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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 GOW-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 fiom a long 
history of use for performing similar analyses. The results of this type of simulation have 
been successhlly benchmarked against actual tank temperature data for a series of 
similar projects. Most recently in support of the successhl sluicing of the contents of 
single shell tank 241-C-106 and the subsequent transfer of the contents to double shell 
tank @ST) 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 fiom 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 

0-i 
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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 faithfilly 
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 is 
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 firther 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 m3/s 
(3 gavmin). 

0-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 of5121"C (250°F), and a related limiting 
condition of operation (LCO 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 LCO 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 (LCO) 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. This 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 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 
oftanks 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 m3/s [500 ft3/min] (once-through ambient air) is adequate to maintain the mixed-waste 
temperature below the temperature limit of 90.6 "C (195 O 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 OF). 

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 of0.472 m3/s [1,000 ft3/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 limit of 101.7 "C (215 OF). 

2.2 TANK 241-AZ-102 

A thermal evaluation of the primary-side ventilation system was performed for steady-state 
mixer pum operation. The analyses demonstrated that a primary ventilation system flow rate 
of0236 m i s  [SO0 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 limit of 101.7 "C (215 OF). 

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 of0.472 m3/s [1,000 ft3/min] (ambient air) is not adequate to 
maintain the resettled waste temperature below the temperature limit of 101.7 "C (215 O F ) .  

Further analysis demonstrated that 0.944 m3/s (2,000 ft3/min) flow of chilled 4.4 "C (40 O 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 limit 
of 101.7 "C (215 OF) at lower annulus flow rates using ambient inlet air. 

A 
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Waste Condition Limiting Control Setting/ 
Limiting Condition of 
Operation 

3.0 METHODOLOGY 

Temperature 

3.1 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 is 
possible that temperature criteria will be established in the future, specifically for retrieval 
operations in the HLW tanks. 

Mixed Waste (fully mixed by 
in-tank mixer pump) 
Settled Waste (both before 
mixing and after mixing) 

3.3.2.a 

3.3.2.b 

T 5 90.6 "C (195 "F) (in all 
levels of the waste) 
T 5 90.6 "C (195 O F )  (in the 
top 4.57 m [15 ft] of waste) 
T 5 101.7 "C (215 "F) (in the 

I waste below 4.57 m 115 ft]) 
Note: Double-shell tanks typically operate with a waste level of 9.14 m (30 ft). 

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. 

5 
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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, TI), 
and the maximum settled-waste temperature (Figure 3-1, Tz) will be compared with the 
LCSiLCO 3.3.2.b temperature criterion. T3 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. T3 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) is the maximum mixed-waste temperature 
during retrieval operations. Both Tj  and Td will be evaluated and compared with 
LSCiLCO 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 3-1. Schematic of Predicted Temperatures. 

T, = Premixed supernatant temperature 
T2 = Premixed maximum waste temperature 
T3 = Instantaneous mixed-waste temperature 
T4 = Mixed waste, steady-state pump operation temperature 
T’, = Post-mixed supernatant temperature 
T’z = Post-mixed maximum waste temperature 
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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 ofboth the supematant liquid (figure 3-1, TI’) and the resettling sludge 
(designated TZ’) 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’z) 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‘2 is higher than initial settled-waste temperature of Tz. This is a 
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. 

3.3 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 

Waste and Supernatant Liquid Properties 

Tank Heat Load 

Ambient Air Boundary Conditions 

Tank Geometry and Ventilation System 
Characteristics 

Input Parameters 
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 
Supernatant Liquid 
Sludge 
Pump heat 
Temperature 
Humidity 
Ventilation system configuration 
Primary (Dome) system flows 
Annulus (Secondary) system flows 
Annulus flow channel configuratioii 
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 
definition of an enhanced configuration. The enhanced configurations selected exceed the 
current capabilities ofthe 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 m3/s (500-ft'imin) ambient airflow in a once-through mode. The enhanced 
mode for the primary-side ventilation is 0.047 m'is (100 ft3/min) once-through ambient air and 
0.189 m3/s (400 ft3/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 ofthe 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 m3/s 
(850 R3/min). However, the measured flow has exceeded 0.472 m3/s (1,000 ft3/min). 

The enhanced mode for the annulus-side ventilation is a flow rate up to 0.944 m3/s 
(2,000 ft3/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 O 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. 
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Figure 3-4. Ambient 30-Year Average Daily Temperature. 

I 

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 ofthe 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 (Le., 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 geometryiproperties 
and floor annulus configuration. 

The volume inside the tank inner liner is modeled as GOTH-SNF Volume 1 s. This is a 
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. 

14 



RPP-5637 
Rev. 0 

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 OC (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 return it through valve 1 to the 
supernatant liquid pool. This maintains the pool level at a constant value. 

15 
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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 supernatant 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 ofthe supernatant pool. 

16 
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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 vanes 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 (Dittius-Boelter Correlation [Bird et al. 19601) 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. 

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 A) from the tank centerline. These are identified as “bottom 
temps” in the legend of Figure 4-4. 

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 
supematant pool and dome space. This is shown at the bottom center of Figure 4-4. 

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 supematant pool. The Enraf gauge also can be used as a 
densitometer. In this mode, the instrument can determine the location of the settled 
waste-supematant 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 

18 
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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. 

19 
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Figure 4-4. Overview of Tank 241-AY-102 Instrumentation. 

Outlet 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 1 OO%, 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 he compared with the temperature criteria for the AGA 
study. The maximum waste temperature is, therefore, an important parameter for the benchmark 
analysis. The selected 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 Enraf 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 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 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 

20 
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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 liquid 
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 ofthe 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 O 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 hounds 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-1 02 and 241-AZ-102 are provided 
in the following sections. 

5.1 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 m3/s (500 fi3/min) for the primary side and 0.472 m3/s 
(1,000 ft3/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 TI and T2 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 ofnext 
summer. 

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 of 90.6 “C (195 OF). 
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 is below the temperature criteria. Therefore, 
the ventilation systems (0.236 m’/s [500 ft3/min] ambient air for the primary side and 
0.472 m3/min [1,000 ft3/min] ambient air for the annulus side) are adequate to maintain the 
mixed-waste temperature Tq below the temperature limit of 90.6 “C (195 O F ) .  

The moisture carryover for the primary ventilation system during steady-state pump operation is 
shown in Figure 5-2. Nearly 0.000189 m3/s (3 galimin) moisture is camed 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. 

Figure 5-2. 
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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 ses were performed for ventilation flow rates of 0.236 m3/s 
[500 ft3/min] primary and 0.472 m /s [1,000 ft3/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 (21 5 OF). Thus, this level of ventilation system performance is 
adequate to maintain maximum waste temperatures below the LCO limit. 

Y 

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 OC (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 m3/s (500 ft3/min) for the primary side and 
0.472 m3/s (1,000 ft3/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-I), 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 OF) temperature limits after more than 30 days of continuous pump operation. This 
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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-I02 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 OF), about 11.1 "C (20 OF) higher than 
the previous case with annulus-side ventilation (Figure 5-6). However, the settled-waste 
temperature is still helow 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. Tank 241-AZ-102 Water Vapor Evaporation Rates, 
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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 
steady-state pump operation are shown in Figure 5-9. These analyses were performed for the 
ventilation system flows of 0.236 m3/s (500 f?/min) for the primary side and 0.472 m3/s 
(1,000 ft3/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 
waste exceeds the temperature limit of 102 "C (215 O 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. 

The predicted resettled-waste maximum and supernatant liquid temperatures, following 

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 
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 5-1 1 shows the predicted resettled-sludge and supernatant liquid temperatures for an 
annulus-side ventilation flow of 0.944 m3/s (2,000 f13/min) and inlet chilled air of 4.4 “C (40 OF). 
The waste temperature increases as the mixed waste begins to settle. The sludge temperature 
identified by TLls4 (Figure 5-10 provides a schematic of the GOTH-SNF variable definitions, 
“T” denotes temperature, “L” 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 TLls2 and TLls3 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 is below the 102 “C (215 OF) 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 5-1 2 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 is double the initial height. The 
maximum waste temperature increases by more than 10 “C (50 OF). 

Enhanced Annulus Flow with Chilled Air. Parametric analyses were performed to 
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Figure 5-1 1. Tank 241-AZ-102 Case 2 Temperatures with 2000 SCFM Annulus 
Flow and Chilled Air. 
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Figure 5-12. Tank 241-kz-102 Waste Axial Temperature Distribution. 
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The loss of primary- and annulus-side ventilation analysis was performed for Tank 241-M-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 SO 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 (TLl s2 and TLls3) 
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 OF). 
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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 is 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 LCO 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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HLW 
Bounding 

Case 

Table 5-1. Summarv of Par 

Inlet Flow Rate Ventilation 
System Temperature 

ietric Results 

Primary 

AZ-102 

Annulus 

Primary 

Settle Waste Temperature 

0.236 m’ls 

(500 ft’/min) 

0.472 m’ls 

(1,000 Ambient 
ftlimin) 

0.236 m’is 

(500 ft’imin) 

Ambient 

Ambient 

Annulus 

Primary 

Mixed Waste 
Temperature 

(2,000 Ambient 
ft’imin) 

0.236 m’is 

(500 ft’imin) 
Ambient 

Peak Settled 
Steady Sa I I I I 

0.236 m’is 
Primary Ambient 

AY-102 0.472 m’ls 
100°C 

AMU~US Ambient 
ftlimin) 

109.1 OC 

(228.4 “F) 

107.8 OC 

(226 O F )  

100°C 

100°C 104.7 ‘C 

(220.5 OF) 

101.1”C 

(214 OF) 
AZ- 102 0.472 miis 

(1,000 
ft’imin) 

Annulus 40 (Chiller) 

Primary 
0.236 miis 

(500 ft’lminl 
Ambient 

105.2 OC 

(221.3 “F) 

102.8 O C  

(217 OF) 
AZ- 102 1 0.944 m’ls 1 

100.9 “C 

(213.7 O F )  
Annulus (2,000 40 (Chiller) 

AZ-102 
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A1.O 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-SD-WM-TSR-006, Tank Waste Remediation System Technical Safety Requirement (TSR). 
Analyses are needed to support the AGA alternative 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 ofradioactive 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 
parametiic 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 is mixed, the pumps are stopped and the mixed waste is allowed to settle. 

A22 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 alternatives 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 infoimation are summarized in this section for application in 
this parametric study. 

A3.1 TEMPERATURE CONTROLS (TSR 3.3) 

TSR LCWLCO' 3.3.2.a 

T 5 195 "FIn all levels of the waste2 

TSR LCSILCO 3.3.2.b 

T I  195 "FIn the top 15 feet of the waste 

T 2 215 "FIn 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 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 OF. 

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 OF. Likewise, in 
the bottom 15 feet of the settled waste, the temperature must not exceed 215 O F .  The settled 
waste temperature is affected by the fluffing factor. 

A3.2 SAFETY LIMITS (TSR 2.1) 

TSRSL2.1.1 

T 5 250 “FThe waste temperature shall be 5 250 “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 SL 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 fiom a loss of ventilation system. The TSR provides the following information: 

TSR B3.3.2 
Retrieval Sluicing System Operations) 

”...the LCS/LCO limits are not required by the analysis to aut6matically 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.. .” 

TSRB3.3.2 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/LCO 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. 

Tank Bump, Organic Salt-Nitrate Reaction, and Unfiltered Release (Waste 

A-3 



RPP-5637 
Rev. 0 

The extracted material does explicitly address measures to prevent a tank bump. The same 
LCSiLCO 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 OF. 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 exceedcd for the limiting flow rate, chillers will 
be included and the flow rate will be adjusted. If 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 is 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 T3 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 (TI < TI). 

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' radioactive 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'l to T 2  curve and in Figure A-4, as the T'I and the TI2 temperature levels. In Figure A-4, the 
calculated values for T'I and T'2 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, T4, 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-5 as the curve 
from T3 to T4 

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 operation. 
This characterization is illustrated in Figures A-2 and A-3 as T3. 

A-5 



RF'P-5637 
Rev. 0 

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 T3 to Tq curve. In Figure A-5, the calculated value for T4 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 he 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-5. 

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'z curve and in Figure A-6 as the 
T4 to T'1 and the T4 to T'2 curves. 

The mixed-waste temperature, following the end of mixer pump operation, will contain 
pump-induced heat. The settled-waste peak temperature, T'2, 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'2 (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'I to 
T'2  curve and in Figure A-6 as the T4 to T'I and the T4 to T'2 curves. In Figure A-6, the calculated 
values for T'I and T'2 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 

A5.1 CONCLUSION: A CONSERVATIVE 
VENTILATION SYSTEM DESIGN AND 
VALID AGA RECOMMENDATION 

The vendlation 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 fintime 
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. 

A 5 2  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-I.  

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: 

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 (MI) will provide documented thermal conductivity 
for each study case. 

Particle density and thermal conductivity. Don Ogden (MI) will provide this 
information. 
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Sludge thickness. Don Ogden (MI) 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.3 

Waste Tank Model Properties. GOTH-SNF model properties such as the waste tank 
dimensions and mixer pump parameters will be summarized by 3MI 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 he 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 Technical 
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 
PARAMETFUC STUDY ANALYSES 

This activity is intended to provide the technical information needed in the analyses to 
determine ventilation flow rates associated with HLW tank ventilation system upgrades. The 
technical information will be conservative hest-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 J M I  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. 

[Responsible 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 supernatant. 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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Sludge Thermal Conductivity 

The sludge thermal conductivity, or preferably, the parameters to calculate the sludge 
thermal conductivity (Le. particle fraction, particle conductivity, supernatant 
conductivity and applicable mixture conductivity model), will he 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.] 

WasteDepth 

The premixed 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 correct 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 supematant 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.] 

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. Due date: December 3, 1999. Personnel: Blaine Crea, three labor 
days; LMSI Technical Editor, one labor day.] 

Primary and Annulus Ventilation Flow Rates 

The following information will be provided for each bounding case: 

Once through primary side flow rate for the existing system. 

Once through annulus flow rate for the existing system. 

Primary side-to-chiller flow split. 

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. 

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 

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:-MI, twelve labor days; 
LMSI Technical Editor, two labor days.] 

The GOTH SNF models will be validated against AY-102 measured sludge temperature 

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 3 1, 1999. Personnel: JMctwenty-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 JMI (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 ( N I ) .  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 J M I  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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Step 4: Determine Temperature 
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Figure A-2. Waste Temperature Profiles. 
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Figure A-3. Parametric Study Step 1: Determine Temperature of Instantaneously Mixed Waste. 
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Figure A-4. Parametric Study Step 2: Determine Temperature Profile of 
Instantaneously Mixed Settled-Waste. 
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Figure A-5. Parametric Study Step 3: Determine Steady-State Temperature 
of Pump-Mixed Waste. 
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Figure A-6. Parametric Study Step 4: Deterniine Temperature Profile of Mixed-Settled Waste. 
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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. 
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Time for the waste temperature to reach the Safety Limit after loss of HVAC systems 

= Limiting Conditions for Operation 

1981-11 
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CONVERSION FACTORS 

English units of measure are used throughout this study to be consistent with the Technical 
Safety Requirements. Metric conversions for the applicable English units are provided below. 
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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.O 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 (HLW) 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 Waste Remediution 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 Wasie Remediation System Technical Safety Requirements (TSR). 
The classes of data in this report that arc 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 arc 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 21 5 OF if the 
actual values are significantly less conservative than the values used (HNF-SD-WM-TSR-006). 
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Figure BI-1. Expected Thermal Response Regions. 

- - - T =  250 DF(SL2.1 .1)  

- - T = 2 15 "F ( LCO 3.3.2.b) 
Loss ofventilation systems . T; 

T = 195 "F ( LCO 3.3.2.a & b) 

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. 
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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 is 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 
Sellling 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 depthofthe 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 

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 sludge depth and heat load of 
Tank 241-(2-104 are 8.9 ft and 16,000 Btu/h, respectively. The fluffed nonconvective sludge 
layer depths for Tank 241-C-102 and Tank 241-'2-104 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 Btdh 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 Btdh and a compacted sludge depth equal 
to 3.15 ft. The waste depths are based on data contained in HNF-EP-0182-133, Waste Tank 
Summary Reportfor 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 24 1 -AZ-1 0 1 and 24 1 -AZ- 102. 

Based on the results and conclusions presented in HNF-5 177, 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-5 177). 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) 
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Table B3-1. Model Input Parameters for Tanks 241-AZ-101 
and 241-AZ-102. (2 sheets) 

Waste Property 

Heat Load in 

Tank 241-AZ-101 References Tank 214-AZ-102 References 
Parameter Value Parameter Value 

113,700 Btu/h a 67,000 Btdh a 

I I I I I 1 Supernatant Liquid 

Heat Load in Sludge 157,200 Btuih a 132,700 Btdh a 

Total Heat Generation 
Rate in Tank Waste 

‘HNF-5386, 1999, Thermal Hydraulic Analysis ofHigh-Level Waste Tanks for Phase I Waste Feed 

bMacLean, G. T., 1998, Parameters for Use in CFD Simulations of the Miring andSettling of 

‘HNF-SD-W030-ER-004, 1997, Evuluation of Waste Temperatures in A WF Tanks for Bypuss Mode 

Delivey, Rev. 0,  Numatec Hanford Corporation, Richland, Washington. 

Tank 241-AZ-101, Letter Report COGEMA-98-521, COGEMA Engineering Corporation, Richland, Washington 

Operalion ofthe 702-AZ Venlilation System (Project W-030), Rev. 0, Numatec Hanford Corporation, Richland, 
Washington. 

Westinghouse Hanford Company, Richland, Washington. 

Operations andSa&ty Assessment, Rev. 0,  Westinghouse Hanford Company, Richland, Washington. 

Hanford, Inc., Richland, Washington. 

dWHC-SD-WM-ER-41 I ,  1995, Tank Characterization Report for Double-Shell Tank 241-AZ-102, Rev. 0, 

‘WHC-SD-WM-ER-198, 1993, Development o fA  Dynamic Computer Simulator For Aging Waste Tank 

HNF-EP-0182-109, 1997, Waste TankSummary Repor1,fur Month EndingApril30, 1997, Flour Daniel 

“achand, 1997, Operations Data Log Sheet dated 8/25/1997 page 225. 

f 

270,900 Btdh a, b 199,700 Btdh a, d 
272,000 Btdh 199,457 Btdh  

B3.1 WASTE VOLUME 

Tank 241-AZ-101 

Tank Total Waste Volume 

As of June 30, 1999, the waste contents of the tank are as given _ _ _  Table €3 

Table B3-2. Waste Contents of Tank 214-AZ-101. 
845,000 gal 

2 

Sludge 46,000 gal 

Waste Surface Level 1 307.3 in. 
Source: HNF-EP-0182-137, 1999, Waste Tank Summary Report for Month finding 

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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Tank Total Waste Volume 926,000 gal 

Sludge 

Waste Surface Level 

B3.2 HEAT LOAD 

Tank 241-AZ-101 

WHC-SD-WM-ER-4 10, Tank Characterizaiion Report for Double-Shell 
Tnnk241-AZ-IOZ, reported that the heat load in Tank241-AZ-101 was 241,600 Btuih in 1995. 
MacLean (1998) reported the heat load as approximately 272,000 Btuih based on best estimate 
inventory data and 1997 sludge depth (HNF-EP-0182-109). However, HNF-5386 calculated a 
heat load of 270,900 Btdh 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 Btuih 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 Btdh. 

Tank 241-AZ-102 

WHC-SD-WM-ER-4 1 1, Tunk Characterizution Reporifor Double-Shell 
Tank241-AZ-102, reported that the total heat load of Tank 241-AZ-102 waste was 199,457 Btuh 
(58.441 kW). HNF-5386 calculated the total heat load of 199,700 Btdh 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 Btdh. 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. 

88,000 gal 

336.7 in. 

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 Reportfor Monih Ending 
Augusi 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-OI 82-137 shows a sludge 
volume of 88,000 gal, which is a sludge depth of about 32 in. 

Waste Property 

B3.4 THERMAL CONDUCTIVITY 

Based on the data in Table B3-1 for Tank 241-AZ-101 and assuming 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 Btdh-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 
0.42 Btdh-fi-"R (HNF-5386). 

Parameter Value 

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

Supernatant Liquid Volume 

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

424,000 gal 
Sludge Volume 186,000 gal 

Liquid Density 
Solids Density 
Liquid Heat Capacity 
Solids Heat Capacity 

Sludge Depth 

Heat Load in Sludge 

Thermal Conductivity of Solids 

Heat Load in Supernatant Liquid 

610,000 gal 
62.4 Ibdft '  
120.4 Ibdft '  

0.8 Btdlbm "F 
0.2 Btdlbm "F 
5.0 Btdh-ft "F 

91 in. 
0 

116,000 Btuih 
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B4.1 HEAT LOAD 

The heat loads oftanks 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). 

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

Project W-320 removed from 60,000 to 80,000 Btuih 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 Btulh. 
Thus, the total heat in Tank 241-AY-102 in November 1999 is assumed to be 116,000 Btdh. 

One hundred percent of the heat load 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-O04). 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 82-1 shows the settled waste level in Tank 241-AY-102 based on Enraf 
densitometer measurements. The Project W-320 sluicing was initiated 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. 

B4.4 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-I 06 Waste Retrieval Sluicing System Process Control 
Plan). 

Sludge bulk specific gravity 1.55 
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Weight percent water in interstitial fluid 78.6 wt% 
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. 

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-O04). 

Liquid thermal conductivity 
Particle thermal conductivity 

0.35 Btdh-ft-"F 
5.0 Btdh-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 sludge 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-5 177 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./%. 

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 o f 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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When operated in the once-through mode, the net discharge flow from the tank is 
increased from the nominal value of 100 to 200 ft3/min (standard) to 500 ft3/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 ft3/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 ft3/min. The recirculation flow 
should be 400 ft3/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 Btuh (SD-600-FDC-001, Functional Design 
Criteriafor 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. It will be conservative in 
increase the return air flow dry bulb temperature by an additional 20 "F (to 117 O F )  and consider 
that it will enter the Tank at 100% relative humidity when the point described as T4 on 
Figure B1-l is 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 ft3/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 ft3/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 ft3/min (standard) as the base case and 2,000 ft3/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-lbm 
watedlbm 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 Btu/h. 

B8.O DRAWINGS 

The geometrical and logical relationships required to construct the model are contained in 
the following drawings: 

Tank241-AY-102 

- H-2-64449 Tank Elevation and Details 
- H-2-64307 Structural Insulating Concrete Plan & Details 
- H-2-131063 P&ID 241-AY 102K4 Recirc Vent Cooling 

Tank241-AZ-102 

- H-2-67317 
- H-2-67244 Structural Insulating Concrete Plan & Details 
- H-2-131065 P&ID AZ102K4 Recirc Vent Cooling 

Tanks 101 &lo2 Section & Details AZ Tank Farm 
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GOTH-SNF VERSION 5.0 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 (HL.W), double-shell tanks (DST). This 
evaluation supports the Alternatives Generation and Analyses (AGA). The two alternatives 
evaluated include prim* side heating, ventilation and air conditioning W A C )  system 
enhancements and secondary or annulus side W A C  enhancements. The two cooling 
alternatives are evaluated for bounding waste tanks, 24142-102 and 241-AY-102. A schematic 
of tank 241-AY-102 is shown in Figure C1-1. The thermal hydraulic evaluation ofthe two 
cooling alternatives will determine the minimum enhancements required to maintain supernatant 
liquid and waste temperatures below Limiting Conditions for Operation (LCO) temperature 
limits. Thermal hydraulic analyses were used to evaluate four periods of tank operation: 

1. Steady state normal operation 
2. Steady state fidly 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 ( W R S S )  used to transfer waste from tank 241-C-106 to 
tank 241-AY-102. Overviews ofthese 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 ofTank 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 ofEnergy 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 I 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 O 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 SF 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 9F shown in Figure C2-1 is used to model the mixer pump flow. 
Liquid is drawn fiom 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 
Figure C2-5 shows a schematic of the annulus-ventilation, flow channel configuration for 
tank 241-AY-102. There are three radial regions ofthe 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 @ittius-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. 

Annulus Floor Heat Transfer Model 
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Figure C2-5. Annulus Ventilation Floor Slot Configuration. 

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 ofthe 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: 
1. 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. 

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. 

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 ofFigure C3-1. 

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. 

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. 

2. Insulating Concrete Temperatures 

3. Multifunction-Instrument Tree 

4. ENRAFLevel 

5. Other Tank Instrumentation 
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Figure C3-1. Overview of Tank 241-AY-102 Instrumentation 

C3.2 DATASUMMARY 

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 
estimate 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 ofwaste transfers from tank 241-C-106. The waste transfers were initiated 
inNovember 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 TCI 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 
TCI 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 Enrafdensitometer 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 Enraflevel 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 be= 90 OF 
T d i d =  42 “F 
T .rmu~ul= 85 OF 
Q prinury= 350 cfm 
Q p”’- = 890 cfm 
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 i,,~a,..~~and p dmo,.,&,rn. The 

Dome and primary ventilation outlet air temperature 
Ambient inlet air temperature 
Annulus ventilation outlet air temperature 
Primary system volumetric flow rate. 
Annulus system volumetric flow rate. 
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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 .ir= Air specific heat 
p .ir= Inlet air density 
k.-il= Soil thermal conductivity 
A ~ = Tank cross-sectional area 

L =Depth of soil above tank 

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

q primary:' 4 sensible+ conduction' laten 

soir* tank 
9 conduction:' ' ( dome - amb) 

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

q annulus:' p aiiQ annulusCp air' (T annulus- amb) 

total := q primary + annulu 
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Q lnuiblc 

Q mnduaion 

Q 1-1 

Q annulus 

Q t O t d  

Q primuv 

C3.3.2 Results 
The results ofthe energy balance are summarized in Table C3-1. The total heat removal is 
117,000 BTU/hr. This includes the heat initially in tank241-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. 

17,200 
6,110 
54,600 

38,600 
117,000 

77,900 

Table (23-1 Summary of Tank 241-AY-102 
Enerev Balance. I Energy Parameter I Energy Balance Estimate (BTUhr) 1 
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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 model 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 

I Doma Temperature 

T h e  (Days) I 

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 thermal components into equilibrium. There is close agreement with the 
data afier 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. 

Supanate Temperadue 

Time (Days) 

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 O 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 TCl 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 ofthe 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. 

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. 
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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. 
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C4.2.4 Waste Temperature 
The measured waste temperature at TC1 of the MIT (1 1.2 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 O 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 hrther 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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C5.0 CONCLUSIONS 

0 

e 

e 

The GOTH-SNF predicted dome, supernatant liquid and annulus outlet 
temperatures agree well with both the pre-sluicing and post-sluicing t,a& 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. 

e 
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INTEROFFICE MEMO L O C K H E E D  

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. JXonrads R3-73 
A. H. Friberg R1-56 

J. B. Truitt R1-56 
R. D. Gustavson R1-56 

JRWFilelLB 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 Analysis (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 component 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 time. 

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 a,continuous air monitor (CAM), record sampler, various valves, flow 
control, and duallback-up vacuum pumps. 
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W. J. Millsap 
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December 3, 1999 

74700-99-JRK-046 

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 ventilation 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, although 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, I 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 Engineerjng 

Farn 
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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, I started by looking at the tanks with greater than or 
equal to one mega Curie of strontium 90. I then estimated the total heat in those tanks using the specific 
heats for each nuclide. Please note that M-101 is has by far the highest decay heat, and that the 
combination of all AY-102 and G I 0 6  (must be pre-slucing) results in the largest inventory of strontium 90. 

I 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 we'll 
know what combinations need to be looked at) to determine the bounding tanks. 

Bill Willis 

best basis inventaly 
Hot Tanks ... 

D-3 



RPP-5637 
Rev. 0 

D-4 



RPP-5637 
Rev. 0 

D-5 



RPP-5637 
Rev. 0 

D-6 



WP-5637 
Rev. 0 

D-7 



RPP-5637 
Rev. 0 

D-8 



WP-5637 
Rev. 0 

APPENDIX E 

NOTEBOOK FOR GOTH-SNF SIMULATION OF 

PUMP OPERATION 
TANK AY-102 DURING AND AFTER MIXER 

E-i 



RPP-5637 
Rev. 0 

JMI-9910-01. Rev. 0 

NOTEBOOK FOR GOTH - SNF 

DURING AND AFTER MIXER PUMP 
SIMULATION OF TANK AY-102 

. OPERATION 

February 9,2000 

PREPARED BY 

Marvin J. Thurgood 

JOHN MARVIN, INC. 

Prepared for 

Lockheed Martin Hanford Corporation 
Richland, WA 

1 
J O H N  M A R V I N  I N C O R P O R A T E D  
5 3 3 5  W V s n C , c r < n  S t r c r t  W I I ~  R i c h l a n d .  W ~ i h i n g l o n  9 9 3 5 3  

E- 1 



RPP-5637 
Rev. 0 

This page intentionally left blank. 



WP-5637 
Rev. 0 

Comments on AY-102 Notebook 

These comments are directed towards some of the specified model parameters that me 
not consistent with other 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. 

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 densitometer data. 

The total heat of the waste based on the Don Ogden's bench mark calculations was 118,000 
Btulhr. The heat load used however seems to be 116.000 Btulhr as per this note-book. 

On page 12. the volume fraction of solids has been specified as48.9%. What is the 
reference? 

The specific heat of liquid is specified as 1 Btullbm-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 aredissolved in the 
liquid which wiii reduce the specific heat of liquid. 

The specific gravity of particles is given as 1.925. No reference cited for most of these 
parameters. Since the insoluble solid components of this mixture individually have specific 
gravities greater than2.2. 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 comDonents of the waste some are dissolved durino sluicina and tiansferrino 

m 

I ~ ~~~ 

process A roJgn esimale from an earl.er ESP Stddi o! tn s waste h& mown that a specific- 
grav:ty of tnesc u i a  sso ved sol ds around 2 8 to 2 9 

Need reference for the volume fraction of particles in the transferred waste value of 0.281 
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Subject: Notebook for GOTH-SNF Simulation of Tank-AY102 

TABLE OF CONTENTS 

1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2 . PROBLEM DESCRIPTION .................................. 2 

2.1. Cases and Evaluation Criteria . . . . . . . . . . . . . . . . . . .  5 
SPECIFfCATION OF INPUT PARAMETERS FOR TANK AY-102 . . . .  6 

3.1. TANK GEOMETRIC DATA ............................. 6 
3.1.1. Tank Shell Geometric Data . . . . . . . . . . . . . . . . . .  6 
3.1.2. Air Distributor Geometric Data . . . . . . . . . . . .  10 

3.2. TANK-WASTE PARAMETERS .......................... 13 
3.2.1. Initial Waste In AY-102 . . . . . . . . . . . . . . . . . . .  13 
3.2.2. Waste Added to AY-102 from C-106 . . . . . . . . . .  1 4  
3.2.3. The Initial Depth of Slurry in AY-102 . . . . .  17 . 
3.2.4. Supernatant Height In AY-102 . . . . . . . . . . . . . .  17 
3.2.5. VENTILATION INLET TEMPERATURE AND 

HUMIDITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
3.2.6. VENTILATION FLOW RATE ..................... 19 

3.2.6.1. Primary Ventilation Flow Rate . . . . . . . .  19 
3.2.6.2. Secondary Ventilation Flow Rate ...... 2 0  

4 . GOTH-SNF MODEL DESCRIPTION .......................... 20 
5 . DEVELOPMENT OF INPUT PARAMETERS FOR THE GOTH-SNF 

3 . 

MODEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  
5.1. GEOMETRIC INPUT DATA ........................... 2 4  

5.1.1. Useful Functions and Parameters . . . . . . . . . . .  24 
5.1.2. Tank Primary Volume ....................... 25 

5.1.2.1. Area of Tank Primary Volume . . . . . . . . . .  2 5  
5.1.2.2. Volume of Tank Primary Volume . . . . . . . .  26 
5.1.2.3. Bottom Elevation of Tank Primary 

Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
5.1.2.4. Height of the Tank Primary Volume . . . .  30 
5.1.2.5. Subdivisions of Primary Tank 

5.1.2.6. Hydraulic Diameter of Tank Primary 
volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

Volume ............................... 33 

i of v 

E-5 

.... 



JOHN MARVIN . INC . 

5.1.2.7. Dimensions of Conductor at the TOP of 
the Tank ............................. 33 

5.1.2.8. Dimensions of Conductor at the Bottom 
of the Tank .......................... 34 

5.1.3. Tank Annulus Volume ....................... 34 
5.1.3.1. Area of Tank Annulus Volume . . . . . . . . . .  34 
5.1.3.2. Volume of Tank Annulus Volume . . . . . . . .  35 
5.1.3.3. Bottom Elevation of Tank Annulus 

Volume ............................... 35 
5.1.3.4. Height of the Tank Annulus Volume . . . .  36 
5.1.3.5. Hydraulic Diameter of Tank Annulus 

Volume ............................... 36 
5.1.3.6. Dimensions for Conductor Between 

Primary Air Volume and Annulus Air . . .  36 
5.1.3.7. Dimensions f o r  Conductor Between 

Supernatant and Annulus Air . . . . . . . . . .  37 
5.1.3.8. Dimension for Conductor Between 

Annulus Air And Soil Around the sides 
of the Tank .......................... 37 

5.1.4. Tank Floor Slot Volume .................... 38 
5.1.4.1. Area of Floor Slot Volume . . . . . . . . . . . .  38 
5.1.4.2. Volume of Floor Slot Volume . . . . . . . . . .  47 
5.1.4.3. Elevation of Floor Slot Volume . . . . . . .  47 
5.1.4.4. Height of Floor Slot Volume . . . . . . . . . .  47 
5.1.4.5. Hydraulic Diameter of the Floor 

Volume ............................... 48 
5.1.4.6. Slot Conductor Dimensions . . . . . . . . . . . .  48 

5.1.5. Floor Slot Air Inlet Volume ............... 48 
5.1.5.1. Supply Pipe Volume ................... 48 
5.1.5.2. Supply Pipe Area ..................... 49 

5.1.5.4. Supply Pipe Height . . . . . . . . . . . . . . . . . . .  50 
5 . 1 . 5 . 5 .  Supply Pipe Hydraulic Diameter: . . . . . .  50 
5 . 1 . 5 . 6 .  Supply Pipe Conductor Dimensions . . . . .  50 

5.1.6.1. Volume of Sump Volume . . . . . . . . . . . . . . . .  53 
5.1.6.2. Cross-sectional Area of Sump 

Volume ............................... 53 
5.1.6.3. Elevation of Sump Volume . . . . . . . . . . . . .  54 

5.1.5.3. Supply Pipe Elevation . . . . . . . . . . . . . . . .  50 

5.1.6. Water Refill Sump ......................... 53 

Calculation Number: JMI-9910-01 

ii of v 

E-6 



WP-5637 
Rev . 0 

I JOHN MARVIN. INC . I Calculation Number: JMI-9910-01 

I Analyst : Marvin J . Thurgood Date: Feb 9. 2000 I 
(Reviewer: Harold E . Adkins Date: Feb 9. 2000 I 
I Subject: Notebook for GOTH-SNF Simulation of Tank-AY102 

5.1.6.4. Height of Sump Volume . . . . . . . . . . . . . . . .  54 
5.1.6.5. Sump Hydraulic Diameter . . . . . . . . . . . . . .  54 

5.1.7. Summary of Geometric Input Data . . . . . . . . . . .  54 

5.1.7.2. Conductor Input Data . . . . . . . . . . . . . . . . .  55 
5.1.7.3. Conductor Type Input Data . . . . . . . . . . . .  56 
5.1.7.4. Flow Path Input Data . . . . . . . . . . . . . . . . .  57 
5.1.7.5. Boundary Condition Input Data . . . . . . . .  58 

5.1.7.1. Volume Input Data .................... 54 

6 . SIMULATION RESULTS .................................. 60 
6.1. NOMINAL PRIMARY AND FLOOR SLOT VENTILATION 

~ FLOWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
6.2. LOSS OF VENTILATION FLOW WHEN PUMPS ARE TURNED 

OFF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 6  
6.3. NOMINAL PRIMARY AND NO FLOOR SLOT VENTILATION 

FLOWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
7 . CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
8 . REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
9 . REVIEWER’S COMMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 . 

iii of v 

E-7 



I 

J O H N  MARVIN, I N C .  

LIST OF TABLES 

Calculation Number: JMI-9910-01 

5.1 Subdivision Heights and Pressures. . . . . . . . . . . . . . . . . . .  31 
5.2 Control Volume Input Data. .......................... 55 
5.3 Conductor Input Data. ............................... 56 
5.4 Conduct& Type Input Data. .......................... 56 
5.5 Flow Path Input Data (1). . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
5.6 Flow Path Input Data (2). ........................... 58 
5.7 Boundary Condition Input Data. ...................... 59 
6.1 Axial Temperature Distribution in Tank. . . . . . . . . . . . . .  64 

iv of v 

E-8 



JOHN MARVIN, INC. 

I Subject: Notebook for GOTH-SNF Simulation of Tank-AYlO2 - 1  

Calculation Number: JMI-9910-01 

LIST OF FIGURES 

2.1 Distribution of Material In Tank. .................... 4 
3.1 AY Tank Shell Dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
3.2 Secondary Ventilation Air Slot Layout. . . . . . . . . . . . . . .  11 
4.1 GOTH-SNF'Model of Tank AY-102. ...................... 22 
4.2 GOTH-SNF Model Node Layout of Tank AY-102. . . . . . . . . . .  23 
5.1 Approximation of Primary Dome Shape. . . . . . . . . . . . . . . . .  29 
6.1 Temperatures From the Initial Steady-State 

Conditions Through Pump Mixing ..................... 62 
6.2 Important Waste Temperatures After Pumps are Shut 

off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
6.3 Maximum Axial Temperature Distribution in Tank 

Before, T2, and After (T2'), Mixing . . . . . . . . . . . . . . . .  65 
6.4 Water Vapor Mass Rate Carried Over By the Primary 

ventilation System ................................. 66 
6.5 Temperatures From the Initial Steady-State 

Conditions Through Heat Up Following Loss of 
Ventilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 

Temperature Determination ......................... 70 

.. . 

6.6 Temperatures From the Initial Steady-State 

v of v 



RPP-5637 
Rev. 0 

JOHN MARVIN, INC. Calculation Number: JMI-9910-01 

Subject: Notebook for GOTH-SNF Simulctim of Tank-AY102 

exec ('pwd' ) = /projects/AGAqarametric_Study/Test_runs/AY 
1-102 

info ('file' 1 =Inote-book) 

[QA-21 

Date: 

JMI Management: Date: 

Reviewed By: Date: 
Harold E. Adkins 

1 of 73 

E-10 



RPP-5637 
Rev. 0 

J O H N  MARVIN, I N C .  1 Calculation Number: JMI-9910-01 
Analyst: Marvin J. Thursood Date: Feb 9, 2000 

Reviewer: Harold E. Adkins Date: Feb 9 ,  2000 

Subject: Notebook for GOTK~~SNF Simulation of Tank-AY102 
- 

1. INTRODUCTION. 

This notebook documents the methods, models and data 
required 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 bec-ause it is the bounding tank in the AY 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. 

The prc 

2. PROBLEM DESCRIPTION. 

,m consists of Tank AY-102 which has an iitial 
settled slurry layer 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 58.50 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 (he 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 fro? 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 pool.  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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Primary Outflow 

Secondary Oulflow 

Dome Air 

Convective 
Sludge 

Nan-Convective 

Sludge Added from * 
l a n k  241-GI01 

Original Layer Sludge Original Layer 

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 
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 conservatively run 
until the supernatant 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 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 0.75’app. 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 
vent i la t ion i -equi rements  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 

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 82'F. 

All cases consider the tank to initially be filled with 
waste at steady state conditions and then a transient 
period enveloping pump start-up, operation, shut-down, and 
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re-istablishment 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 
215OF prior Eo and after mixing operations (LCO 3.3.2.b) 
[Ref 61. Additionally, in the event of a loss of 
ventilation, no waste temperature shall exceed 25OoF during 
the recovery period (SL 2.1.1). 

I 

3. SPECIFICATION OF INPUT PARAMETERS FOR TANK 
AY-102. 

Preparation of the GOTH-SNF input file requires that tank 
geometric data, tank waste conditions, ventilation 
parameters and pump operation conditions be specified. The 
required data specifications are provided, with source 
references in this section. 

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 . 1 .  Tank Shell Geometric D a t a .  

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. 11; 
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Height of cylindrical portion of primar shell [Ref,. 
Dec/2899 Harold E. Adk>*($l.$) 

Ps-cHT := 31 ft + 9 . 5  in + 3 ft + 6 in +- 13 in =135.359t1 
16 

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

SS-IR := 40 ft 
Dec/28/99 

Harold E. Adk 

Distance Between bottoms of primary and secondary 
shells: 

Dec/28/99 

Harold E. Ad!a 
SS-PS-SPACE := 8 in 7(3.4! 

LQA-11 
Height of cylindrical portion of secondar shell [Ref 

SS-CHT := 31 ft + 9 . 5  in + SS-PS-SPACE 
Dec/28/9?HaroId E. Adki*(J.+j: . 
=j32.458] 

Other tank shell parameters of interest are: 

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

S-RC := 1 ft '(3.61 

Secondary shell ellipsoid head major diameter [Ref. 11: 

Dec/28/99 

Harold E. Adk 

Dec/28/99 
SS-ELIP-MAJOR := 80 ft Harold .(3.7) E. A d k L  

Secondarv shell ellipsoid head minor diameter [Ref. 11: 

SS-ELIP-MINOR := 30 ft 
Dec/28/99 

Harold '(3.8) E. Adk1 

The radius of the bend in the primary shell between the 
cylindrical shell and the secondary shell head [Ref. 11: 

PS-TOP-RC : = 3 ft + E in + __ = (3.69791 

The height of the primary shell tangency point with the 
secondary dome shell above the secondary tangent line 
is [Ref. 11: 

Osc/28/99 
3 in 
8 

Harold '(3.91 E. Adk 

Dec/28/99 

Harold E. Adkl 
11 in '(3.10) 

PS-SS-TP := 6 ft + 6 in +- 
16 
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The height of the primary tangent line above the 
secondary tangent line is [Ref. 11: 

DeC/28/99 
13 in '(3.111 PS-TAN-SS-TAN : = 3 ft + 6 in + __ = 13.56771 Harold E. AdL 
16 

The distance from the tank centerline to the point of 
tangency between the primary tank shell and the secondary 
tank shell is [Ref. 1 1 :  

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. 11: 

1 ) e ~ / 2 n / s 9  
3 in '(3.13) PS-THK := - _i 10.031251 Harold E. A&> 

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. 11: 
D*C/28/99 

Harold E. Adki 
*(3.14) SS-THK : = 0 . 2  5 in = 1o.0208331 
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Figure 3.1 AY Tank Shell Dimensions. 

m 
ffl 
m 

ffl 
m 

I 

9 of 73 

E-18 



WP-5637 
Rev. 0 

JOHN MARVIN, I N C .  Calculation Number: JMI-9910-01 

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. 21. 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 Ehe 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 18 radial slots arranged azimuthally 
around the tank in 20" intervals. The second set contains 
36 radial slots at loo 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 
distributor. 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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tral Air Distributer (1.5 ft R) 
1 8  EloLs B 20' 

36 Slots P 10' 

3 "  x 1.5" 
Type A 

slot Types 

2 "  x 1.5" 1.5" x 1.5" 
Type B Type C 

Figure:3.2 Secondary Ventilation Air Slot Layout. 

The radius of the central air distributor is [Ref. 21:  
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AD-OR : = 1.5 f t 

The outer radius of the first ring of slots (Type A slots) 
is [Ref. 21: 

Dec/28/99 

Harold E .  Adkx 
Rl-OR := 8.5 ft '(3.16) 

The outer radius of the second ring of slots (Type B slots) 
is [Ref. 21: 

R2-OR := 20.5 ft 
Dec/28/99 

Harold E. A&! 
-(3.17 

The outer rgdius of the third ring of s l o t s  (Type C slots) 
[Ref. 21 is: 

R3-OR := 37.25 ft 

The height of all slots is [Ref. 

SLOT-HT : =  1.5 in 

The width of the Type A slots is 

SLOT-A-W := 3 in = ( 0 . 2 5  ftl 

The width of the Type B slots is 

SLOT-B-WD : = 2 in = 10.166671 
The width of the Type C slots is 

sL0T-c-w~ : = I. 5 in = 10.1251 

2) : 

[Ref. 21: 

[Ref. 21: 

[Ref. 21: 

The number of Type A slots is [Ref. 21: 

SLOT-A-N : =  18 

The number of Type B slots is [Ref. 21: 

SLOT-B-N := 36 

The number of Type c slots is [Ref. 21: 

SLOT-C-N := 72 

Dec128199 

Harold E. A d k 1  
*(3.18) 

Dec/28/99 

Harold E. A d k i  
'(3 . 19.) 

Dec/28/99 

Harold E .  Adki 
*(3.20) 

Dec/28/99 

Harold E. Ad*> 
'(3.21) 

Dec/28/99 

Harold E. AdkI 
*(3.22) 

Dsc/28/99 
Harold -(3.23] E. Ad* 

DeC/28/99 

Harold E. Adki 
+(3.24) 

Dec/28/99 
.(3.25) 

Harold E. Adk1 

The thickness of the insulating concrete that the slots are 
cut into is [Ref. 21: 

INSUL-CONC-TCK : = 8 in = /0.666671 (3.26) 
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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. 21. [Ref. 7 1 :  

P4-m := 4.026 in 

Pipe wall thickness [Ref. 71 :  

P4-thk : = _ 0 . 2 3 7  in 

Dec128/99 

Harold E. Adki 
* ( 3 . 2 7 )  

DeC/28 /99  

Harold E. A&= 
' ( 3 . 2 8 )  

3.2. TANK WASTE PARAMETERS. 

The properties for the tank waste are'taken from [Ref 61.  

3.2.1. . I n i t i a l  Waste I n  AY-102. 

The vapor pressure of the mixed waste solution is 
established to be 85% of that of water [Ref 6 1 .  

The fluffing factor due to mixing for the original slurry 
in AY-102 is: 

Dec/28/99 

Harold E. Adki 
FLUFF-FACT-AY102 := 2.0 *(3.29) 

The slurry height for the original w a s t e  in AY-102 is: 
Peb110100 

Warold E. Adki 
* ( 3 . 3 0 )  SLURRY-HT-AY102-ORG := 17 in j1.41671 

The particle volume fraction for slurry in AY-102 is: 

CI&,-lO2 := 0.489 

The specific heat of the solid particles is: 

Btu Cp-PART :E 0.2 - 
l b m - R  

Feb/10/00 

Harold E. Ad*r 
'(3.31) 

The specific heat of the supernatant is: 
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Cp-SUPER := 1 - 

l b m - R  
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Jiln/05/00 

Harold E. Adk 

The thermal conductivity of the solid particles is: 

Btu 
X-PART := 5 

hr-ft-R 

The thermal conductivity of the supernatant is: 

Btu X-SUPER : = 0.35 . hr-ft-R 

Dec/29/99 

Harold E. Adkl 
‘(3.34) 

Dec/29/99 

Harold E. Xdkl 
‘(3.35) 

The specific gravity of the solid particles is: 
Jan/Os/OO 

Harold E .  Adkx 
SPG-PART : = 1.925 ‘(3.36) 

The specific gravity of the supernatant is: 
Jan/OS/OO 

Harold E. Adkr 
SPG-SUPER := 1.11 ‘(3.37) 

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

’ l b m  pw := 6 2  - 
f t 3  

The density of the particles is: 

p-PART := SPG-PART . p v  = 

The density of the supernatant is: 

J.rI/05/00 
‘(3.38) 

Harold E. Adkx 

Jan/05/00 

Harold E. A d k i  
‘(3.39) 

Jan/OS/OO 

Harold E. AdkI 
.(3.40) p-SUPER := pw .SPG-SUPER = 

3.2.2. Waste Added to AY-102 from C-106. 

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 = 1 5 . 6 2 5  ftl 
occ/29199 

Harold E. AdkL 
*(3.41) 

The amount of this thickness that is resettled slurry from 
C-106 is (I’m going to have to use 9 inches as the AY-102 
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slurry height here to be consistent with the ENRAF data): 

SLURRY-HT-C~O~ := SLURRY-HT - 9 in 

= KZJ 

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. - 

SLURRY-HT-Cl06-MIX := 70.01 in 
Feb/10/00 

Harold E. Adki 
' ( 3 . 4 3 )  

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: 

Jan/05/00 Harold E. Adki*(3.44) 
SLURRY-HT-ClO6-MIX 
SLURRY-HTYC106 

FLUFF-FACT-Cl06 := 

The particle volume fraction in the transferred waste is: 

ap-106 := 0.281 
Jan/lB/OO 

Harold E. Ad*l 
' ( 3 . 4 5 )  

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

Btu 
hr-lbm Q-PART := 0.107 

Jan/18100 

Harold E. Ad*> 
'(3.461 

Check: Jan/OS/OO Harold E. A&I*(3.47) 
2 Q-102 : =  Q-PART .p_PART .SLWRRY-HT-AYlOZ-ORG . X .  (PS-IR) 

Jan/05100 Harold E. Adki*(3 . 4 8 )  
2 Q-106 := Q-PART .p-PART .SLURRY-HT-C106 . X .  (PS-IR 1 

.up-106 = 77286 I 3  
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The maximum packing fraction that the particles will settle 
to after pump mixing is: 

ap-106 
a p m p  := 

FLUFF-FACT-Cl06 

Jan/04100 

Harold E. A d * 1  
'(3.49) 

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) rekults in the following fluffing factor for the 
original AY-102 waste: 

Ja"/o4/00 
ap-102 

FLUFF-FACT-AY102 := 
a, mp 

'(3.50) 
Harold E. Adka 

This is sufficiently close to the specified fluffing factor 
of 2.0 for the waste and is conservative. 

The density of the slurry layers are: 
Jan/04100 Harold E. A d k i * ( 3 . 5 1 )  

ps-102 := aP-1o2  PART +(I - ~,-Io~).~-suPER = 

ps-106 := ap-106 .P-PART + (1 - ~ ~ - 1 0 6 )  .P-SUPER = 

The slurry conductivity can be calculated from these 
parameters using the series conductivity model: 

1.0 
a, 1 - a, Slurry-cond (ap, k, , kl) : = 
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k, := Slurry-cond (%-lo2 

K-PART Jan/04/00 

Harold E .  Adki 
'(3.54) 

3 . 2 . 3 .  The Initial Depth of Slurry in AY-102. 

The total unmixed depth of the slurry in AY-102 is the 
Jan/O4/OO Harold E .  A d k i . 7 5  . 5 5 )  

SLURRY-HT-MOD := SLURRY-HT-Cl06 + SLURRY-HT-AY102-0RG 

3 . 2 . 4 .  Supernatant Height In AY-102. 

Jan/O&/OO 

Harold E. A&i 
SUPERNATANT-LEVEL := 225 i n  -(3.56) 

3 . 2 . 5 .  VENTILATION INLET TEMPERATURE AND HUMIDITY. 

Two temperatures are specified in the input parameter 
specifications for this analysis [Ref 6 1 .  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 tb.e txo te?.peratures will k's =sed in all of 
the steps since the limit on supernatant temperature will 
not be controlling. The supernatant temperature will 
have to be 1ower.than the allowable in order f o r  slurry 
temperatures to remain below their limit. The air inlet 
temperature that will be used for these calculations is: 

wv-moles. := ~ E 

AIR-INLET-TEMPERATURE : = tf ( 82 1 = 

0.00036394 mole] 

Jan/O4/OO 

Harold E. Adkr 
n(3.571 

The inlet absolute humidity is provided in pounds of 
moisture pe? pound of dry air [Ref 6 1 .  

Jan/O4/OO 

AIR-INLET-ABSOLUTE-HUMIDITY := 0.0066 - Harold E. Adkl 
1 bm ' ( 3 . 5 8 )  
1 bm 

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 
1 4 . 7  psia and the air temperature is that given by 
Equation 3 . 5 7 .  The mass fraction of water vapor at the 
specified absolute humidity is: 

Jan/04/00 Harold E. Ad*i*(3.59) 

=1o.0065567/ AIR-INLET-ABSOLLITE-HUMIDITY 
1 + AIRJNLET-ABSOLLITE-.HUMIDITY 

wv-rnf : =  

The mass fraction of air is: 
Ja"/04/00 
*(3.60] 

Harold E. Adk 
air-mf := 1 - w-mf =10.993441 

The molecular weight of water vapor is: 

lbm 
lbm-mole Mb-water := 18.016 

The molecular weight of air is: 

1 bm 
Ibm -mole 

MW-air :=  2 8 . 9 6  

Jan/O4/OO 

Harold E. Adkr 
* ( 3 . 6 1 )  

Jan/O4/OO 
* ( 3 . 6 2 ]  

Harold E. Adk 

The lbm-moles of water vapor per lbm of mixture is: 
Jan/O4/00 
* ( 3 . 6 3 )  

Harold E. Adki 
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air-moles := ~ E. 0 ,034304  m.olel 
Jan104100  

Harold E .  Adrz 
'(3.64) 

The total moles of mixture is: 
Jan/04/00 Harold E .  Adki+(3.65) 

totmoles := wmoles + airimoles =[0.034668 mole1 

The mole fraction of water vapor is then: 
J S n / O ~ / O O  

=1o.0104981 w-moles 
tot-moles w-vf := 

Atmospheric-pressure is assumed to be: 

P-tot : =  14.7 psi 

P - wv : =  P-tot .w-vf ~10.15432 psi) 

'(3.66) 
Harold E .  Adki 

Jan104100 

Harold E .  Adk~ 
'(3.67) 

~an/o4/00 
'(3.68) 

Harold E .  Adkr 

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

JadO4100 

Harold E .  Adk1 
-(3.69) wvq-ratio := w-vf = ITXGiiY 

3.2.6. VENTILATION FLOW RATE. 

3.2.6.1. Primary Ventilation F l o w  Rate. 

The nominal once through primary ventilation flow f o r  
this tank is fRef 61: 

Qqrimary := 500 min 
The recirculation flow for this tank is, [Ref 61 :  

Q-recirc :E 400 
m m  

Jan104100 
'(3.701 

Harold E .  AdL 

Jan104100 

Hareld E .  Adki 
'(3.71) 

A flow of 1 0 0  (ft3/min) is brought into the tank from the 
ambient air when the tank is operated in the recirculation 
mode [Ref 6 1 .  
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Jan104100 Harold E. Adki.(3 .72) 

Q-inlet-recir := Qsrimary - Q-recirc = 1.6667 1 4  
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 61: 
sanio4tna - ft3 Harold *(3.73) E. Adki 

Q-secondary := 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 annu lus  formed by the primary and secondary 
shell of 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 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 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 
thicknesseg 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 also shown. 

To accurately represent the additional heat load of the 
mixer pump during operation, a heat source was added in the 
supernatent equaling 1. 5x106Btu/hr. 
model, it was added to the 11th subvolume from the bottom. 

Finally, soil thickness of 100 ft between the tank bottom 
and the 50"Fwater 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. 

For this particular 
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nk Model 
m J a n 1 7  1 4 5 5  182000 
)TH_SNF Version 5 0. November 1999 

I 
I 
I 

Jb I w 
WASTE TANK 

100.00 It 
w 

Figure 4.1 GOTH-SNF Model of Tank AY-102. 
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ij, 

Volume 1s 

Top View 
Level 1 

Elevation 

Figure 4,2 GOTH-SNF Model Node Layout of Tank AY-102 
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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. G E O M E ~ I C  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 
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 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. 
some useful functions are defined that will simplify doing 
the calculations. 

First, 

5.1.1. Useful Functions and Parameters. 

Area of a circle of radius r [Ref. 3, p. 121: 
Jan/O4/00 

2 .(5.1] 
A, (r) := 7I.r Harold E. A& 

Area of an annular ring formed by a larger circle of radius 
rl and a smaller circle of radius r2 [Ref. 3, p. 131: 

Jan/OC/OO 
.(5.2] Aa(rl,r2) : = n . ( r 1 2  _ , z 2 )  Harold E. Adk 

The perimeter of a circle of radius r [Ref. 3, p. 121: 
Jan/04/OO 

Harold E. Adki 
P c ( r )  := 2.x.r * ( 5 . 3 )  

The perimeter of an annular ring formed by a larger 
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Jain/04/00 

Harold E. Adki 
- ( 5 . 4 )  

The hydraulic diameter of a flow path with flow area, A, 
and wetted perimeter, Pw, [Ref. 4 ,  p. 1651: 

Jan/04/OO 

Harold E. Adki 
A '(5.5) Dh ( A ,  Pw) := 4 .- 
Pw 

The volume of a cylinder of radius, r, and height, h, 
[Ref. 3, p. 161 : 

Jan/obloo 

Harold E. Adki 
V, ( r . h )  : = A ,  (r) . h  ' ( 5 . 6 )  

The volume of an annulus formed by a larger cylinder of 
inside radius, rl, and a smaller cylinder of outside 
radius, r 2 ,  and of height h [Ref. 3, p. 161: 

Jan/O4100 

Harold 1. Adki 
V, ( r l  , r2, h) := A. (rl , r 2  ) . h '(5.7) 

The acceleration of gravity is: 

ft 
g :.= 3 2 . 2  - 

2 
S 

Jan/ 0 4  IO0 

Harold E. mi ' ( 5 . 8 )  

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 body 
of revolution formed by the portion of a circle which is 
tangent to the primary tank cylindrical wall and the 
secondary tank dome. 

5.1.2.3. 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/O4/OO 

Harold E. Rdki 
*(5.9) 

5 . 1 . 2 . 2 .  Volume of Tank Primary Volume. 

The volume of the cylindrical portion of the primary tank 
is: * Jan/OO/OO Harold E .  Adki  * ( 5 . 1 0 )  

ps-cyi-voi := v, (PS-IR ,Ps-cHT ) = j 1 . 5 6 2 1  x 10105 f t31 

The centroid of the semi-ellipse of the size of that 
forming the secondary tank dome, [Ref. 3, p .  2 0 1 :  

Jan/04/00 

Haxold E. A d k i  

SS-ELI?-MAJOR 
2 

3 . x  

4 .__ 
*(5.11) Elip-cent := 

The cross-sectional area of the quarter ellipse formed by 
the planar half section of the secondary tank dome is, 
[Kef. 3. p.131: 

Jan/O4/OO Harold E .  Adki*(5 .12)  
x SS-ELIP-MAJOR SS-ELIP-MINOR = Kft2( 
4 2 2 

Elip-area := - .  

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 quarter 
ellipse, [Ref. 3 ,  p .  191. 

.lan104/00 

Harold E .  M k i  

Body-of-rot-vol := P,(Elip-cent ) .Elip-area 
‘ ( 5 . 1 3 )  

= 

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 is 2b and whose center is at the origin 
is, [Ref. 3, p. 3 6 5 1 :  

Calculation Number: JMI-9910-01 

Jan/ oaf  00 
'(5.14) 

Harold E. A d k l  

The equation for a circle of radius, r, whose origin is 
located at (h,k) is [Ref. 3.p. 3631: 

Jan104/00 
'(5.15) 

Harold E Adk1 yC (x, r , h, k) : = d m  + k 

The shape of the dome of the prinary 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 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. 

Jan104100 Harold E. A d ! d * ( 5 . 1 6 )  

PS-SS-TAN 
SS-ELIP-MAJOR SS-ELIP-MINOR 

Aelip : = J Y+ 2 2 
0 ft 
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Jan/O4/00 Harold E .  A d k i ' ( 5 . 1 7 )  

PS-IR 
Acirc : = 

PS-SS-TAN 

yc ( x ,  PS-TOP-RC , PS-IR - PS-TOP-RC , PS-TAN_SS-TAN ) dx 

= /  8.6426 ft21 . 
Jan/O4/OO 

Harold E .  Adki 
* ( 5 . 1 8 )  Ps-Dome-XArea := Aelip + Acirc =Eft21 

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 centroid 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. 

Ps-Dome-=rea 
2 

JanlO4lDO 
*(5.19] 

Harold E .  Adk 

Jan/O4/OO Harold E. Ad!d*(5.20) 

SS-ELIP-MAJOR SS-ELIPJINOR 
14.82 ft 

j Ye(%. 2 2 
Aelip-cent := 

0 ft 

- 14.82 ft.PS-TAN-SS-TAN = 1 1 6 4 . 2 3  ft21 

Therefore, the distance to the centroid is: 
Jan/O4/OO 

Ps-dome-centroid := 14.82 ft Harold *(5.21) E. Ad*> 

and the primary tank dome volume is: 
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J a r . I O 4 l O O  Harold E.  A d k i * ( 5 . 2 2 )  

Ps-dome-vol := Ps-Dome-XArea . P ,  (Ps-dome-centroid I 

= L t 3 j  
The total volume of the primary tank is: 

Ja"/O4/oO 

Harold E .  Adki 

PS-vol : = Ps-dome-vol + A, (PS-IR 1 . PS-CHT 

* ( 5 . 2 3 )  

PS-val = 
+06 

1.3972 X 1 0  gal 
Jan/04/00 

Harold E .  l i d * x  
'(5.24) 

Jan/O4/00 Harold E .  A d k i .  

0 " ' " ' " ' " ~ ~ ' " " ' ~ ~ J ~ ~ ~ ~ ' ~ " ~ ' ~ ~ '  
0 5 10 1 5  20 25 30 3 5  4 

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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Jan/04100 

Harold E. Adk1 
' ( 5 . 2 5 )  

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 : . 

PS-vol 
ps-area 

PS-ht := -___ =/42.279ft/ 
JanlQ41OO 

Haiald E .  Adki 
'(5.26) 

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 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, noh-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/O4/OQ 

Harold E. Adkr 
'(5.27) ~x~ : =  5 in 

 AX^ :=  12 in =/lftl 
Location of center of node 2: 
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1 0.41667 25.49855 
2 1.00000 24.74739 
3 o ,77700 24.19821 
4 0.60400 23.79980 
5 0.77100 23.40312 
6 0.95800 22.90432 
7 0.50600 22.48197 
8 1.28600 21.96499 
9 2.48456 20.87721 
10 1.68246 19.27394 
11 2.21203 18.25955 
12 2.34600 17.16949 
13 1.95600 16.14067 
14 1.00000 15.43373 
15 1.06808 14.95543 
16 
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1 

0.667 
1.083 
2.083 
2.860 
3.464 
4.235 
5.193 
5.699 
6.985 
9.470 
11.152 
13.364 
15.710 
17.666 
18.666 
19.734 

Subject: Notebook f o r  GOTH-SNF Simulation of Tank-AY102 

The cell subdivision heights selected for model 
construction are as displayed in Table 5.1. 

Table 5.1 Subdivision Heights and Pressures. 

Level Height Pressure Elevation Dist. to 

Jan104100 Harold E. lidkin' 

Node Center 
From Bot. 
of Tank 

iL 
0.208 
0.917 
1.805 
2.496 
3.183 
4.048 
4.780 
5.676 
7.561 
9.644 
11.592 
13.871 
16.022 
17.500 
18.534 
18.750 

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: 
Janiiaioo 
.(5.30) 

Harold E. A d k i  
SLURRY-HT-AYlOZ-ORG = 
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The current height of C-106 slurry that has been added to 
Tank AY-120 is: 

SLURRY-HT-Cl06 = 1- 
This gives a total slurry height in the tank of: 

Jan/lB/OO 

Harold E .  Adki 
' ( 5 . 3 1 )  

Jan/i8/00 

Harold E .  Adki 
'(5.32) SLURRY-HT-MOD = 16.29171 

The resettled height of the original AY-102 slurry after it 
is mixed with the pumps is: - 

Jan/l8/00 

Harold E. Adkr 
' ( 5 . 3 3 )  c5-102 

a, mp 
11 : = SLURRY-HT-AY102-ORG , 

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

Jan/18/00 

Harold E. Adki 
' ( 5 . 3 4 )  ap-106 

%mP 
12 : =  SLURRY-HT-Cl06 . 

The total height of slurry in the tank after mixing is: 
Ja"/ls/oo 

Harold E. Rdkr 
' ( 5 . 3 5 )  11 + 12 =[8.7845ft 

Check the location of nodes 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 Equation 5 . 3  shows that this is true. 

2 

li,2 

i=l 

Jan/18/00 
~ ( 5 . 3 6 )  

Harold E. Adkr 

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 . 3 7  shows that this is 
essentially true. 
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JanIl8100 

Harold E .  AdkI 

8 
'(5.37) c l i , *  =[TGTK 

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 essentially true. 

9 . I: li , z  
i=l 

Jan118100 

Harold E .  Adki 
'(5.38) 

5.1.2.6. 

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

Hydraulic Diameter of Tank Primary Volume. 

J*"/O4/OO . 
PS-hyd : =  2. PS-IR == 

Hairold *(5.39) E .  Adkr 

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: 

a n i o a i o o  Harold E. ~ k 1 * ( 5 . 4 0 )  

Dome_soil_conductor_area := PS-area = D 4417 9 f t  

The thickness of this conductor is: 
Jan/O4/OO 

Harold E .  Adk1 
* ( 5 . 4 1 ]  Dome-soil-conductor-thk := 84  in =a 
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The thermal properties for all soil conductors were assumed 
to be constant and to be p = 10; lbm/ft3, k = 0 . 2 5  
Btu/hr-ft-"F, and C, = 0.4 Btu/lbm-OF [Ref. 81.  

Calculation Number: JMI-9910-01 

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/O4/OO Harold E. Adki*(5 .42 )  

Ground-soil-conductor-area := PS-area = D 4 4 1 7 . 9  ft 
The thickness of this conductor is: 

Jan/O4/OO 

Harold E. Adkl 
' ( 5 . 4 3 )  Ground-soil-conductor-thk :=  1200 in = 11001 

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: 
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Jan/O4/00 

Annulus-area := A, (SS-IR , PS-IR ) = XaTOld E. Mki 
' ( 5 . 4 4 )  

Calculation Number: JMI-9910-01 

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-cyl-vol : = A, 1 SS-IR , PS-IR 1 SS-CHT J ~ ~ / o ~ / o o  
' ( 5 . 4 5 )  

Harold E Ad*& I =Eft31 
The volume of the dome portion of 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/18/00 Harold E. Ad!4*(5.46) 
Annulus-dome-vol := Body-of-rot-vol - Ps-dome-vol 

- A ,  (PS-IR) ,PS-TAN-SS-TAN =13932.8 ft3/ 

The total annulus volume is: 
Jan/04/00 Harold E. A d k I . ( 5 .  4 7 )  

Annulus-vol := Annulus-cyl-vol + Annulus-dome-vol 

5 . 1 . 3 . 3 .  ~ o t t o m  Elevation of Tank Annulus volume 
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Subject: Notebook for GOTHLSNF Simulation of Tank-AY102 

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

SS-ele" := 0 ft 
Jan/O4/OO 
'(5.48) 

Harold E. A ~ * I  

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 ai-ea of the tank annulus 

Annulus-vol 
Annulus-area 

SS-ht := 

Jan/O4/OO 

Harold E. Adkx 
'(5.49) 

5 . 1 . 3 . 5 .  Hydraulic Diameter of Tank Annulus Volume. 

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

SS-hyd : = Dh ( Annulus-area , Pa I SS-IR , P S - I R  ) ) = a 
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: 
Ja"/O4/Oo 

Harold E. Adki 
'(5.51) 

Supernatant height: 
Jan/04/00 Harold E. Adk1*(5.52) 

Supernatant-ht : = SUPERNATANT-LEVEL - Slurry-ht = 112.4581 
Total waste height: 
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Jan/OS/OO Harold E. Aa*i* l5 .53 )  
Waste-ht := Slurry-ht + Supernatant-ht =- 

The surface area of the conductor between the primary air 

Calculation Number: JM-9910-01 

volume and the annulus air is: 
Jan/05/00 Harold E .  Adki* (5 .54 )  

Air-cond-area := (SS-ht - Waste-ht I .P, (PS-IRI = [ 4 7 5 2 . 3  ft21 

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

. 
Air-cond-thk : = PS-THK = /0.03125ft/ Jan/O4/00 

Harold E. Adki 
- 1 5 . 5 5 )  

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) 

=[29)5.4ftZl 
The thickness of this conductor is: 

Peb/10/00 

Supernatant-cond-thk := PS-THK = [=I Harold E .  Adki  
* ( 5 . 5 7 )  

5.1.3.8. Dimension for Conductor Between Annulus dir And 

The surface area f o r  the secondary shell conductor is: 
Soil Around the sides of the Tank. 

Jan/O4/OO Harold E .  Adki*(5 .58)  

Side-soil-conductor-area : =  SS-ht . P ,  (SS-IR I = 

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 

Harold E .  Adkr 
Side-soil-conductor-thk := 600 in == ' ( 5 . 5 9 )  

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/O4/00 Harold E .  A d k i . ( 5 . 6 0 )  

Slot-A-area := SLOT-A-WE 'SLOT-HT = /  0.03125 ftZ 

Slot-B-area := SLOT-B-WD . SLOT-HT = j0.0208331 
Jan/Oil/OO Hare d E .  A d k i * ( 5 . 6 1 )  

, Jan/04/00 Harold E .  A d k i * ( 5 . 6 2 )  

Slot-C-area := SLOT-C-WD .SLOT-HT =I  0.015625 ftZl 

The wetted perimeter of the flow holes is: 
JOn101/00 

Jan/O4/OO Harold E .  A d k i  * (5'. %) 
* ( 5 . 6 3 ]  

Harold 
Slot-A-wp := 2 ,  ISLOT-A-WE + SLOT-HT ) 

Slot-B-up := 2 ,  (SLOT-B-WE + SLOT-HT I ~10.583331 
Jan/O4/OO 

Slot-C-wp := 2 .  (SLOT-C-WD + SLOT-HT I Harold * ( 5 . 6 5 )  E, 

The hydraulic diameter of the flow holes is: 
Jan/O4/OO Harold E .  A d k i * ( 5 . 6 6 )  

Slot-A-hyd : =  Dh (Slot-A-area .Slot-A-wp I =m 
JanlO4/0O Harold E .  M k i * ( 5 . 6 7 1  

Slot-B-hyd := Dh (Slot-8-area ,SlOt-B-wp 1 
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Jan/04/00 Harold E .  Adki+(5.68) 
slot-C-hyd := Dh (Slot-C-area , Slot-e-wp ) = 10.1251 

The total flow area of slots in each ring are: 

Slot-A-area-tot := SLOT-A-WD .SLOT-HT .SLOT-A-N 

= 10.56251 
Slot-B-area-tot := SLOT-B-WD .SLOT-HT .SLOT-B-N 

=10.75] 
SlotLC-area-tot := SLOT-c-WD .SLOT-HT .SLOT-C-N 

JainIO4lOO 
* ( 5 . 6 9 ]  

Harold E .  A& 

JanlO41OO 
* ( 5 . 7 0 1  

Harold E .  Adk 

Jan104100 

Harold E .  Adk1 
' ( 5 . 7 1 )  

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 .  Adk1*(5.72) 
Slot-A-ht-area := SLOT-A-WD .SLOT-A-N . (Rl-OR - AILOR ) 

Jan/04/00 Harold E .  Adki'(5.73) 
Slot-B-ht-area := SLOT-B-WD .SLOT-B-N , (R2-OR - R l - O R )  

= 72 ft 

Jan/04/00 Harold E .  Adki*(5.74) 
Slot-C-ht-area := SLOT-C-WD 'SLOT-C-N . (R3-OR - R2-OR 1 

39 of 73 

E-48 



UP-5637 
Rev. 0 

I JOHN MARVIN, INC. I Calculation Number: JMI-9910_01 

Analyst: Marvin J. Thurgood Date: Feb 9, 2000 

Reviewer: Harold E. Adkins Date: Feb 9, 2000 
Subject: Notebook for GOTHKSNF Simulation of Tank-AY102 

Jan/04/00 Harold E .  A d k i * ( 5 .  6 8 )  
Slot-C-hyd := Dh (Slot-C-area , Slot-C-wp 1 = [0.125] 

The total flow area of slots in each ring are: 

Jan104100 
Slot-A-area-tot := SLOT-A-WD .SLOT-HT .SLOT-A-N 

' ( 5 . 6 9 )  
I I Harold E .  Mki = I  0.5625 ft'l 

Jan/04/UO 

Harold E .  A&i 

Slot-B-area-tot := SLOT-B-WD .SLOT-HT .SLOT-B-N 
* ( 5 . 7 0 )  

I I 
= / 0 . 7 5  ft'l 

Slot-C-area-tot :=  SLOT-C-WD .SLOT-HT .SLOT-C-N Jn"/04100 
' ( 5 . 7 1 1  

Harold E. Adk 

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

Jan/O4/OU Harold E .  A & i * ( 5 . 1 2 )  
Slot-A-ht-area := SLOT-A-WD .SLOT-A-N ' (Rl-OR - AL-OR ) 

Jan104100 Harold E .  A d k i ' ( 5 . 7 3 )  

Slot-B-ht-area := SLOT-B-WD , SLOT-B-N . (R2-OR - Rl-OR ) 

Jan/O4/UO Harold E .  A d k i * ( 5 . 7 4 )  
Slot-C-ht-area := SLOT-C-WD . SLOT-c-N . (R3-OR - R2-OR I 
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The flow area of the outer slots is twice the flow area of 
the inner slots, therefore, the Reynolds number will be 
halved. See what effect this has. The Reynolds number is 
given by [Ref. 51: 

pA := 0.04 xia - = 

D Re (p , V, D, p )  : = p .V .- 
P 

0.00019152 poise 

Jsn/O4/OO 

Harold E. Adk1 
'(5.75) 

The assumed dry bulb air temperature is: 
Jan/O4/OO 

Harold E. Ad*> 
TA := t f  (76) *(5.76) 

The air pressure is: 

PA : = 14. I psi 

The gas constant for air is: 

. f t - l b f  
l b m - R  

RA : =  5 3 . 3 4  

Jan/O4/OO 
'(5.771 

Harold E. Adk 

Jan/O4/OO 

Harold E. Adk1 
*(5.78) 

The density of air at these conditions is: 

Jan/O4/OO 

Harold E. Ad*> 
.(5.79) 

P A  

RA .TA 
pA :=- = 

The air flow rate is: - 
QA :: Q-secondary = 1000 I 4  
mA : =  QA.pA = 1.2347 1 7  

Feb110/00 

Harold E. AdkI 
*(5.80) 

Jan/O4/00 
Harold *(5.81] E. Ad* 

The viscositv of air at these conditions iS [Ref. 51: 

The thermal conductivity of air at these conditions is 
[Ref. 4 1 :  

Btu 
hr - f t - R  

kA := 0.016 

Jan105100 

Harold E. Adkl 
* (5 .83 )  

The specific heat of air at these conditions is [Ref. 41: 
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X 1 0  - = 

B tu 
lbm-R 

CPA := 0 . 2 4  - 

0.00018913 poise Harold E. Adkl 

The Prandle number for the air is: 

Slot A: 

P A A  

PAA 

~ A A  

:= 0.0395 

:= 0.0157 

Jan/O5/00 

Harold E .  Adkl 
a ( 5 . 8 4 )  

Jan/O4/OO 

Harold E .  Adk~ 
*(5.85) 

Jan/O4/Oa 

Harold E. A d k i  
-(5. 86) 

BtU 
hr - f t -R 

Ja"/OS/OO 

Harold E .  Adkr 
*(5.88) 

Jan/04/00 

Harold 1. Adk 

Jm/04/00 Harold E. Adki*(5.90) 
mA 

p,A.Slot-A-area-tot Slot-A-Re := Re , Slot-A-hyd , F A A  

Slot B :  

PA 
P A B  := 

RA .tf (125 ) 
Jan/04/00 
'(5.911 

Harold E. 

Jan/OS/OO 
-5  lbf-s 

Harold -(5.92] E. Adk P A B  := 0 . 0 4 1  X 1 0  __ - - [0.00019631 poise] 
ft2 
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Btu 
hr - f t - R kAB := 0.0162 

Jan/05/00 

Harold E .  Adkx 
-(5.93) 

Jan/04100 

Harold E .  Adki 
'(5.94) 

Slot c: 
Jan104/00 . 
* ( 5 . 9 6 )  

Harold E .  Adki 

J?."105/00 

Harold E .  A d k i  
-5  lbf -s '(5.97) pAc := 0 . 0 4 2 5  x 10 ~ = [  0.00020349 poise] 

fez 

Btu 
hr-ft-R 

kAC := 0.0167 

Pr,C := PAC.* 
ka C 

J*"/05/00 

Harold E .  Adki 
' ( 5 . 9 8 )  

Jan/O4/OO 
"5.991 

Harold E. M k  

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. 41, 

Jan/O4/OO 

hL(D,k) := 4.0..- Harold E. Adkx 
k *(5.101) 
D 

and the turbulent flow value[Ref. 41; 

k hT(Re,Pr,k,D) := 0 . 0 2 3  .Reo'8 .- 
D 

Ja"/O4/OO 

Harold E. Adki 
*(5.102) 

or: 
Jan/O4/OO 

Harold E. Adki 
h(D,k,Re, Pr) := max(h, (D,k) ,hT (Re,Pr,k,D)) '(5.103) 

Slot-A-h := h( Slot-A-hyd , kAA. Slot-A-Re , PrAA) 
Ja"/01/00 

'(5.1041 
Harold E. Adk 

hr-ft - 

1 slot-B-h := h( Slot-B-hyd , kAB, Slot-B-Re , PrAB 

slot-c-h := h( Slot-C-hyd , kAC. Slot-C-Re , PrAC) 

Jan/O4lOO 

Harold E. Mki 
'(5.105) 

Jan/Ol/OO 
'(5.1061 

Harold E. Adk 

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

Feb/lO/OO 

Harold E. Adki 
T, : =  tf ( 2 0 0 )  *(5.107) 
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Jan/Oi/OO Harold E. A a * i * 1 5 . 1 0 8 )  
h.A.TW + m.Cp .TAin 

m.Cp + h.A 
TAout (h I A. TW I TA in, m. CP ) : = 

Jan/04/00 Harold E. Aa* i * (5 .109)  
Slot-A-out := 

TAout (Slot-&h , Slot-A-ht-area , T,, TA ,mA, C p A )  

= 1 9 7 . 0 7 5  FI 

- Jm/04 /00  Harold E. Ad!d*(5.110)  
Slot-B-out := 

TAout( Slot-B-h , Slot-B-ht-area ,T,, SlotJ-out ,mA ,CpA) 

Jan/Oi/OO Harold E. A d k i + ( 5 .  111) , 
Slot-c-out := 

TAout( Slot-C-h , Slot-C-ht-area , T, , Slot-B-out ,mA, Cp.) 

E 1153.58  F/ 

and the efficiency is determined to be: 

Slot-C-Out - ,TA 
Tw - TA 

eff  := 

Determine total slot heat transfer area: 

Tot-slot-ht-area := Slot-A-ht-area 

+ Slot-B-ht-area c Slot-C-ht-area 

Look at total heat transfer per leg: 
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Jan/04/00 

Q-tot := Q-A + Q-B + Q-C = Harold E. l i a r  
'(5.120) 

The average heat transfer coefficient is: 

Q-tot h-ave : = 
Jan/O4/00 

KarOld E .  Adki 

Tot-slot-ht-area . T, - Slot-C-out 
* (5 .121)  =LZq 

hr-ft - 

Fraction of total heat: 

=[0.71117] Q-tot 
Q-102 + Q-106 Q-frac-sec := 

I come to the following conclusions from the above 
analyses: . 

1. The temperature rise in the secondary inlet air 
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Subject: Notebook for GOTH-SNF Simulation of Tank-AY102 1 
before it enters the tank floor is small (even if the 
annulus bulk temperature was at Z O O O F  the temperature 
rise on the inlet air would only be about 5OF). 

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-ft'-R). 

4. The eificiency 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 enough 
to avoid a courant time step limitation. 

velocity of air in annulus: 

QA =I.'.2,,,,3 
Annulus-area 

Velocity of air in floor slots: 

QA =129.63 1 
Slot-A-area-tot 

Q A  = 1 2 2 . 2 2 2  1 
slot-B-area-tot 

QA 

Slot-C-area-tot 

Jm104/00 

Harold E. A&] 
'(5.123 

Ja"/O4/OO 

Harold E. Adkg 
*(5.124) 

Jan/Ol/DO 
Harold *(5.125) E. Adki 

Jan/Ol/OO 

Harold E. A&l 
-(5.126) 
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Jan/04/00 Harold E. Ad*i*(5 ,127) 
Slot-channel-area := Slot-A-ht-area 

+ Slot-B-ht-area + Slot-Cht-area = 1254.25 ftZ/ 

____ Jan104100 

Harold E. l d k ~  

0.5 ft 
SS-ht 

QA 

' ( 5 .128)  Annulus-vol . 

5 . 1 . 4 . 2 .  i;olume of F l o o r  Slot Volume. 

Jan/O4/OO Harold E. Ad!d*(5 . 1 2 9 )  
Slot-volume := Slot-A-area-tot . (Rl-OR - AD-OR) 

+ Slot-B-area-tot . (R2-0R - Rl-OR 

+ Slot-C-area-tot . (R3-OR - R2-OR) 

=[1.90691 Slat-volume 
QA 

Ja"/O4/OO 

Harold E. lidkl 
*(5 .130)  

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

Jan/04/00 
*(5 .1311  

Slot-volume-model : =  Q A . 1 6 0  s = Harold E. A d k  

5 . 1 . 4 . 3 .  Elevation of F l o o r  Slot Volume .  

~an104/00 Harold E. Ad!d.(5.132) 
slot-elev := ~S-PS-SPACE' - SLOT-HT = jO.541671 

5.1.4.4. Height of Floor  Slot Volume. 
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Slot-ht := SLOT-HT =E] Jan/Oa/OO 
* (  5 . 1 3 3  1 

Harold E. Adk 

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 out set of each floor slots. 

Jan/oaioo 
*(S. 134) 

Harold E. A & i  
slot-hyd -: = Slot-C-hyd = 

5.1.4.6. Slot Conductor Dimensions. 

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

Jan/Oa/OO Harold E. Mki*(5 .135)  , 
slots will be ignored. 

Slot-ht-area := Slot-channel-area 
This conductor is made of steel plate. The thickness of 
this plate is: 

slot-cond-thk : = PS-THK 
JanlOa/oo 

narold E. Ad!d 
* ( 5 . 1 3 6 )  

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. 
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. 

This volume is 

5.1.5.1. Supply Pipe  Volume. 

Well, 
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 

lets. look at the temperature increase that might 
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tank annulus. 

Secondary ventilation inlet pipes: 

Length : 

~ 4 - ~ e n  := ~ 3 - 0 ~  - AD-OR = 135.751 
Flow Area: 

Jan/04/00 
'(5.131) 

Harold E .  Mkl 

Calculation Number: JMI-9910-01 

. 
Single Pipe Volume: 

P4-Vol := P4-Area 'P4-Len = 1 3 . 1 6 0 5  ft31 

Number of pipes: .' 
P4-n : =  4 

Total Volume of Pipes: 

P4-Vol-tot := P4-Vol .P4-n = I 12 . 642 ft 

Jan/04/00 

Harold E .  M!d 
*(S. 138) 

JanlO4/OO 

Harold E. M k i  
' ( 5 . 1 3 9 )  

Jan/04/00 
'(5.140) 

Harold E .  Ad!d 

Jan/04/00 

Harold E .  Mki 
'(5.141) 

Total Flow Area of Pipes: 
JanlO41OO 

P4-Area-tot : = P4-Area . P4-n = Harold E .  Mk1 
*(5.142) 

Courant Limit of Pipe volume: 

=- P4-Vol-tot 
QA 

JanlO&/OO 

Harold E .  Adki 
'(5.143) 

The pipe volume will have to be increased to get 
reasonable run times: 

Jan/04100 

Harold E. A d k i  
'(5.144) 

,160 s =Eft31 P4-vol-model := 2000 - 
min 
ft3 

5.1.5.2. supply Pipe  Area .  
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Jan/O4/OO 

Harold E.  Adkx 
'(5.145) P4-vol-model 

SS-ht 
P4-area-model := 

5.1.5.3. Supply Pipe Elevation. 

The supply pipe elevdtion will be assumed to be the same as 
the bottom elevation of the tank annulus volume (this 
assumption i s  not important): 

Jan104/00 

Harold E. Adki 
~(5.146) 

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: 

P4-ht := SS-ht =138.92 ftl 
Jan/O4/QO 

'(5.147) 
Harold E. Ad*r 

5.1.5.5. Supply Pipe Hydraulic Diameter: 

Jan/O4/OO 

Harold E .  A d h i  
-(5.148) PQ-hyd := P4-ID 

5.1.5.6. Supply Pipe Conductor Dimensions. 

Reynolds Number: 

Jm/O4/00 

Harold E. Ad*> 
-(5.149) 

QA 

, P L I D  ,PA 
P4-Re := Re 

P A  ' P4-Area 

Heat transfer to air flowing through pipes in tank floor: 
Heat Transfer Area: 
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Jan104100 

P4-ht-area := P, Harold E .  Adki 
* ( 5 . 1 5 0 )  

Jnn/O4/OO Harold E .  A d k i * ( 5 . 1 5 1 )  

P4-ht-area-tot' := P4-ht-area , P4-n = Eft21 
Air side pipe heat transfer coefficient: 

Jan/04/00 Harold E .  A d k i * ( 5 . 1 5 2 )  

Inlet temperature to bottom of tank: 

P4-out := 

mA 

4 
P4-h, P4-ht-area ,T,.TA ,-, cpA 

Jan/Oil/OO 

Harold E .  I\dkl 
*(5.153) , 

~1144.71 FI 

Look at waste side heat transfer coefficient: 

Temperature drop across concrete[Ref. 41: 

btu 
hr - f t -R 
1 in 

0.17 
h, := 

P4-0ut := 

mA 

4 h, , P4-ht-area , T,, TA ,-, CPA 

Jan/05/00 

Harold E. Adkl 
* (  5 . 1 5 4 )  

Jm104/00 

Harold E .  M ! K ~  
* [ 5 . 1 5 5 )  

= [  103.74 FI 

Look at natural convection heat transfer in annulus 
[Ref. 51 : 
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Calculation Number: JMI-9910-01 

Nu = 0.13 (Grf Prf)0.333 

3 
Gr=gp(T,- 

U 

X 
Nu = h- 

k 

k 0.333 

x 
h = -  0.13 (Grf P r f )  

ft 
g := 32.2 - 

2 
6 

)I 

P 
" = -  

2 
Gr = g p (Tw - T.) x 3 P  - 

P2 

Jan/05/00 

Harold  E .  A d h  
'(5.156) 

Jan/05/00 

Harold E. Adki 
* (  5.159 

Ja"/O4/OO 

Harold  E .  Adkl 
'(5.160) 

Janl04/00 ' 
*(5.161) 

Harold  E .  Adki 

(5.164) 

~ a ~ f a 4 1 a o  
'(5.166) 

P4a-ht-area : = P, (F) . SS-ht = 141.0211 H a r o l d  E .  AdkI 
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JanlOiiIOO Harold E. Adki'(5 .167) 
P4a-out := 

=181.1 FI 

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 "9F" is 
directly dictated by the quantity 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 enough so that its 
volume does not limit the code time step. 

sump-"01 := 160 s . 2 0 0 0  T 
min 

5.1.6.2. Cross-sectional Area of Sump Volume. 

The area of this volume is chosen using a reasonable height. 

Sump-area := 
10 ft 

Ja"ll9/Oo 
'(5.169) 

Harold E. Adki 
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5.1.6.3. Elevation of Sump Volume. 

The sump will placed at the top of the rirnary tank vo um 
Jan/?9/00 Harold E. k d ! d * ( 4 . 1 ? 6 )  

Sump-elev := PS-elev + Ps-ht + 1.0 ft =143.946ftl 

5.1.6.4. Height of Sump Volume. 

The height <sed to calculate the sump volume area will be 
used: 

Sump-ht :I 10 ft 

5.1.6.5. Sump Hydraulic Diameter. 

=j23.094] Sump-area 
Sump-hyd := 4 ,  

4 .Js-.p_.... 

Jan/lO/OO 
Harold *(5.171) E. A d * 1  

Jan/19/00 
'(5.1721 

Harold E. Adk 

5.1.7. Summary of Geometric Input D a t a .  

The geometric data required for GOTH-SNF input which has 
been calculated in the above section is summarized i n  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 Control Volume Input Data. 
Jan/19/00 Harold E. Adki. 

186783.9 
2666.7 

23689.7 
5333.3 
5333.3 

1 Vi1 Description Vol Elev Ht Hyd. D P1 Area 

0.6667 42.279 75.000 4417.86 
0.5417 0.125 0.125 254.25 
0.0000 38.920 5.000 608.68 
43.945 10.000 23.094 533.33 
0.0000 38.920 0.336 137.03 

1 
2 
3 
4 
5 

~ 

Array: volumes 

Tank Primary 
Floor Slots 
Annulus 
Water-Sump 
Air Inlet Pipes 

5 . 3 . 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 air temperature [Ref 61. 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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2935.4 
4752.3 
4417.9 
9781.5 
4417.9 
150.7 

I JOHN tLWVIN, M C .  I Calculation Number: JMI-9910-01 

82.0 2.568 
82.0 ------ 
82.0 ------ 
82.0 2.568 
82.0 ------ 
82.0 ------ 
82.0 8.796 

Analyst: Marvin J. Thurgood Date: Feb 9, 2000 
Reviewer: Harold E. Adkins Date: Feb 9, 2000 
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Table 5 . 3  Conductor Input Data. 
Jan/18/00 Harold E. A d k i '  

Con Description 5 .  A .  Init. Side Side Side Side 
f Temp. A A B B 

H.T.C Temp. H.T.C Temp. 

1 
2 
3 

Dome-annulus 
Floor-ground 
Rnnulus-ground 

Air inlet pipes 

Floor Slots Wall 0.375 ------ Steel 
Supernatant-Ann Tube 0.375 900.75 Steel 
Dome-annulus Tube 0.375 900.75 Steel 

Btu Btu 

hr-ft - ft2 F hr-ft Z F  - R  

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 Inpu,'.,gaFo; 
M*i. 

I Con Description Geom Thick O.D. Material 

I in in 
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Con Description Geom Thick O.D. Material 

Dome-ground 
A i r  i n l e t  pipes 

S o i l  
S o i l  
S o i l  
s t e e l  

RPP-5637 
Rev. 0 
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5.1.7.4. F l o w  P a t h  Inpu t  D a t a .  

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. 

Calculation Number: JMI-9910-01 

Table 5.5 Flow Path Input Data (1). 
JanlO4lOO Harold E. a i .  

F. P. Description End A End A End B End B 
# Elev. Ht Elev. Ht 

Inlet Primary 42.836 0.1000 
Outlet Primary 53.646 0.1000 
Slot Inlet 0,010 0.1000 
Slot Outlet 0.552 0.1000 
Outlet Secondar 38.810 0.1000 
Water Drain 43.956 0.1000 
Primary Fan 41.946 0.1000 
Fan Outlet 45.946 0.1000 
Recirc. Fan Out 41.946 0.1000 
Recirc. Fan In1 45.946 0.1000 
Annulus Air In1 36.810 0.1000 
Pump Inlet 18.917 0.1000 
Pump Outlet 0.917 0,1000 

1 
2 
3 
4 
5 
6 
7 
6 
9 
1c 
11 
12 
13 
- 

50.946 
54.946 
0.552 
0.552 

46.920 
41.946 
43.446 
43.446 
43.446 
43.446 
46.920 
18.917 
0.917 

I 
ft I 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 1 0.100 
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3.142 
3.142 
0.562 
1.125 
3.142 
3.142 
3.142 
3.142 
3.142 
3.142 
3.142 
3.142 
3.142 

I JOHN MARVIN, I N C .  I Calculation Number: JMI-9910-01 

2.0000 8.000 2.700 
2.0000 8.000 2.700 
0.1667 7.000 2.700 
0.1250 16.750 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8.000 2.700 
2.0000 8 .000  2.700 
2.0000 8.000 2.700 

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 

Table 5.6 Flow Path Input Data (2). 
Za.-/O4:CO Harold E. X & i *  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1( 
13 
1; 
1: 
- 

Inlet Primary 
Outlet Primary 
Slot Inlet 
siot Outlet 
Outlet Secondai 
Water Drain 
Primary Fan 
Fan Outlef 
Recirc. Fan O u t  
Recirc. Fan In1 
Annulus Air In1 
Pump Inlet 
Pump Outlet 

1 

5.1.7.5. Boundary Condition Input D a t a .  

Tabulated in Table 5.7 is the boundary condition input data 
for the problem described above. 
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14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 

I JOHN MARVIN, INC.  I Calculation Number: JMI-9910-01 

s 
82.000 0.000 0.01050 
82.000 0.000 0.01050 
82.000 0.000 0.01050 
82.000 16.667 0.01050 
82.000 ------ 0.01050 
82.000 8.333 0.01050 
82.000 6.667 0.01050. 
82.000 ------ 0.01050 
82.000 46.180 0.01050 
82.000 ------ 0.01050 

I Analyst: Marvin J. Thurgood Date: Feb 9 ,  2000 i 

Ps-vol = 

I Reviewer : Harold E. Adkins Date: Feb 9, 2000 i 

+06 1.3972 X 10 gal 

Subject: Notebook for GOTH-SNF Simulation of Tank-AY102 

Table 5.7 Boundary Condition Input Data. 
San/O4/00 Harold E. Adki. 

7.P Description Pressure Temp. Flow W.V. 
# Press. 

Ratio 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1( 

- 

Inlet Primary 
Stack Inlet 
s1Gt Inlet 
Slot Outlet 
Primary Out 
Primary Couple 
Recir Out 
Recirc Couple 
Pump Inlet 
Pump Outlet 

I I 1 1 

Feb/l0/00 Harold E. Adki*(5.173) 

(14.0.5 ft + 22 ft + 0.5 ft + 32.5 ft) .PS-area =[2.7391 x 10.05 ftJ 

Feb/l0/00 

Harold E. Ad!4 
*(5.174) 

Feb/10/00 Harold E. Adki.(5 .175) 0 

lbm Btu 17 in.PS-area '0.417 ,62.4 - .1.925 .0.125 lbm-hr ft3 

1 ft.PS-area .142.34 - 1 bm .0.34.0.17475 BtU =I37362 21 
lbm-hr ft3 
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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 10.00 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 rio slot flow. 
Air inlet temperature is 82OF. 

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 82OF. The simulation is run to the 
steady state temperature for ambient air conditions of 82OF 
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. 
particle fraction in a computational cell remains below 
0.75*apmp. 
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 temperature prior to pump operation is shown as 
point T1 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 6.1. (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 LCO supernatant 
temperature limit of 195OF. which it is.) The pumps are 
run until the supernatant comes to a steady-state 
temperature, point T4 in Figure 6.1. 

-The mixture remains convective as long as the 

The slurry becomes non-convective once the 
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Calculation Number: JMI-9910-01 

Jan118100 Harold E. Adki. 
?(O* >".Irn B .E:.,:so*ooe .................. N.3".,"b., .... 

ran* Temperatures 

E,---- .. N l S i 6  T L l s l B  T L l s l  TLISS TL103 
L I 

z r  ........ ~ 

......................................................... - - _". . , ~  
z - 
I x 

Doma *I, 

Tims (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 off 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 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. 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 
6.4 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 period involved (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 of 82’F has been used in the calculation. 

* 

Jan/lB/QQ Harold E. Adki. 

%!% e ,e..si*sz- 
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Calculation Number: JMI-9910-01 

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. 
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Table 6.1 Axial Temperature Distribution in Tank. 
Jan118100 Harold E. l i d k i .  

1 

Calculation Number: JMI-9910-01 

0.208 
0.917 
1.805 
2.496 
3.183 
4.048 
4.780 
5.676 
7.561 
3.644 

11.592 
13.871 
16.022 
17.500 
18.534 
18.750 

T29, := 6.2917 

T410 , z  := 8 . 7 8 4 5  

183.800 130.100 
130.100 200.700 
190.700 208.400 
187.200 211.600 
180.900 211.900 
168.600 208.200 
152.900 201.900 
130.000 190,800 
107.500 152.200 
107.500 107.500 
107.500 107.500 
107.500 107.500 
107.500 107.500 
107.500 107.500 
107.500 107.500 
107.500 107.500 

Jan1 18 I O 0  

Harold E. A d k I  

JanllalVO 

-(6.1) 

Harold e ( 6 . 2 1  E. A& 

JanllUlOO 

Harold B. Adki 

Ja"Il8loO 

Harold E. A d k ~  

~(6.3) 

' ( 6 . 4 )  

64 of 73 

E-I5 



RPP-5637 
Rev. 0 

J O H N  MARVIN, I N C .  Calculation Number: JMI-9310-01 

0 
N 

C 
50 100 150 200 2 5 0  

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 lbm/s. 
Since the primary ventilation flow can not be maintained at 
the specified level if this moisture is no t  removed, the 
ventilation system condenser must be rated such that it is 
capable of removing at least 0.4 lbm/s. 

Tlme (days) 

Figure 6.4 Water Vapor Mass Rate Carried Over By the 
Primary Ventilation System. 

6.2. LOSS OF VENTILRTION FLOW WHEN PUMPS ARE TURNED OFF. 
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The purpose of this simulation is to determine the time 
available to recover from loss of ventilation if it occurs, 
Loss of ventilation is assumed to occur after the pumps 
have run long enough 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 slo? ventilation flow of 1000 CFM. The air inlet 
temperature for both systems is 82OF. The simulation is 
run to the steady state temperature for ambient conditions 
of 82OF 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. 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. 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. 
particle fraction reaches this value and the slurry begins 
to heat up as the radiolytic 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 

The slurry becomes non-convective once the 
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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 T1 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 s o  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 LCO supernatant temperature 
limit of 195OF, 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, forming 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 hours allowed by the 
AGA parameter specification so this criterion is satisfied. 
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Time (days) 

Figure 6.5 Temperatures From the Initial Steady-State 
Conditions Through Heat Up Following Loss of 
Ventilation. 

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. 

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 82OF. The 
simulation is run to approximately steady state 
temperature, for ambient air conditions of 82°F with the 
solid particles in an undisturbed slurry on the bottom of 
the tank. During this period heat is removed from the 
surface of the supernatant by convective sensible heat 
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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 floor slot ventilation flows (500 CFM & 0 CFM, 
respect,ively) with an inlet temperature of 82'F is an 
unacceptable configuration. The steady-state slurry 
temperatures exceed the LCO slurry temperature limit of 
215'F [Ref 61 prior to adding the heat load associated with 
mixing operations. 
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9 .  REVIEWER'S C0MMENl"T 

[QA-11 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. 

[QA-21 Comment by: Harold E. Adkins Date: 
Jan/ 18/00 
The depth o,f my review includes review of input data, 
equational relationships, derivations, consistency with 
cited references, and review of GOTH-SNF input and 
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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 results. Nevenheless, these discrepancies need to be 
resolved prior to performing any subsequent work based on this model 

The heat capacity value of 0.4 ButAbm-F is inconsistent with that given in other I O U ~ E ~ P  for Hanford sand 
and backfill, where valuer of . IS  - .24 for natural sand and 0.1 8-0.34 for backfill are cited ( Shannon & 
Wilson, Inc, Invin). The thermal conductivity also rcemr to be on the low ride of the m g c  given in some 
.eferenccn. 
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This notebook documents the methods, models and data 
required to set up the input deck for evaluating the 
ventilation requirements 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 be5ause 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 f o r  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 . 8 7  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 liquid level of the tank is 3 4 4 . 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 layer and the supernatant liquid level are 
illustrated in the figure. A l s o  illustrated 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 supernatant liquid 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 
both sensible and evaporative heat removal from the surface 
of the supernatant liquid pool. 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 liquid 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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~ 

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 
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 liquid. 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 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 liquid density and 
supernatant liquid 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*uPmp. This value 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 61 .  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 
liquid. 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 requirements 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 additibnal 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 consist 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 a 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 
2 0 0 0  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 portion of the waste existing 
below the top 15 feet'may exhibit temperatures in excess of 
215OF prior to and after mixing operations (LCO 3.3.2.b) 
[Ref 61. Additionally, in the event of a loss of 
ventilation, no waste temperature shall exceed 250°F during 
the recovery period (SL 2.1.11. 

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 conditions, ventilation 
parameters ,and pump operation conditions be specified. 
required data specifications are provided, with source 
references in this section. 

The 
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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. 

3.1.1. 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. 11 : 
Jan/03/00 

Harold E. Adki 
PS-IR : =  3 7 . 5  ft + ( 3 . 1 )  

Height of cylindrical portion of primar shell [Ref,., 
Jan,O$OO Harold E. A d k l  (4l.51 
13 in 
16 

PS-CHT := 31 ft + 9.5 in + 3 ft + 4 in +- =[=I 
Inside radius of secondary shell, [Ref. 1 1  : 

SS-IR := 4 0  ft 
Jan/03/00 

Harold E. A d k l  
'(3.3) 

Distance Between bottoms of primary and secondary 
shells [Ref. 11: 

Jan/OJ/OO 

Harold E. Adkl 
SS-PS-SPACE := 8 in ' ( 3 . 4 )  

Height of cylindrical portion of secondar shell : 

SS-CHT : = 31 ft + 9 . 5  in + SS-PS-SPACE 
Jan/O3/OyHarold E. Adkr 

= 1 3 2 . 4 5 8 3 1  
Other tank shell parameters of interest are: 

Radius of curvature at shell cylinder and bottom plate 
juncticm [Ref. 1 1 .  

S-RC := 1 ft 
.lan/01/00 

~ a r o l d  E. Adkr 
*(3.6) 
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Secondary shell ellipsoid head major diameter [Ref. 11: 

SS-ELIP-MAJOR := 80 ft '(3.7) 

Secondary shell ellipsoid head minor diameter [Ref. 11: 

SS-ELIP-MINOR := 30 ft ' ( 3 . 8 )  

The radius of the bend in the primary shell between the 
cylindrical shell and the secondary shell head [Ref. 11: 

Jan/03/00 

Harold E. Mki 

Jtln/03/00 

Harold E .  M k i  

Jan/O3/OO 

Harold E. Mk, 
'(3.9) 

The height of the primary shell tangency point with the 
secondary dome shell above the secondary tangent line 
is [Ref. 11: 

Jan/O3/00 

Harold E. Adk1 
7 in '(3.10) 

PS-SS-TP :E 6 ft + 6 in + ~ = (6.572921 
8 

The height of the primary tangent line above the 
secondary tangent line is [Ref. 11: 

13 in 
PS-TAN_SS-TRN : =  3 ft + 4 in +- =-I 

16 

Jan/01/00 Harold E. Adki*(3. 11) 

The distance from the tank centerline to the point of 
tangency between the primary tank shell and the secondary 
tank shell is [Ref. 11: 

Jan/03/00 
7 in '(3.121 

PS-SS-TAN := 35 ft + 11 in + __ ='- Harold E. & 
16 

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. 11: 

Jan/03/00 

PS-THK := = (0.031251 Harold E. Idki 
-(3.13) 

8 

This 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. 11: 

3 in 
8 

SS-THK : = ~ E 10.031251 
J*"/O3/OO 

Harold E. A M I  
'(3.14) 

.- 
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F$gure 3.1 AZ-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. 21. 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 the bottom of the tank. The plan view of the 
floor slots i s  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 outer 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 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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Figure,3.2 Secondary Ventilation Air Slot Layout. 
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The radius of the central air distributor is [Ref. 21 : 
Jan/03/00 

Harold E. MkI 
AD-OR := 1.5 ft *(3.15) 

The outer radius of the first ring of slots (Type A slots) 
is [Ref. 21: 

Jan/O3/OO 

Harold E .  AdkA 
*(3.16) R1-OR := 13 ft + 9 in =[13.75ftl 

The outer radius of the second ring of slots (Type B slots) 
is [Ref. 21: 

R2-OR := 24 ft . 
J."/03/00 
*(3.17) 

Harold E .  Adkl 

The outer radius of the.third ring of slots (Type C slots) 
[Ref. 21 is: 

R3-OR := 37.25 f t  

The height of all slots is [Ref. 21: 

The top width of the Type A slots is 

SLOT-A-TWD : =  3 in =El 
The bottom width of the Type A slots 

The top width of the Type B slots iS 

SLOT-B-TWD := 3 in =jO.25 ftl 

The bottom width of the Type B slots 

SLOT-B-BWD := 1.5 in =10.125 ft] 

The top width of the &e C slots is 

SLOT-C-TWD := 2 . 5  in = / 0 . 2 0 8 3 3 3  ftl 

The bottom width of the Type C slots 

Ja"lO3lOO 
'(3.18) 

Harold E .  A?, 

Jan/O3/QO 
'(3.191 

Harold E .  Adk 

[Ref. 21 : 
Jan/O3/OO 
-(3.20] 

Harold E .  Adk 

is [Ref. 21: 
.Jan/03/00 

Harold E .  Ad*i 
s(3.21) 

[Ref. 21 : 
Jan/03/00 
'(3.221 

Harold E. M k  

is [Ref. 21: 
Jan/03/00 
* ( 3 . 2 3 1  

Harold E. Adk 

[Ref. 21: 
Jan/Ol/OO 

Hazold E. Adkl 
*(3.24) 

is [Ref. 21: 
Febl10100 

SLOT-C-BWD := 1.0 in = \ 0 . 0 8 3 3 3 3 3  ftl 
Harold .(3.25) E .  Adkr 

The number of Type A slots is [Ref. 21 : 

SLOT-A-N : = 16 
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The number of Type B slots is [Ref. 21 :  
~anioiioa 

SLOT-B-N : = 32 ' (3 .271 
Harold E. ~ d k i  

The number of Type C slots is [Ref. 2 1 :  
.7an/03/00 

Harold E. Adkr 
SLOT-C-N : = 6 4 .  ' ( 3 .28 )  

The thickness of the insulating concrete that the slots are 
cut into is [Ref. 2 1 :  

INSUL-CONC-TCK : = 8 in = j0.6666671 ~a,,/a3/00 
. (3 .29)  

Haiold E. A d k i  

~ 

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. 21, [Ref. 7 1 :  

P4-ID : = 4 . 0 2 6  in 

Pipe wall thickness [Ref. 71 :  

P4-thk : =  0 . 2 3 7  in 
Jan/03/00 

Harold E. Adkr 
* ( 3 . 3 1 )  

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 solution is 
established to be 85% of that of water [Ref 61. 

The fluffing factor due to mixing for the original slurry 
in AZ-102 is: 

J M / 0 3 / 0 0  

FLUFF-FACT-AZ102 := 2.0 Harold - ( 3 . 3 2 )  E. Ad!4 

The slurry height for the waste in AZ-102 is: 
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Jan/01/00 

Harold E. A d k i  
.(3.33) slurry-HT-AZ102-ORG :=  34.5 in =/2.875ftj 

The volume of the supernatant liquid,layer in AZ-102 is: 
Jan/Ol/OO 

SUPER-VOL := 854000 gal Harold E. Ad*& 
'(3.34) 

The volume of the slurry layer is: 
Ja"/Ol/ 00 

Harold E. Adki 
*(3.35) slurry-VOL := 95000 gal = D 12699 7 ft 

The total heat load for the supernatant liquid layer is: 
Ja"/03/00 

SUPER-Q :? 67000 - Harold E. Add*< 
B t u  '(3.36) 
hr 

The total heat load for the slurry layer is: 
Ja"/Ol/OO 

slurry-Q := 132700 - Harold E. Adki  

~. 

Btu -(3.37) 
hr 

The total heat load €or the tank is: 
Ja"/Ol/OO 
'(3.381 TOTAL-Q := SUPER-Q + slurry-Q = 199700 Harold E. Adk i 

The particle volume fraction for slurry in AZ-102 is: 

ap-102 : =  0.17 
Ja"/Ol/oO 

Harold E. Adkl 
.(3.39) 

The specific heat of the solid particles is: 
J m l / O l / O O  

Harold E. A d k i  
Btu *(3.40) 

Cp-PART : = 0.2 __ lbm - R  

The specific heat of the supernatant liquid is: 

BtU Cp-SUPER : = 1 ~ lbm-R 

J."/OI/OO 

Harold E. A&l 
*(3.41) 

The thermal conductivity of the solid particles is: 
Dec/19/99 

Harold E. Mk1 
' ( 3 . 4 2 )  

The thermal conductivity of the supernatant liquid is: 
Jsnlol/00 

Btu 
hr - f t -R K-SUPER := 0.35 
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lbm 
237.1 - 

SPG-PART : = f t 3  :j3.824191 
1 bm 

62 - 
f t 3  

The' specific gravity of the supernatant liquid is: 

lbm 
6 8 . 6 4  - 

Jnn/01100 

Harold E. Ad*i  
' ( 3 . 4 4 )  

Jan/Ql/OQ 

Harold E .  Ad*% 
* ( 3 . 4 5 )  

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

J'an/Ol/00 
l h  * ( 3 . 4 6 )  

pw := 62- Harold E. mi , 
f t 3  

The density of the particles is: . 
Jan101/00 

Harold E. Adkl 
'(3.47 p-PART : = SPG-PART . pw = 237.1 r-3 

The density of the supernatant liquid is: 

p-SUPER :E p w ,  SPG-SUPER = 68 .64  I 3  
.lan/03/00 
' ( 3 . 4 8 1  

Harold E. Adk 

The total mass of the supernatant liquid is: 
Jan/Ql/QQ Harold E. ha*i.(3 . 4 9 )  

SUPER-MASS := p-SUPER .SUPER-VOL =[7.83616 X lo*" lbi 

The specific heat load for the supernatant liquid is: 
Jan/OI/QO 

Harold - ( 3 . 5 0 )  E .  Adkr 
super-q : = 

SUPER-MASS 

The mass of particles in the slurry is: 
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3aa/OltOO Harold E. Mki*(3 .SI) 

Part-Mass := ap-102 .slurry-VOL .p-PART =/-I 
The mass of supernatant liquid in the slurry is: 

Super-Mass : = (1. o - ~ ~ - 1 0 2  ) . slurry-voL . P-SUPER 
Jan/O3/O Harold E. A d ! 4 * ( 3 . 5 2 )  

= I723514 l b m l  

The density of the slurry is: 
Ja"t03/00 

Harold E. Ad*> 
' ( 3 . 5 3 )  Part-Mass + Super-Mass 

slurry-VOL 
p 5  := 

The average particle heat load for the AZ-102 slurry is: 

slurry-Q - Super-Mass 'Super-q- 
Part-Mass 

Q-PART : = 
J."/01/00 

Harold '(3.54) E. Adkr 

to after pump mixing is: 
The maximum packing fraction that the particles will settle 

3an/03/00 

Harold E. M k 1  
' ( 3 . 5 5 )  

The slurry conductivity can be calcr ited from t 
parameters using the series conductivity model: 

1.0 slurry-cond ( a p ,  k, , k,) : = 
UP l - a p  
k, ki 

+- - 

!se 

Jan/O3/OO 
Harold ' ( 3 . 5 6 1  E. M* 
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Calculation Number: JMI-9910-02 

,K-PART , San/OS/DQ 
'(3.571 

Harold E. M k  

3 . 2 . 2 .  The Initial Depth of slurry in A?.-102. 

The total unmixed depth of the slurry is A-102 is then: 

slurry-HT-MOD := slurry-HT-AZlO2-ORG 

= E l  
. Jan/03/00 

Harold E. A d k ~  
'(3.58) 

3 . 2 . 3 .  Supernatant Height In AZ-102. 

The tank cross-sectional area is given by: 
Jan/01100 
.(3.59] 

Xarold E. Mk 
slurry-VOL 

slurry-HT-MOD 
tank-area :E: 

The supernatant liquid height is given by: 
Jnn/OJ/OO 
*(3.601 

Harold E. Adk 
SUPER-VOL 
tank-area SUPERNRTANT-HT : = 

The waste level in the tank is: 
Jan/01/00 Harold E. Adki * (3 .61) 

SUPERNATANT-LEVEL := SUPERNATANT-HT + SlurrY-IiT-MOD 
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I Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 
3 . 2 . 4 .  VENTILATION INLET TEMPERATURE AND KUMIDITY. 

Two temperatures are specified in the input parameter 
specifications for this analysis [Ref 61. 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 all of the steps since the limit on supernatant liquid 
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. The air inlet temperature that will be used for 
these calculations is: 

Ja"/03/00 

Harold E. A&> 
'(3.62) AIR-INLET-TEMPERATURE : = tf ( 8 2  ) = 

The inlet absolute humidity is provided in pounds of 
moisture per pound of dry air [Ref 61. 

Jan/O3/DO 

AIR-INLET-ABSOLUTE-HUMIDITY : =  0.0066 - Harold E. WL 
lbm *L3.63) 
1 bm 

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 

Calculation Number: JMI-9910-02 

specified absolute humidity is: 
Jan/Q3/00 Harold E. Adki*(3 . 6 4 )  

AIR-INLET-ABSOLUTE-HUMIDITY 
1 + AIR-INLET-ABSOLUTE-HUMIDITY 

wv-mf := 

The mass fraction of air is: 
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Calculation Number: JMI-9910-02 

* ( 3 . 6 5 1  Jan103/00 

Harold E. Adk 

tot-moles := wv-moles + air-moles = 

The molecular weight of water vapor is: 

0.0346679 mole] 

1 bm 
lbm-mole 

?@-water := 18.016 

The molecular weight of air is: 

lbrn 
lbm-mole 

Mw-air := 2 8 . 9 6  

Jan/01/00 

Harold E. hdkz 
' ( 3 . 6 6 )  

The lbm-mole_s of water vapor per lbrn of mixture is: 

Jan/01/00 

Harold E. M*1 
* ( 3 . 6 7  

wv-mf wv-moles : = ~ =10.000363939 mole) 
MW-water 

The lbm-moles of air per lbm of mixture is: 

air-mf airmoles := ___ 0,034304 mole1 

Jan/01/00 

Harold E. Adkt 
' ( 3 . 6 8 )  

JanlOlIOO 
*(3.69{ 

Harold E. Adk 

The mole fraction of water vapor is then: 

Atmospheric pressure is assumed to be: 

P-tot := 14.7 psi 

Jan/03/00 
'(3.711 

Harold E. Adk 

JanlOl/OO 
* ( 3 . 7 2 ]  

Harold E. M* 
J?."/Ol/OO 

Harold E. M*I 
p-wv := P-tot .wv-vf =[0.154319 psi1 . ( 3 . 7 3 )  

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

Ja"/03/00 

Harold E. A d k i  
s(3.74) wq-ratio := wv-vf =1o.0104979( 
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3 . 2 . 5 . 1 .  Primary Ventilation Flow Rate 

The nominal once through primary ventilation flow for 
this tank is [Ref 6 1 :  

Calculation Number: JMI-9910-02 

Qsrimary := 500 
min 

The recircwlation flow for this tank is, [Ref 61: 

Q-recirc := 400 
m m  

Jan/o3/00 

Harold E. Adkr 
'(3.75) 

Jan103/00 

Harold E. Adk1 
' ( 3 . 7 6 )  

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. 

Jan/03/00 Harold E. Adki*(3 .77) 

Q-inlet-recir : =  Qgrirnary ~ Q-recirc = 1 .66667 i 
The tank inlet conditions for 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 a volumetric flow 
of: 

tl := tf ( 7 0 )  

3 . 2 . 5 . 2 .  Secondary Ventilation Flow Rate. 

The nominal secondary flow rate is [Ref 6 1 :  

Ja"/03/00 

Harold E. A d k l  
*(3.78) 

JanlOJ/oO 
Harold .(3.79) E. AdkL 

Jan/O3/00 

Harold E. Adki 
'(3.80) 
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Calculation Number: JMI-9910-02 

f t 3  
Q-secondary : =  1000 - 

min 

JanlOl/OO 

Harold E. Adki 
*(3.81) 

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 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 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 outlet are represented by a flow 
condition "4F" and a pressure condition " 3 P " .  

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. The 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 slots. The pump inlet is also shown. 

To accurately represent the additional heat load oE the 
mixer pump during operation, a heat source was added in the 
supernatent equaling 1.5~10 Btu/hr. 
model. it was added to the 12th subvolume from the bottom. 

6 For this particular 
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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. 

23 of 102 

F-33 



JOHN MARVIN. INC. 

Subject: Notebook for  GOTH-SNF simulation of Tank AZ-102 

Calculation Number: JMI-9910-02 

Jan/l8/OO Harold E. Adki' 
mkMMei 
onJan1714551820W 
OTKSNF Verrioo 5.0. November 1999 

4--, Primary Ventilation 

la- 

I 4' 
Recirculalion I Refill Water 
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I 1  
I I  
I 1  
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Figure 4.1 GOTH-SNF Model of Tank AZ-102. 
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Jan/lB/OO Harold E. M k i .  

Volume 1s 

Top View 
Level 1 

Elevation 

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. 

Calculation Number: JMI-9910-02 

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 volumes 
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 hlnctions and Parameters. 

Area of a circle of radius r [Ref. 3, p. 121: 
~ ~ ~ 1 0 3 i a o  

2 *(5.1) 
A, (r) := z.r Harold E. Adk1  

Area of an annular ring formed by a larger circle of radius 
rl and a smaller circle of radius r2 [Ref. 3 ,  p. 131: 
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Jan/O3/OO 

Harold E. A d k ~  
Aa(rl,r2) := ri.(r12 r 2 z )  '(5.2) 

The perimeter of a circle of radius r [Ref. 3, p. 121: 
J*"/03/00 

Harold E .  A&I 
- ( 5 . 3 1  

The perimeter of an annular ring formed by a larger 
circle of radius rl and a smaller circle of radius r2, 
[Ref. 3, p. 121: 

Ja"/Ol/OO 
Pa lrl ,r2) := 2 .R ' (1-1 + r2) 

Harold * ( 5 . 4 )  E. MkI 

The hydraulic diameter of a flow path with flow area, A, 
and wetted perimeter, Pw, [Ref. 4, p. 1651: 

Ja"/03/00 

Dh IA, Pw) := 4 .- Harold E. *&I 
A ' (5.51 
Fw 

The volume of a cylinder of radius, r, and height, h; 
[Ref. 3, p. 161 : 

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. 161: 

V, lrl, r 2 ,  h) := A, lrl, r2) .h 

The acceleration of gravity is: 

ft 
g := 32.2 - 

Jan/01/00 
' ( 5 . 7 1  

Harold E. M k  

Jan/03/00 

Harold E. Adk 
2 

S 

5.1.2. Tank P r i m a r y  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 body 
of revolution 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. 
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 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: 

Area of Tank Primary Volume. 

. J."/03/00 

Harold S. Adki 
. ( 5 . 9 )  PS-area ,: = A, i PS-IR I = 14417.861 

Reviewer: Harold E. Adkins Date: Feb 9 .  2000 

Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 
~ 

5 . 1 . 2 . 2 .  Volume of Tank Primary Volume. 

The volume of the cylindrical portion of the primary tank 
is: 

Jan/03/00 

Harold E .  A d k l  
'(5.10) Ps-cyl-vol := V, (PS-IR , PS-CHT ) = D 155477 ft 

The centroid of the semi-ellipse of the size Of that 
forming the secondary tank dome, [Ref. 3 .  p. 201 :  

Jan103/00 

Harold E. Adki 

SS-ELIP-MAJOR 
2 

3 .n 

4 .  *(5.11) 
Elip-cent := 

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

~an/01/00 Harold E .  M k i * ( 5 . 1 2 )  [Ref. 3, 'p.131: 

x SS-ELIP-MAJOR SSELIP-MINOR = 
2 

Elip-area : = - .  
4 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 quarter 
ellipse, [Ref. 3, p. 191. 
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Body-of-rot-vol := P, (Elip-cent 1 .Elip-area 
Jan/03/00 

Xarold E.  Adkx 
-(5.13) 

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 
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. 3651: 

Ja"f03/00 
'(5.14) 

H*rold E. *&I 

The equation f o r  a circle of radius, r, whose origin is 
located at (h,k) is [Ref. 3.p. 3 6 3 1 :  

yC ( x ,  r, h. k) := \i,z-cx-̂ ,. + k 

580103/00 

Harold E. A&$ 
.(5.15) 

The shape of the dame 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 circle 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/ol/OO Ha:old E .  A d k i * ( 5 . 1 6 )  

PS-SS-TAN 
SS-ELIP-MAJOR SS-ELIP-MINOR 

Aelip := j Ye(.. 2 2 
0 ft 

Calculation Number: JMI-9310-02 

- PS-IR .PS-TAN-SS-TAN = ( 3 2 5 . 7 7 9  ft2/ 

Jan/O3/DO Harold E. A d k I ’ ( 5 . 1 7 )  
PS-IR 

5 Acirc := . 
PS-SS-TAN 

yc ( x ,  PS-TOP-RC , PS-IR - PS-TOP-RC , PS-TAN-SS-TAN 1 dx 

Jan/Ol/oO 

Harold E. Adkx 
*(5.18) Ps-Dome-XArea :I Aelip + Acirc = 21 334 4 5  ft 

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 centroid 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. 

Ps-Dome-XArea 
2 

Jon/Ol/Oo 

Harold E .  Adkl 
*(5.191 
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PS-vol = 

14.87 ft 
SS-ELIP-MAJOR SS-ELIP-MINOR j Ye( . .  2 2 

Aelip-cent := 

0 ft 

+06 
1.3968 X 1 0  gal 

- 14.87 ft PS-TAN-SS-TAN = 1167.2271 
Therefore, the distance to the centroid is: 

Ps-dome-centroid := 14.87 ft 
Jan/Ol/OO 

Harold e. Mk! 
* ( 5 . 2 1  

and the primary tank dome volume is: 
Jan/Ol/OO Harold E. Adki*(5.22) 

Ps-dome-vol := Ps-Dome-Urea .P,lPs_dome-centroid I 

The total volume of the primary tank is: 

PS-vol : = Ps-dome-vol + A, IPS-IR I ' PS-CHT 

= /  186725 ft'l 

Ja"/Ol I O 0  

Harold E .  Adkr 
' ( 5 . 2 3 )  

Jan/Ol/OO 

Harold E .  AdkL 
' ( 5 . 2 4 )  
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I 
0 5 10 15  2 0  2 5  3 0  3 5  4 01 

0 

Distance From Tank Centerline l f t )  

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, 
therefore, the bottom of the tank primary volume is: 

Jan/Q3/OO 

Harold E. A d k i  
' ( 5 . 2 5 )  Ps-elev : = SS-PS-SPACE = rOLGGTG 

5.1.2.4. 

The height of the tank primary volume will be assumed to be 
equal to its volume divided by its area: 

Height of the Tank Primary Volume. 

Jan/O3/OO 
' ( 5 . 2 6 )  

Harold E. Adki  
PS-vol 
Ps-area 

PS-ht := 
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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. . 

A x 1  := 5 in = L 0 . 4 1 6 6 6 7  f t l  

 AX^ := 12 in =m 
Location of center of node 2: 

Ax1 + 0 .5  . A x 2  =m 

J."/OI/OO 
-(5.27) 

Harold E .  Adkr , 
.7an/03/00 

Harold E .  A d * i  
*(5.28) 

Jan/03/00 

Harold E .  Ad*r  
'(5.29) 

Dons values for AX: 
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Table 5.1 Subdivision Heights and Pressures. 
Beb/10/00 Harold E. Adki. 

Level Height Pressure Elevation Dist. to 
Node Cente 
From Bot. 
of Tank 

0.66667 
1.08333 
2.08333 
2 .a6033 
3.54166 
4.31266 
.5.27066 
6.41666 
7.70266 
9.70266 
12.90266 
16.90266 
22.38640 
26.38640 
28.38640 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0.20833 
0.91667 
1.80517 
2.53433 
3.26050 
4.12500 
5.17700 
6.39300 
8,03600 

10.63600 
14.23600 
18.97787 
23.71974 
26.71974 
28.21974 

ft 

0.41667 
~ 1.00000 

0.77700 
0.68133 
0.77100 
0.95800 
1.14600 
1.28600 
2.00000 
3.20000 
4 .OOOOO 
5.48374 
4.00000 
2 .ooooo 
1.00000 

psi 

29.52754 
29.04864 
28.44794 
27.95496 
27.46400 
26.87953 
26.04514 
25.35100 
24.56720 
23.32687 
21.60949 
19.34737 
17.08526 
15.65410 
14.93853 

Array: 1 

slurry-HT-MOD =12.875 ftl 

2 . slurry-HT-MOD = 

SUPERNATANT-LEVEL =I  28.7197 ftl 

Peb/lO/OO 

Harold E. lid*i 

FebllO/OD 

Harold E. m l  

FebllO/00 

Harold E. A d k ~  

*(5.30) 

'(5.31) 

'(5.32) 

Feb/10/00 

Harold E. Adk1 
*(5.33 
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JOHN MARVIN, INC. Calculation Number: JMI-9910-02 

+ 

5.1.2.6. Hydraulic Diameter of Tank 

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

PS-hyd := 2. PS-IR =m 

5 . 1 . 2 . 7 .  Dimensions of Conductor at 

Fsb/10/00 

Harold E .  M k  

reb/lO/OO 

Harold E .  Adki 
'(5.35) 

Primary Volume. 

will be assumed to be 

J ~ / 0 3 / 0 0  
'(5.36) 

Harold E .  Adki I 

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/03/00 Harold E .  A & i * ( 5 . 3 7 )  

Dome-soil-conductor-area := PS-area =[4417.86 ft21 
The thickness of this conductor is: 

.ran/01/00 
Dome-soil-conductor-thk := 84 in =m Harold '(5.38) E .  Ad!a 

The thermal properties for all soil conductors were assumed 
to be constant and to be p = 104 lbm/ft3, k = 0.25 
Btu/hr-ft-'F, and C, = 0.4 Btu/lbm-'F [Ref. 81.  
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5.1.3. Tank Annulus Volume. 

Calculation Number: JMI-9910-02 

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 dnnulus 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: 

J*"103/00 
'(5.41) 

Harold E. Adkr Annulus-area : = A, (ss-IR , PS-IR 1 = 1608.6841 
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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 sf the cylindrical portion of the annulus is: 

Calculation Number: JMI-9910-02 

Jan/03/00 - Harold E. A&A 

Annulus~cyl~vol := A, (SS-IR , PS-IR ) 'SS-CHT 
' ( 5 . 4 2 )  

=119756.9 ft 3 1 

The volume of the dome portion of 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/03100 lfafnrold E ,  

Annulus-dome-vol := Body-of-rot-vol - Ps-dome-vol 

-A, (PS-IR) .PS-TAN_SS-TAN =13992.19 ft31 

The total annulus volume is: 
Jan/01/00 Harold E. 

Annulus-vol :I Annulus-cyl-vol +Annulus-dome-vol 

=I23749 ft31 

5 . 1 . 3 . 3 .  ~ o t t o r n  Elevation of Tank Annulus Volume. 

The bottom of the tank annulus will be taken as zero, 
therefore, the bottom of the tank annulus volume is: 
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5's-elev . : = 0 ft 

Calculation Number: JMI-9910-02 

JanIOllOO 

Harold E. mi ' ( 5 . 4 5 )  

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: 

=139.01714 Annulus-vol 
Annulus-area 

SS-ht := 

. 
Ja"103100 

Harold E. Adkl 
* ( 5 . 4 6  

5 . 1 . 3 . 5 .  Hydraulic Diameter of Tank Annulus Volume 

The hydraulic diameter of this volume is: 
JanlOllOO Harold E. Ad!4* (5 .47 )  

Annulus-area , Pa (SS-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 liquid in the tank. 

slurry height in tank: 

slurry-ht := slurry-HT-MOD =E\ Jan/03/00 

Harold E. A d k x  
. (5 .481 

Jan103100 Harold E. Ad!d ' (5 .49 )  Supernatant liquid height: 

Supernatant-ht := SUPERNATANT_LEVEL - slurry-ht 

= 1 2 5 . 8 4 4 7  ftl 

Total waste height: 
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1 Calculation Number: JMI-9910-02 JOHN MARVIN, INC. 

Analyst: Marvin J. Thurgood Date: Feb 9. 2000 I 
Reviewer: Harold E. Adkins Date: Feb 9, 2000 

I Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 
Jan/O3/OO Harold E .  Adki*(5. 50) 

Waste-ht := slurry-ht + Supernatant-ht =[28.7197] 
The surface area of the conductor between the primary air 
volume and the annulus air is: 

Jan/Ol/OO 

Harold E .  Adkr 

Air-cond-area : = ( SS-ht - Waste-ht ) . P, (PS-IR ) 

' ( 5 . 5 1 )  

= [Z] 
The thickness of this conductor is: - 

Air-cond-thk : = PS-THK = 
J*"/OllOO 
' ( 5 . 5 2  

Harold E. 

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/01/00 Harold E. Adki * (5 . 53 ] 
supernatant-cond-area := Supernatant-ht . P c ( P S - I R )  

=16089.521 
The thickness of this conductor is: 

fsb/lO/OO 

Harold E. M!4 
* ( 5 . 5 4 1  Supernatant-cond-thk := PS-THK = mftl 

5.1.3.8. Dimension for Conductor Between Annulus dir And 

The surface area for the secondary shell conductor is: 
Soil Around the sides of the Tank. 
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I Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 I 

Calculation Number: JMI-9910-02 

Side-soil-conductor-area := ss-ht . P , ( S S - I R  1 
Jan/03/00 

Harold E. M!d 
' ( 5 . 5 5 )  

= [9806.06ftZl 
This conductor will have the properties of soil. The 
thickness of the conductor will be equal to the average 
distance between tanks. 

Jan/OS/OO 

Harold E. Mki 
side-soil-conductor-thk := 600 in = * ( 5 . 5 6 )  

., 

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 S l o t  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/03/00 Harold E. A d * i  * ( 5 .  5 1 )  
SLOT-A-TWD + SLOT-A-BWD .SLOT_HT Slot-A-area := 

2 
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I Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Calculation Number: JMI-9910-02 

Jan/03/00 Harold E. A d k i * ( 5 . 5 8 )  
SLOT-B-TWD + SLOT-B-BWD 

2 
Slot-B-area := . SLOT-HT 

= 

J m / O 3 / O O  Harold E. AdkI * ( 5 .  5 9 )  
SLOT-C-TWD + SLOT-C-BWD 

2 
Slot-C-area := . SLOT-HT 

0,217506 ft 

The wetted perimeter of I ? flow hc 

SLOT-A-TWD - SLOT-A-BWD 
2 

+ SLOT-HT ’ A-dia-len : = 

= I  0.217506 ftl 
3an/01/00 Harold E .  A d k i * ( 5 . 6 3 )  

Slot-A-y? := SLOT-A-TWD + SLOT-A-BWD + 2.A-dia-len 
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Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Jan/OJ/OO Harold E. A d k i + ( 5 . 6 4 )  
Slot-B-wp := SLOT-B-TWD + SLOT-B-BWD + 2 ,B-dia-len 

Calculation Number: JMI-9910-02 

31 0.810013 ftl 

Jan/01/00 Harold E. M k i . ( 5 .  65) 
Slot-C-wp :=  SLOT-C-TWD + SLOT-C-BWD + 2 ,C-dia-len 

The hydraulic diameter of the flow holes is: 

Slot-A-hyd := Dh (Slot-A-area ,Slot-A-wp 1 

=I 0.192898 ftl 

Slot-B-hyd := Dh (Slot-B-area ,Slot-B-wp I 

Slot-C-hyd := Dh (Slot-C-area ,Slot-C-wp ) 

= I  0.167237 ftl 

The total flow area of slots in each ring are: 

Slot-A-area-tot := Slot-A-area .SLOT-A-N 

ft21 

Slot-B-area-tot := Slot-B-area .SLOT-B-N 

4 2  of 102 

Jan/O3/00 

Harold E. A&ki 
*(5.66) 

aan/03/00 

Harold E. Adki 
'(5.67) 

Jan/03/00 

Harold E. hd*l 
' ( 5 . 6 8 )  

Jan/Ol/OO 
* ( 5 . 6 9 ]  

Harold E. Id* 

Jan/03/00 

Harold E. M k i  
'(5.70) 



JOHN MARVIN, INC. 

LSubject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Slot-C-area-tot := slot-C-area .SLOT-C-N 
Jan/O3/00 

Harold E .  AdkL 
' ( 5 . 7 1 )  

E 11.944441 

Calculation Number: JMI-9910-02 

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

Jan/Ql/OO Harold E .  A d k i * ( 5 . 7 2 )  

Slot-A-ht-area :j: SLOT-A-TWD .SLOT-A-N . (Rl-OR - AD-OR1 

- -= 4 9  ft 

Jan/03/00 Harold E .  Adki*(5.73) 
Slot-B-ht-area := SLOT-BWD .SLOT-B-N (R2-OR - R L O R  1 

Jan/01/00 Harold E .  Adki*(5.74) 
Slot-C-htprea := SLOT-C-TWD .SLOT-C-N . (R3-OR - RZ-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. 51: 

Jan/OJ/QO 
D Harold ' ( 5 . 7 5 1  E. Adk 

R e ( p , V , D , p )  := p . V . - -  
P 

The dry bulb air temperature is: 

TA := tf ( 8 2 )  

The air pressure is: 

PA := 14.7 psi 

The gas constant for air is: 

Jan/QS/QO 

Narold E .  Ad*& 
' ( 5 . 7 6 )  

JanfOJ/QQ 

harold E .  Adki  
. ( 5 . 7 7 )  
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JOHN MARVIN, INC. Calculation Number: JMI-9910-02 

Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

f t - l b f  
lbn-R 

RA := 5 3 . 3 4  

The density of air at these conditions is: 

P A  

RA .TA 
P A  :=- E 

Jan/03/00 

tiaxold E. &d*1 
‘(5.78) 

Jan/03100 
‘(5.79) 

Harold E. 

The air flow rate is: 
Jan/05/00 

Harold E. Adki 
- ( 5 . 8 0 )  

3~n103100 

Harold E. A&] 
B(5.81 

The viscosity of air at these conditions is [Ref. 51: 
J r , ” / l 8 / O O  

-5 l b f - s  *(5.82) K~ := 0.04 X 10 - =~0.000191521 poise1 Harold E. M k i  , 

f t 2  

The thermal conductivity of air at these conditions is 
[Ref. 41 :  

Btu 
h r - f t - R  

kA := 0.016 

Jad05/00 

Harold E. mi ‘(5.812 

The specific heat of air at these conditions is [Ref. 41: 

Btu 
CpA := 0 . 2 4  - 

lbm-R 

The Prandtl number for the air is: 

PTA := 
k A  

Jan/O5/OO 

Haiold E. A d h  
‘15.84) 

Jan/03/00 
B(5.85 

Harold E. 

Slot A: 
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pAA := PA =- 
Rh.tf (108.2) 

Calculation Number: JMI-9910-t2 

-5 lbf-s p,A := 0.0395 X10 __ 
€ t 2  

Btu 
hr-ft-R 

kAA := 0.0157 
* 

=j0.000189127 poise( 

Jan105100 

Harold E .  Adki 
' ( 5 . 8 6 )  

JeinloJlOO 

Harold E. Adh 
'15.67)  

.?a*105100 

Harold E. ldki 
' ( 5 . 8 8 )  

Jan103100 
*(5.69) 

Harold E .  Ad*, 

= 1 2 9 6 5 4 . 2  1 

Slot B: 

JanlO5100 
*(5.911 

Harold E. M k  
pAB := 

RA, tf (127.9 ) 

Jan/OS/OO ' 

- 5  lbf-s '(5.92) 
Harold E. ~ d k i  pAB := 0.041 X10 - - 1  - 0.000196309 poise1 

ftZ 

Btu kAB := 0.0162 
hr-ft-R 

J a d 0 3 1 0 0  

Harold E. Adk 
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Jan/01/00 Harold E. A d k i ' ( 5 . 9 5 )  

mA 
Slot-B-Re := Re , Slot-B-hyd , PAB pAB.Slot-B-area-tot 

Celculetion w i 5 e r :  J?lI-?910-f? 

= [  1 4 2 8 4 . 6  I 

Slot c: 

P A C  : =  0 . 0 4 2 5  X 10 ~ - - 0.000203491 poise 

PAC := = / 0 . 0 6 5 3 2 8 4  3 
RA;tf ( 1 4 7 . 8  

Harold E. Adkl 

JanlOS/OO 
' ( 5 . 9 6 1  

Haiold E. Adk 

Jan/OS/OO 

kAC :E 0 . 0 1 6 7  Harold E .  M k i  
Btu - 1 5 . 9 8 )  

hr-ft-R 

'. 
Jan/ol/oo Harold E .  Aak i* (5 .100)  

mA 
, Slot-C-hyd , pAC PAC. slot-c-area-tot Slot-C-Re := Re 

The heat transfer coefficient f o r  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. 5 1 ,  

k 
h , ( D , k ) , : =  4 . 0 ' -  

D 

Jan/03/00 

Harold E. Ad*> 
' ( 5 . 1 0 1 )  

and the turbulent flow value; 
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k h,(Re.?r.k,D) := 0.023 .Reo.' .- 
D 

or: 

h (D, k, Re, Pr ) I= ma,( h, ID, k) , h, (Re, Pr , k, D) ) 

1 slot-A-h := h( Slot-A-hyd , kAA. Slot-A-Re , ?rAA 

Slot-B-h :I: h( Slot-B-hyd , k,B. Slot-B-Re ,,,,E) 

hr-ft - 

Slot-C-h :E h( Slot-C-hyd , kAC. Slot-C-Re , Pr,C) 

hr-ft - 

Jan/03/00 

Harold E .  i d k i  
'(5.102) 

.?an/03/00 

Harold E. Adki 
'(5.103) 

Jan/Ol/OO 
'(5.104) 

Harold E. 

Jan/01/00 

Harold E. A d k i  
*(5.105) 

.?an/03/00 
'(5.1064 

liarold E. W 

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: 

h.A.Tw+m.Cp.TAin 
m.Cp +h.A TADut (h, A, Tw , TAin, m, cP) : = 
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Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 I 

Calculation Number: JM-9910-02 

Jan/Ol/OO Harold E. ndki+(5, 109) 
Slot-A-out := 

TAoUt (Slot-A-h , Slot-A-ht-area I T, I TI\, m ~ ,  CPA) 

J m / 0 3 / 0 0  Harold E. A&*i*(5.110) 
Slot-Lout := 

TAout (.Slot_B-h , Slot-B-ht-area , T, , Slot_A-out ,mA , CpA) 

JanlOllOO Harold E. A d k i * ( 5 . 1 1 1 )  
Slot-c~out := 

, Slot-C-ht-area , T,, Slot-B-out ,mA, CpA) , 

Slot-C-out - TA 

Tw - TA 
eff := 

Tot-slot-ht-area := Slot-A-ht-area 

+ Slot-B-ht-area + Slot_C_ht-area 

r ( 3 O 7 . 6 6 7  ft2/ 

Look at total heat transfer: 

Jan/03/00 

Harold E. M*i 
* (5 .112)  

Jan/04/00 

Harold E. A,] 
'(5.113 
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Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Jan104/00 Harold E .  M k i * ( 5 . 1 1 4 )  
Q-A := Slot-A-h , Slot-A-ht-area . (T, - SlotAout ) 

Calculation Number: JMI-9910-02 

Jan/O4/OO Xaiold E. Adki*(5 .115) 
Q-B := Slot-B-h , Slot-B-ht-area . (T, - Slot-E-out ) 

=120_694.4 3 
Jan104/00 Mrold E. Adki'(5 ,116) 

Q-c := slot-C-h . Slot-C-ht-area . (T, - Slot-C-out ) 

Look at energy transfer: 

MQ-A : = mA ' CpA ' ( Slot-A-out T A  1 

Slot-A-out ) 

Jan/O&/OO 

Harold E. Mki 
*(5.1191 

Total Heat Transfer to Secondary Air: 
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Calculation Number: JMI-9910-02 

Reviewer: Harold E. Adkins Date: Feb 9, 2000 

Subiect: Notebook for GOTH SNF Simulation of Tank AZ-102 

Jan/04/DO 

Q-tot := Q-A + Q_B + Q-C = Harold E. A d k i  
'(5.120) 

The average heat transfer coefficient is: 

Q-tot h-ave : = 
Jan/Ol/OO 

Harold E. Adkx 

Tot-slot-ht-area . T, - Slot-Lout 
*(5.121) 

hr-ft - 
* 

Fraction of total heat: 
Jan/01,00 

Harold *(5.122) E Adkr =[0.3572471 Q-tot 
slurry-Q + SUPER-Q 

Q-frac-sec := 

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 coefficient for the slots ranges 
2 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 slots that is large enough 
to avoid a courant time step limitation. 
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Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Calculation Number: JMI-9910-02 

JanlO4/OO Harold E. A d k i * ( 5  , 1 2 3 )  
Slot-channel-area := Slot-A-ht-area 

+ Slot-B-ht-area + Slot-C-ht-area = /  3 0 7 . 6 6 7  ft 21 

5.1.4.2. Volume of Floor Slo t  Volume 

Jan/04!00 Harold E. aa*i*(5.124)  
Slot-vol&e := Slot-A-area-tot . (Rl-OR - AD-OR) 

+ Slot-B-area-tot . (R2-OR - R l P R  ) 

+ Slot-C-area-tot . IR3LOR - R 2 P R  ) 

=146.23261 

.L2.773951 Slot-volume 
QA 

Jan/O4/OO 

Harold E. Adki 
- ( 5 . 1 2 5 )  

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

Jan104100 

Harold E. A&> 
' (5 .126)  Slot-volume-model := QA ,160 s =12666.67] 

5.1.4.3. Elevation of Floor Slot Volume. 

Jan/O4/OO Harold E. Ad!d*(5.127) 
slot-elev := SS-PS-SPACE - SLOT-HT =10.458333J 
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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 

5.1.4.4. Height of Floor Slot Volume. 

Slot-ht := SLOT-HT -10.2083331 Jan/04/00 

Harold E. M*i 
'(5.128) 

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 floor slots. 
This is not,critical since the volume 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. 

Slot-hyd := slot-C-hyd =10.167237] Jan/04/00 
*(5.129) 

Harold E. &&L I 

5.1.4.6. Slot Conductor Dimensions. 

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

Jan/O4/OO Harold E. A d k i * ( 5 . 1 3 0 )  

Slot-ht-area := Slot-channel-area =1307.6671 
This conductor is made of steel plate. The thickness of 
this plate is: 

: = PS-THK = 10.031251 Jan/ 01/00  

mrold E. M*i 
'(5.131) slot-cond-thk 

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. 
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5.1.5.1. Supply Pipe Volume 

Well, lets look at the temperature increase thac 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 
tank annulus. 

Secondary ventilation inlet pipes: 
* 

Length: 

P4-Len :E R3-OR - AD-OR = 

Flow Area: 

Jan/04/00 

Harold E .  AdkA 
*(5.132) 

Calculation Number: JMI-9910-02 

Jan/04100 

Harold E .  Adki 
-(5.133) 

single Pipe volume: 
Jan/O4/OO 

P4-Vol := P4-Area .P4_Len = Harold E. AdkL 
*(5.134) 

Number of pipes: - .  

P4-n := 4 
Jan/04/00 

Harold E .  Adkl 
'(5.135) 

Total Volume of Pipes: 
Jan/Oh/OO 

Harold E. Mk1 
'(5.136) P4-vol-tot : = P4-Vol. P4-n = [12.64191 

Total Flow Area of Pipes: 
Jan/O4/OO 

Harold E. Ad!d 
-(5.137) P4-Area-tot := P4-Area .P4-n =/0.3536181 

Courant Limit of Pipe volume: 

P4-vo1-tot = 10.7585121 
QA 

Jad04100 

Harold E. Adki 
'(5.138) 

The pipe volume will have to be increased to get 
reasonable run times: 
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Jan/04/00 

Harold E. A & i  
*(5.139) 

,160 s = 15333.331 P4-vol-model := 2000 - min 
ft3 

5.1.5.2. Supply Pipe Area. 

Jan/O&/OO 
P4-vol-model Harold '(5.1401 E. P4-area-model := 

SS-ht 

5.1.5.3. Supply Pipe Elevation. 

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: 

Jan/O4/OO 

Harold E. A&I 
*(5.141) ~4-elev := SS-elev =m 

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/OS/OO 

Harold L. MkI 
* ( 5  ,142) P4-ht : = SS-ht = m f t l  

5.1.5.5. Supply Pipe Hydraulic Diameter: 

~4-hyd := P4-ID = I  0.3355 ftl 

5.1.5.6. Supply Pipe Conductor Dimensions. 

Reynolds Number: 

Jnn/O4/OO 

Harold E. Adkr 
*(5.143) 
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Jan/O4/OO 

Harold E. Ad*,  
* (  5 . 1 4 4 )  

QA 

, ~ 4 - 1 ~  ,PA 
P4-Re := Re 

P4-Area 

C a l ~ i l i  tio?. VL-3er: ?'Y1-9910-02 

Heat transfer to. air flowing through pipes in tank floor: 
Heat Transfer Area: 

P4-ht-area : = P, (7) . P4-Len = j37.68071 
Jan/04/00 

P4 ID *(5.145) 
Harold E. A d * i  

Jan/011/00 Harold E. Adki*(5.146) 

P4-ht-area-tot : = P4-ht-area ' P4-n = 1150.7231 
Air side pipe heat transfer cdefficienc: 

Jan/O4/00 Harold E. AdkI*(5 ,147) 

P4-h := h( P4-IDI kA, P43e I PrA ) 
hr-ft2- 

Inlet temperature to bottom of tank: 

P4_0Ut := 

Tliout P4-h , P4-ht-area ,T,, TA ,-, c p ~  i 4 

Jan/O4/OO 

Harold E. Ad*1 
'(5.148) 

Look at waste side heat transfer coefficient: 

The temperature drop across the concrete pad is based on a 
concrete conduction coefficient presented by 
[Ref. 41: 

btu 
hr - f t -R 
1 in 

0.17 
h, := 

Jan/04/00 

Xarold E. Ad!d 
'(5.149) 
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Look at natural convection heat transfer in annulus: 
Jan/04/00 

Harold E. Ad!d 
*(5.151) Nu = 0.13 I G r f  P r f ) o . 3 3 3  

3 

g p (Tw - TB)" G r  
U 

X Nu = h- 
k 

k h=--0.13 ( G r f  P r f ) 0 ' 3 3 3  
X 

ft 
g := 32.2 - 

2 
6 

2 
Gr = g p (Tw - TB) x 3  e 

P* 
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Jan/O4/00 

Harold E. Adkl 
*(5.152) 

Jsn/04/OO 

Xerold E. Adkr 
'(5.1531 

J.n104/0o 

Harold E. A d k I  
-(5.155) 

Jan/O4/oO 
*(5.156] 

Harold E. Ad* 

J.n/O4/OO 
- ( 5 . 1 3  

Marold E. 



IU'P-5637 

J O E 1  M-\WIN, I N C .  

Rev. 0 
I I 

Calcc l r  r ion Nmber : z ! ~  - 2 9 19-0 2 

Subject: Notebook for GOTH-SNF Simulation of Tank AZ-102 

Feb/lO/QO Harold L. Aa*i+( 5. 159) 

P A  

F'eb/10/00 Harold E. Adkin( 5. 160) 
P4a-h := kA.0.13 .(Gr-over-x 0 . 3 3 3  

hr-ft - 

- Jan/04/00 Harold E. Aa*i*(5.162) 
P4a-out := 

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 "9F" is 
directly dictated by the quantity which leaves the tank via 
evaporation. The refill water temperature is 
conservatively set at llO'F. 

5.1.6.1. ,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/l9/0o 

Harold -(5.163) E. Ad!d 
sump-vol := 160 s . 2 0 0 0  

m i n  

5.1.6.2. Cross-sectional Area of Sump Volume. 

The area of this volume is chosen using a reasonable height. 

*(5.164) 
Jan/19/00 

Harold E .  Mki Sump-area ~ : = sump-vol 
10 ft 

5.1.6.3. Elevation of Sump Volume, 

The sump will placed at the top of t ~ " R , : ~ ~ ~ ~ ~ ~ a n ~ ~ ~ ~ ~ ~ ~ ~ * ~  

Sump-elev : = PS-elev + PS-ht + 1.0 ft = 143.93251 

5.1.6.4. Height of Sump Volume. 

The height used to calculate the sump volume area will be 
used: 

Sump-ht := 10 ft 
Jan/19/00 

linrold '(5.1661 E .  M k  

5.1.6.5. Sump Hydraulic Diameter, 

J."/19/00 
'(5.1671 

sump-area 
Sump-hyd : = 4 .  

4 .Jz&Ez- Harold e. M k  

5.1.7.  Summary of Geometric 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/lS/PO Harold E. Adki. 

Vol Description Vol Elev Ht Hyd. D P1 Area 
# 

ft3 ft ft ft ft* I 

I 1 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 air temperature [Ref 61 .  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 Side Side 
# Temp. A A B B 

H.T.C Temp. H.T.C Temp. 

Supernatant-Ann 
Dome-annulus 
Floor-ground 

5 Annulus-ground 
6 Dome-ground 
7 A i r  inlet pipes 

I Btu Btu 
F c 

hr-ft2 ftZ F 

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,/Ax1. 

5.1.7.3. Conductor TVpe Input Data. 

The input data f o r  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. 
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:on Description Geom Thick O.D. Material 
# 

Dome-annulus 
4 Floor-ground 
5 Annulus-ground Tube 
6 Dome-ground 
7 Air inlet pipes 

in 
~ 

0.375 
0.375 
0.375 
1 2 0 0 .  
600.0 
84.00 
0.237 
~ 

in 

Steel 
900.75 Steel 
900.75 Steel 

soil 
2160.0 Soil 

Soil 
4.500 Steel 

ki * 

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 (1). 
Jan/O4/00 Harold E .  Adki.  

F.P Description End A End A End B End B 
# Elev. Ht Elev. Ht 

Calculation Number: JMI-9910-02 

ft ft ft ft 

I I I I 1 

42.822 
53.832 
0.010 
0.468 

38.907 
43.942 
41.932 
45.932 
41.932 

Inlet Primary 
Outlet Primary 
Slot Inlet 
Skot Outlet 
Outlet Secondar 
Water Drain 
Primary Fan 
Fan Outlet 
Recirc. Fan Out 

0,1000 50.932 
0.1000 54.932 
0.1000 0.468 
0.1000 0.468 
0.1000 47.017 
0.1000 41.932 
0.1000 43.432 
0.1000 43.432 
0.1000 43.432 

10 
11 
12 
13 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

Recirc. Fan In1 45.932 0.1000 43.432 0.100 
Annulus Air In1 38.907 0.1000 47.017 0.100 
Pump Inlet 28.886 0 , 1 0 0 0  28.886 0,100 
Pump Outlet 0.917 0.1000 0.917 0.100 
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Table 5 . 6  Flow Path Input Data (2). 
Jan/04/00 Harold E. Adki .  

F. P Description Flow Hyd. Length Loss 
# Area Dia. Coeff. 

3.142 
3.142 
0.625 
1.944 
3.142 
3.142 

8 

1 3  
1: 
1: 

5.1. 7.5. 

2.0000 8 . 0 0 0  
2.0000 8.000 
0.1929 12.250 
0.1672 13.250 
2.0000 8.000 
2.0000 8 . 0 0 0  

I f t Z  f t  f t  

Primary Fan 
Fan Outlet 
Recirc. Fan Out 
Recirc. Fan In1 
Annulus Air In1 
Pump Inlet 
Pump Outlet 

Inlet Primary 
Outlet Primary 
Slot Inlet 
Slot Outlet 
OGtlet Secondai 
Water Drain 

3.142 2.0000 8 .000  2.700 
3.142 2.0000 8 . 0 0 0  2.700 
3.142 2.0000 8.000 2.700 
3.142 2.0000 8.000 2.700 
3.142 2.0000 8 . 0 0 0  2.700 
3.142 2.0000 8.000 2.700 
3.142 2.0000 8.000 2.700 

2.700 
2.700 
2.700 
2.700 
2.700 
2.700 

Boundary Condition Input Data. 

The boundary condition input data used in the model 
described above is tabulated in Table 5.7. 
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14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 
14.700 

I Calculation Number: JMI-9910-02 JOHN MARVIN, INC. 

Analyst: Marvin J. Thurgood Date: Feb 9. 2000 I 

S 

82.000 0.000 0.01050 
82.000 0.000 0.01050 
82.000 0.000 0.01050 
82.000 16.667 0.01050 
82.000 ------ 0.01050 
82.000 8.333 0.01050 
82.000 6.667 0.01050 
82.000 ------ 0.01050 
82,000 46.180 0.01050 
82.000 ------ 0.01050 

Reviewer: Harold E. Adkins Date: Feb 9, 2000 

Subject: Notebook for GOTH SNF Simulation of Tank Az-102 

Table 5.7 Boundary Condition Input Data. 
Jsn/OC/OO Harold E. M k i .  

'.P Description Pressure Temp. Flow W.V. 
# Press. 

Ratio 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1( 
- 

Inlet Primary 
Stack Inlet 
Slot Inlet 
Slot Outlet 
Primary Out 
Primary Couple 
Recir Out 
Recirc Couple 
Pump Inlet 
Pump Outlet 

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 l o s s  of ventilation. 
cases consider the tank to initially be filled with waste 

 AI^ 
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through the slurry to the supernatant liquid. 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. 

A brief recap of the operation and safety related criteria 
that must bg met in order for the ventilation system to 
be deemed acceptable are that prior to and after mixing 
operations, no portion of the top 1 5  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 nixing operations (LCO 3.3.2.b). 
Additionally, in the event of a loss of ventilation, no 
waste temperature shall exceed 25OOF 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 ventilation 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 6.1. The steady-state 
supernatant liquid temperature prior to pump operation is 
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shown as point "Tl" 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 195OF. which it is.) The pumps 
are then run until the supernatant liquid comes to a 
steady-state temperature, point "T4" in Figure 6.1. 

Ja"/l8/OO Haroid E. M k i .  

E 
P 
2 e 
3 e 

Figure 6.1 Temperatures From the Initial Steady-State 
Conditions Through Pump Mixing (Case 1) I 

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 "Tl", 
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and "T4" must be below the LCO limit of 195OF for this I, T3 I* 
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 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 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 occur in the waste since the supernatant liquid 
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 S t S 85 hrs is a good example). 

The resulting peak slurry temperature is shown in Figure 
6.2 as point "T2'". This tem2erature must remain below 
215OF 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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Figure 6 . 2  Critical Waste Temperatures After Pumps are 
Shut off (Case I). 

The axial temperature profile in the waste prior to mixing 
operations (TZ), 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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0.208 
0.917 
1.805 
2.534 
-3.260 
4.125 
5.177 
6.393 
8.036 
10.636 
14.236 
18.978 
23.720 
26.720 
28.220 
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176.600 209.300 212.700 
181.000 222.500 223.700 
167.500 228.200 226.300 
143.700 225.900 222.900 
126.300 216.900 213.100 
126.200 197.400 193.200 
126.200 160.300 155.500 
126.200 130.700 125.600 
126.200 130.700 125.600 
126.200 130.700 125.600 
126.200 130.700 125.600 
126.200 130.700 125.600 
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Table 6.1 Axial Temperature Distributions in Tank 
(Case 1). 

Jnnll8lOP Harold E. A&I* 
I 1 

elevation Temperature Temperature Temperature 
T2 T2' T2" 

T25,2 := 2.875 

T 4 e ,  := 5.7500 

T58,2 :=  5.7500 

Jan/lnIOO 
-(6.1] 

Harold E. Adk 
JUr/l8/00 , 
*(6.2) 

Haiold E. Ad!d 
J ~ / 1 8 / 0 0  
'(6.3) 

Harold E. Adk1 

Jan/ 18/00 

.Harold E. A&r 
Jan/ 18 I 0 0  

Harold E. M k r  

* ( 6 . 4 )  

'(6.5) 
J*"/18/00 
*(6.61 

Harold E. Adk 
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Jan118100 Harold E. AdkI. 

Pre-mixed Slurry Level 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  .. .-::.:,__ ... >_ ... :. ... >. ... :. ... ?. ... >. ... :_ ... ... : .A .... 

T2 
( , ,  

0 " " " " " " " " '  
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. 
ventilation flow can not be maintained at the specified 
level if this moisture is not removed. 

The primary 

Jan118/00 Harold E Adki. 
- 

, ~ ~ ~ * ~ ~ , = ~ ~ M ~ ~ ~ ~ ~ ~ ~ - = ~ M  SID, 680". 

DTH-LILIF ".,._" s 0 .  N.".rnb., leeo 

Calculation Number: JMI-9910-02 

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 82°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 "Tl" and point "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 
liquid comes to a steady-state temperature, point "T4" in 
Figure 6 . 5 .  

Jan/18/00 Harold E. hd*i* 
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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 "Tl", "T3" and "T4" must 
be below the LCO limit of 195'F for this ventilation 
system configuration to be deemed acceptable, and they 
are. A l s o ,  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 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 kemporary decrease in ' 

slurry temperature shortly after mixing has ceased t = 3 8  
hours in Figure 6.2) 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 82OF. 

The resulting peak slurry temperature is shown in Figure 
6.6 as point "T2 ' " . This temperature must remain below 
215OF 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 5OF for 
approximately 180 days. Hence, despite the added cooling 
capability provided by chilling the slot flow, the 
ventilation system configuration as defined for this case 
is unacceptable. 
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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), fo r  the point at which the peak slurry 
temperature occurs after pump operation (T2'). and steady 
state conditions after pump operation (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). 

Jen118/00 Harold E. -1. 
I 1 

elevation Temperature Temperature Temperature 
T2 T2 ' T2" 

0.208 
0.917 
1.805 
2.534 
3.260 
4.125 
5.177 
6.393 
8.036 
10.636 
14.236 
18.978 
23.720 
26.720 
28.220 

163.400 
171.100 
159.800 
137.200 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 
121.000 

Array: ax1 

192.600 
208.500 
219 .OOO 
220.500 
214.900 
199.800 
166.600 
137.500 
137.500 
137.500 
137.500 
137.500 
137.500 
137.500 
137.500 

197.200 
210.700 
216.400 
213.700 
205.100 
185.500 
148.100 
119.400 
119.400 
119.400. 
119.400 
119.400 
119.400 
119.400 
119.400 

T25,2 := 2.875 

T48,2 := 5 , 7 5 0 0  

T5 , : = 5.7500 
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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 resulting high evaporative removal rate during pump 
operation for this case is shown in the water vapor mass 
flow rate displayed in Figure 6.8. 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 would not be maintained at the 
specified level if this moisture is not removed. 

., 
Jan118100 Harold E. Adki. 

":;"RP."7y2~"&.a~mcFM Ohili.d hlDl  Flow 

01H.SNF ".,.no" s a - NOV.rnb., ?me* 

~ 

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 
YENTILATION FLOW. 

The ventilation 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 82OF. 

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 
supernatant liquid temperature and peak slurry temperature 
prior to mixing operations are shown in this figure as 
point "Tl" and point "TZ" , 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". 

Figure 6.9 Temperatures From the Initial Steady-State 
Conditions Through Pump Mixing (Case 3). 

Just as that for previous cases, the temperatures "Tl" 
"T3" and " T 4 "  must be below the LCO limit of 195OF for this 
ventilation system configuration to be deemed acceptable, 
and they are. A l s o ,  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 
solid particles settle out of the supernatant liquid 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 inFigure 6.10, the peak temperature for this case 
exceeds the established criteria by slightly more than 
6'F. As is 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 f o r  this 
case is also unacceptable. 

Jnn/18/00 Harold E .  Ad!4* 
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Figure 6.10 Critical Waste Temperatures After Pumps are 
Shut off (Case 3 ) .  
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169.200 197.900 200.500 
174.900 213.400 213.700 
162.400 221.300 218.700 
139.100 220.500 216.000 
122.800 213.300 207.000 
122.600 196.200 187.800 
122.600 160.300 150.300 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 
122.600 131.300 121.100 

The axial temperature profile in the waste prior to 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). 

JanllB/OO Harold E. lidki. 
1 

elevation Temperature Temperature Temperature 
T2 T2' T2 ' ' 

Jan118100 
* (6.131 

Harold E. M k  
Jan118100 

Harold E. M k x  
'(6.14) 
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Figure 6.11 Axial Temperature Distributions in Tank 
Before (T2). Peak After (T2'1, and Steady 
State After Mixing (T2") (Case 3 ) .  
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150 

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 ventilation 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'F. 
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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 liquid 
temperature and peak slurry temperature prior to mixing 
operations are shown in this figure as point "Tl" and point 
,I T2 I ,  , respectively. 

At time t = 3 4  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 stead?-state temperature, point "T4". 

Jan/lB/00 Rarold E. l idki.  
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Calculation Number: JMI-9910-02 

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 195OF 
and temperature "T2" must be below 215'F in order for this 
ventilation system configuration 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 215OF. 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 to 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 195OF. 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 is rated to handle the water 
vapor mass-flow rate associated with this configuration. 

I 

Figure 6.14 Critical Waste Temperatures After Pumps are 
Shut off (Case 4 ) .  

86 of 102 



RPP-5637 
Rev. 0 

0.208 
0.917 
1,805 
2.534 

* 3.260 
4.125 
5.177 
6.393 
8.036 
10.636 
14.236 
18.978 
23.720 
26.720 
28.220 

1 JOHN MARVIN. INC. I Calculation Number: JMI-9910-02 

152.300 179.800 177.200 
160.200 198.300 192,200 
150.400 210.700 199,800 
128.900 213.700 198.700 
113.000 210.400 191.100 
112.700 199.000 173.400 
112.700 169.200 137.900 
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Figure 6.15 Axial Temperature Distributions in Tank 
Before (T2). Peak After (T2'). and Steady 
State After Mixing (T2"l (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. A s  is shown, during mixing 
operations, the evaporation rate rises to 0.34 lbm/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 0.34 lbm/s. 

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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Figure 6.17 Temperatures From the Initial Steady-State 
Conditions Through Pump Mixing (Case 5). 

The temperatures "Tl" , "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 specific 
acceptability criteria are met. 

At time t = 70 days, the pumps are then shut off and the 
solid particles settle out of the supernatant liquid 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 6.5 and are 
shown in Figure 6.19. 

Calculation Number: JMI-9910-02 
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Figure.6.19 Axial Temperature Distributions in Tank 
Before (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. Adk<* 
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Figure 6.20 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 flow 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 period when the pumps are running for this 
particular case are shown in Figure 6.21. The steady-state 
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supernatant liquid temperature and peak slurry temperature 
prior to mixing operations are shown in this figure as 
point "Tl" 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". 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 soar even beyond the safety 
related temperature limits. This is indicated a point 
,UT2 I I< 

Despite these occurrances, the reader should note that 
prior to any mixing operations, this ventilation 
configuration met the acceptability criteria. "T1" is 
below the LCO limit of 195°F and "T2" is below 215'F. 
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Figure 6 . 2 1  Critical Waste Temperatures (Case 6). 

6 . 7 .  CASE 7 - NOMINAL PRIMARY AND MRxIMLDl CHILLED FLOOR 
SLOT FLOWS WITH VENTILATION LOSS AFTER PUMPINQ. 

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 capable of removing at least 0.34 lbm/s of 
water vapor from the primary exhaust system. 

Even though this configuration has been determined to be 
acceptable,under normal operating conditions, it is 
required to know the allowable "recovery duration" in a 
hypothetical '"loss of ventilation" event. This case 
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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 . 2 5 .  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. 

Calculation Number: JMI-9910-02 

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 be 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 the normal operations case evaluation 
"Case 4" feature in Section 6.4, 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 
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 if 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 ventilation flow could be shut down in order to 
perform servicing and/or make modifications. 
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9. REVIEWER'S COMMENTS 

[QA-11 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 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 require 
further explaination. 

First, the width of the bottom of the outer row of slots 
was incorrect in the original notebook. The original value 
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 Btullbm-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 Btullbm-R. Also, the 
conductivity of the soil used, 0 . 2 5  Btu/hr-ft-R, may be low 
for the natural sand material, 0.235 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. 
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