer to the primary ventilation flow. Heat is also
conducted down through the non-convective slurry to the air
flowing through the slots in the floor of the tank and to
the ground under the tank if the ground is cooler than the
slurry at the bottom of the tank.

A brief recap of the operation and safety related criteria
that must be met in order for the ventilation system to

be deemed acceptable are that prior to and after mixing
operations, no portion of the top 15 feet waste may exhibit
temperatures in excess of 195°F (LCO 3.3.2.b), no waste
temperatures may exceed 195°F at any time during mixer pump
runtime (LCO 3.3.2.a), and no portion of. the waste existing
below the top 15 feet may exhibit temperatures in excess of
215°F prior to and after mixing operations (LCO 3.3.2.b).
Additionally, in the event of a loss of ventilation, no
waste temperature shall exceed 250°% during the recovery
period (SL 2.1.1).

Loss of ventilation evaluations have been performed on
ventilation system configurations deemed acceptable only.

6.1. CASE 1 - NOMINAL PRIMARY AND FLOOR SLOT VENTILATION
FLOWS.

The ventilation system for this case consists of the
nominal once through primary ventilation flow of 500 CFM
and the slot wventilation flow of 1000 CFM. The air inlet
temperature for both systems is 82°F.

The critical waste temperatures in the tank for the
initial settled state and for the period when the pumps are

running are shown in Figure &.1. The steady-state
supernatant liquid temperature prior to pump operation is
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shown ag point "T1" in this figure. The peak slurry
temperature for this state is shown as point "T2" in this
figure. The horizontal lines preceeding these locations to
a time of t = 34 days are simply displaying the existence
of model mathematical equilibrium.

The pumps are turned on (time t = 34 days) and the waste
comes to a uniform temperature, "T3" in Figure 6.1 {time t
= 38 days). (Note: There is only one graphics dump between
point "T2" and "T3" so the actual mixed temperature may be
lower than that shown for "T3" in this figure. This is not
critical as long as "T3" is lower than the LCO supernatant
liquid temperature limit of 195°, which it is.} The pumps
are then run until the supernatant liguid comes to a
steady-state temperature, point "T4" in Figure 6.1.

Jan/18/00 Harold E. Adki*

azZ102.8C0CFM Plirnlrg.cﬂJOOCFM Slot Flow,
Tus Jan 17 12:12:458 2000
GOTH_SNF Varsion 5.0 - November 1899

Tank Fluid Temperatures
TW1s16 This18 TLi1s1 TLis2 TLis3

215

Tu12SK, (LES 3.3.2.1) S

195

17
AR RR AAR S ALURRRRRRRY

Temperature (F}
155

135

115

T

%5

70
Time (days)

Figure 6.1 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing (Case 1).

As shown in Figure 6.1, the tank waste temperature climbs
as the pumps deposit energy into the waste during the
mixing process. In this figure, the temperatures "T1",
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"T3" and "T4" must be below the LCO limit of 195°F for this
ventilation system configuration to be deemed acceptable,
and they are. Also, temperature "T2" must be below 215°F
to meet the acceptability criteria, as it is. However,
all acceptability criteria has not yet been met.

The pumps are then shut off (time t = 70 days) and the °
solid particles settle out of the supernatant liquid to

form a non-convective layer. The waste cools prior to the
layer becomiﬁg non-convective since the pumps are shut off
and are no longer depositing energy into the waste and the
primary ventilation system is removing a large amount of
energy stored in the waste by evaporative cocling. The
ground under the tank also cools as the waste cools. The-
cooler ground slows the heat-up of the non-convective

slurry in the bottom of the tank as it absorbs heat from -
the waste by conduction. Ground conduction is important

here as it damps out the peak in temperature that would
otherwise ocecur in the waste since the supernatant liguid

is still rejecting heat deposited during pump operation.

This is displayed as a temporary decline in temperature
shortly after the mixer pumps are shut off {line "TLlsl" at
time 70 hrs € t £ 85 hrs is a good example).

The resulting peak silurry temperature is shown in Figure
6.2 as point “T2'", This temperature must remain below
215°F at all times before and after mixing for the
ventilation system to be deemed acceptable. As shown in
this figure, the peak temperature for this case exceeds the
established criteria. Hence, the ventilation system, as
operated in its nominal configuration, is unacceptable.
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Jan/18/00 Harold E. Adki*

azi102-500CFM Primary, 1000CFM S0t Flow.
Tue tan 11 12:13:14 2.300
QOTH_SNF Version 5.0 « Novembers 109%

Tank Fluld Ternperatures
2 TV1s816 1L1 s_‘lg _TH131 TLis2 Tl 83
o

Bhsdpe Tomp-aratures

Tar-2
[ Sy
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13t
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'Figure 6.2 Critical Waste Temperatures After Pumps are
Shut off (Case 1).

The axial temperature profile in the waste prior tc mixing
operations (T2), for the point at which the peak slurry
temperature occurs after mixing operations (T2'}, and
steady state conditions after mixing operations (T'‘} are
given in Table 6.1 and are shown in Figure 6.3,
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Table 6.1 Axial Temperature Distributions in Tank

(Case 1).
Jan/18/00 Harold E. Ackic®
elevation Temperature Temperature Temperature
T2 T2 T2

0.208 176.600 208.300 212,700

0.917 181.000 222.500 223.700

1.805 167.500 228.200 226.300

2.534 143.700 225.900 222.900

.3.260 126.300 216.900 213.100

4,125 126.200 197.400 193.200

5.177 126.200 160,300 155.500

6.383 126.200 130.700 125.600

8.036 126.200 130.700 125.600

10.6386 126.200 130.700 125.600

14.236 126.200 130.700 125.600

18.978 126.200 130.700 125.60C0

23.720 126.200¢f 130.700 125.600

26.720 126.200 130.700 125.600

28.220 126.200 130.700 125.600

Array: axl

Jan/1B/00
: T2 := arzay (aXI 0.2 axl ¢, 1) Haroldtz(.eidjl.cl
Jan/18/00
74 1= array (@0, 3 2xko. 1) wweera $32)
Jan/18/00
TS := array (ax; 0.4 axl 0. 1) Harold'E(.Gid:.akz
Jan/18/00
T2 5,2 °F 2.875 .Haruldtz(.sic?kg.
Jan/1B/00
T4S L2 = 5.7500 Harold.é.eid?c}.
Jan/18/00
T3g,2 =3 -7500 Harold.E(.GA-dskg
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Jan/18/00 Harold E. Adki*

o]
3] 1
)
" |
]
1
- ]
i
r 1
1
- E
O i
~ E '|-|3
- -+ ] b
. : b
] 5]
— r : K|
4 : N
W o 1 —
— ) [
L i 8
1
g o | w
Tp oA 1 .
Y i w
L s ;
i ' v
5 | | y
H :
B |
Y :
‘e |
m r
v :
9] o e . !
- Fesettled Slurry Level !
a Lo , SRR 0 98
Q{_
L Pre-mixed Slurry Level
O||1|||1|||||tl|x|r1[f'_.|11
0 50 100 150 200 250
Temperature (F)

Figure 6.3 Axial Temperature Distributions in Tank
Waste Before (T2), Peak After (T2'), and
Steady State After Mixing (T2°') (Case 1).
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The high evaporative removal rate during mixing operations
is shown in the water vapor mass flow rate results
displayed in Figure 6.4. This figure shows the amount of
water vapor that must be removed from the outlet air by the
primary ventilation system condenser (if the ventilation
system had been determined to be acceptable) in order for
dry air to enter the ventilation fans. The primary
ventilation flow can not be maintained at the specified
level if this moisture is not remcved.

-

Jan/18/00 Harold E. Adki*

RZ102-500CFM Prirmary. 1000CFM Slot Flow.
Tue Jan 11 12:13:42 2000
GOTH_SNF Version 5.0 - Navember 1980

Water Evaparation Rate
GL1s16

05

0.4

Fiow fbs)
03

02

04

O[T T[T T

,.;.1,.L.|..,LL...1£,°_6_._.__,_,
-1] 100 150 250

Time {(days)

Figure 6.4 Water Vapor Mass Rate Carried Over By the
Primary Ventilation System (Case 1).

6.2. CASE 2 - NOMINAL PRIMARY AND CHILLED NOMINAL FLOOR
SLOT VENTILATION FLOWS.

Similar to the previous case, the ventilation system for
this case consists of the nominal once through primary
ventilation flow of 500 CFM and the slot ventilation flow
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of 1000 CFM. However, for this case the slot ventilation
flow is chilled to 40°F while the air inlet temperature for
the primary ventilation system is maintained at the
original B2°F.

In this particular case, the critical tank waste
temperatures for the initial settled state and for the
period when the pumps are running are shown in Figure 6.5.
The steady-state supernatant liquid temperature and peak
slurry temperature prior to mixing operations are shown in
this figure as point "T1" and peoint "T2", respectively. As
in previous figures, the horizontal lines preceeding these
locations to a time of t = 34 days are simply displaying
the existence of model mathematical equilibrium.

The pumps are turned on.{time t = 34 days) and the waste
comes to a uniform temperature, "T3" in Figure 6.5 {time t
= 38 days). The pumps are then run until the supernatant
liguid comes to a steady-state temperature, point "T4" in

Figure 6.5.
Jan/18/00 Harold E. Adki*

®z7102-500CFM F'llm.!%. TOOCEFM Chilled Slat Flow,
Maon Jan 10 14:20:48 2
GOTH_SNF Version 8.0 - November 1999

r Tank Fluid Temperatures
w TV1s18 TL1s816 TList TiL1s2 TL1€-'.3‘
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Figure 6.5 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing (Case 2).
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In this figure, the temperatures "T1", *T3" and "T4" must
be below the LCO limit of 195°F for this ventilation
system configuration to be deemed acceptable, and they
are. Also, temperature "T2" must be below 215°F to meet
the acceptability criteria, as it is. However, all
acceptability criteria has not yet been met.

The pumps are then shut off (time t = 70 days) and the
solid particles settle out of the supernatant liguid and
once again form a non-convective layer. The waste cools
prior to the. layer becoming non-convective since the pumps
are shut off and are no longer depositing energy into the
waste and the primary ventilation system is removing a
large amount of energy through evaporative cooling. The
damping effect that the ground beneath the tank provided
for the previous case {(shown as a temporary decrease in
slurry temperature shortly after mixing has ceased t = 38
hours in Figure €.2) is not visible for this case. Its
absence is attributed to the fact that the slot ventilation
inlet temperature for this case is 40°F instead of 82°F.

The resulting peak slurry temperature is shown in Figure
6.6 as peint "T2'"., This temperature must remain below
215°F at all times before and after mixing for the
ventilation system to be deemed acceptable. As shown in
this figure, the peak temperature for this case exceeds the
established criteria by slightly more than 5°F for
approximately 180 days. Hence, despite the added cooling
capability provided by chilling the slet flow, the
ventilation system configuration as defined for this case
is unacceptable.
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Jan/18/00 Harold E, Adkir

Az 102.S00CFM Primary, 10COCFRM Chilled Slot Flow.
Mon Jan 10 14:21:20 2000
QOTH_SNF Version 8.0 - Movamber 1999

Tank Fluid Tamparatures

ﬁ TV1s16 TL1s16 TL152_ TL1s3 TL15:4
E A Shudpe Temperaturss
g = P Tng14F. AOC 302k -
7o T T T e
S T L Triw6k, (LES 3.3.2.m)

Temperature {F}
160

1

100

Time (d_ays)

Figure 6.6 Critical Waste Temperatures After Pumps are
Shut off {(Case 2},

The axial temperature profile in the waste prior to pump
operation (T2), for the point at which the peak slurry
temperature occurs after pump operation (T2'}, and steady
state conditions after pump cperation (T'‘) are given in
Table 6.2 and are shown in Figure 6.7.
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Table 6.2 Axial Temperature Distributions in Tank

{Case 2).
Jan/18/00 Harold E, Adki*
elevation Temperature Temperature Temperature
T2 _ Tz T2

0.208 163.400 192.600 197.200

0.917 171.100 208.500 210.700

1.805 155,8C0 219.000 . 216.400

2.534 137.200 220.500 213.700

3.260 121.000 214.800 205.100

4.125 121.000 199.800 185.500

5.177 121.060 le6.600 148.100

6.393 121.000 137.500 119.400

8.036 121.000 137.500 119.400

10.6386 121.000 137.500 119.400}

14.236 121.000 137.500 119.400

18.978 121.000 1327.500 115.400

23.720 121.000 137.500 119.400

26.720 121.000 137.500 119.400

28.220 121.000 137.500 119.400

Array: axi
Jan/18/09
T2 := array (aX1 0.2 aX10 ' 1) Harold'é.sigkl
Jan/18/00
T4 := array ( axly j,axl, 1) Huold'é‘siil
Jan/18/00
T5 = arrav’(a’do Y a"lo.l) Harora 258
Jan/18/00
T25 ,2 T 2.875 Harol.d(g.‘}d{})cz
Jan/18/00
T4B ,2 T 5.7500 Harol-d(g.' }d]fcl
Jan/18/00
T3 8,2 = 5.7500 Harol.d( g.. %dz.kl
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Figure 6.7 Axial Temperature Distribution in Tank Waste
Before (T2), Peak After (T2'}, and Steady
State After Mixing {T2'') (Case 2).
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The résulting high evaporative removal rate during pump
operation for this case is shown in the water vapor mass
fiow rate displayed in Figure 6.8. This figure shows the
amount of water vapor that must be removed from the outlet
alr by the primary ventilation system condenser (if the
ventilation system had been determined to be acceptable) in
order for dry air to enter the ventilation fans. The
primary ventilation flow would not be maintained at the
specified level if this moisture is not removed.

-

Jan/18/00 Harold E. Adki®

arti2.60Q0CFM Prim.lr%. 1000CFM Chilied Sict Fiow.
Mon Jan 10 14:26:
GOTH_SNF Varsicn 5.0 - Novembar 1989

Water Evaporation Rate
GL1s18

Flow [brfs)
02 0.3 04 05

LA

II_I‘I]IIIEIIJIIIIIITEVIII

#

50
Time {days)

Figure 6.8 Water Vapor Mass Rate Carried Over By the
Primary Ventilation System (Case 2).

6.3. CASE 3 - NOMINAL PRIMARY AND MAXIMUM FLOOR SLOT
VENTILATION FLOW.

The ventilétion system for this case consists of the
nominal once through primary ventilation flow of 500 CFM.
However, the slot ventilation flow has been upgraded to
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provide a flow rate of 2000 CFM. The inlet temperature
for both systems is 82°F.

The critical waste temperatures for the initial settled
state and period when the pumps are running for this
particular case are shown in Figure 6.9. The steady-state
superpnatant liquid temperature and peak slurry temperature
prior to mixing operations are shown in this figure as
point "T1* and point "T2", respectively.

At time t = 34 days, the pumps are turned on and the waste
comes to a uniform temperature, "T3" at time t = 38 days.
The pumps are then run until the supernatant liquid comes
to a steady-state temperature, point "T4".

Jan/18/00 Harold E. Adki*

wz(02-5GGCEM Primary, 2000CFM Slat Flaw.
Mon Jah 10 18:089:38 200¢
QOTH_SNF Version 5.0 - Novembar 1899

‘Tank Fluid Temparatures

w TVISIE6 TLIS18 TL1s1 TL1s2 TL1s83
= asererserrsd s ey teh £ 8 e e et

T t#6F, (LCD T 147}

185

= B s T2
B -
g -
k] -
ar

115

TTTyT

[

70
Time (days)

Figure 6.9 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing (Case 3},

Just as that for previous cases, the temperatures "T1l",
"p3" and "T4" must be below the LCO limit of 195°F for this

ventilation system configuration to be deemed acceptable,
and they are. Also, temperature "T2" must be below 215°F
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to meet the acceptability criteria, as it is.

The pumps are then shut off {(time t = 70 days) and the
50lid particles settle out of the supernatant ligquid and
once again form the non-convective slurry layer. The
resulting peak slurry temperature is shown in Figure 6.10
as point "T2'". This temperature must remain below 215°F
at all times before and after mixing for the ventilation
system to be deemed acceptable.

As shown in Figure 6.10, the peak temperature for this case
exceeds the established c¢riteria by slightly more than

6°%. As 1s also shown, the peak temperature remains

above the established limits even after reaching steady
state. Hence, despite the added cooling capability
provided by the upgraded slot flow ventilation flow rate,
the ventilation system configuration as defined for this
case is also unacceptable.

Jan/18/00 Harold E. Adki*

Az 103-B00CFM Pilmary, 2000CFM Siot Flow,
Mon Jan 10 18:08:26 2000
GOTH_SNF Varsion 8.0 - Novembar 1908

Tank Fluld Temperalures
TVis16 TL1816 TL182_ TL183 T|:15_4_

Siudge Temperatures

Tamidn.2F
Tu21K, (LOC 3.8.20)

Te18EF, (LCC 2.3.2.8)

Temperature {F}

500

Timea {days)

Figure 6.10 Critical Waste Temperatures After pumps are
Shut off (Case 3).
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The axial temperature profile in the waste prior te pump
operation (T2} and after pump operation (T2‘) are given in
Table 6.3 and are shown in Figure 6.11.

Table 6.3 Axial Temperature Distributions in Tank

(Case 3}.
Jan/1B8/00 Hareld E. adki*
elevation Temperature Temperature Temperature
T2 T2 727"

0.208 168.200 187.900 200,500

0.517 174.500 213.400 213,700

1.805 162.400 221.300 218.700

2.534 139.100 220.500 216.000

3.260 122.800 213.300 207.000

4.125 122.600 196.200 187.800

5.177 122.600 160.300 150.300

6.393 122.600 131.300 121.100

8.036 122 . 600 131.300 121.100

10.636 122.600 1131.300 121.100

14.236 122,600 131.300 121.100

i8.978 122.600 131.300 121.100

23.720 122.600 131.300 121.100

26.720 122.600 131.300 121.100

28.220 122.600 131.300 121.100

Array: ax2
Jan/18/00
™2 1= arzay (ax2g 5 @32, 5 ) arote £ 320
Jan/18/00
T¢ := array(axzo'g-axzo,1) Hunﬂ}gfiii
Jan/18/00
w5 1= arrey (sx2q 4 @02 ) et 8- 121
Jan/18/00
T2 5,2 % 2.875 Har.nl'd( g.. i-dsk:)l
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Jan/18/00
Tdy , := 5.7500 “(6.17)

Harold E. Adk

Jan/18/00
5.7500 ) "(6.18{

Harold E. Adk

T5

8,2 *
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Figure 6.11 Axial Temperature Distributions in Tank
Before (T2), Peak After_(TZ‘}, and Steady

State After Mixing (T2'’)
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The resulting evaporative removal rate during pump
operation for this case is shown in the water vapor mass
flow rate displayed in Figure 6.1i2.

Jan/18/00 Harold E. Adki~

az102-500CFM Primary, 2000CFM Slot Flaw.
Mon Jan 10 18:11:20 2000
GOTH_SNF Vireion 5.0 - Novembear 1988

Water Evaporation Rate
Gil.ts18

05

04

Flow flbms)
03

02

0.1

Ty T[T AT T[T T T[TTTT[TT177T

s PR . PO Y T S N T S TR T N S S S
50¢ 100 150 200 250
Time {days)

Figure 6.12 Water Vapor Mass Rate Carried Over By the
Primary Ventilation System (Case 3},

6.4. CASE 4 - NOMINAL PRIMARY AND MAXIMUM CHILLED FLOOR
SLOT VENTILATION FLOW.

The ventilation system for this case consists of the
nominal once through primary ventilaticon flow of 500 CFM
and the slot ventilation flow has been upgraded to provide
a flow rate of 2000 CFM just as in the previous case.
However, for this case the slot ventilation flow is
chilled to 40°F while the air inlet temperature for the
primary veptilation system is maintained at the ambient
82°p.
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The critical waste temperatures for the initial settled
state and period when the mixer pumps are running are

shown in Figure £6.13. The steady-state supernatant liguid
temperature and peak slurry temperature prior to mixing
operations are shown in this figure as peoint "T1" and point
"T2", respectively. :

At time t = 34 days, the pumps are turned on and the waste
cemes to a uniform temperature, "T2" at time t = 38 days.
The pumps are then run until the supernatant liguid comes

to a steady-state temperature, point "T4",
Jan/18/00 Harold E. Adki*

ar102-500CFM Primary, 2000CFM Chilled Slat Flow.
Meon Jan 10 17:18:35 2000
QOTH_SNF Vearsion 5.0 - Navembsr 1998

Tank Fluld Temperatures
w TV1318 TLIsI6 TLis1 TLi1s2 TLI1s3

B rewesegacoaaes

Temperature (F)

AR AN R RN RARE)

Time {(days}

Figure 6.13 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing {(Case 4).

Just as specified for all previous cases, the temperatures
“T1", "T3" and "T4" must be below the LCO limit of 195°F
and temperature "T2" must be below 215°F in order for this
ventilation system configuratien to be deemed acceptable.
As shown, these specific acceptability criteria are met.
After the pumps are then shut off, the resulting peak
slurry temperature rises to 213.7°F which is below the
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acceptability limit of 215°F. This is shown in Figure 6.14
as point "T2'". This temperature must remain below 215°F
at all times before and after mixing for the ventilation
system tc be deemed acceptable. Additionally, as shown in
Table 6.4 and Figure 6.15, all waste existing within the
top 15 feet is below the LCO limit of 195°F. Hence, this
particular ventilation system configuration is acceptable
for maintaining waste temperatures below their respective
normal operational temperature limits provided that the
ventilation system condenser 1s rated to handle the water
vapor mass*flow rate associated with this configuration.

Jan/18/00 Harold E. Adki*

az102-500CFM Primary, 2000CFM Chillod Slat Flow.
Mon Jan 10 17:44:48 2000
GOTH_SNF Varslon 6.0 - Novamber 1699

Tank Fiuld Temperatures .
Tvis18 TLI1s168 TLis2 TLi1s3 TLis4d

250

F2u213.7F
T=215F, (LOC 3.3 26)
Tu105F, (LCO

h=1
&
2

Temperature (F)
160

1%

' +
400 500

100

Tirme (days)

Figure 6.14 Critical Waste Temperatures After Pumps are
Shut off (Case 4).
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Table 6.4 Axial Temperature Distributions in Tank

{(Case 4}.
Jan/18/00 Harold E. Adki~*
elevation Temperature Temperature Temperature|.
T2 T2 T2
0.208 152.300 179.800 177.200
0.917 160.200 198.300 192,200
1.805 150.400 210.700 1992.800
2.534 128.96G0 213.700 158.700
- 3.260 113.0C0 210.400 191.100
4.125 112.70¢C 185.000 173.400
5.177 112 .700 169.200 137.900
6.393 112.700 141.300 109.600
8.036 112.700 141.300 109.600
10.636 112,700 141.300 109.600
14.236 112.700 141.300 109.600
18.978 112,700 141.300 109.600
23.720 i12.700 141 .300 109.600
26.720 112.700 141 .300 109.600
28.220 112.700 141 .300 109.600
Array: ax3
P Jan/1B/00
T2 := array (aX3 0,2 "ax:3 0. 1) Harol'd( S.. ;I\-dgkl
. Jan/18/00
T = arnay (230,323, ) raroia £ 28]
Jan/1B/00
™S = array (sx3g 4 2, ) el & 2R
Jan/18/00
T2 5.2 = 2.875 Harol.d( g %dzkz.
Jan/18/00
T48 .2 = 5.7500 Harol'd(g.' gdakz.
Jan/18/00
TSg , := 5.7500 “(6.24)
’ Harold E. Adki
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Figure £.15 Axial Temperature Distributions in Tank
Before (T2), Peak After (T2'}, and Steady
State After Mixing (T2'') (Case 4).
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The high evaporative removal rate during mixing operations
is shown in the water vapor mass flow rate results
displayed in Figure 6.16. This figure shows the amount of
water vapor that must be removed from the outlet air by the
primary ventilation system condenser in order for dry air
to enter the ventilation fans. As is shown, during mixing
operations, the evaporation rate rises to 0.34 lbm/s.

Since the primary ventilation flow can neot be maintained at
the specified level if this moisture is not removed, the
ventilation system condenser must be rated such that it is
capable of removing at least 0.34 lbm/s.

Jan/18/0Q Hareld E. Adkir~

az102-5800CFM Primery, 2000CFM Chilla Slat Flow.
Mon Jan 10 17:44:20 2000
GSOTH_SNF Versian 5.0 - Noveamber 1858

Water Evaporation Rate
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Figure 6.16 Water Vapor Mass Rate Carried Over By the
Primary Ventilation System (Case 4).

6.5, CASE 5 - PRIMARY, FLOOR SLOT, AND RECIRCULATIVE
VENTILATION FLOWS.

Prior to presenting results for this case, a note should be
brought to the readers attention. The convective
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coefficient of conductance for the floor slot flow is

lower for this case than the other cases evaluated

because it was based on preliminary modeling results which
used the outlet slot heat transfer coefficient rather than
the average slot heat transfer coefficient. This lead to
artificially higher temperature results for this case than
would result if the average heat transfer coefficient had
been used. This should be kept in mind when performing
cross-comparisons of the cases presented. Due to the
absence of time, the coefficient could not be modified, and
results colild not be re-evaluated. However, the overall
outcome of wventilation system acceptability is not expected
to change.

The ventilation system for this case consists of the
reduced once throﬁgh primary ventilation flow of 100 CFM, a
400 CFM recirculation flow supplementing the primary
ventilation, and a slot ventilation flow of 1000 CFM. The
air inlet temperature for the primary and slot ventilation
is 82°F.

The critical waste temperatures in the tank for the

initial settled state as well as for the period when the
pumps are running are shown in Figure 6.17. As in all
previous cases, the steady-state supernatant liquid and
peak slurry temperature prior to pump cperation are shown
as point "T1" and point "T2", respectively. At time t = 34
days, the pumps are turned on and the waste comes to a
uniform temperature at "T3" (time t = 38 days). The pumps
are then run until the supernatant liquid comes to a
steady-state temperature, point "T4".
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Figure 6.17 Temperatures From the Initial Steady-State
Conditions Through Pump Mixing {(Case 5}.

The temperatures "Tl1", "T3" and "T4" must be below the LCO
limit of 195°F and temperature "T2" must be below 215°F in
order for this ventilation system configuration to be
deemed acceptable. As shown, these spécific

acceptability criteria are met.

At time t = 70 days, the pumps are then shut off and the
solid particles settle out of the supernatant liguid to
form the non-convective slurry layer. The maximum reported
slurry temperature is shown in Figure 6.18 at point "T2‘*"
as 234°F. However, as is also shown in this figure, waste
temperatures are still on the rise, Since this temperature
far exceeds the limit of 215°F in the first place, this
ventilation configuration as defined for this case is
determined to be unacceptable.
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Figure 6.18 Critical Waste Temperatures After Pumps are
Shut off (Case 5).

The axial temperature profile in the waste prior to pump
operation (T2) and after pump operation (T2') for this

unacceptable configuration are given in Table €.5 and are
shown in Figure 6.19.
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Table €.5 Axial Temperature Distributions in Tank

{Case 5).
Jan/18/00 Harold . Adki~*
elevation Temperature Temperature
T2 T2’

0.208 177.400 221.900
0.917 181.200 232.500
1.805 165.300 234,000
2.534 139.700 228,700
" 3.260 121.600 216.600
4.125 121.600 194.000
5.177 121.600 152.300
6.393 121.600 120.500

8.036 121.600 120.500(
10.636 121.600 12¢.500
14.236 121.600 120.500
18.978 121.600 120.500
23.720 121.600 120.500
26.720 121.600 120.500
28.220 121.600 120.500

Array: ax{

* Jan/18/00
+(6.25)
Harold E. Adki
Jan/18/00
(6.26)
Harold E. Adki
Jan/1B/00
*(6.27)
Harold E. Adki
Jan/18/00

*(6.28)
Hareld E. Adki

T2 :

array(axflo'z,axdoll)

T4 :

array(ax40'3,ax40'1)

T2 2.875

5,2 %

T4 '5.7500

@™
[+
t
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Figure .6.19 Axial Temperature Distributions in Tank
Refore (T2}, Peak After (T2'), and Steady State
After Mixing {(T2''}) (Case 5).
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The resulting high evaporative removal rate during pump
operation for this unacceptable ventilation configuration
case is shown in the water vapor mass flow rate displayed
in Figure 6.20.

Jan/18/00 Harold E. Adki*

T az102-100CFM Onca-Through,a00GFM Racirc, 1000GF M Slot Flow.
. Tue Jan 11 17:58:51 2000
i GOTH_SNF Varsion 5.0 - Novambar 1098
i
H Watar Evaporation Rata
) Gl.1s16
g
-
.k
-
=
o =B
= @ -
= [
= N
= o
= -
st g .
= -
o PR [ SR PR NP U ST SR S ST S VO S S NS S T
¥ 50 100 150 200 250
Time (days)
‘I

Figure 6.2C Water Vapor Mass Rate Carried Over By the
Primary Ventilation System {Case 5}.

6.6. CASE 6 - NOMINAL PRIMARY FLOW WITHOUT FLOOR SLOT
VENTILATION FLOW.

The ventilation system configuration for this case consists
of the nominal once through primary ventilation f£low of 500
CFM. However, the floor slot ventilation flow has been
disrupted (0 CFM). The inlet air temperature for the
primary ventilation systems is 82°F.

The critical waste temperatures for the initial settled
state and pericd when the pumps are running for this
particular case are shown in Figure 6.21. The steady-state
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supernatant liguid temperature and peak slurry temperature
prior to mixing operations are shown in this figure as
point "T1" and point "TF2", respectively.

At time t = 34 days, the pumps are turned on and the waste
comes to a uniform temperature, "T3" at time t = 38 days.
The purmps are then run until the supernratant liguid comes
to a steady-state temperature, point "T4". As shown, even
before the mixer pumps are shut down, the LCO temperature
limit which applies during mixer pump runtime is already
exceeded (195°F - LCO 3.2.2.a). As is also shown, matters
become even worse after the mixer pumps are shut off and
the solid particles settle out of the supernatant liquid to
form a non-convective layer. As the non-convective layer
forms waste temperatures scar even beyond the safety
related temperature limits. This is indicated a point
"2t

DPespite these occurrances, the reader should note that
prior to any mixing operations, this ventilation

configuration met the acceptability criteria. rTl" is
below the LCO limit of 195°F and "T2" is below 215°F.
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Figure 6.21 Critical Waste Temperatures (Case 6).
6.7. CASE 7 - NOMINAL PRIMARY AND MAXIMUM CHILLED FLOOR
SLOT FLOWS WITH VENTILATION LOSS AFTER PUMPING.

As has been shown in the normal operations case evaluation
"Case 4", a ventilation system configuration consisting of
a nominal once through primary ventilation flow of 500 CFM
and a slot ventilation flow upgraded to provide a chilled

40°F flow rate of 2000 CFM adequately maintains AZ-102 tank
waste temperatures below the established normal operations
temperature limits during all pre, current and post-mixing

operations. This is provided that the system is equipped

with a condenser
water vapor from

Even though this
acceptable, under
required to know
hypothetical

*"loss of ventilaticn"

capable of removing at least (.34 lbm/s of
the primary exhaust system.

configuration has been determined to be
normal operating conditions, it is
the allowable "recovery duration®

event. This case

in a
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evaluation serves the purpose of determining that quantity
and is posed as follows.

The ventilation configuration for this case is specified to
be identical to that featured in the "Case 4" evaluation
covered in Section 6.4. The loss of ventilation is
assumed to take place directly after mixing waste
temperatures have reached steady state and the pumps are
shut off (70 days - point T4 of Figure 14). The resulting
critical waste temperatures for this case are presented in
Figure 6.22. As shown, the waste temperatures exceed the
safety limit just after 117 days. This specifies that the
maximum allowable recovery duration that can be allowed is
47 days.

- Jan/18/00 Harold E. Adki*

HZ102-E00CFM Primary, 2000CFM Slot Flow - LOSS OF VENTILATION.
Tus Jan 11 12:19:12 2
QOTH_SNF Version 5.0 - Novembar 1998

Tank Fluld Temperaturas
TV1igis TLis1&8 TLis1 TLis2 TL1s3

T=280F, (L 2.1.1)

Te215F, (LOC 3.3.2.00

“FT IT-HIUI

T=188F. (LCO 3.3.2.1)

IIHillH_}EuilHllill

Temperature (F}
100 120 140 160 180 200 220 240 260

=]
Timea (days)

50

Figure 6.22 Critical Transient Waste Temperature
Response During Safety Evaluation
(Case 7).

Initiating the loss of ventilation at this point in time
provides the most conservative estimate of recovery
duration. The energy stored in the equivalently heated
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supernatent and the highly reduced evaporative and
convective cooling which takes place at the supernatent
surface will cause waste temperatures to increase at a
greater rate. This problem will ke compounded as the
non-convective layer builds within the waste. This
behavior can be verified through close examination of
Figure 14 and Figure 22 between the time span of 70 and 150
days.

7. CONCLUSIONS.

As has been shown in tﬁe normal operations case evaluation
"Case 4" feature in Section 6.4, a ventilation system
configuration censisting of a nominal once through primary
ventilation flow of 500 CFM and a slot ventilation flow
upgraded to provide a chilled 40°F flow rate of 2000 CFM
adeguately maintains AZ-102 tank waste temperatures below
the established normal operations temperature limits during
all pre, current and post-mixing operations. This is
provided that the system is equipped with a condenser
capable of removing at least 0.34 lbm/s. As shown in
Section 6.7 for this ventilation configuration, the maximum
allowable recovery duration that can be allowed for this
system 1f a hypothetical loss of ventilation event occurs
is 47 days.

Finally, it has been determined in Case 6 that a
ventilation system configuration consisting of the nominal
primary and disabled floor slot ventilation flows (500 CFM
& 0 CFM, respectively) maintained waste temperatures below
the established temperature limits provide mixing
operations were initiated. This signifies that the floor
slot wventilation flow could be shut down in order to
perform servicing and/or make modifications.
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9. REVIEWER'S COMMENTS

[QA-13] Comment by: Harold E. Adkins Date:
Jan/18/C0C

The depth of my review includes review of input data,
equational relationships, derivations, consistency with
cited references, and review of GOTH_SNF input and
output.

-

Output results are consistent with input.

10. RESPONSE TO INDEPENDENT REVIEWERS COMMENTS.

All of the comments made by the independent reviewer have
been incorporated into the note book. Two comments reguire
further explaination.

First, the width of the bottom of the outer row of slots
was incorrect in the original noteboock. The original wvalue
was 1.5 inches and the correct value is 1.0 inches. The
value is corrected in the notebook and all of the affected
numbers updated. This does not necessitate a change in the
input decks and reruning the problem since the heat
transfer coefficients in the slots are not significantly
affected by this value. The average heat transfer
coefficient changes from a value of 4.32 to 4.60
Btu/hr-ft2-R. The value used in the analysis is sligher
lower resulting in slightly more conservative temperatures.
The corrected value should be used in any repeat analysis
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Second, the heat capacity of the soil used in the analysis
may be slightly higher 0.4 Btu/lbm-R versus the backfill
value upper range of 0.34 Btu/lbm-R or the natural material
to the 65 foot depth of 0.26 Btu/lbm-R. Also, the
conductivity of the soil used, 0.25 Btu/hr-ft-R, may be low
for the natural sand material, .235 to 1.06 Btu/hr-ft-R
and for moist backfill material, 1.21 to 1.85 Btu/hr-ft-R.
No value for density of the material is provided by the
reviewer so no evaluation of the effect on change in
specific heat can be made. Soil properties were not
identified as an important set of parameters in the input
specification document and its significance realized only
as a result of the analysis. The correct set of soil
parameters that should be used for each region of the tank
should be provided in the input specification document and
used in the analysis should any future analysis be
performed. The values used in the analysis are
sufficiently close to those provided by the reviewer that
no significant change in peak waste temperatures is
expected.

102 of 102

F-112




ENGINEERING NOTEBOOK AND REPORT
REVIEW CHECKLIST

Engineering Report No.

Engineering Notebook No.jﬂ_z"‘ ;ﬁ/f-‘ 02,,

1. Is the purpose of the engineering analysis clearly No NA
stated?

2. Are required inputs and information sources Yes D | No NA
provided?
Is the methodology clearly identified? Yes ) | No NA

4. Have the limits of applicability been identified? cYEs> | No NA
Is all supporting data/information referenced or X5’ > | No NA
provided in the project files?

6. Are the assumptions and conservatism’s clearly Yt | No NA
identified?

7. Are all calculation notes or engineering notes Y es >y | No NA
uniquely identified and pages sequentially
numbered?

8. Are the computer codes and models identified? Jdres’ [No NA

9. Are all computer analyses clearly identified? ¢¥esy | No NA

10. | Were the computer codes under configuration F1Es> | No NA
control?

11. | Were the computer codes and models applicable for [ Y& | No NA
the stated purpose of the analyses?

12, | Are the results and conclusions clearly presented?  ¢Ye5> | No NA

13. | Are open technical issues properly identified? Yes No ANA D

14. | Were customer organization Design Control Yes No (NA D
practices followed?

Note: If NO to any of the above, identify justification on attached page or reference report or notebook

page #.
CHECKED BY:

F-113

RPP-5637
Rev.0

Date: Z{ ﬁé OCD




RPP-5637
Rev. 0

This page intentionally left blank.

F-114




DISTRIBUTION SHEET

To From _ Page 1  of 2
Retrieval System Development Process Modeling/Eng Ana/Eng Lab
Project Title/Work Order Date 04/04/2000
Parametric Analyses of Heat Removal from High-Level Waste Tanks EDT No. 613077
{111851/EJ00) ECN No.
Name MSIN With Al Text Only A%t::aeﬂ:j{x EDT/ECN
AHtach. Only Only
Fluor Hanford
B.A. Crea L6-35
3. L. Hecht L6-35
K. Sathyanarayana (3) L6-35
M. J. Schliebe L6-~13 X
Numatec Hanford Corporaticn
A, B. Carlscn R3~73 X
P. J. Certa R3-73 X
A. F. Choho R3~-73 X
T. J. Conrad R3-73 X
D. P. Fassett R3~73 X
C. E. Grenard R3-73 X
W. J. Millsap R3-73 X
W. L. Willis R3-73 X
John Marvin, Inc.
M. J. Thurgood L6-35
D. M. Odgen (é) L6-35
CHZ2M Hill Hanford Group, Inc.
D. L. Banning R2-12 X
J. R. Bellomy R3-83 X
D. R. Bratzel R1-44 X
A. H. Friberg R3-83 X
T. G. Goetz R1-4% X
J. L. Homan L1-02 X
N. W. Kirch R2-11 X
C. E. Leach R1-44 X
J. W. Lentsch R3-25 X
G. C. DeWeese R3-73

A-8000-135 (10/97)




DISTRIBUTION SHEET

To
Retrieval System Development

From
Process Modeling/Eng Ana/Eng Lab

Page 2 of 2

Project Title/Work Order

Parametric Analyses of Heat Removal from High-Level Waste Tanks

Date 04/04/2000

EDT No, 613077

{111851/EJ60) ECN No.

Text Attach./
Name MSIN With All | Text Only | Appendix | EDT/ECN

Attach. Only nly

CH2M HI1ll Hanford Group, Inc. (cont}

W. J. Powell 55-13 X

S. H. Rifaey R2-58 X

D. A. Reynolds R2-11 X

Central Files (Original + 2) B1-07 X

DOE Reading Room H2-53 X

T, W. O’AN—L(TVOl R%—75 X

, . .
P Schamtz RS LS

A-6000-135 (10/97)




	THE FLUFFING FACTOR EFFECT
	TANK 241-AY-102
	TANK 241-AZ-102
	B3.2 HEAT LOAD
	B3.3 SLUDGE DEPTH
	B3.4 THERMAL CONDUCTIVITY
	TANK 241-AY-102 THERMAL PARAMETERS (BOUNDING CASE)
	SOLUTIONS

	FREE SETTLING VELOCITY
	TEMPERATURE AND ABSOLUTE HUMIDITY
	VENTILATION SYSTEMS OPERATION BOUNDARY CONDITIONS
	B7.3 PUMP HORSEPOWER

	DRAWINGS
	REFERENCES
	I -r&
	Ill
	I1
	1 INTRODUCTION
	2 PROBLEM DESCRIPTION
	2.1 Cases and Evaluation Criteria
	3.2.2 Waste Added to AY-102 fromC-106
	3.2.4 Supernatant Height InAY-102
	HUMIDITY
	3.2.6 VENTILATION FLOW RATE
	3.2.6.1 Primary Ventilation Flow Rate
	Secondary Ventilation Flow Rate



	4 GOTH-SNF MODEL DESCRIPTION
	MODEL
	5.1 GEOMETRIC INPUT DATA
	5.1.1 Useful Functions and Parameters
	5.1.2 Tank Primary Volume
	5.1.2.1 Area of Tank Primary Volume
	5.1.2.2 Volume of Tank Primary Volume
	Volume
	5.1.2.4 Height of the Tank Primary Volume
	volume
	of

	the Tank

	5.1.3 Tank Annulus Volume
	5.1.3.1 Area of Tank Annulus Volume
	5.1.3.4 Height of the Tank Annulus Volume
	Volume
	and Annulus Air
	Supernatant and Annulus Air
	the Tank

	5.1.4 Tank Floor Slot Volume
	5.1.4.1 Area of Floor Slot Volume
	Volume
	5.1.4.6 Slot Conductor Dimensions

	5.1.5 Floor Slot Air Inlet Volume
	5.1.5.1 Supply Pipe Volume
	5.1.5.2 Supply Pipe Area

	5.1.6 Water Refill Sump
	5.1.6.1 Volume of Sump Volume
	Volume
	of





	Analyst : Marvin J Thurgood Date: Feb
	(Reviewer: Harold E Adkins Date: Feb
	Conductor Input Data
	iii of

	5.1 Subdivision Heights and Pressures
	5.2 Control Volume Input Data
	of
	2.1 Distribution of Material In Tank
	3.1 AY Tank Shell Dimensions
	3.2 Secondary Ventilation Air Slot Layout
	4.1 GOTH-SNF'Model of TankAY-102
	4.2 GOTH-SNF Model Node Layout of TankAY-102
	5.1 Approximation of Primary Dome Shape
	Conditions Through Pump Mixing
	off
	of
	18 EloLs B




	The radius of the central air distributor is Ref.


	1 INTRODUCTION
	2 PROBLEM DESCRIPTION
	2.1 Cases and Evaluation Criteria
	3.1.2 Air Distributor Geometric Data

	3.2 TANK WASTE PARAMETERS
	3.2.1 Initial Waste InAZ-102
	3.2.2 The Initial Depth of slurry inAZ-102
	3.2.3 Supernatant Height InAZ-102
	HUMIDITY
	3.2.5 VENTILATION FLOW RATE
	Primary Ventilation Flow Rate
	Secondary Ventilation Flow Rate



	4 GOTH-SNF MODEL DESCRIPTION
	MODEL
	5.1 GEOMETRIC INPUT DATA
	5.1.1 Useful Functions and Parameters
	5.1.2 Tank Primary Volume
	5.1.2.1 Area of Tank Primary Volume
	5.1.2.2 Volume of Tank Primary Volume
	Volume
	5.1.2.4 Height of the Tank Primary Volume
	of
	Area of Tank Annulus Volume
	Volume of Tank Annulus Volume
	Volume
	Height of the Tank Annulus Volume
	Volume
	Primary Air Volume and Annulus Air
	Supernatant and Annulus Air
	the Tank

	5.1.4 Tank Floor Slot Volume
	5.1.4.1 Area of Floor Slot Volume
	5.1.4.2 Volume of Floor Slot Volume
	5.1.4.3 Elevation of Floor Slot Volume
	of
	Flow Path Input Data
	Boundary Condition Input Data


	FLOOR SLOT VENTILATION FLOWS
	VENTILATION FLOWS


	9 REVIEWER'S COMMENTS
	10 RESPONSE TO INDEPENDENT REVIEWERS COMMENTS
	iii of
	5.1 Subdivision Heights and Pressures
	5.4 Conductor Type Input Data
	5.5 Flow Path Input Data
	5.6 Flow Path Input Data
	6.5 Axial Temperature Distributions in Tank
	of


	The secondary shell plate thickness is Ref.
	9 of
	65 of





