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Abstract: This report summarizes the results of thermal analysis performed to provide a
technical basis in support of Project W-320 to retrieve by siuicing the sludge in Tank 241-C-106 and
to transfer into Tank 241-AY-102. Prior theraml evaluations in support of Project W-320 safety
analysis assumed the availability of 2000 to 3000 CFM, as provided by Tank Farm Operations, for tank
floor cooling channels from the secondary ventilation system. As this flow availability has no
technical basis, a detailed Tank 241-AY-102 secondary ventilation and floor cooling channel flow
model was developed and analysis was performed. The results of the analysis show that only about 150
cfm flow is in floor cooling channels. Tank 241-AY-102 thermal evaluation was performed to determine
the necessary cooling flow for floor cooling channels using W-030 primary ventilation system for
different quantities of Tank 241-G-106 sludge transfer into Tank 241-AY-102. These sludge transfers
meet different options for the project along with minimum required modifications of the ventilation
systems. Also the results of analysis for the amount of sludge transfer using the current system is
presented.The effect of sludge fluffing factor, heat generation rate and its distribution between
supernatant and sludge in Tank 241-AY-102 on the amount of studge transfer from Tank 241-C-106 were
evaluated and the results are discussed. Also transient thermal analysis was performed to estimate
the time to reach the steady state. For a 2 feet sludge transfer, about 3 months time will be
required to reach steady state. Therefore, for the purpose of process control, a detailed transient
thermal analysis using GOTH Computer Code will be required to determine transient response of the
sludge in Tank 241-AY-102. Process control considerations are also discussed to eliminate the
potential for a steam bump during retrieval and storage in Tanks 241-C-106 and 241-AY-102
respectively.
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1.0 INTRODUCTION

The goal of Project W-320 is to retrieve, through sluicing, the soft sludge from Tank 241-
C-106. The receiver tank for the sluicing operation is Tank 241-AY-102. Tank 241-C-106is a
single shell tank (SST) containing 197,000 gallons (~69 inches) of soft sludge with a tank heat
load estimate of 110,000 Btu/h (Bander 1993) to 132,400 Btuw/h (Fryer 1995) for June 1994.
Tank 241-AY-102 is a double shell tank (DST) operating with a sludge layer of 32,000 gallons
(~12 in.) and supernate of 812,000 gallons ( ~25 ft.). The estimated heat load of Tank 241-AY-
102 for February 1995 was 33,000 Btwh (Sathyanarayana 1996b). The heat load addition to
Tank 241-AY-102 combined with the increased solids depth, could cause the sludge temperature
to increase and can potentially exceed the operating temperature limit. The increase in sludge
temperature depends on the amount of Tank 241-C-106 sludge transfer, the sludge properties,
and the operating conditions of both the dome and annulus/floor ventilation systems. The peak
sludge temperature limit (WHC-SD-WM-BIO-001, Rev E) is 30 °F below local saturation
temperature (~220 F in the sludge). This limit is established to ensure the elimination of the
potential for a spontaneous steam release (steam bump) which has been observed in single shell
aging waste tanks (Bendixsen, 1990) and evaluated by computer modeling (Sathyanarayana
1996a).

The 1994 Tank 241-C-106 process test demonstrated that the maximum sludge
temperature is near local saturation temperature during normal late summer operation, cooling to
a few degrees below saturation during late winter. Off normal events such as the 1994 process
test had resulted in a large two phase saturation region in the studge (Thurgood 1995). High
yield strength of the settled sludge of this tank makes a spontaneous steam bump unlikely.
However, intrusive waste activities could result in a steam bump. As a result, the Project W-320
safety documentation (Conner, 1996) requires the sludge to remain subcool throughout the waste
retrieval operations.

This report presents the results of thermal evaluation performed for Project W-320. The
study includes the thermal evaluations of Tank 241-AY-102 for the increased sludge and thermal
loading and of Tank 241-C-106 for loss of hydrostatic head during the sluicing operations. A
large quantity of Tank 241-C-106 sludge transfer requires the use of secondary ventilation flow
for active sludge cooling particularly near the tank floor. Strategies for temperature process
control in both Tank 241-AY-102 and Tank 241-C-106 were developed. Section 2 of this report
presents the description of the GOTH model for Tank 241-AY-102 annulus/floor ventilation
system evaluation. The thermal evaluation results of Tank 241-AY-102 for different options of
Tank 241-C-106 sludge transfer and in particular the amount of sludge transfer potential with the
current secondary ventilation system is presented in Section 3. Also, included are the results for
complete sludge transfer from Tank 241-C-106 using optimistic assumptions with regard to heat
load, fluff factor and cooling effectiveness. In Section 4, temperature process control based upon
the thermal evaluations is given.

1-1
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The appendixes of this report primarily document supporting information. Appendix A provides
the annulus ventilation test results of Tank AY-101 with 6 inch drop lines unblocked condition..
Appendix B describes Tank AY-101 annulus ventilation flow test results for 6 inch drop lines
blocked condition. Appendix C provides the details of Tank AY-102 annulus ventilation system
flow measurements. In addition, Appendix D provides an evaluation of the Tank 241-AY-102
supernate flow field distribution during the operation of the slurry flow distributor. The results
of this analysis supports the resolution of flammable gas issues. Appendix E provides the initial
data provided for Tank AY-102 floor cooling channel flows for use in thermal analysis of Tank
AY-102. Appendix F provides the fluff factor information for Tank C-106 sludge. The fluff
factor and effect of dissolution of Tank C-106 solids is described in Appendix G. The
information on Cs-137 heat load of Tank C-106 waste is given in Appendix H. Appendix I
provides the report on the revised estimate of Tank C-106 heat load based on GOTH analysis of
the process test of June, 1994,
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2.0 TANK 241-AY-102 ANNULUS SYSTEM EVALUATION

The quantity of Tank 241-C-106 sludge that can be safely transferred to Tank 241-AY-102
depends on five primary factors:

¢ The resultant thickness of Tank 241-AY-102 sludge after transfer
¢ The heat generation rate and axial distribution

¢ Sludge conductivity

¢ The effectiveness of the primary or dome ventilation

¢ The effectiveness of the secondary or annulus/floor ventilation.

Prior analysis (Sathyanarayana 1996b) assumed that the current secondary ventilation system
was capable of delivering 2000 to 3000 cfm flow to the tank floor cooling channels (Tardiff
1995a, 1995b). It was later learned that the system was not capable of providing the assumed
flow to the floor cooling channels. A detailed evaluation of the current air flow capability of the
inlet portion of the secondary annulus/floor ventilation system was made to establish the actual
flow characteristics of the system. The system description and details of the evaluation results
are provided in this section.

In its current configuration, subject to current operations limits on the annulus vacuum for
Project W-030 operating conditions, the floor flow is limited to about 155 cfm. Increases in
floor flow possibly up to 2000 cfm can be achieved, but will require system and operations limit
modifications. The system modifications considered included the addition of an inlet blower,
the blockage of the 6-inch annulus drop lines (which eliminates floor channel bypass), removal
of 3-inch restricter lines in the 4-inch drop lines leading to the floor channels, and chilling of the
primary and secondary system inlet air. System operation changes considered includ the
operation of floor/annulus system at high annulus vacuum and operation of the floor/annulus
system inlet piping at positive pressure. To achieve significant increases in floor channel air
flow, both system modifications and system operations changes would be required.

2.1 ANNULUS SYSTEM DESCRIPTION

A side view of the secondary ventilation system piping and floor channels is illustrated in
Figure 2-1 together with waste contents following a hypothetical 4.75 ft waste transfer from
Tank 241-C-106 and a transferred sludge fluffing factor of 2. The network of concrete air flow
channels in the floor of the tank is illustrated in Figure 2-2 together with the four 4-inch
horizontal pipes which deliver air from the drop lines to the distribution plenum at the floor
center. Floor thermocouple locations and maximum temperature locations expected when the
secondary ventilation system is operational are also shown in Figure 2-2.

2-1
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Figure 2-1. Side View of Tank 241-AY-102 Primary and Secondary Ventilation
after Transfer of 4.75 ft of 241-C-106 Sludge, Fluffed a Factor of 2.
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Figure 2-2. Tank 241-AY-102 Secondary Ventilation Floor Piping, Insulating
Concrete Channels and Thermocouple Locations, and Expected
Maximum Floor Sludge Temperature Locations.
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Detaiis of the three different concrete floor channel sections are provided in Figure 2-3
together with a vertical side view of the location of the thermocouples relative to the primary
tank steel floor.

A top view of the inlet ring manifold piping and filter system, together with side views of
typical 4-inch and 6-inch drop lines, is shown in Figure 2-4.

Figures 2-1 through Figures 2-4 were drawn approximately to scale to provide a clear
geometric perspective. Note that the vertical elevation of the horizontal 6-inch drop line in
Figure 2-1 has been shifted downward from its actual position. The actual horizontal pipe
centerline is at the same elevation as the horizontal section of the 4-inch drop line.

Geometric data for the following figures and models were obtained from (Sathyanarayana
1996b) and (Drawing Set 1).

Air is drawn into the inlet filters by the suction created by the exhaust fan located in the
outlet portion of the secondary ventilation system. The air flows in the large diameter horizontal
ring manifold illustrated in Figure 2-4, where it is distributed to either one of four 4-inch vertical
drop lines leading to the floor channels, or one of four 6-inch vertical drop lines leading to the
upper region of the annulus. The series flow path of the 4-inch drop lines and the floor channels
has much more flow resistance than the shorter and larger flow area 6-inch lines leading to the
top of the annulus. Therefore, more of the flow would be expected to go directly to the top of the
annulus rather than to the annulus via the floor channels.

Only the inlet portion of the secondary or annulus/floor ventilation system was considered
in detail in this evaluation. This included the portion of the system from the inlet filters to the
annulus between the primary and secondary tank walls. No detailed analysis of the outlet portion
ol the system from the annulus to the exhaust stack was conducted. However, the exhaust fan in
the outlet portion of the ventilation system appears capable of producing significant vacuum
levels in the annulus at quite high flow rates. This should be confirmed by detailed analysis of
the outlet portion of the system, if increased vacuum in the annulus is selected as an option to
obtain higher floor flow. If the current exhaust fan, when combined with the outlet piping,
valves, dampers, filters, and stack, cannot meet the needed annulus vacuum at the flow desired,
then an exhaust fan with higher head/flow requirements will have to be installed.

2.2 GOTH SECONDARY VENTILATION SYSTEM NETWORK MODEL

A description of the GOTH network model used to simulate the inlet portion of the
secondary ventilation system is given in this section. This description includes the geometry and
the basis for computing the pressure drop in terms of the pipe wall friction, and form losses for
fittings, area changes, and filters.
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Figure 2-3. Tank Steel and Insulating Concrete Floor and
Floor Ventilation Channel Dimensions--Tank 241-AY-102.
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Figure 2-4. Secondary Ventilation Inlet Manifold, 6-Inch Drop Lines to Top
of Annulus, and 4-Inch Drop Lines to Floor Ventilation Channels.
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2.2.1 Inlet Manifold Piping Runs and Drop Lines

The GOTH (Thurgood 1993) network model of the inlet portion of the secondary
ventilation system is illustrated in Figure 2-5 with piping and concrete floor channel lengths
drawn approximately to scale. This model can be viewed as a partially unfolded version of the
actual piping and concrete channel system illustrated in the above figures. The pipe size in each
section is shown together with the approximate location of the various fitting and form losses.

Inlet pressure upstream of the filter was maintained at atmospheric pressure. Model outlet
pressure corresponds to the annulus vacuum. Dummy volumes of 1 ft* were used to connect all
four separate concrete channel exits to the annulus vacuum boundary condition. Similar dummy
volumes were used to connect all flow path junctions. Frictional pipe and channel lengths, flow
areas, duct roughness, and fitting and form losses were preserved for all flow paths. Each flow
path was based on a discrete nominal pipe or concrete channel flow path area and hydraulic
diameter.

No modeling of the secondary ventilation system downstream of the annulus toward the
exhaust fan was included in the analysis. So the exhaust fan was assumed to be capable of
producing the assumed annulus ventilation vacuum. Alternatively, the pressure difference
between the inlet and the outlet to the model could be considered to be provided by any
combination of inlet blower discharge pressure and annulus vacuum.

The model was used to simulate a slow transient wherein pressure in the annulus was
decreased from atmospheric pressure to 100 in. w.g.. vacuum over a period of 1000 seconds.
Since dummy volumes and flow path inertial lengths were set to small values, their transient
effects were minimized and the pressures and corresponding flow rates throughout the network at
any point in time were approximately steady state. Flow rates and pressures, or pressure drops,
over the 1000-second simulation were then graphed against each other to obtain the near steady-
state flow versus pressure drop characteristics of the system.

The model results were compared to Tank 241-AY-101 and Tank 241-AY-102 pressure
drop and flow data. Although not identical, the Tank 241-AY-101 inlet part of secondary
ventilation system is very similar to that of Tank 241-AY-102 system. The model was then used
to evaluate the effect on floor flow of blocking the 6-inch drop lines between the ring manifold
and the top of the annulus, and also of removing the 3-inch restricter lines located in the 4-inch
drop lines between the ring manifold and the floor channels. The model was used to evaluate the
effect on floor flow of increasing the annulus vacuum, and adding an inlet blower to increase the
inlet pressure. Combinations of these various means for increasing floor flow were also
evaluated with this model.
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Figure 2-5. GOTH Series/Parallel Piping and Concrete Duct Secondary
Ventilation Inlet Section Network Model.
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2.2.2 Piping and Floor Channel Wall Fraction

The flow is turbulent for all flow rates and the duct hydraulic diameter considered in this
analysis. The Moody wall friction factor correlation as a function of pipe/duct hydraulic
diameter, duct roughness, and Reynold's number for flow in pipes/ducts was utilized ((Zigrang
and Sylvester 1985).

10X10°5)_§] 2-1

€
fmoody ed{e,d,Rey) = 0-0055(1 * (2000('&) + Rey

The following roughnesses were assumed (Crane 1988) for carbon steel pipe and floor
concrete channels,

Carbon steel:
€ ¢s:=.00015 ft 2.2)
Smooth concrete ducts:

€ cons: =.001 ft (2.3)

2.2.3 Fittings, Other Form Losses, and Filter

The following loss coefficients were used for the various pipe fittings and other form loss
modeling (Crane 1988).

For the 45° and 90° elbows:
Kel4S (Dpipe) = 16 f; (Dpipe) 2.4
Kel90 (Dpipe) = 30 f; (Dpipe) 2.5

For pipe tees on the run and branch:
KTr (Dpipe) = 20 f; (Dpipe) (2.6)
KTb (Dpipe) = 60 f; (Dpipe) 2.7

Where, for both elbows and tees, f; is a function of the pipe diameter as given in Table 2-1.
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Table 2-1. Complete Turbulence Friction Factor--Commercial Steel Pipe.

Nominal pipe 4in. S in. 6in 8-10 in. 12-16 in.
size

Friction factor 0.170 0.016 0.015 0.014 0.013
(fr)

For reducers, the loss coefficients are based upon flow in the smaller diameter pipe, d1,
where the larger diameter pipe is d2.

For flow from a large diameter pipe to a small diameter pipe through a reducer:

2
Krenc(d1,d2) = [.5[1 - [ﬂ) )) (2.8)
d2

For flow from a small diameter pipe to a large diameter pipe through a reducer:

2 2
Krexc(d1,d2) = [(1 - [S’l) )) (2-9)
d2

For sudden expansion and contractions where d1 is small compared to d2:

Expansion:
Kex: =1 (2.10)
Keon: =.5 @.11)

The inlet manifold is preceded by a roughing filter and also a pre-filter. Their
characteristics when clean and dirty are provided in Figure 2-6 (Jennings 1996a).

For this analysis, the filters were assumed to be clean since the most recent data taken was
for clean filters. Once a selection is made on the final secondary ventilation option to be used
relative to transferring the tank 241-C-106 waste, and criteria for allowable pressure drops across
these filters are established, then the analysis should be refined to include the maximum
allowable pressure drop based on operations criteria.
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Figure 2-6. Secondary Ventilation Roughing Filter
and Pre-Filter Hydraulic Characteristics.
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2.2.4 Inlet Dampers

Inlet dampers on the inlet portion of the secondary ventilation system were assumed to be
fully open and to have negligible pressure loss.

2.3 GOTH NETWORK MODEL VALIDATION

The GOTH network model was validated using test data for the floor/annulus ventilation
systems of Tanks 241-AY-101 and 241-AY-102. The results are discussed in this section.

2.3.1 Tanks 241-AY-101 and 241-AY-102 Secondary Ventilation Data

Pressure, pressure drop, and flow data for the secondary ventilation systems of Tank 241-
AY-101 and Tank 241-AY-102 was taken following modifications to the inlet and outlet
manifold piping systcms on both tanks in the 1987-1988 time period. The pressure and flow data
with 6-inch inlet drop lines, both unblocked (see Table 2-4) and blocked (see Table 2-5), was
taken for Tank 241-AY-101. The annulus vacuum was recorded in this case as shown in these
two tables. For Tank 241-AY-102, the pressure and flow data given in Table 2-3 was taken with
6 in. droplines unblocked. No data is available with blocked 6 in. droplines operation. However,
the pressure data for Tank 241-AY-102, was taken for the inlet manifold, 4-inch drop lines (or
floor data), and 6-inch drop lines (top of the annulus) for the unblocked case. Therefore, the
pressure data (Table 2-3) for Tank 241-AY-102 is available only upstream and downstream of
the annulus but not in the annulus. Estimates for the annulus vacuum present, when this data was
taken, have been developed by comparison of upstream vacuum data to GOTH network model
simulation results.

Recently, October 1996, following additional modifications, the flow and pressure data has
been taken for Tank 241-AY-102, including annulus vacuum data (Table 2-2).

Although the secondary ventilation system of Tank 241-AY-101 has not been modeled, the

measured data given in Tables 2-4 and 2-5 is considered here since the piping system is similar
and the total quantity of data is very limited.
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Table 2-2. 1996 241-AY-102 Annulus Exhauster Startup Data--6-Inch Drop

Lines Unblocked (Jennings 1996b).

Annulus pressure vacuum

Volumetric exhauster flow

(in. W.G.) (f€/min)
0.0 0.00
1.5 1584.00
4.0 2373.00

Array: jenning

As noted above, the annulus vacuum was not recorded for the Tank 241-AY-102
unblocked 1987 tests. The annulus vacuum was estimated by comparisons to GOTH
simulations. The model calculated annulus vacuum was 0.79 in. W.G. for model flow rates that
produced 0.45 inches W.G. vacuum at the junction of the manifold and the 4-inch drop lines.

For model flow rates that produced 0.63 in. W.G. at the junction of the manifold and the 6-inch
drop lines, the calculated annulus vacuum was 1.08 in. W.G. Clearly, the annulus vacuum for
the test was between 0.45 in. W.G., the minimum vacuum measured of al] four 4-inch drop lines
and the maximum vacuum of 1.14 in. W.G. measured in all of six 6-inch exhaust drop lines. It
is, therefore, reasonable to assure that the annulus vacuum was approximately 0.79-1.08 in. W.G.

as estimated by extrapolation using the GOTH simulation.
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(Powell 1989).
Location Vacuum Annulus Volumetric. .| - Volumetric Total
measured pressure floor flow annulus flow
vacuum ft*/min inlet flow
assumed (ft*/min)
(in. W.G.)
4 in. drop 45 0.45 210.00 988.00 1198.00
6 in. drop .63 0.63 210.00 988.00 1198.00
Annulus - extp. 0.79 210.00 988.00 1198.00
from 4 in, drop
Annulus - extp. 1.08 210.00 988.00 1198.00
from 6 in. drop
6 in. exhaust 1.14 1.14 210.00 988.00 1198.00

Array: powayl02r

Table 2-4. Tank 241-AY-101 1988 Data--6-Inch Drop Lines
Unblocked (Nordquist 1988a).

Annulus.pressure Volumetric floor Volumetric annulus Volumetric total
vacuum flow inlet flow flow
(in. W.G.) (ft’/min) (f€/min) (ft*/min)
0.51 180.00 669.00 849.00

Array: powayl0lub

For the blocked 6 inch drop lines test of Tank 241-AY-101, there was a difference between
the total flow at the system inlet and that measured at the 4-inch inlet drop lines. Both values are

shown in the Table 2-5.
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Table 2-5. Tank 241-AY-101 1988 Data--6-Inch Drop Lines
Blocked (Nordquist 1988b).

Annulus pressure--vacunm : : Vélumetric exhauster flow -
(in. W.G.) E (ft/min)
1.5 512.00
1.5 403.00

2.3.2 Network Model Comparisons to Tank Data

The results of the GOTH network simulation model and the data discussed above are
shown in Figure 2-7 for the 6-inch unblocked drop line mode of operation and in Figure 2-8 for
the 6-inch blocked drop line mode of operation. As can be observed from Figure 2-7, the GOTH
network model results agree quite well with the data for total, annulus (i.e., 6-inch drop lines),
and floor (4-inch drop lines) in the unblocked 6-inch drop line mode of operation. Good
comparison of the total or floor flow with the measured data was also obtained for the results in
the 6-inch drop line blocked mode of operation. It should be noted that no tuning of this model
in terms of adding or removing artificial flow resistances has been incorporated into this model.
These results were obtained based on the geometry and flow resistance modeling approach
described in this section.

2.4 ANNULUS/FLOOR VENTILATION SYSTEM PERFORMANCE

Limited flow data is available for determining total, annulus, and floor flow rates under
different operating conditions. The above described GOTH model was used to evaluate the
various options for increasing the tank floor flow. These included increasing the annulus
vacuum or adding an inlet blower, blocking the 6-inch lines, and removing the 3-inch restrictions
from the 4-inch drop lines to the floor channels.

2.4.1 Current System with Annulus Vacuum Restrictions, 6-Inch Drop Lines
Unblocked and Blocked.

It would be desirable to achieve high floor flow rates without modifying the ventilation
system or changing the operating restrictions. GOTH network model predictions of air flow to
the floor and annulus are shown in Figure 2-9 for both blocked and unblocked 6 in. Drop lines.
and the restriction that the annulus vacuum must be lower than the dome vacuum. It is seen from
the Figure 2-9 that the simulated floor flow under current secondary ventilation system operating
condition of maintaining an annulus vacuum at 0.5 in. W.G. is 155 and 233 cfm for unblocked
and blocked 6 in. drop line cases respectively. Under the Project W-030, it will likely be difficult
to achieve a lower pressure in the dome than 0.5 in. W.G. vacuum. Tanks in the AZ/AY tank
farm typically operate at about 2-2.5 in. W.G. dome vacuum with an estimated tank in Jeakage
flow of about 600 cfm. Under Project W-030 operation, total Tank 241-AY-102 dome inflow
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may be limited to 100 cfm. Sealing up Tank 241-AY-102 in leakage paths to achieve a tank
dome vacuum greater than 0.5 in. W.G. at these low flow rates may be very difficult.

Under current operating conditions, most of the secondary ventilation bypasses the floor
channels by flowing from the ring manifold directly to the top of the annulus via the 6-inch drop
lines as illustrated in Figure 2-10. If these lines were plugged, the floor flow rate via the 4-inch
drop lines would increase to 233 c¢fm at .5 in. W.G. annulus vacuum as shown in Figure 2-7.
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Figure 2-7. Volumetric Flow vs. Annulus Vacuum with Atmospheric Inlet
Pressure--6-Inch Annulus Inlet Lines.
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Figure 2-8. Volumetric Flow vs. Annulus Vacuum with

Atmospheric Inlet Pressure.
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Figure 2-9. Floor Volumetric Flow vs. Annulus Vacuum with Atmospheric Inlet
Pressure—6-Inch Annulus Inlet Lines Blocked and Unblocked.
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Figure 2-10.
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Inlet Pressure.
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2.4.2 Inlet Blower--Unblocked and Blocked 6-Inch Drop Lines.

In order to achieve significantly higher floor air flows, the pressure difference between the
secondary ventilation inlet and the annulus must be significantly increased even if the 6-inch
drop lines are blocked as illustrated in Figure 2-11. It may be possible to achieve on the order of
12 in. W.G. annulus vacuum with the current system, particularly if the 6-inch drop lines are
blocked. However, further analysis of the outlet portion of the secondary system is required to
confirm this. Maintaining the annulus at 12 in. W.G. vacuum, it is estimated that the floor flow
could be increased to 821 and 1239 cfm for 6-inch drop lines unblocked and blocked conditions
respectively. Obtaining floor flow rates up to the 2000 cfim , assumed in the prior analysis, it
would require the use of an inlet blower, possibly in combination with higher annulus vacuum,
depending on the head/flow characteristics of the blower and whether or not the 6-inch drop lines
are blocked. Clearly, to obtain 2000 cfm floor flow without increasing the annulus vacuum, and
without blocking, a very high head blower would be required.

2.4.3 Blockage of all 6-Inch Annulus Inlet Drop Lines Plus Removal of
3-Inch Pipe Restrictions in 4-Inch Floor Inlet Drop Lines.

The 4-inch drop lines from the ring manifold to the floor channels contain 3-inch sections
of pipe whose apparent purpose was to distribute flow evenly to each pipe. These 3-inch
sections produce increased resistance to flow. It was reasoned that these sections could be
removed simultaneously during the excavation that may be required to block the 6-inch lines.
The retwork model was revised to remove the flow restriction resulting from the 3-inch pipe
sections, and the results are illustrated in Figure 2-12. As noted, there is little gain in flow as a
result of removing the 3-inch pipe sections.
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Figure 2-11. Floor Volumetric Flow vs. Annulus Vacuum or System Pressure
Drop--6-Inch Annulus Inlet Lines Blocked and Unblocked.
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Figure 2-12. Volumetric Flow vs. Annulus Vacuum with
Atmospheric Inlet Pressure.
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2.4.4 Blockage of Three 6-Inch Drop Lines.

A concern was raised that blockage of all of the four 6-inch drop lines might not be
possible, and that this might reduce the incentive for attempting to block any of these drop lines.
The network mode! was revised to include the blockage of all 6-inch drop lines except location
"G" on Figures 2-4 and 2-5. The results are illustrated in Figure 2-13. As noted, the decrease in
floor flow when three 6-inch drop lines are blocked rather than four, is somewhat significant. It
should also be noted that the flow through the one unblocked 6-inch drop line is about the same
as flow to the floor in this case. Floor, annulus, and total flow for the no blockage case described
above is shown for comparison.

2.4.5 Summary Table of Cases.

Table 2-6 summarizes the alternative means for increasing floor flow considered in this
evaluation. Based on this table and the above graphs, modifications in the inlet portion of the
secondary ventilation system, together with possible modifications in allowed annulus vacuum as
well as positive pressure locations in this system are required to obtain significant increases in
floor flow. It is also noted that the fan hydraulic horsepower requirements can be significant at
high flow rates.
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Figure 2-13. Volumetric Flow vs. Annulus Vacuum with
Atmospheric Inlet Pressure.
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3.0 TANK 241-AY-102 THERMAL EVALUATION

Project W-320 plans to retrieve high heat waste from a single shell Tank 241-C-106 and
transfer to a double-shell Tank 241-AY-102 for interim storage. The insoluble solids in the
transferred slurry will settle out and increase the sludge volume and the heat load in Tank 241-
AY-102. For the current operating conditions of the tank, the increased sludge volume and the
heat load will increase the waste temperatures in Tank 241-AY-102. The maximum sludge
temperature is required to be less than 30 °F below local saturation or boiling temperature.
Thermal analyses were performed to estimate the potential quantity of Tank 241-C-106 sludge
that can be transferred to Tank 241-AY-102 without exceeding the safety limits on peak sludge
temperature. The quantity of sludge that can be safely stored in Tank 241-AY-102 depends on
settled sludge thickness, the heat generation rate and the cooling effectiveness of the secondary
ventilation flow for the given primary ventilation system either 702-A or W-030. Based on the
assumption that the current secondary ventilation system is capable of delivering about 2000 to
3000 cfm flow to the tank floor cooling channels (Tardiff 1995a and 1995b), prior thermal
analysis (Sathyanarayana, 1996b) estimated that about 158,600 gallons (4.8 ft) of Tank 241-C-
106 sludge with a heat load of 92,400 Btu/h can be stored in Tank 241-AY-102 without
exceeding the temperature limits. However, as described in the previous section, the current
secondary ventilation system can only deliver about 150 cfm flow to the tank floor cooling slots.
In view of this reality, the thermal analyses were performed to determine the required
modifications of secondary ventilation system for the safe storage of Tank 241-C-106 sludge in
Tank 241-AY-102. Also, calculations were performed to estimate the potential maximum
quantity of sludge transfer under current operating conditions of the secondary ventilation
system. The results of these thermal analyses are presented in this section.

3.1 HUB MODEL DESCRIPTION

The HUB thermal analysis is based on a model that considers one-dimensional, steady
state heat conduction for the settled sludge and accounts for the effects of heat loss due to
primary ventilation flow and tank bottom slot cooling flow. The model assumes a uniformly
distributed heat source in the heat conducting medium. The heat conducting medium consists of
two layers of nonconvective, settled sludge and a layer of supernate on top. The bottom layer
represents 32,000 gallons (Hanlon 1996) of current sludge in Tank 241-AY-102, and the second
layer represents the transferred Tank 241-C-106 waste that has settled to a nonconvective state.
Each of these two layers has its own thickness, thermal conductivity, heat source, and density.
The heat loss due to the primary ventilation flow and that due to the secondary (annulus)
ventilation flow, particularly that due to the air flow through the air slots at the bottom, are
stmultaneously included in the model. The evaporation of supernate at the pool/dome air
interface is modeled through the correlation of Boelter, et al. 1946, developed for the calculation
of water evaporation rates in a quiet atmosphere by natural convection. The heat loss to the
annulus flow in the tank bottom air slots is included in the calculations through an effectiveness
parameter.
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The cooling channel effectiveness was defined as the ratio of the increase in cooling air
temperature to the maximum possible air temperature rise if the air reaches the sludge bottom
temperature. The zero effectiveness corresponds to an adiabatic boundary condition at the
bottom, and 100% effectiveness represents the case where the air flow in the slots will reach the
sludge bottom temperature. Obviously, with the adiabatic boundary, the estimated peak sludge
temperature will be higher and with 100% effectiveness the peak sludge temperature will be
lower. In reality, the peak sludge temperature will be somewhere in between. In order to arrive
at a realistic effectiveness parameter, a two-dimensional calculation (Sathyanarayana 1996b)
using the GOTH computer code was performed. Based on the results of this analysis for 2500
cfm flow and the calculation described in the next section for 250 cfm flow through the air
cooling slots, the effectiveness parameter values of 0.35 and 0.70, respectively were used. The
2-D GOTH model is discussed in section 3.2.

The air inlet flow conditions for the primary ventilation flow with the 702-A system were
assumed to be 630 cfm flow, 70 °F temperature and 50% relative humidity. For the Project W-
030 system, the effective air inlet flow conditions of 500 cfin flow with 76 °F and 75% relative
humidity were used (see Table 3-1).

The heat load distribution in Tank 241-C-106 waste has been established (Bander 1993) to
be nonuniform, and the estimated total tank heat load varies from a low value of 110,000 Btwh
(Bander 1993) to as high as 132,400 Btu/h (Fryer, et al. 1995). Two homogeneous regions
(Blaine et al 1996) corresponding to the bottom 4 ft and top 2 ft of the sludge, and with
volumetric heat source terms of 6.3 and 1.5 Btwh-ft?, for a total heat load of 110,000 Btwh and
7.9 and 1.9 Btwh-{t’ for a total heat load of 132,400 Btwh, were considered in the analysis. The
waste parameters used in HUB analysis are given in Table 3-1.

The sludge in Tank 241-C-106 contains about 40% by weight of insoluble solids and the
remaining liquid. However, when the sludge is retrieved by sluicing and transferred to
Tank 241-AY-102, the insoluble particles in the slurry will settle to a lower weight fraction of
solids. Bench scale settling experiments (Norton 1994a) using neutralized current acid
waste(NCAW) simulant have shown that as the solids settled to about 12 to 15 wt %, the sludge
developed a large temperature gradient (Norton 1994b) indicating the presence of nonconvective
medium (compacted sediment) where the heat transfer occurs by pure conduction rather than
convection. This behavior of compacted sediment formation is also observed in recent bench
scale tests (Brooks 1996) of Sludge Washing and Gravity Settling of Tank 241-C-106 Sludge.
The final solids concentrations in the sediment after each sludge washing step increased from 12
wit% after the first caustic leach to 22 wt% for the first water wash step. Based on these results
and considering 40 wt% solids in the tank 241-C-106 sludge, a minimum fluffing factor of 2 is a
reasonable but conservative assumption and, therefore, is used for estimating the potential peak
sludge temperatures. More optimistic values are used for the analyses of section 3.6.

The distribution of heat-generating materials '*’Cs and *Sr in tank 241-C-106 sludge and
their contribution to the heat load of transferred siudge in tank 241-AY-102 were studied

3-2



HNF-SD-W320-ER-002, Rev. 0

parametrically assuming a range of 10% to 50% of the heat in the supernate of Tank 241-AY-102
due to the dissolved ¥’Cs.

3.2 GOTH FLOOR CHANNEL MODEL DESCRIPTION AND RESULTS

The GOTH 2-D three region model was used to evaluate the effectiveness of floor channel
cooling following a 2.5 ft of Tank 241-C-106 sludge transfer, and a fluffing factor of 2 after
__ transfer to Tank 241-AY-102 as described in (Sathyanarayana 1996b) and illustrated in
Figure 3-1. Modifications were made to the sludge depth, sludge conductivity, floor flow rate,
and dome ventilation flow inlet conditions. The floor flow rate was set at 155 c¢fm, which is the
nominal estimated flow rate for the secondary annulus system without system or operations
modifications (0.5 in. W.G. vacuum in the annulus with no inlet blower and no 6-inch drop line
blockage). As noted in Figure 3-1, the total heat load in the Tank 241-C-106 transferred sludge
was 28,150 Btu/h, and the conductivity 0 .4 Btwh-ft-R. The inlet dome ventilation was assumed
to be provided by the Project W-030 ventilation system operating in the recycle mode with an
average tank inflow temperature of 76 °F at a relative humidity of 75%.

The resultant steady-state sludge temperature distributions for the three radial regions are
illustrated in Figure 3-2. The floor air temperature at the exit to the three radial regions is shown
in Figure 3-3. Based on the predicted cooling channel air temperature raise and the potential for
an air temperature increase, the floor channel cooling effectiveness was calculated to be 70%.
Other tank temperatures of interest are shown in Figure 3-4. It can be seen that although the
dome gas and supernatant temperatures remain relatively low, the poor conduction within the
sludge raises the maximum sludge temperature to a high level at this low air flow rate through
the floor cooling channels.

3-3
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Figure 3-1. 2-D Nodalization for Middle Sludge and Floor Region--Approximate
Maximum Distance Between Channels 4.5 feet.

)
12.83 ft dome gas

b
I
|

24.0 ft supernatant

C-106 transfer slud
fluff factor =2
28150 btu/hr

2.5 fr unfluffed
sludge removed
from C-106

k=.4 btu/hr-ft-R

AY-102 current sludgq
33000 btu/hr

k=.35 btu/hr-ft-Rr

floor cooling channe; i

[ S E— - { ——

37 L999°0 33 T




HNF-SD-W320-ER-002, Rev. 0

Figure 3-2. Tank 241-AY-102 Sludge Temperature Distribution for
Models Three Radial Regions--155 c¢fm Floor Channel Flow,
2.5 ft 241-C-106 Sludge Transfer.
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Figure 3-3. Tank 241-AY-102 Gas Temperatures at Floor Channel Exits
Corresponding to Models 3 Radial Regions--155 efm Floor Channel
Flow, 2.5 ft Tank 241-C-106 Sludge Transfer.
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Figure 3-4. Tank 241-AY-102 Contents Temperatures for 155 cfm
Floor Channel and 2.5 ft Tank 241-C-106 Sludge Transfer.
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3.3 HUB MODEL INPUT PARAMETERS

The waste properties and the geometric parameters of the Tank 241-C-106 and Tank 241-
AY-102 are given in Table 3-1. The important thermal parameters of the analysis include the
tank heat load and its distribution in the Tank 241-C-106 sludge; the growth of the sludge
volume of the transferred Tank 241-C-106 sludge in Tank 241-AY-102; the heat load
distribution between supernatant and sludge in Tank 241-AY-102 after transfer; the effective
thermal conductivity of the settled sludge; and the floor and dome cooling effectiveness. These
parameters are briefly discussed in this section.
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3.3.1 Tank 241-C-106 Heat Load Distribution

The heat load for Tank 241-C-106 was estimated to be 110,000 Btw/h using the measured
temperature data through detailed thermal analyses (Bander 1993). The tank sludge temperature
data suggests that the heat distribution is skewed toward the bottom with 89% of the heat in
roughly 66% of the sludge (Crea 1996). After the 1994 Tank 241-C-106 process test, the heat
load of the tank was reevaluated using GOTH, a two-phase thermal-hydraulic computer code,
which mechanistically accounts for water evaporation. The heat load was estimated by the
GOTH analyses to be 132,400 Btw/h (Fryer 1995) . Also, 1996 grab samples from Tank 241-C-
106 were analyzed for radionuclides and a maximum tank heat load (Babad 1996) of 111,400
Btuwh was established based on *°Sr and '*’Cs content. The heat load distribution as given in
Table 3-2 was also used in earlier analyses (Crea 1996).

Table 3-2. Tank 241-C-106 Waste Heat Load Distribution. (Ref. Crea 1996)

Volumetric heat source, Btu/h-ft’
Tank Heat Load Region 1 " "Region2
Btu/h Top 2 ft Rest of the volume
-6 1t) (0-4 ft)
110,000 1.5 6.3
132,400 L9 7.9

3.3.2 Tank 241-AY-102 Fluffing Factor

The sludge in Tank 241-C-106 consists of about 40 to 50 wt% of solids (Schreiber et al
1996). The insoluble solids in the sludge after mixing with Tank 241-AY-102 supernate are not
expected to initially settle to its original concentration. Small scale settling tests using NCAW
simulant, and the axial waste temperature (Norton 1994b) data during settling, shows that sludge
with 10 to 15 wt% of solids establishes a fairly large temperature gradient, suggesting that the
sludge has become non-convective. Bench scale enhanced sludge washing and gravity settling
tests (Brooks 1997) conducted for tank 241-C-106 sludge shows higher weight percent of
compacted solids as shown in Table 3-3. Also shown in the table are the screening test results of
Lumetta, et al. (1996) who performed a similar experiment with 15 grams of tank 241-C-106
sludge. The bench scale test results show a higher weight percent of compacted solids than the
screening test. The sludge layer associated with the bench scale test (10-30 cm) allowed further
compaction due to increased weight on the lower layers of sludge compared to the screening
tests.

The settling behavior of Tank 241-C-106 sludges with Tank 241-AY-102 supernate was

also evaluated (Babad 1996), and the results show that sludge volume has increased after the
solids have settled in the solid-liquid mixture. These results are given in Table 3-4, where in all

3-10



HNF-SD-W320-ER-002, Rev. 0

Table 3-1. Tank 241-AY-102 and Tank 241-C-106 Waste Parameters.

Parameter Description

. Assumied Values = =

Tank 241-AY-102 Waste | Total waste 812,000 gallons (24.6 ft)
Volume and Properties ' 4 e 32,000 gallons (0.97 ft)
Supernate 780,000 gallons (23.6 ft)
Sludge density 1.57 gm/cm?®
Current sludge thermal 0.35 Btwh-ft?
conductivity
Tank 241-C-106 Waste Total waste 219,000 gallons (6.64 ft)
Volume and Properties ') @ ¢ 197,000 gallons (5.97 ft)
Supernate 22,000 gallons (0.67 ft)
Sludge density 1.55 gm/cm?
Liquid density 1.17 gm/em?®
Insoluble solids density 2.3 gm/em’
Wt% solids 40%
Liquid thermal conductivity | 0.35 Btwh-ft®
Insoluble solid thermal 5 Btw/h-fi?
conductivity
Tank 241-AY-102 Heat | Total Sludge: 33,000 Btw/h

Load

Supernate: 0 Btwh

Tank 241-C-106 Heat
Load

Total (Fryer estimate)

132,400 Btu/h
-Region 1 (0-4 ft):
-Region 2 (4-6 ft):

6.6 Btwh/ft*
1.9 Btu/lv/ft®

Total (Bander Estimate)

110,000 Btwh
-Region 1 (0-4 ft):
-Region 2 (4-6 ft):

5.5 Btwh/ft®
1.5 Baw/h/ft?

Insoluble solids

0.143 Btw/h/Ibm

Tank 241-AY-102
Ventilation
Systems

Primary ventilation:
702-A system

630 cfm at 70 °F and 50 % relative
humidity

Primary ventilation:
W-320 system

500 cfm at 76 °F and 75% relative
humidity ( Recirculation Mode )
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four cases the volume of the sludge after mixing and settling has increased in volume compared
to the volume of the original sludge in the starting material. Therefore, it is assumed that
sluicing and resettling of the Tank 241-C-106 sludge in Tank 241-AY-102 will result in an
increased volume, perhaps twice its original volume, or a fluffing factor of about 2. However,
the sludge in a full-scale tank should experience more compaction due to increased sludge
height, reducing the final volume of settled sludge or the fluffing factor. A fluffing factor of 2
was used for the thermal evaluation of Tank 241-AY-102 to provide some margin of
conservatism. This conservatism was reduced for the optimistic analyses of section 3.6.

Table 3-3. Tank 241-AY-102 Nonconvective Waste Fluff Factor.
(Brooks, et al. 1997 / Lumetta 1996)

Sludge wash description Wt% solids in final sediment Fluffing factor”
Caustic leach 1 14/13 ~3.0
Caustic leach 2 16/12 ~3.0
Water wash 1 22/13 ~2.0
Water wash 2 28/13 <2.0
Water wash 3 32/16 <2.0

* Assuming tank 241-C-106 waste consists of 40 wi% solids.

Table 3-4. Tank 241-AY-102 Nonconvective Waste Fluffing Factor.
(Babad 1996)

Initial volume Final volume ‘| - Fluffing
(mL) (mL) factor
6C-96-8 9.0 18.0 2.0
6C-96-14 3.0 9.5 ~3.0
6C-96-8 with tank 241-AY-102 10.0 43.0 ~4.0
6C-96-14 with tank 241-AY-102 7.5 23.0 ~3.0

3.3.3 Cs/Sr Distribution

Recent tT 241-C-106 sludge sample analyses suggest that the major heat
generating radionuclides of '*’Cs and **Sr are about equal proportion in the top portion
of the sludge (Babad 1996). Strontium 90 produces about 1.4 times as much heat per
curie as "'Cs. Also, the bench scale tests performed at Pacific Northwest National
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Laboratory (PNNL) (Lumetta 1996 and Brooks 1997) show that a major portion of *’Cs
will remain in solids. The leaching test results show a range from 38% '*’Cs removal at
jow caustic to 60% at high caustic. Therefore, as much as 60% of the *’Cs will remain
in the sludge. However, in order to understand the effect of distributing the heat load
between the sludge and supernate, parametric analyses were performed (section 3.4.3)
assuming 10% and 50% of total heat in supernate and the remaining heat in sludge.

3.3.4 Thermal Conductivity

The thermal conductivity of the waste sludge is one of the parameters that
determines the temperature distribution in the siudge. In general, the tank waste
sludges contain liquid, solids and gas bubbles. The presence of a gas is neglected in
the analysis. The effective thermal conductivity of the sludge is, therefore, computed
using the individual thermal conductivities of liquid and solids. The insoluble solids are
assumed to have a thermal conductivity of 5 Btu/h-ft°R and that of interstitial liquid to
have a thermal conductivity of 0.35 Btu/h-ft°R.

Three thermal conductivity models are presented below. They are shown
graphically in Figure 3-5. The series conductivity was the most conservative and was
used for the thermal analyses of Tank 241-AY-102.

3.3.4.1 Parallel Conductivity Model

If the heat conduction in the liquid and solid phases occurs in parallel, then the
overall conductivity K4 is the weighted arithmetic mean of the thermal
conductivities of liquid and solids.

Ksludys = (ap*Ks * GL*KL) (4'1)

3.2.4.2 Series Conductivity Model

On the other hand, if the heat conduction takes place in a series, with all of the
heat flux passing through both solids and liquid in a series, then the overall
conductivity of the sludge is the weighted harmonic mean of the individual thermal
conductivities of the components.

{ 1
Ksludge

—= = (4-2)
K K

s L
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3.3.4.3 Maxwell's Equation

An effective thermal conductivity of waste sludges composed of small solid
spheres dispersed in liquid can also be calculated using Maxwell's equation

(1892).
2K, + K, - 20(K, - K
Ksludge = KL . L (3'3)
2K, + K, + 0 (K, - K,)
where

Ksue = Effective thermal conductivity of the sludge

K. = Thermal conductivity of interstitial liquid
K, = Thermal conductivity of insoluble solids
o, = Volume fraction of solids in the sludge
[« 1} = Volume fraction of liquid in the sludge.

“The variation of effective sludge thermal conductivity with respect to the solids
volume fraction is compared in Figure 3-5. The sludge in Tank 241-C-106 contains less
than a 20-volume percent of solids and the remaining sludge is liquid.
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Figure 3-5. Effective Sludge Thermal Conductivity Variation With Solids Concentration.
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3.4 TANK 241-AY-102 THERMAL ANALYSIS

Tank 241-AY-102 is the receiver tank for the Tank 241-C-106 high heat sludge to be
transferred by Project W-320 using a Waste Retrieval Sluicing System (WRSS). The WRSS
mixes the sludge in Tank 241-C-106 with a sluice stream of supernate from Tank 241-AY-102
and pumps the slurry from Tank 241-C-106 to Tank 241-AY-102. The insoluble solids will
settle from the slurry in the receiver tank, increasing the heat load as well as the sludge height.
Increased heat load and sludge level will increase the peak sludge temperatures. However, the
peak sludge temperatures are limited by tank design and safety considerations. The tank design
consideration limits the peak sludge temperature to below 350 °F (Boyless 1996), and safety
considerations limit the peak sludge temperature to 30 °F below the local saturation temperature
(that is about 225 °F at the sludge bottom and 195 °F in the supernatant).

Tank 241-AY-102, as shown in Figure 3-6, is a double-shell tank which has a rated
capacity of 980,000 gallons, and it is one of the four aging waste facility (AWF) tanks. Tank
241-AY-102 is an underground, carbon steel, radioactive waste tank encased in a concrete shell.
The primary tank has an inner diameter of 75 ft and a secondary tank with an inner diameter of
80 ft. The tank was designed for a vapor temperature of 220 °F above 30 ft, a liquid temperature
of 260 °F at 4 to 30 ft, and a sludge temperature of 350 °F at 0 to 4 ft. Currently, the tank
contains 32,000 gallons (~1 ft) of heat generating sludge and 780,000 gallons of liquid waste.
‘The heat load has been estimated to be 33,000 Btu/h (Sathyanarayana, et al. 1996b). The
maximum sludge temperature at the bottom of the tank is about 92 °F. The tank waste is
currently cooled by dome ventilation flow.

The AWF is currently served by the 702-A ventilation system, which supplies ambient air
to the dome space of the AZ and AY tanks. Air flow for the annulus and floor channels in Tank
241-AY-102 is provided by an independent dedicated annulus ventilation system. The 702-A
dome ventilation system is scheduled for upgrading prior to initiation of the Waste Retrieval
Sluicing System (WRSS).
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Figure 3-6. Tank 241-AY-102 Aging Waste Double-Shell Tank.

20m{6ft6in)

§.2m (17 £

Operating Liquid Level

-+— Primary Steel .

H Tank 9.1 m (29 ft10in.

Reintorced ; . 1.4 m (37 ft6in)
Steel Liner . . R

Concrete Tank ™"~ Secondary Steel Tank Radius

12.2 m (40 ft 0 In.; 3 .
T?gdius n) & e— 0.65mM (1 £6in)

Insulating Refractory Slab

“06m(2ft0in)

0.6m(2#01In) _|

1.0m(3ft4in) |<—~'-
22m 21m 1.0m
(71 4in) (61191n) (3113in)
R9509033.2
024

I |<-——(21 i1 1n. y——e

0.9m(3ft0in) —e



HNF-SD-W320-ER-002, Rev. 0

3.4.1 Evaluation of Retrieval Options

The Project W-320 intends to retrieve 100% of the sluicable sludge. However, the current
heat removal capacity of Tank 241-AY-102 including secondary annulus/floor cooling system
may not allow for complete retrieval given the constraint of keeping the maximum sludge
temperature within the design and safety temperature limits. In order to operate Tank 241-AY-
102 safely and prevent conditions that can lead to a thermal (steam) bump, the Operational
Safety Document (OSD) limits the peak sludge temperature to 30 °F below the local saturation
(boiling) temperature in the sludge. Also, to prevent any structural damage, the peak concrete
temperatures are limited to below 350 °F (Boyless 1996). Given the constraints on peak sludge
temperature, a number of intermediate retrieval goals were evaluated to determine the maximum
possible waste transfer to Tank 241-AY-102. Both floor/annulus system modifications and
secondary ventilation system operational changes as discussed in Section 2 for supplying
higher flows are considered. The intermediate retreival goals and secondary ventilation system
configuration required to meet these goals are summarized in Table 3-5. A description of the
retrieval options considered in the thermal analysis is given this section.

1. The first option evaluated was the minimal retrieval required to eliminate Tank 241-C-
106 water additions. This is estimated to be the transfer of the top 2 ft of the Tank
241-C-106 sludge containing a heat load of about 16,800 Btu/h (4.9 KW) to 13,250
Bw/h (3.9 KW). This will eliminate the continued water addition (Bander et al 1996)
required for cooling the waste to keep temperatures within the allowable limits. This
option will then resolve the safety issue and remove Tank 241-C-106 from the high
heat Watch List in accordance with Public Law 101-510, Section 3137 (Wyden
Amendment 1990).

2. The second case evaluated was the transfer of the top 4 ft Tank 241-C-106 sludge
containing a heat load of 72,800 Btw/h. This amount of Tank 241-C-106 sludge
transfer will eliminate both water additions and active ventilation. For the remaining
heat load, passive ventilation is found (Bander et al 1996) to be sufficient to cool the
tank.

3. The third option considered was the transfer of about 4.8 ft of sludge having a heat
load of 92,400 Btu/h from Tank 241-C-106. This will remove the tank from the High
Heat Tank List. This will leave less than 40,000 Btu/h heat load in Tank 241-C-106 .

4. Historically, the high heat limit has been 40,000 Btwhr heat load. The Basis for
Interim Operation (BIO) and subsequent Limiting Conditions for Operations (LCO)
have set this limit to 26,000 Btu/h. To meet this criteria, therefore, a fourth option was
considered which requires the transfer of 106,400 Btu/h of heat load containing sludge
from Tank 241-C-106 to Tank 241-AY-102. This requires the removal of about 5.2 ft
of sludge.

5. Finally, the most desirable option and final goal of Project W-320 is complete retrieval
of Tank 241-C-106 waste into Tank 241-AY-102 and other double-shell tanks.
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The following floor/annulus system modifications were considered in the thermal evaluation of
Tank 241-AY-102 for Project W-320 waste transfer:

1. Blocking the flow to the wall annulus

The air flow for the current secondary ventilation system splits between the wall
annulus flow and the floor channels (section 2.2). Most of the flow goes to the
wall annulus which provides very little cooling. Blockage of the wall annulus flow

allows 100% of the secondary ventilation system flow to be delivered to the floor
channels for maximum cooling.

2. Including an Inlet blower

The current system is equipped with an exhaust fan. Installation of an inlet blower
would significantly enhance the performance of the system to provide higher flows

to the tank floor cooling channels. The inlet portion of the system would however
be required to operate at positive pressure.

3. Primary and secondary system chillers

Inlet air for both the primary and secondary ventilation systems are at ambient air
conditions. The addition of chillers to either one or both of theses systems would
increase temperature difference between the tank waste and ventilation systems,

increasing their heat removal capacity. It would also eliminate the seasonal variation
in cooling.

The following secondary ventilation system operational modifications were considered in
the thermal evaluation of Tank 241-AY-102:

1. High annulus vacuum

The primary ventilation (tank dome) system is currently required to operate at
higher vacuum than the secondary ventilation system. This limits the annulus
vacuum to about 0.5 inches water gauge. Project W-030 may potentially eliminate
any possible cross connections making it possible for the annulus system to operate
at a vacuum higher than the primary. This would increase the pressure drop in the
secondary annulus system and substantially increase the flow.

2. Inlet system positive pressure

The current secondary ventilation system operates at a vacuum from the inlet filters
to the exhaust fan. The addition of an inlet blower would require the inlet portion
of the system to operate at positive pressure.



HNF-SD-W320-ER-002, Rev. 0

Table 3-5. Summary of Retrieval Goals

C-106 Retrieval Goals

AY-102 Ventilation Configuration Options

Total Annulus Inlet Blower
Retrieval Case " ;i Minimum Annulus Discharge
Ci,se Description Comment CT'”OeSFA" Slot Flow Wall Flow SS::::r:dFalgw pGauﬁfe Gauge
i (depth/heat load) {cfm) Conﬂguralion‘ y (cfm) (InrcehssH o Pressure
20) (inch H,0)
21 Eliminates
13,250 Blu/hr w.leer none 0 cfm unblocked 0 cfm -0.5 none
additions
-0.5 17
unblocked 4800 cfm
-12 55
none 1000 cfm
-0.5 6.0
biocked 1000 cfm
-6.5 none
4t Efiminates
2 active -0.5 9.5
72,800 Bihe | viotion unblocked 3600 cfm
-10 none
Secondary 750 ¢fm
-0.5 33
blocked 750 cfm
-3.8 none
Primary 850 cfm unblocked 4100 cfm -12 nene
-0.5 25
none 2000 cfm blocked 2000 cfm
-12 13
48 ft Eliminates 05 13
3 92,000 Btwhr | highheat | gecondary | 1400 cim blocked 1400 cfm
designation 12 1.0
Primary &
Secondary 1200 cfm blocked 1200 cfm -9.5 none
-0.5 58
none 3000 cfm blocked 3000 cfm
5.2ft Eliminates
106,000 Btu/he 12 47
4 temperature
monitoring -0.5 31
Secondary | 2200 cfm blocked 2200 cfm
-12 19
0.5 40
6 ft Complete
X
5 132,000 Bturhr retrieval Secondary | 2500 cfm blocked 2500 cfm = I,

1. Assuming a fluffing factor of 1.5.
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The HUB computer model described in section 3.3 was used to evaluate the thermal
performance of Tank 241-AY-102 for Project W-320 retrieval. The secondary ventilation system
performance evaluated in section 2.4 provided the flow boundary conditions for the HUB model.
The evaluation of each of the intermediate retrieval goals is provided in the following sections
and summarized in Table 3-5.

3.4.1.1 Case 1 - 2 ft Sludge Transfer

The temperature distributions in the combined sludge in Tank 241-AY-102 are shown in
Figure 3-7 for the transfer of the top 2 ft of Tank 241-C-106 sludge. The results are shown both
for high and low heat load values. Ineach case, the calculated temperature distribution in the
sludge is shown for no slot cooling flow and normal secondary flow which provides about 150
cfm slot cooling flow. The primary ventilation system {W-030) was assumed to provide 500 cfim
total flow with an effective inlet flow condition of 76 °F and 75% relative humidity. For the case
of 150 cfm cooling slot flow, an effectiveness parameter of 0.7 has been used. Also, it is
assumed that the resettled Tank 241-C-106 sludge in Tank 241-AY-102 will have its volume
doubled compared to its original volume (i.e., a fluff factor of 2). Under these conditions, the
peak sludge temperatures are well below the Operating Safety Requirements (OSR) limit even
with no cooling at the tank bottom.

3.4.1.2 Case 2 - 4 ft Sludge Transfer

" Figure 3-8 shows the waste temperature distribution for the settled sludge in Tank 241-
AY-102 with the transfer of about 4 ft of Tank 241-C-106 sludge having a heat load of 72,800
Buwh, This case requires a primary ventilation flow of 500 cfm with an effective air inlet
temperature of 76 °F and 75% relative humidity. The fluff factor of the transferred sludge from
Tank 241-C-106 is assumed to be 2 and the effectiveness of slot cooling flow is 0.35. The
cooling effectiveness for flows of more than 2,500 cfm has been estimated (Sathyanarayana
1996b) to be 0.35 and in this report it is shown that the effectiveness can increase up to 0.7 for
low flows of about 150 cfm. Figure 3-8 shows that the peak sludge temperatures will stay within
safety limits if: (1) the tank bottom slot cooling flow is increased to 1000 cfm, or (2) the slot
flow is 750 cfm and the inlet temperature is chilled to 40 °F (chilled air), or (3) the slot flow is
850 cfm and 500 cfm primary ventilation flow with an inlet temperature of 40 °F (chilled primary
air). The estimate of tank bottom slot cooling flows are conservative because of assumed low
cooling effectiveness, and conservative fluff factor.

3.4.1.3 Case 3 - 4.8 ft Sludge Transfer

For the 3rd retrieval goal of leaving only 40,000 Btu/h in Tank 241-C-106 and transferring
the rest of the sludge to Tank 241-AY-102, the temperature distribution of the settled sludge in
Tank 241-AY-102 is shown in Figure 3-9. This calculation is performed using a fluff factor of 2
and the effectiveness of tank floor cooling channels as 0.35. The results show that the peak
sludge temperatures can be maintained within the safety limits by increasing the floor cooling
channel flow. In this case, 2,000 cfm floor cooling normal flow is required. This flow
requirement can be reduced by using a chilled air either for floor cooling, dome cooling, or both.
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As shown in Figure 3-9, primary flow of 500 CFM at 70 F and a chilled floor cooling flow of
1,400 cfm is required for this option to keep peak sludge temperatures to within safety limits.
This flow can further be reduced to 1,200 cfm if both the primary and the tank floor cooling
flows enter the tank at 40 °F.

3.4.1.4 Case 4 - 5.2 ft Sludge Transfer

The fourth retrieval goal of limiting the Tank 241-C-106 sludge heat load to 26,000 Btuw/h
requires the transfer of about 5.2 ft of sludge with a heat load of 106,400 Btwh. Figure 3-10
shows the results of thermal analysis for the combined sludge temperature distribution in Tank
241-AY-102. The analysis was performed assuming that the W-030 primary ventilation system
can provide 500 cfm flow at an effective inlet temperature of 76 °F and 75% relative humidity.
Two cases were considered for the secondary annulus flow. The first was nominal inlet
temperature of 70 °F and the second assumed 40 °F chilled air. In both cases, substantially
higher floor cooling channel flow was required. Also, it is assumed that the fluff factor for the
transferred sludge and the cooling channel effectiveness are 2 and 0.35, respectively. The results
show that Tank 241-AY-102 will operate within the safety limits if it is supplied with 3,000 cfm
flow at 70 °F or 2,200 cfm flow at 40 °F to the tank bottom floor cooling slots.
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Figure 3-7. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
'W-030 Primary Ventilation System with 0 and 150 CFM Floor Cooling Channel Flow.
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Figure 3-8. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with a) 1000 CFM at 70 F b) 750 CFM at 40 F and 850
CFM at 70 F floor cooling Channel Flow.
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Figure 3-9. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with a) 2000 CFM at 70 F b) 1400 CFM at 40 F and
1200 CFM at 40 F Floor Cooling Channel Flow.
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Figure 3-10. Temperature Distribution of thc Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with a) 3000 CFM at 70 F and b) 2200 CFM at 40 F
Floor Cooling Channel Flow.
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3.4.1.5 Case 5 - Complete Sludge Retrieval

Finally, the primary retrieval goal is to transfer all the waste from Tank 241-C-106 to Tank
241-AY-102. The estimated maximum heat load of the waste in Tank 241-C-106 is 132,400
Btu/h and its height is about 6 ft. Figure 3-11 shows the temperature distribution in the
combined sludge assuming that the transferred sludge in Tank 241-AY-102 will settle to a fluff
factor of 2, or to a minimum 1.5 (MacLean 1997). The thermal analysis was performed to
estimate the required tank floor cooling channel flows. The cooling slot flow is assumed to be
supplicd at an inlet temperature of 40 °F and the tank floor cooling channels will have an
effectiveness of 0.35. If the sludge fluff factor remains as 2, then 3,000 CFM of chilled cooling
slot flow will barely keep the peak sludge temperature below local boiling point. However, if the
fluff factor reduces to 1.5, then with 2,500 CFM chilled flow will keep the peak sludge
temperature below OSR temperature limits.

3.4.2 Sludge Fluffing Factor Parametric Analyses

The heat generation in the Tank 241-C-106 sludge has been established (Bander 1993,
Babad 1996) to be non-uniform. Consequently, the heat generating insoluble solids are
distributed non-uniformly. Assuming the heat generation per unit mass of insoluble solids
remains the same throughout the sludge, the volume fraction of solids in the sludge varies from
the top to the bottom of the sludge based on the heat generation rate. Recent tests related to
chemical and chemically related issues associated with sluicing Tank 241-C-106 waste to Tank
241-AY-102 (Babad 1996) have shown that the potential fluffing factor of the transferred sludge
will likely be a minimum of 2 to as large as 4. Also, the bench-scale enhanced sludge washing
and gravity settling of tank 241-C-106 sludge show that the solids concentration in the final
compacted sludge varies from 14 wt% for the first caustic leach to a maximum of 32 wt% after
two caustic leaches and three water washes. Currently, Tank 241-C-106 sludge contains about
40 wt% of insoluble solids and therefore, there is the potential that the compacted Tank 241-C-
106 sludge in Tank 241-AY-102 may result in a fluff factor of less than 2. In order to understand *
the effect of the fluff factor of the transferred Tank 241-C-106 sludge in Tank 241-AY-102,
parametric studies were performed for the second option.

The results of thermal analysis for the combined sludge in Tank 241-AY-102 are shown in
Figure 3-12. A fluff factor of 2 requires 1,000 cfm tank floor cooling slot flow to keep the
sludge below the OSR temperature limit. On the other hand, if the fluff factor is 1, then less than
200 cfm cooling flow is sufficient. However, if the fluff factor is three, then 1,800 cfm flow will
be required.

The fluff factor of the transferred Tank 241-C-106 sludge settled in Tank 241-AY-102

determines the conduction length for heat transfer which exerts a large influence on the steady
state sludge temperature distribution.
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Figure 3-11. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
'W-030 Primary Ventilation System with a) 3000 CFM and b) 2500 CFM at 40 F Floor
Cooling Channel Flow.
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¢ Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with a) 1800 CFM for Fluff Factor of 3, b) 1000 CFM
for Fluff Factor of 2 and b) 200 CFM for Fluff Factor of 1 of Floor Cooling Channel Flow
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3.4.3 "Cs/*Sr Distribution Parmetric Analyses

Figure 3-13 shows the effect of the heat generation distribution between sludge and
supernate on the sludge peak temperature distribution. The analysis was performed for a total
heat load of 40,100 Btwh of Tank 241-C-106 sludge transfer to Tank 241-AY-102. Under
normal operation of Tank 241-AY-102 the peak sludge temperature will be reduced by about 20
°F if 50% of the heat is in supernate. On the other hand if only 10% of the heat is in supernate,
the effect is negligible.

3.5 EVALUATION OF PHASE 1 SLUICING OF TANK 241-C-106

The results of the thermal analysis of the receiver Tank 241-AY-102 discussed in the
previous Section 3.4.1, suggests that the first retrieval goal of transferring about 2 ft of Tank
241-C-106 sludge can be accomplished even without operating the secondary ventilation
system. The transfer of 2 ft (~66,000 gallons) of Tank 241-C-106 sludge to Tank 241-AY-102
will eliminate the need to add water to Tank 241-C-106. This will be the first phase of Project
W-320 retrieval.

Process control of the mass transfer is required to assure that Tank 241-AY-102 steady
state temperatures will not exceed the temperature limits. Operation of the secondary ventilation
system will provide a margin of safety for the phase | waste transfer. Analyses were performed
to quantify this safety margin and access the uncertainty of Tank 241-C-106 heat load and the
primary system flow in achieving the phase 1 goals of 2 ft waste retrieval.

3.5.1 Margin of Safety

As shown in Figure 3-14, with the currently assumed heat generation rate, settled sludge
conditions, and the primary and secondary ventilation flow conditions, the transfer of 2 ft
(~66,000 gallons) of sludge to Tank 241-AY-102 would not exceed the temperature limits set by
the safety analysis. Under these operating conditions of Tank 241-AY-102 and safety limits,
using the heat generation rates corresponding to a total tank heat load of 110,000 Btu/h, the
maximum possible sludge transfer was estimated. Figure 3-14 shows the sludge temperature
distributions for the transfer of 32 in. (88,000 gallons) to 36 in (~100,000 gallons) of
Tank 241-C-106 sludge to Tank 241-AY-102. It can be seen that even if the fluff factor of the
transferred Tank 241-C-106 sludge is two, 94,000 gallons (34 in.) can be transferred. However,
if the fluff factor of the settled sludge happens to be one, then as shown in Figure 3-15 up to
127,000 gallons (46 in.) of Ttank 241-C-106 sludge can be transferred and stay within the safety
guidelines.

Thus, for conservative estimates of fluffing factor, with the operation of the secondary
ventilation system, up to 36 inches of waste can be removed from Tank 241-C-106 without
exceeding the Tank 241-AY-102 temperature limits. This provides 1 foot of margin for
achieving the phase 1 goal of a 2 ft waste transfer.
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Figure 3-13. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
‘W-030 Primary Ventilation System with 150 CFM at 70 F Floor Cooling Channel Flow
and a) 10% and b) 50% heat in Supernatant and the remaining in Sludge.
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Figure 3-14. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
'W-030 Primary Ventilation System with 150 CFM at 70 F Floor Cooling Channel Flow for
Different Quantities of Sludge with Fluff Factor of 2. Heat Generation Rates correspond to
110,000 Btu/hr Tank Heat Load.
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Figure 3-15. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with 150 CFM at 70 F Floor Cooling Channel Flow for
Different Quantities of Sludge with Fluff Factor of 1. Heat Generation Rates correspond to
110,000 Btu/hr Tank Heat Load.
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3.5.2 Heat Generation Rate Parmetric Analyses

Further thermal evaluations were performed to assess the consequences of using higher
heat generation rates corresponding to the total tank heat load of 132,400 Btw/h. These
evaluations also include the effect of using the current 702-A primary ventilation system. In this
case, the heat source values used correspond to 1.9 Btu/h-ft* for the top 2 ft and 7.9 Btwh-ft® for
the bottom (~4 ft) part of the Tank 241-C-106 sludge (see Table 3-2). As before, the W-030
system is assumed to provide Tank 241-AY-102 with 500 cfm flow at an effective temperature
of 76 °F and 75% humidity. The fluff factor of the settled sludge is considered as 2, and the
effectiveness of the cooling channels as 0.7 and a flow of 150 cfm. Figure 3-16 shows the effect
of transferring higher volumes of sludge starting from 66,000 gallons (24 in.) to 88,000 gallons
(32 in.) of Tank 241-C-106 waste into Tank 241-AY-102. It can be seen that a maximum of
88,000 gatlons (32 in.) of Tank 241-C-106 sludge can be transferred to Tank 241-AY-102 and
still stay within the safety guidelines.

For this volume of sludge transfer, the effect of using the 702-A primary system was
evaluated. The primary ventilation flow with the 702-A system is assumed to provide 630 cfm
flow at an inlet temperature of 70 °F and 50% relative humidity. Figure 3-17 shows the effect on
sludge temperature distribution for the settled sludge in Tank 241-AY-102 using either the 702-A
system or W-030 system with 630 and 500 cfm respectively and the tank floor cooling channel
flow of 150 cfm and no flow. The results show that for 88,000 gallons (32 in.) of Tank 241-C-
106 sludge transfer, the peak sludge temperatures will be close to OSR temperature limits if the
secondary ventilation system is operating normally supplying 150 c¢fm flow to the floor cooling
stots.  This provides a margin of safety for the phase 1 goal of 2 ft waste transfer.

3.5.3 Effect of Reduced Primary Ventilation Flow

The primary ventilation system (702-A), which supplies air to all four Tanks (241-AZ-101,
241-A7-102, and 241-AY-101 and 241-AY-102) of the AWF is being replaced under Project W-
030. The W-030 system will be able to run with three operating modes. Under the normal or
recirculation mode, a total tank inflow of 500 c¢fm with 400 ¢fm recirculated and 100 cfim
exhausted through the stack. Under the high heat mode of operation, one of the four tanks will
have more than 100 cfm going to the exhaust fan (up to 500 cfm). The third mode of operation is
the bypass mode. In this mode of operation, the recirculation system is not being used, and the
flow rate of each tank will be only 100 cfin. Therefore, the thermal analysis has been performed
using only 100 cfm of primary ventilation flow to evaluate its effect on the amount of Tank 241-
C-106 sludge transfer to Tank 241-AY-102. For this calculation, it is assumed that the primary
ventilation flow of 100 cfm enters the tank with an inlet temperature of 70 °F and 50% relative
humidity. The tank floor cooling channels still will have a flow of 150 cfm, and the cooling
channels will have a cooling effectiveness of 0.7. If the transferred Tank 241-C-106 sludge in
‘Tank 241-AY-102 has a fluffing factor of two, then the transfer of 88,000 gallons (32 in.) of
sludge containing about 40,100 Btu/h heat load will reach sludge temperatures above local
saturation values as shown in Figure 3-18. If the primary ventilation flow drops to 100 ¢fm,
then to stay within the safety guidelines, a maximum of 74,250 gallons (27 in.) of
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Tank 241-C-106 can be stored in Tank 241-AY-102. Thus the phase 1 goal can be met, but the
margin of safety is reduced.
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Figure 3-16. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with 150 CFM at 70 F Floor Cooling Channel Flow for
Different Quantities of Sludge with Fluff Factor of 2. Heat Generation Rates correspond to
132,400 Btu/hr Tank Heat Load.
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Figure 3-17. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 and 702-A Primary Ventilation System with 0 and 150 CFM at 70 F Floor Cooling
Channel Flow for 88,000 gallons(32 in.) of Sludge with a Heat Load of 40,100 Btu/hr and
Fluff Factor of 2. Heat Generation Rate corresponds to 132,400 Btu/hr Tank Heat Load.
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Figure 3-18. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
100 CFM of W-030 Primary Ventilation System Flow and 150 CFM Floor Cooling
Channel Flow for Different Quantities of Sludge with Fluff Factor of 2. Heat Generation
Rates correspond to 132,400 Btu/hr Tank Heat Load.
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3.6 WASTE RETRIEVAL POTENTIAL UNDER OPTIMISTIC CONDITIONS

Safety guidelines limit the peak sludge temperature to 30 °F below the local saturation
temperature to prevent the formation of steam that can result in a steam bump and to 350 °F to
preserve tank structural integrity. The important parameters that control the peak sludge
temperatures are settled sludge height (conduction length) and heat generation rate for any given
operating conditions of the tank. The total tank heat load has been estimated to be a minimum of
110,000 Btu/h (Bander 1993) to as high as 132,400 Btu/h (Fryer 1996).

The sludge volume in receiver Tank 241-AY-102 depends on the settling behavior of the
Tank 241-C-106 sludge. Recent bench-scale tests (Brooks, et al 1997) of enhanced sludge
washing and gravity settling of Tank 241-C-106 sludge has shown that the final solids
concentration in the sediment was a minimum of 14 wt% after first leaching with 3M NaOH,
22 wt% after first water wash to a maximum of 32 wt% after complete enhanced sludge washing.
TWRS planning document assumed a solids concentration of 20 wt% in the final compacted
sludge. However, the sludge may compact more in a full-scale tank as a result of a higher sludge
level. In addition, compaction will occur after the initial waste transfer and settling. Also, the
current solids concentration in Tank 241-C-106 sludge will decrease with the dissolution of some
of the water soluble compounds. Recent analysis using ESP (MacLean 1997) results show that
25% of the precipitate will dissolve while sluicing. If 25% of precipitants dissolve while sluicing,
then it will be reasonable to expect a fluffing factor of 1.5 which can further be reduced by
increasing the caustic addition before sluicing to dissolve the AI(OH)3, and perhaps the Na
Oxalate(Mac Lean 1997). These optimistic, but possible, combination of conditions may result in
a much reduced sludge volume. In the best case, the volume of the transferred Tank 241-C-106
sludge in Tank 241-AY-102 may be the same as in Tank 241-C-106 currently. This situation
will mean that the fluff factor of the sludge will be one (Reynolds 1997).

The heat load of 110,000 Btu/h (Bander 1993) was estimated using the measured tank
waste temperatures. The GOTH simulations performed for the 1994 process test have shown a
heat load of 132,400 Btuw/h (Fryer 1995) will be required to provide a better comparison with the
measured waste level data. However, the maximum heat content estimate made based on the
1996 grab sample '*’Cs and *Sr content is 111,400 Btwh (Babad 1996). Because of the
variability in the sample values and the uncertainties in the radionuclide distribution in the
sludge, the heat load estimate may not be as reliable (Babad 1996) as that estimated using
measured waste temperature data. Taking into account the decay of radionuclides, the 1994
estimate of 132,400 Btw/h heat load will be about 123,000 Btw/h in 1997. Under optimistic
conditions, it is assumed that the heat load of the transferred Tank 241-C-106 sludge will not be
more than 110,000 Btu/h.

Based on 1996 grab sample analyses, the heat generating radionuclides '*’Cs and *Sr are
about equal proportion in curie content at lcast in top layers of the sludge. However, there is no
basis to assume that it is true throughout the sludge. Also, *°Sr produces about 1.4 times as much
heat per curie as that of '’Cs. In addition PNNL bench scale tests have shown that not all of the
"7Cs will dissolve in supernate but up to 60% may remain in the sludge. It is estimated that the
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heat generation rate (Estey, 1997) due to the presence of '*’Cs is less than 10,000 Btwh which is
about 8 to 9% of the total tank heat load. Therefore under optimistic conditions the heat load in
the transferred 197,000 gallons of sludge may be about a maximum of 10% less heat. If the
radionuclides "*’Cs and *°Sr content is the same throughout as in the top layers of the sludge and
if 60% of '¥Cs is dissolved in Tank 241-AY-102 supernatant, then it may be possible for the
sludge to have 20-25% less heat oad.

Analyses were performed with this optimistic set of assumptions for complete transfer of
Tank 241-C-106 waste. The sludge temperature distribution in Tank AY-102 is determined and
the results for a fluff factor of 1.0 are shown in Figure 3-19. As shown in this figure, the total
heat load of the transferred sludge is 110,000 Btwhr and the settled sludge fluff factor is 1.0. A
20% heat load is assumed to be in the supernate and the remaining 80% is in the sludge. Under
these conditions, to limit the peak sludge temperatures within safety limits, the floor channel
flow should be increased to 500 CFM. If the fluff factor is 1.5, then the slot cooling flow should
be increased to 900 CFM as shown in Figure 3.20 to remain within the safety guidelines.

Given an optimistic set of assumptions for fluffing factor, heat load, and its distribution
between sludge and supernatant, complete retrieval of Tank 241-C-106 sludge can be
accomplished using about 1000 cfm secondary system floor cooling channel flow.
Theannulus/floor channel flow evaluation presented in section 2.0 shows that this flow is
possible with the minimum secondary system modification of blocking the wall annulus flow
and allowing high annulus vacuum.
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Figure 3-19. Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
'W-030 Primary Ventilation System with 150 and 500 CFM at 70 F Floor Cooling Channel
Flow for 197,000 gallons of Sludge having a Heat Load of 110,000 Btu/hr and with Fluff

Factor of 1.
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Figure 3-20, Temperature Distribution of the Combined Sludge in Tank 241-AY-102 using
W-030 Primary Ventilation System with Different Air Flows Through Floor Cooling
Channels for 197,000 gallons of Sludge having a Heat Load of 110,000 Btu/hr and with a
FlufT Factor of 1.5.
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3.7 TRANSIENT THERMAL EVALUATION

The steady state analyses documented in the previous sections were for long term storage
of the waste in Tank 241-AY-102. To assess the transient thermal behavior of waste transfer in
Tank 241-AY-102, a simple closed form analytical solution was used. The solution for a solid
with an initial uniform temperature distribution which is bounded by two paralle! planes
(Carslaw and Jaeger) was used for this evaluation. One bounding plane is at a constant
temperature and the second is a zero heat flux boundary.

) , e Xm0 ¢ n
Tavroz = (" ‘ZL—K) {1":‘; - [%] b)) [( (;"1)”:)0 “ cos{(lnﬂ) i) +T, (3-1)
where:

x = location of interest in the slab

L = slab thickness

t = transient time

T, = initial and boundary temperature
K = thermal diffusivity

k = thermal conductivity

q = volumetric heat flux

The purpose of the evaluation was to determine the amount of time required to reach
steady state temperatures in the sludge of Tank 241-AY-102 after an incremental transfer of
waste from Tank 241-C-106. The analysis makes the simplifying assumption that the
supernatant is at a constant temperature during the temperature transient. The important
parameters are:

Volumetric heat generation
33000+28150
(3-2)

[ 2.5+L
q (Btulhift®) = Cio8
4418 ( 1 +fuffxL

C106 )

3-42



HNF-SD-W320-ER-002, Rev. 0

Thermal conductivity
Kayvio (Btwh/ft°R) = 0.4

Thermal diffusivity

(1 +fluffL 05 )

K (Ibmlh)) = k 3-3
AYI%2 (60.07+52.23 #fluffxL gy, ) (-3
Initial and boundary temperature
T(°F)=70
Sludge thickness
Layior () = A+fluff+l oy (3-4)

The thermal transient behavior for varying fluff factors is shown in Figure 3-21. Time to
reach steady state exceeds 3 months for a 2 foot transfer from 241-C-106. Figure 3-22 shows the
time to reach steady state and the associated time constant. These analyses show that the thermal
time constant for tank 241-AY-102 is quite large.

The sensitivity to the fluff factor for a 1.5 foot transfer is shown in Figure 3-23. The fluff
factor increases the thermal time constant since the total volume of waste and thus the heat
capacity increases.

These analyses demonstrate that the thermal time constant can be many months. Process
control using the maximum steady state temperature will not be possible. However, the thermal
transient response can be characterized through computer modeling and the expected steady
state temperature can be evaluated from the short term transient waste temperature response.
This will allow for maximum waste transfer without delaying the project because of the large
thermal time constant.
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Figure 3-21. Transient Temperatures for Combined Sludge in Tank 241-AY-102
For Different Amonts of Waste Transferred from Tank 241-C-106
Assuming a Fluff Factor of 2.
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Figure 3-22. Thermal Time Constant and Time to Reach Steady State as a Function of
Quantity of Sludge Transfer From Tank 241-C-106 to Tank 241-AY-102

Assuming the Fluff Factor of 2 for the Transferred Sludge.
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Figure 3-23. Transient Temperature of the Combined Sludge For 1.5 ft of Tank 241-C-106
Sludge Transfer with Fluffing Factor as a Parameter.
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4.0 PROCESS CONTROL CONSIDERATIONS

Temperature limits have been established for tanks 241-C-106 and 241-AY-102 to
eliminate the potential for a steam bump during retrieval and storage operations. Process control
plan is described to maintain the waste temperatures within the safety guidelines. The following
sections discuss process control strategies for tanks 241-C-106 and 241-AY-102.

4.1 TANK 241-AY-102

The maximum waste temperature must be less than 30 °F below the local saturation
temperature for Tank 241-AY-102. With sufficient instrumentation, it may be possible to
measure the maximum waste temperature (T,,,) directly. However, as shown in section 3.7, the
thermal time constant is quite large. Thus the maximum steady state temperature resulting from
any waste transfer into 241-AY-102 will not be reached until long after the transfer is complete.
Therefore, it will not be possible to use the steady state temperature for process control.

The maximum temperature T,,, is a function of the non-convective waste level (L), the
heat load within the nonconvective waste (Q) and the waste thermal conductivity (k),

T = £ (LLQK).

Both L and Q are a function of the mass of waste transferred from 241-C-106. The temperature
contro! strategy for 241-AY-102 is to monitor and control the mass transfer from 241-C-106
while monitoring temperatures in 241-AY-102. A computer model will then be used to evaluate
the transient temperature response to determine the maximum steady state temperature. This
process control strategy is summarized in Table 4-1. Parameters which are measured directly are
shown in the table with bold print. The other parameters are inferred through a functional
dependence on the measured parameters.

Process control is provided by monitoring and controlling the mass transferred. From this
initial measured parameter, L, Q, K,yyo; and the maximum steady state temperature T, can be
inferred and temperature control maintained. After the initiation of waste transfer to 241-AY-
102, an in-process monitoring and evaluation will begin. This monitoring and evaluation will
provide information to update important thermal parameters such as settled waste fluffing factor,
tank energy balance, settled waste level and the spacial and temporal waste temperature
distribution. This information will be used to perform an evaluation of the transient temperature
behavior. The maximum steady state temperature can then be determined through computer
analyses. Through the in-process sluicing evaluation, the waste transfer to 241-AY-102 can be
maximized while maintaining the required temperature control.
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Required AY 102 Information
Measured AY102
Inf sure L Q Kiviez Key Parameters
nformation | geyled Solids Tank Waste Thermal Twaste/Lmax
Level Heat Load Conductivity
Process Twaste (L, Q, Kayio2)
Control Mass Balance [ L (mass, FF) Q (mass, C,q heat load) Kavyio2 (mass, FF, Kcyo6) Lmax (L, Q, K yron Tmax
L (mass, FF) | Q (mass, C106 heat load) Kayioz (mass, FF, Kcjg6) Twaste (L, Q, Kayioo)
Heat Balance
L (mass, FF) Q (mass, C106 heat load) Ky (mass, FF, Kcy6) Twaste (L, Q, Kpyip2)
’ cnergy balance Lmax (L, Q, Kayjg2, Tmax)
In-Process
Sluicing L (mass, FF) | Q (mass, C106 heat load) K (mass, FF, Kco6) Twaste (L, Q, Kayio2)
Evaluation | Waste Level Enraf energy balance AY102 » T 106 1 S AYI0
Kayior ( waste Jevel, Kejgg) | Lmax (L, Q, Kayo2, Tmax)
Waste L (mass, FF) Q (mass, C106 heat load) Kayig2 (mass, FF, Kcyg6) Twaste
Temperature Enraf energy balance Kyig2 ( Waste level, K¢ o) | Lmax (L, Q, Kayyop, Tmax)

4.2 Tank 241-C-106

The waste in tank 21-C-106 will be cooled below the local saturation temperature
(subcooled) prior to siuicing through the operation of an inlet chiller. This subcooling must be
maintained at all times during the retrieval operation. As the waste level is decreased through
sluicing, the saturation temperature at the location of the maximum waste temperature will

decrease, thus decreasing the subcooling margin. A previous evaluation (Bander, 1996) showed
that the subcooling margin could be maintained if the pool liquid level was maintained during
sluicing and a cooling period was provided prior to reducing the liquid level. Thus the process
control strategy for 241-C-106 will be to maintain the pool liquid level during sluicing followed
by a hold period for cooling. The primary process control parameter will be the duration of the
hold period. Available instrumentation for 241-C-106 does not measure the maximum waste
temperature directly. In addition, the thermal time constant for 241-C-106, like 241-AY-102, is
large. Thus, the primary process control parameter will be determined through computer
modeling. The computer models used for process control in 241-C-106 are discussed in the
following sections.

4.2.1 GOTH Process Control Model Description

Tank 241-C-106 in terms of actual tank dimensions is illustrated in Figure 4-1 together
with current thermocouple tree and thermocouple locations.

The GOTH sluicing model is described with the aid of Figures 4-2 and 4-3. Figures 4-2

and 4-3 illustrate the 1-D nodalization, boundary conditions, and heat conductors utilized. The
model consists of six initial sludge filled axial nodes plus a dome gas/supernatant node for a total
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of seven axial nodes. Boundary conditions for inlet and outlet ventilation and infiltration is
included for summer average, chiller, and recycle ventilation conditions. Boundary conditions
are also included for stuice injection, sluice removal, and draining. Boundary conditions for
water makeup during the summer average, and chiller operating nodes are included to keep the
supernatant level constant. No makeup water is added to the tank during sluicing/hold/drainage
periods, and therefore there are level decreases due to un-replenished evaporation during those
time periods.

Various trips and functions are employed to simulate changing ventilation, sluicing, and
draining boundary conditions. Conductors with time varying characteristics are also included in
the model to properly simulate the transfer of heat at the sludge supernatant interface.

4.2.2 Tank 241-C-106 Temperature Control

During the sluicing operation, the ventilation system operates ina recirculation mode to
provide remove water vapor and provide good visibility in the dome. However, this mode of
operation significantly reduces the heat removal performance of the system. The initial
subcooling margin is maintained or increased by allowing hold periods for cooling. The cooling
results from waste removal which decreases the conduction length for heat removal. The GOTH
model presented in section 4.2.1 was used to determine the length of the hold period required to
maintain the initial subcooling. These analyses were performed for 1 foot incremental sluicing.
Because the sluicing will be performed into a liquid pool, waste removal may be limited to 6
inch increments. Analyses are in progress to assess 6 inch incremental sluicing.

4.2.2.1 Short (12 Hour) Temperature Control Hold Period.

If sluicing and draining are continuous without adequate sludge temperature control hold
periods, the risk of the sludge near the tank bottom reaching saturation temperature increases.
Reduction in sludge/supernatant height without allowing time to come to thermal equilibrium at
reduced temperature will lower the pressure at tank bottom such that saturation temperature may
be reached. A GOTH simulation was performed for a 1 foot incremental sluicing. The analyses
modeled a 90-day summer average steady-state condition, followed by an 83-day chiller
operation which achieves near maximum subcooling. The analyses modeled cycles of sluicing 1
foot layers (with constant liquid level) for ~10 hours, followed by a temperature contro! hold
period of 12 hours, followed by a ~2 hour drain period to reduce the liquid pool level. Sluice
injection water is assumed to be at 72 °F. Dome ventilation is switched from the chiller
operation after the 83 day chiller operation to reduced flow in the recycle mode with recycle gas
tank in-flow reduced to 860 cfm. ’

The results of the GOTH analyses ( tank bottom waste temperature, saturation temperature,
and waste level) are illustrated in Figures 4.4 and 4.5. Chiller operation results in cooling the
tank bottom waste and underlying soil by ~4 °F in 83 days. In this simulation, sluicing is carried
out by injecting 380 gpm into each successive 1 ft layer of sludge. During the injection period,
380 gpm of slurrified material is pumped off with the sump pump. Following complete dilution
of all particles from each 1 ft layer, the 1 ft layer of original supernatant above the sluicing layer
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is drained off. The complete tank sluicing process would require about 7 days of sluicing and
draining, with the 12 hour intervening temperature control hold periods. As shown in Figures 4-
4 and 4-5, saturation temperature decreases as the level and therefore pressure decreases.
However, the actual temperature of the sludge in the bottom of the tank does not decrease as fast
as does the saturation temperature. The sludge temperature approaches saturation temperature
after the third incremental sluicing. This would result in steam void formation, resulting in a risk
of a steam bump. The 12 hour hold period is too short for a 1 foot incremental sluicing.
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Figure 4-1. Tank 241-C-106 Cross-Section, Contents, and Major Dimensions.
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Figure 4-2. Tank 241-C-106 GOTH Sludge Temperature Process Control Model--
Dimensions and Computation Node Size.
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Figure 4-3. Tank 241-C-106 GOTH Sludge Temperature Process Control Model--
Boundary Conditions and Time Controlied Conductors.
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Figure 4-4. Waste Temperature, Level, and

Saturation Temperatures vs Time--Short (12 hr) Temperature Control Hold Period.
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Figure 4-5. Waste Temperature, Level, and

Saturation Temperatures vs Time--Short (12 hr) Temperature Control Hold Period--
Expanded Time Scale During Sluicing Operations.
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4.2.2.2 Long (21 Day) Temperature Control Hold Period.

A GOTH simulation was performed for a 21 day hold period. All other conditions were
the same as the previous analyses. The results in terms of tank bottom waste temperature and
pressure, saturation temperature, and waste level are illustrated in Figure 4-6. The difference
between saturation temperature and sludge tank bottom waste temperature increases during each
sluicing cycle. Based on these results it is clear the hold period can be reduced below 21 days.

4.2.2.3 Minimum Required (5 Day) Temperature Control Hold Period.

A GOTH simulation based upon a 5 day hold period was performed. All other conditions
were the same as the previous analyses. The results in terms of tank bottom waste temperature
and pressure, saturation temperature, and waste level are illustrated in Figures 4-7 through 4.9.
The difference between saturation temperature and sludge tank bottom waste temperature at the
end of the chiller operation is maintained during the first sluicing cycle and increases in
successive cycles. Based on these results it is clear the hold period should not be decreased
below 5 days. Additional hold time would increase the margin of safety.

4.2.2.4 Hold Period for Smaller Incremental Sluicing
The requirement to maintain a constant pool liquid level while sluicing will probably
reduce the sluicing efficiency. Based upon past sluicing experience, 6 to 9 inch may be the

maximum possible sluicing increment. Analyses are in progress to evaluate these smaller
sluicing increments.
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Figure 4-6. Waste Temperature, Level, and
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Saturation Temperatures vs Time--Long (21 day) Temperature Control Hold Period.
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Figure 4-7. Waste Temperature, Level, and

Saturation Temperatures vs Time-- 5 day Temperature Control Hold Period.
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Figure 4-8. Waste Temperature, Level, and Saturation Temperatures vs
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Time During Sluicing Operation-- S Day Temperature Control Hold Period.
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Figure 4-9. Waste Temperature, Level, and Saturation Temperature vs
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Time During Sluicing Operation- 5 Day Temperature Control Hold Period.
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5.0 CONCLUSIONS

The following conclusions were reached as a result of the thermal evaluation of Tanks
241-C-106 and 241-AY-102:

1.

The current secondary ventilation system for Tank 241-AY-102 will provide only 155
cfm air flow to the floor channels. The remainder of the total ventilation flow of ~790
cfm bypasses through the wall annulus.

The minimum Project W-320 objective of retrieving 2 feet of waste from
Tank 241-C-106 does not require the Tank 241-AY-102 annulus ventilation system.

Complete retrieval of Tank 241-C-106 will not be possible without modifications to
the Tank 241-AY-102 annulus ventilation system and operations requirements.

Complete retrieval of Tank 241-C-106 is possible with up to 1000 cfm floor channel
flow assuming optimistic values for fluffing factor and tank heat load. The floor
channel flow is achievable by blocking the wall annulus flow and operating the
secondary annulus ventilation system at high annulus vacuum.

Incremental sluicing with mass control and monitoring will provide the necessary
temperature control in Tank 241-AY-102.

Data monitoring and evaluation combined with transient thermal analyses will allow
sluicing to proceed without long delays required to reach thermal equilibrium. It will
also maximize the waste transfer from Tank 241-C-106.

Adequate subcooling can be maintained in Tank 241-C-106 with pre-sluice chilling of
the waste and incremental sluicing with hold periods for subsequent cooling prior to
removing hydrostatic head. Computer modeling is required to establish the duration of
the hold periods.
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@ Westinghouse Internal
= / Hanford Company Memo
From: Tank Farms Projects 24310-88-101

Phore:  3-4289 R3-38
Date: September 8, 1988
Subject:  PROJECT B-673, T241-AY-101 VENTILATION TESTS

Te: R. J. Murkowski R2-93
cc: S. I. Anderson R3-09 D. E. McKenney R2-11

T. E. Arndt S2-02 C. B. McVey R2-93
G. L. Borsheim R2-11 J. A. Neely R3-38
F. E. Boyd $5-04 G. L. ParsonsZAP R3-38
T. A. Carlson R1-51 W. J. Powell R2-11
G. L. Dunford R1-51 J. C. Homack R2-18 .
K. 0. Fein R1-51 R. M. Ybarra . R2-93
L. R. Hall S1-54 EMN: File/LB
D. G. Harlow R2-01

Reference: DSI, R. J. Murkowski to G. L. Parsons, same subject,
September 2, 1988

The referenced DSI (copy attached) requested Tank Farm Projects to remove
the blanks installed on the air inlets supplying air to the sides of Tank
241-AY-101, and adjust the flow to 950 CFM +/- 21% without balancing any of
the individual flows. Attached is a summary of the results in tabular form
and a copy of the field results. Based on the DSI, the project has resumed
construction, backfilling the excavations and welding the test ports. All
project activities should be completed by September 30, 1988.

o :

E. M. Nordquist, Project Engineer

e oo 1 Hanforg Operations ang Engineering Contzacior lor the US Depanment of Energy
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DON/T SAY IT - WRITE IT! ) DATE: Scptember 2, 1988
70: G. L. Parsons R3-38 FROM: R. J. Hurkowski)y R2-93
SUBJECT: PROJECT B-673, T241-AY-101 VENTILATION TESTS

Results of air flow balancing tests for the subject tank have been reviewed
by Defense Waste Management Systems Engineering. After consideration of
alternatives, the engineering organization has decided that to minimize
impacts to the overall tank ventilation system and operating conditions of
the AY Tank Farm, the annulus ventilation system of Tank 101-AY should be
returned to as near previous operating condition as is possible. Additional
analysis to optimize the system for providing early leak detection will be
undertaken separately from project activities thus allowing completion of
construction. ~

Therefore, you are requested to.remove the blank orifice plates from the
four 6-inch inlet ports that encircle and penetrate the annular wall of the
secondary tank. Flow testing should be repeated to adjust exhaust stack
flows to the original design requirement of 950 CFH % 21% while maintaining
the annulus pressure differential of not less than 0.5 inches of WG between
the primary and secondary tanks. The orifice plates installed during
previous-air flow batancing on the six outlet exhaust ports are not required
to be. removed provided all: other conditions of air velocity and pressure

diﬁfgrgﬂgja);Vq]ueé?areaéaﬁ1EVed;

Test all air'f1ow§ without attempting-additional balance.of the system. -
Record all air flows to within + 2% and include recorded data of temperature

and vacuum readings at specific locations. Please provide copies of the
test results to Mr. W. J. Powell upon conclusion of air flow testing.

sy

cc: S. I. Anderson R3-09
T. E. Arndt S2-02
G. L. Borsheim  R2-11
T. A. Carison R1-51
G. L. Dunford R1-51
K. 0. Fein R1-51
L. R. Hall S1-54
D. G. Harlow R2-01
D. E. McKenney R2-11
C. B. McVey R2-93
J. A. Neely R3-38
E. M. Nordquist R3-38
(W.:3Powell - - R2-11
J. C. Womack R2-18
R. H. Ybarra R2-93

RM LB/File

A-2




© B-673 AIR FLOW BALANCING TEST PLAN

HNF-SD-W320-ER-002

Redl 18/58
ﬁm«l

ProTecr Bu13 A Frow MeasAzmeyT TACLE

Test afulzs

, Rev. 0

PA@zE% OF 6 =
Loteg Taq
051 w,/ Pt

TesT PoaT l

Flow TET 2

LocATion

|A//< Frow READINGS

125 inlet (above Soovnd )

G0 (FM Messurd Flue
150 €74 Denign Flow

w cxhaw (akove grud) ‘

lvGoCFM M.F
JI50CFM DR

L' dnp b mler peacimien

149 CFM M.

N anos.or /10 47811.09 l, 230CFM O.F
o R o AR ley 3 CX‘)ou'f'P{v::ra \ 3T CRM MLER
:l/]ith Sy : N a4 Jre7g03.3L 2 192 CFq DR
XESC@"\ - 3'dep o nlet f’rncﬁmﬁon 3¢ CEM OMLF
s N 4raes ) 4175357 515 CFA 0.7
Fhrechavst header Y2 M
b NY1722.07 [ WO4TI9E54 192 CFM D.F
. L inlet heeder \ 4] &M mMF
¥7% Narps.se /tos1e00.42- | 2300 P.F
3 2 Vidrg F inlel peactaiio 37 CFH RME
NQITIES3 /10 41867.240 SIS D
i merE: 7:5 ke exhanrt, ,/mc’au"'b\| w442 CRYE M P
NGIT70.5, Jw 4784733 | 192 cRm D-F
ALY mlet Fm.:Tnmm \ 165 ¢crr e
N&SEel I8 5 230 R p.F.
6 e ey 10 exhousF ot TG CRMY. MLF.
N3 JLos 833,00 192 crM D
L7 dep fv nlet penctriion | Yo cru pE
Niiyzzaa Jlo4781803 | 515 (R DF
6 horiz ley fo ethuw? penctitim <l GG M ALE.
We706.10 WUTELIH0 ! 192. e O.F
L drp fo mielperctrtion 197 P mF
: NAQIL57.52 /00478005 23p¢n OF
_G"ilet header | rbgmcm o mE
N L6 e frd1FH¢ | s2sam pF.
A 0';”2,(”‘“/17" })Cudtr ‘ I/(Lf CFM M= i l
NLins B f e Ly | 192 CEH P E '
= L 3 = = 77 Jated <
=4 T 237 o= 2L = w9 S
e AT Ser 167 =g
¥ %?\ gﬁp‘{ 2 97 ¢& 7 ¥2
IH g

A-3



HNF-SD-W320-ER-002, Rev. 0
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APPENDIX B Meeting Minutes, Project B-673 Air Flow, August 30, 1988.
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MEETING MINUTES
PROJECT B-673 AIR FLOW

SUBJECT:

BUILDING

Distribution 2752E

CHAIRMAN

E. M. Nordquist ¢

B T oy | B/0ee |

<-—E, M. Nordquist

TEEPARTMENT-OPERATION-COMPONERT
Tank Farm Projects

Attendees Distribution

7S, 1. Anderson R3-09 Attendees :
T. E. Arndt §2-02 W. Aichele $2-70
M. A. Cahill R1-20 G. L. Borsheim R2-11
G. L. Dunford R1-51 T. A. Carlson R1-51
K. 0. Fein R1-51 G. T. Frater $2-02
L. R, Hall $1-54 D. E. McKenney R2-11
C. B. McVey R2-93 K. J. Moss R3-09
R. J. Murkowski R2-93 J. A. Peltier S1-54
J. A. Neely R3-38 . £Wo Js Powelly. o R2-11-
E. M. Nordquist R3-38 o ’
¢ L. parsons Z<F ®3-38
D. A. Reynolds R2-11
R. M. Ybarra R2-93

T T e i e
B4t GI25] B NCLaDE RS LUS ATt S
. S . EE N ——

| - The 101-AY annulus ventilation system is currently in the condition as shown

i in the attached completed balancing test plan. Of the eight inlets, the

| four 4-inch inlets are wide open, and the four 6-inch inlets have blank

| orifice plates installed with a single 1/4-inch hole on center to minimize

‘ corrosion due to the dead leg of the inlet ducting. The six outlets are
balanced to 85 CFM, plus or minus 5 CFM as per ANSI N509, and a total flow
of 512 CFM.. The actual flow to the air distribution chamber: is about
400 CFM, as measured at the 12-inch inlet above ground.

This currently installed céndition was prompted by a DSI and a draft Tetter
from Mr. W. J. Powell, Tank Farm Process Technology, who was responding to
air balance problems of Project B-672, 102-AY Annulus Ventilation Upgrade.

l - There are currently three options available to WHC;
l (1) Acceptance of the blanks as currently installed.
\ (2) Removal of the blanks and restoration to the original (B-673) criteria.

(3) Leave the excavations open until further analyses are complete. This
option would result in the project missing its completion date and in
operational impacts.

- Discussion centered around the problem of reviewing the entire system if the
blanks were to remain, i.e., changing the 1,000 CFM system to a 500 CFM
system. It was stated by Mr. G. L. Dunford that the decision was an
engineering decision, which was agreed to by the attendees. It was pointed
out that the project had a construction completion milestone of 9-30-88, and

\ had approximately 4 weeks of work remaining. Therefore, the engineering
decision should be made by 9-2-88, and if not, we would be moving in the
\ direction of option 3.

_ The current action is that Mr. Powell will be contacted via telecon
tomorrow, 8-31-88, for his technical opinion of the 400 CFM as an installed
condition from a Technology standpoint.

BA=3000-1c0 (4 —58)
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E:673 AIR FLOW BALANCING TEST PLAN PAGE 1 OF 6

Outline of the test is_as follows:

L{),»/_E’\%%\) 2.
e~ 34830 3.

o 1336 4

32848 7

. Measure ambient WB/DB temperatures.
Adjust the fan to 1150 CFM.
Record the annulus dP and the taﬁk dp. Verify the delta between

the annulus and tank is at least 0.5" w.g. .

- The annulus dP may be recorded from the magnehelic gauge
located on riser 17E, and the tank dP may be recorded from
riser 15D. Both numbers may also be obtained from a 3-pen
strip recorder in 241-AY-801 Building.

annulus dp 07" w.g. Tank dP 1.9 " w.g. Delta 1" w.g.
Note: Allowable range of annulus dP is -1.57 to -0.5" w.g.

. Measure the velocity at all 16 test ports, the pitet readings
taken along a straight line through the center.

- For the 3" lines, take 6 pitot readings.
- For the 4", 6", 8", 12", and 16" lines, take 10 pitot
readings.

(Refer to page 3 for distances of pitot placement, page 4 for
recording CFM’s, anq page 6 for test port layout.) -

. Start blanking the four 6" inlet lines, one or two at a time,
while maintaining the 1150 CFM, and monitor the annulus dP. Stop
blanking the lines when the annulus dP reaches -1.5" w.g. Reduce
the flow and continue to blank the lines until all four lines are
bjanked and the annulus dP is -1.5" w.q. Record the total exhaust
flow and notify W. J. Powell on 3-3296 or G. L. Borsheim on 3-2251
of the final flow.

Annulus dP |9 "w.g. Tank dP Z.lo"w.g. Delta _l.\"w.g.

Total flow 477 CPM (5% on FLLI-1-D)

. If the final flow is less than 200 CFM, stop work. If the flow is
greater than 200 CFM, balance each of the exhaust flows to within
+/- 10% of the total f]gg‘divided by six. Record the flows here
and on page 5. SAHﬁ%? STCAm o

Brepschm V—\_f—\—;;"’ o

Test port #4 80 CFM  Test port #11 & CFM e

Test port #6 40 CFM  Test port #13 8L CFM

Test port #9 82 CFM  Test port #16 88 Cft .
752 260 =
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*B-673 AIR FLOW BALANCING TEST PLAN PAGE 2 OF 6

Organization

Tasting Personnel
Wi Vs ¢ Bamice

SV, Cretes

J.G. Hopems

A.C. Garere

Ll Hhees
V. T. LaRRO

”\\Nv,/-\\\\\)

Equipment and taa/serial/calibration number

Nevrposics Eteimmoniie. Dicinmn MW—MMA»«M S ¥ ${4¢7
=7
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B-673 AIR FLOW BALANCING TEST PLAN PAGE 3 OF 6

9-6 . . INDUSTRIAL YENTILATION
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"'B-673 AIR FLOW BALANCING TEST PLAN PAGE 4 OF 6

Proresr Bu73 A Frow MeASUAEMEIT TAgLE
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B:673 AIR FLOW BALANCING TEST PLAN

PAGE 5 OF 6
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APPENDIX C MC Daily Log from Mark M. Jennings, October 17, 1996.
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MC DAILY LOG
DATE: 17 OCT 96
STARTED 0730, FINISHED 1600.

FINALLY, RAN THE 102-AY ANNULUS EXHAUST SYSTEM. GOOD NEWS IT
FLOWED APPROXIMATELY 1600 CFM AT 1.5" AND APPROXIMATELY 2373
CFM AT 4" IN THE ANNULUS. THE FILTERS WERE AEROSOL TESTED
AND THE FAN VIBRATION TESTED SATISFACTORILY. 3 PHYSICAL
DEFICIENCIES NEED TO BE COMPLETED PRIOR TO CLOSING OUT THE
WORK PACKAGES;

A. THE CAM PRESSURE SWITCH NEEDS TO BE REPAIRED/REPLACED
AS REQUIRED - ASSOCIATED WITH THE K AND RK RELAYS THAT
CLEAR THE CAM STACK MONITOR TROUBLE ALARM.

B. THE HEATER CONTROL MODULE THAT CONTROLS THE HEATER
NEEDS TO BE SET UP/TROUBLESHOT AND FIXED.

C. THE GAGE LINES TO THE HEPA’S FILTER DP GAGES NEED TO BE
REVERSED.

J-7'S REQUIRED;

A. CHANGE THE FLOW ACCEPTANCE CRITERIA IN THE FAN WORK
PACKAGE.

OP’S PROCEDURE CHANGES;

A. CHANGE THE FLOW CRITERIA AND ALLOW THE USE OF DAMPER
MK-6501 TO SET THE INITIAL TANK PRESSURE. USE THE INLET_
DAMPER TO CORRECT FOR HEPA' LOADING.

THE BAD NEWS FOR THE 320 PROJECT, WITHOUT A GREATER NEGATIVE
PRESSURE IN THE PRIMARY THE ANNULUS CAN NOT DELIVER THE 2000
CFM MINIMUM THEY NEED TO ACCOMPLISH THE COOLING FLOW THEY
NEED.

GAVE A QUICK CALL TO BRENT FRYER AND GAVE HIM THE GOOD NEWS
ABOUT THE FAN AND SYSTEM. IT WILL FLOW WHAT THEY NEED AT A
1L,OWER PRESSURE. ALSO SENT HIM A CLEAN COPY OF THE FAN CURVE.
WILL STAY .IN CONTACT WITH THIS GUY.

TO’S
CONTINUE WORK ON AY WORK PACKAGES. LAST TWO FROM STENKAMP
DELIVERED, ALL 8 MAJOR JOBS ARE NOW IN THE

LIPS
OF OPERATIONS. ADD 2 MORE TO THE HANDS OF TROUBLE, THE STACK
SAMPLER ISSUES. 1 DOWN AND 1 TO GO. -

C-1
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VERIFY SHAFT MATERIAL OF SY PRIMARY EXHAUSTERS. IF THEY ARE
CARBON STEEL, SEND MEMO TO WICKS, FOX AND WEST DUDE ABOUT
THE “DANGERS" OF MIXED MATERIAL, I.E. AMCA GUIDE FOR MSHA.

GET STARTED ON ECN AND SPEC’'S REQUIRED TO INSTALL A NEW
INLET FILTER STATION AT AZ ANNULUS.

GENERATE CC TO WICKS, LILLYFIELD, ROSS, HARTY, HANSON,
ECT... THAT EXPLANES LACK OF FLOW BASED ON ANNULUS PRESSURE
LIMITATION. CAN GIVE MORE FLOW IF VALVE BETWEEN X CONNECT
OPEN AND K1 STACK BYPASS CLOSED.

NEED TO GENERATE ECN TO CLOSE OUT OLD TERRY WORNIC NCR
ASSOCIATED WITH AY ANNULUS STACK CABINET. WE INADVERTANLY

CORRECTED THIS PROBLEM WHEN WE INSTALLED GROUND RODS ON CaM

AND NEW HVAC CONTROL PANELS. GET WITH MANJIT AND JOHN WELLS
TO COMPLETE.

" NEED TO CHECK WITH BILL ROSS ABOUT ABU. IF HE REALY WANTS

NE,  DELIVERABLE AFTER THE "POST MAINTENANCE TEST".

MARK M. JENNINGS
MAINTENANCE CONCEPTS

L 2

. . % ‘
};Eor«— Cof\ / *t’ @_/Ifﬂ’ _.

.«sOMyw{wa @677

C-2

£ 013



HNF-SD-W320-ER-002, Rev. 0

APPENDIX D Evaluation of AY-102 Slurry Distribution Flow Field
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CALCULATION OF SUPERNATANT FLOW PATTERN DUE TO SUMP PUMP
DISCHARGE INTO TANK AY-102.

1. INTRODUCTION.

This note book documents the calculation for the flow
pattern in Tank AY-102‘’s supernatant during sluiceing pump
operation for Tank C-106 sluiceing. The purpose of the
calculation is to provide the flow pattern in the
supernatant so that the resultant velocities at the sludge/
supernatant interface can be used to determine if there is
a potential for the sluiceing operation to generate a GRE
in the tank. It is not the purpose of this calculation to
make that determination but only to provide the supernatant
velocities.

2. GEOMETRY .

The tank radius is 37.5 feet. The total height of waste
in the tank (sludge and supernatant) is 30 feet. The
fluffed height of sludge in the tank is 5 feet. The pump
discharge distributor in tank AY-102 is located 12.5 feet
from the bottom of the tank and consists of two horizontal,
2 inch diameter pipes that are perpendicular to each other,
lie in a plane parallel to the waste surface, discharge
flow from both ends and are 7.5 inches apart. This
geometry is shown in Figure 2.1. The total discharge flow
of the pump is 380 gpm.
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Discharge Distributor

e—

Tank Gas Space

Figure 2.1 Tank, Pump Discharge, Waste and Pump Intake
Geometry.
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Important tank dimensions used in the analysis are given
below.

Dtank := 75 ft (2.1)
Hsludge := 5 ft (2.2)
Hwaste := 30 ft (2.3)
Hsupernate := Hwaste - Hsludge :[ig;ij (2.4)
Dnozzle :=2 in = Ezigigigg (2.5)
e LI o
Hdischarge := 12.5 ft (2.7)
Vilow = 380 gpm (2.8)

We will assume an intake diameter of:

Dintake := 6 in =|0.5 ft] (2.9)
. 2 — (2.10)
D
Aintake := n~ﬁl~n—tzkre—~ :b;&;gcj

3. GOTH MODEL OF SUPERNATANT.

The tank region of interest for the purposes of this
calculation is the supernatant. The following assumptions
will be made in developing the GOTH model for the
supernatant flow patterns induced by sluicer pump and sump
pump operation.

D-3
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1. The sluicer pump intake flow is equal to the sump
discharge flow.

2. The free boundary will not effect the solution since
the inflow is equal to the outflow except that the
free surface is a slip boundary for shear
calculations.

3. The sludge boundary will not effect the solution
other than to act as a no slip boundary for the flow
solution.

4. Both arms of the discharge distributor are at the
same elevation and each arm receives equal flow.

5. The sluiceing pump intake is located on the tank
centerline near the supernatant surface.

6. The supernatant has the properties of water.
The above assumptions allow us to model the supernatant
only and to use 1/8th tank symmetry for the computational

mesh. The mesh used in the calculation is shown in the
Figure below.

D-4
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4. CALCULATION RESULTS.

The results of the simulation can be summarized as follows.
The jet remains horizontal until it reaches the tank wall.
The momentum of the jet is dissipated due to mixing with
the surrounding fluid in the supernatant poocl. The
velocity of the jet at the nozzle is 9.7 ft/s. The
centerline velocity of the jet at the wall is 1.5 ft/s.

The velocity of the jet is further reduced as it impinges
against and spreads radially outward on the tank wall. The
peak velocity of the fluid coming down the wall in the form
of a wall jet is estimated from [Blevins, p240] using the
jet average velocity at the wall from the GOTH simulation,
the diameter of the horizontal jet at the wall and the
distance from the horizontal jet centerline to the waste
surface. This is done because the node size used in the
simulation is too large to calculate the velocity profile
in the wall jet.

The radius of the horizontal jet at the tank wall is
estimated from the GOTH calculation to be:
ro := 0.4 ft (4.1)

The average velocity of this jet at the wall is estimated
from the GOTH calculation to be:

Uy :=1.25 25 (4.2)
S

Using Blevin’s formula, the maximum velocity in the wall
jet where the wall jet impinges on the waste surface at the
wall is:

\ -
r ft

Up := 2.1 - . ° ——w—)‘uo ={0.14 ——
Hdischarge - Hsludge J s

(4.3)

This is the maximum velocity impinging on the waste
surface.
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The GOTH calculated velocity at the waste/wall interface is
about 0.1 ft/s so the large mesh at the wall is acceptable
since the wall jet has been dissipated to the width of the
mesh cell by the time it impinges on the waste surface.

A new wall jet is formed where the first wall jet impinges
on the waste surface. This jet spreads out horizontally
over the surface of the waste moving back towards the tank
centerline and eventually rising towards the discharge
nozzle in a recirculating flow. The velocities induced
along the surface of the waste vary from on the order of
0.1 ft/s at the wall to a few hundredths of a foot per
second over most of the waste surface.

A few select vector plots of the flow field are shown in
the following figures.

A vector plot of the velocities along the discharge jet
centerline in a vertical plane going from the waste surface
to the supernatant surface are shown in Figure 4.1. The
horizontal jet and its dissipation is clearly evident in
this figure. The velocities in the flow field outside of
the jet are more easily seen in a vector plot of the same
plane which plots the velocities to the 0.25 power which
shortens the length of high velocity vectors and increases
the length of low velocity vectors, Figure 4.2. The peak
velocity at the waste surface in this figure is at the
wall, on the left hand side of the figure and is on the
order of 0.1 ft/sec. The radial wall jet is shown in
Figure 4.3 which is a vector plot of the velocities in a
plane at the wall which is normal to the discharge jet
centerline. Velocities in a plane parallel to this one but
closer to the discharge nozzle are shown in Figure 4.4.
Maximum velocities at the waste surface at this location
are on the order of 0.02 ft per second. The velocities in
a plane parallel to the discharge jet but a few inches to
the side are shown in Figure 4.5. The peak velocities at
the waste surface in this plane are on the order of 0.1
ft/s.
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ay102sn
Thu Feb 27 16:35:46 1997
GOTH Version 3.4 - April 1991

70.00 ft

Vo
et
b

L,

VmEX = 9.822820 (ft/s)
Time = 198.896
Channels = 113/

< 50.00 ft
GOTH 3.2 0210/87 12:23:58 - Y

Figure 4.1 Supernatant Velocities Along Discharge Jet
Centerline in the Vertical Plane.
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5. CONCLUSIONS.

The supernatant velocities at the waste surface induced by
sump pump discharge into tank AY-102 are on the order of
0.15 ft/sec where the wall jet impinges on the waste
surface and are a few hundredths of a foot per second over
the bulk of the waste surface.

6. REFERENCES

Blevins, Robert D., Applied Fluid Dynamics Handbook, Van
Nostrand Reinhold Company, 1984, New York, New York, P 240.
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APPENDIX E Tank 241-AY-102 Annulus and Floor Cooling Channel Flows

1. cc:Mail Gary Tardiff to K. Sathyanarayana et al., dated August 30, 1995.
2. cc:Mail Gary Tardiff to John Conner dated September 21, 1995.
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[27] From: Gary R Tardiff at ~WHC338 8/30/95 10:26AM (1503 bytes: 1 1n)

To: K Sathyanarayana at ~WHC63, John C Conner at ~WHC150, John P III Harris at
~WHC216, Donald M Ogden at ~WHC63

cc: Matthew S Tiffany, Gary R Tardiff, Gregory N Hanson at -WHC129,
James H Jr Wicks at ~WHC396, Ryan A Dodd, Scott R Pierce, Mark M Jennings at
~KEH10

Subject: AY-102 Annulus Exhauster

——————————————————————————————— Message Contents —----vvcmmmmommnne

Text item 1: Text_ 1
John,

The flow rate for 102-AY annulus exhauster was set at 1000 c¢fm for
the existing conditions 3 to 4 years ago. The existing system is
rated for 3525 cfm at 350 F. Since we do not know what the actual
temperature will be when we restart the system, the plan was to shoot
for ~2000 cfm at say 80-120 F. The HEPA filters can handle up to
4000 SCFM (60 F). Since we have a 15 hp motor, it may be possible
to increase the flow to ~3000 cfm at 100 F.

1 hope this answers you questions for your calculations for W-320.
Call me at 373-5539 if you have further questions.

PS. 1 talked with Mark Jennings (exhauster specialist) and we will

try to emergency order the equipment we need. We will need Jim Wicks
approval but with a word to Jim from you may help speed things up!

E-1
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[35] From: John C Conner at ~WHC150 9/21/95 1:11PM (2059 bytes: 1 1n)

Priority: Urgent

To: Donald M Ogden at -~WHC63

Receipt Requested

cc: K Sathyanarayana at ~WHC63, John P II1 Harris at ~WHC216

Subject: Re[2]: Receipt of 9/21/95 9:39 AM message

———————————————————————————— Forwarded with Changes ---=-----or-mcmemmnmcanommmn

From: Gary R Tardiff at ~WHC338 9/21/95 12:55PM (1433 bytes: 1 n)

Priority: Urgent

To: John C Conner at -WHC150

Receipt Requested

cc: Mark M Jennings at ~KEH10, Scott R Pierce, Matthew S Tiffany

Subject: Re[2]: Receipt of 9/21/95 9:33 AM message

------------------------------- Message Contents -----=----w----mmvmmmmmanonoo
Interesting cc:mail recently received.

John C.

Forward Header
Subject: Re[2]: Receipt of 9/21/95 9:39 AM message
Author: Gary R Tardiff at -WHC338
Date: 9/21/95 12:55 PM

John,
i'm not sure. Mark Jennings indicated that 2000 cfm is possible.

3000 cfm is questionable. I think Mark or Scott can better answer
your question.

Mark or Scott please respond to John’s question! Thanks Gary Tardiff

Reply Separator

Subject: Re: Receipt of 9/21/95 9:39 AM message
Author: John C Conner at ~WHC150
Date: 9/21/95 11:31 AY

Gary:

Is verification of the 3000 cfm for the rate of the existing annulus
exhauster possible? As you can see, the CONTROLS are dependent upon
this.

John C.

Reply Separator

Subject: Receipt of 9721795 9:39 AM message
Author: Gary R Tardiff at -WHC338
Date: 9/21/95 11:18 AM

E-2
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~-- Message Contents -

John, below is my summary of the telephone conversation with Scott Pierce
regarding the AY-102 annulus floor ventilation.

COMMENT: Is verification of the 3000 cfm for the rate of the existing
annulus
exhauster possible?

H Ccurrently the AY-102 fan is not operating and is in the process of

being
replaced.

X The procurement spec has not gone out but the work package is designed
to be a maintenance type changeout without any modification thus
streamlining the design change process and cost requirements.

13 The procurement spec as it currently reads is for 2000 cfm at 8 inches
static head

* It looks as though 3000 cfm is possible at approximately 6.5 inches
static head but it would be close. The system has 3 HEPA filters at
1000 cfm so reaching the 3000 cfm is manageable however Scott will

check
with the maintenance folks to ensure other factors don't exist. There
are some contingencies (larger motor etec.) that could be done to get

the
3000 cfm if needed.

F 3000 cfm would not require a change to the existing procurement spec.

¥ Schedule: currently behind in submitting the procurement spec which

needs a 6 month lead. - Expect to be up and running in about 6 to 9
months.

Thank you Scott! Any corrections?

Lee
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APPENDIX F Fiuffing Factor

cc:Mail Dan Reynolds to K. Sathyanaryana, February 6, 1997, Fluff Factor and Cs137
heat ccontent of C-106 sludge.
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[378] From: Daniel A Reynolds at ~HANFORDO4C 2/6/97 2:01PM (1463 bytes: 1 1n)

To: K Sathyanarayana at ~WHC304

Subject: Re: Fluff Factor and Cs137 heat content of C-106 sludge

————————————————————————————————— Message Contents --------ommommmmame
i JUST SENT YOU THAT SPREDSHEET. Thanks for the Doc. by Brooks.

I wish I could give you a good value on teh Cs-137. I am going to try
and get you the radiation on each core but I haven’t found it.

Yesterday, we looked at the Babad report which showed about equal
curies of Sr and Cs on several samples. However, that Brooks doc.
shows a very large difference between Sr and Cs. That is interesting
as it is from the very same grab samples.

Reply Separator
Subject: Fluff Factor and Cs137 heat content of C-106 sTudge
Author: K Sathyanarayana at ~WHC304

Date: 2/6/97 9:10 AM

Dan:

Kindly please confirm the results of your calculations
regarding the fluff factor for the transferred C-106 sludge
in Tank AY-102. Also please provide me with the heat
content due to Cs137 presence in C-106 siudge.

Thanks
Sathya

F-1
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Summary
- Start Sample A |Sample B {Sample B1]Sample C {Sample D
|Solids 5.785363 4.76 0.29 0.59 0.09 0.08 o
sludge 15,14 1245 0.77 1.53 0.22 0.16 ]
|water 28.8 23.69 1.47 2.92 0.43 0.30 B
total 43.94 36.14 2.24 4.45 0.65 0.46
gm sludge/gm total B
- | 0.344561|=15.14/(15.14+28.8) ]
qm solids/gm sludge -
L " 10.382124]=0.295/0.772 ]
initial Final
Sludge Slurry Wit% Sludge Sludge
Sludge, |Density, |[Sludge Solids Volume, |[Solidsin [height, height, Flutf
gm gm/mL volume, mlmass, gm ImL Slurry mm mm Factor
|Lumetta__|Leach #1 12.45 1.5 8.301617 476 45 9% 11 12 1.09
_ Leach #2 12 i1 0.92
B Wash #1 11 11 1.00]
~ {Wash#2 11 10 0.91
) Wash #3 10 11 1.10
Grawford |6C-96-8 5.98 1.5 6.65 ) 6.65 9 1.35
- 6C-96-14 - 393 1.5 2.62 2.62 3 1.15
- 6C-96-8/A 8.9 1.5 5.93 5.93 10 1.69
- 6C-96-14/A 9.11 1.6 6.07 6.07 75 123
Gm SludggFinalvolume | | .
- 12.45| 11.48936 volume mLiHeight mm
- 9.98 9 45 47
3.93 3 11.48936 12
8.9 10
9.11 7.5
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APPENDIX G Fluff Factor including the effect of dissolution of solids.
cc:Mail Graham T MaclLean to John Bailey dated February 12, 1997,
Sluiced C-106 Sludge.
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[382] From: Graham T MaclLean at ~WHC347 2/12/97 5:20PM (10048 bytes: 1 1n)

To: John W Bailey at ~HANFORD1OC

cc: Danjel A Reynolds at ~HANFORDQA4C, Scott D Estey at ~HANFORDO4C,
-Nicholas W-{Nick) Kirch at ~HANFORDO4C, Keith E Carpenter at ~WHC302,
David E Bowers at ~HANFORDO4B, Susan K Farnworth at ~HANFORDOTE,
K Sathyanarayana at ~WHC304

Subject: Re[3]: Sluiced C-106

I got carried away with my responses. See below. I hope you enjoy them.

Graham

Subject: Re[2]: STuiced C-106
From: John W Bailey at ~HANFORD10C
Date: 2/12/97 12:43 PM

Graham,

What’s the petigy on the mixing model, ie., what range of deviation

should we expect the real results to deviate from the model

predications, below? I beleive the majority of the uncertainty is with the
tank compositon estimate, and I dare not guess at that.

If you can get good waste composition data inte ESP, it seems to do a pretty .
good job of determining what is in which phase (with a few secret
manipulations). Most of the metals other than Na, K, and Cs are very insoluble
at pH 10-12, and it is straight forward to predict solubility - none! The tricky
part is getting the aluminoslicate and sodium oxalate and carbonate/bicarbonate
speciation and solubility correct. I think we are pretty close. Temperature is
very jmportant - I did the same simulation with C-106 at 35-C rather than 55-,
and the sludge was about 27 wt.% NaHCO03, rather than 20%.

By the way, where did you get that word petigy? It sounds like deviant behavoir
to me.

JW Bailey

Scott & Graham,
See my comments / questions in the text below.

JW Bailey

_ Reply Separator

Subject: Re: Sluiced C-106
Author: Scott D Estey at ~HANFORDO4C
Date: 2/11/97 11:02 AM

John,
The amount of solids in solution seems higher than typical earlier

estimates but I don’t think it is a surprise. D. Reynolds is planning
to address this issue in a Calc-Note. Solids dissolution is important
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in specifying how the mass flowmeter or Enraf densitometer will be used
to calculate the amount of precipitated solids transferred.

Scott

Reply Separator

Subject: Sluiced C-106
Author: John W Bailey at ~HANFORDIOC
Date: 2/10/97 5:13 PH

Scott,

Any surprises in the below information from Graham?

JWB

Forward Header

Subject: STuiced C-106
Author: Graham T MacLean at ~WHC347
Date: 2/10/97 12:58 PM

Sluicing of C-106 - ESP Simulation Results

As part of the efforts to simulate the preparation of the feeds for the private
high level waste vitrification pilot plant (Phase 1), I have simulated the
sluicing of Tank C-106 into AY-102. I thought y’all might be interested in the
results.

I used Steve Lambert’s "Best Basis Inventory Estimate" for the overall
composition of Tank C-106 (WHC-SD-WM-TI-740 draft). Scott / Graham, How does
this documents inventory estimate compare to our FDC and SAD assumed
characterizations? 1 have not compared them. For AY-102 supernatant liquid, I
used the analyses of grab

samples taken from the tank on Oct. 8, 1996 {Waste Compatibility Results for
AY-102 Grab Samples, RFSH-9656442), kindly supplied by Todd Blaak. I
adiabatically mixed 650,000 gal. of AY-102 liquid and 20,000 gal. of 50 wt.%
NaOH with the entire contents of C-106 inside my computer, and here are the
results:

C-106 Composition - ESP Equitibrium Estimate

Temperature: 55-C  pH = 9.7 (at 55-C)
Total Mass of Liquid: 887,000 kG

Total Mass of Precipitate: 581,000 kG
Total Volume of Liquid: 692,000 L
Total Volume of Precipitate: 175,000 L

Density of Liquid: 1.28 Scott, This SpG is much higher than what

you'd predicted earlier (1.06 or 1.07). Will this significantly

impact our earlier settling projections? As Scott said, 1.28 is the SG of the
interstitual 1iquid in C-106, not the sluiced mixture.

Incidentally, this value agrees well with sodium numbers for centrifugate from

the grab samples, but not with the decanted supernatant 1iquid densitites, which
were lower. The reason, I believe, is because during the grabbing, some surface

G-2
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liquid from C-106 followed the sampler, and flowed into the bottle, carrying
sludge with it.

This is born out by the fact that the grab samples contained about half the
concentration of precipitated solids as did the 1986 core sample. From my
observations and others description of compacted sludge such as €-106 waste, I
doubt that some material will flow into a sample bottle without some dilution
and mixing with liquid.

Density of Precipitate: 3.31

Total Dissolved Solids Conc. in Liquid: 31.8 wt.%

Precipitated Solids Conc. in Tank: 39.6 wt.% Graham & Scott, Does

the 2, above, solids concentrations say that nearly 1/2 of the C-106

waste is going to desolve when we sluice it? If that is true our

thermal model results are all vastly in error, ie., they assumed no or

almost no solids dissolution and solids height is the largest driver

for thermal steam bump problems. Not quite. When the sludge is sluiced, it will
not settle to the same decree of compaction - the old fluffing phenomena. It has
been generally found that compacted waste sludges are about 40 wt.% precipitated
solids (or about 18 particle vol.%). When small quantities of these sludges are
mixed up with water and allowed to settle for a month, the sludge layer is about
15 wt.% water insoluble solids. In a tank with 10 feet of freshly settled
sludge, the expected conc.is about 20 wt.%. Hence, a fluffing factor of about 2
is used.

From the core sample data, I calculated that C-106 sludge was J2-wt:%d
precipitate in 1986. Brooks found in his 4 liter column that the grab sample
material from C-106 settled to aboutf20_wti% Or more insoluble solids after
washing, confirming the 2 to 1 fluff. ©his is what Sathya used in his CFD and
other simulations - but dissolution was not accounted for.

If you take C-106 at 40 wt.%, dissolve 25% of the precipitate while sluicing
(this is the ESP prediction), then let it settle to 20 wt.%, you get an over all
sludge volume increase of about 1.5. I believe Sathya is revising his :
calculations with this new factor.. This factor can be reduced more by increasing
the caustic addition before sluicing to dissolve the A1{OH)3, and perhaps the Na
Oxalate. Get those caustic orders in!

Composition of precipitate:

NaA1Si04  21.6 wt.%
Fe{OH)3 21.2
NaHCo3 20.5
Na2(204 19.8
AT(OH)3 12.5

CaC03 1.63
MnCO3 .800
KAISi04 483
Pb(OH)2 .480
Ag2c03 .420
Cr{0H)3 .223
r02 .188
Ni(OH)2 .170
SrCo3 121
Pu(OH)4 .0140

Composition of 1iquid: Na2C03, NaN02, NaHPO4, and NaHCO3 in solution.

The manganese is probably present as Mn04, but both species are very insoluble
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in the mixture.

C-106/AY-102 Liquid/Caustic Mixture Composition - ESP Equilibrium Estimate

Temperature: 41-C  pH = 12.1 (at 41-C)

Total Mass of Liquid: 3,650,000 kG

Total Mass of Precipitate: 438,000 kG

Total Volume of Liquid: 3,250,000 L

Total Volume of Precipitate: 120,000 L

Density of Liquid: 1.12

Density of Precipitate: 3.63

Total Dissolved Solids Conc. in Liquid: 13.8 wt.%
Precipitated Solids Conc. in Tank: 10.7 wt.%

Composition of precipitate:

NaA1Si04  28.4 wt.%
Fe(0H)3 28.2
Na2C204 20.9
AT(OH)3 16.1

Ca3P04 2.22
¥nCO3 1.06
KAISiO4  1.21
Pb(OH)2 .638
£g2€03 .558
Cr{OH)3 .316
r02 .249
Ni(OH)2 .226
SrCo3 .0161
Pu{OH)4 .0186

Composition of liquid: Na2C03, NaN0O2, Na2C204, and Na3P04 in solution with OH-1
= .048 mol/L.

ESP predicts all of the NaHCO3 and some A1{OH)3 and Na2C204 will dissolve from
the C-106 sludge when mixed with the caustic and AY-102 liquid. The volume or
mass of sludge in the final mixture can be further reduced by adding more
caustic.

If you desire more information, or would like an electronic copy of the ESP
report, please lTet me know (specify wt.% or mol/hr for species conc.)

The above results appear to be consistant with the laboratory results obtained
by Lumetta et al. for the washing and leaching of C-106 grab samples (PNNL-
11381). They found a considerable portion of the precipitated C-106 solids
dissolve when washed, and that substantial amounts of the A1, K, Na, and Si
resisted dissolution by leaching.

Graham Maclean
372-0405
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APPENDIX H Cs137 Heat Load of Tank 241-C-106

Meeting Minutes #3 From W. J. Powell to Distribution,
102-AY Annulus Ventilation System, Nov. 1996.
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MEETING MINUTES .
suasecT:  102-AY ANNULUS VENTILATION SYSTEM, MEETING MINUTES #3

T0: BUILDING

Distribution 2440 Stevens, rm 2100

FRCH: CHALRMAK

W. J. Pawell W. J. Powell

DEPARTMENT -OPERAT IGN - CCMPONENT AREA SHIFT DATE OF MEETING KUMBER ATTENDING
TWRS Design Authority 200E day 11/11 & 18/96 6 &7

Attendees:

Bowers, David €, ETF Engineering

Crea, Blaine A, Mechanical Systems
Estey, Scott D (11/18/96), Waste Tank Process Authority

Fryer, B. C.

Kriskovich, James R, Design Authority
Powell, William J (Bil1), Aging Waste Design Authority
Sathyanarayana, K, Process Engineering and Analysis

The meeting minutes from the above two meetings are combined here to consolidate

paperwork.

The ‘purpose of the meeting was to monitor and guide the progress of the ongoing Project

W320 Tank AY-102 annulus thermal analysis.

was to model airflow cooling in the annulus of Tank AY-102

The original intent of the thermal analysis
The airflow could prevent

a tank bump accident by cooling hot C-106 sludge when it is transferred to Tank AY-102.

Background:

It was discovered on September 1996 that the Project W-320 required flow

of 2000 CFM in the annulus slots of Tank AY-102 would not be available. This
invalidates the thermal analysis which is the basis of prevention of the tank bump
accident for the Project W-320 safety analysis.

The following discussion and information transfer took place:
* On November 11, 1996 the draft results were presented as shown in the attachments.
Case I retrieval would allow the C-106 tank to be taken off the Wyden watch list
(no need to add water, but active ventilation is required). Case 2 would require
no active heat transfer, but passive ventilation would be required. Case 3 will
Teave a 40,000 btu/hr heat Toad in €-106 and is the minimum heat removal goal
undertaken by the W-320 project. Case 4 retains <26,000 btu/hr in C-106 thereby
removing temperature monitoring requirements according to the Basis for Interim
Operation (BI0). Case 5 removes all sludge except the "hardpan" solids in C-106.

* The condition of the air slots in Tank AY-102 were discussed. B. Crea provided
photographs which showed the repair work to the outside two feet of the refractory
concrete of the tank. The pictures and report noted that (2) areas of 10
degrees/each flow slots were blocked. The areas were separated by about 30
degrees. The air slots of concern are both in the South-west quadrant of the tank

W. Powell noted that the maximum time that the annulus system has been run on AY-
102 is two hours. This occurred on October 17, 1996

The AY-101 annulus ventilation system has still not been able to pull air through
the system. Something may be blocking the duct.

»

-3000-480 (10/94) GEFO11
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MEETING MINUTES (Continued) Page 2 of 3

* Several new scenarios were added to the table in Attachment 1. These items
included:
- Varying thermal conductivity of the sludge
- Chilling the supernate in the tank to 40° F. This requires zbout 2000 sguare
feet of heat transfer area and (10) 42-inch diameter helix coils operating at
36° F, 16 gpm and 60 psi pressure drop. It is not cost effective to introduce
these to the existirg tank. WNo further action is planned on this subject.

¢ Sathya reported that using only primary heat transfer it was difficult to drive
down the supernate temperature. No follow up is planned.

The assumptions in the attached calculations are the same as noted in the November 4,
1996 meeting minutes (#2) with the following exceptions:
- Tank AY-102 3-inch lines in the inlet piping to the slots were assumed to be
removed, when it indicates that the lines are "blocked".

ACTION ITEMS
Action items 2, 3, 5 and 7 are complete and have been removed from the meeting minutes.

1+ D. Ogden group to continue thermal/flow analysis for all cases in Table 1,
excluding: case 4 unblocked (too much total flow), and case 6 {no benefit). Salids
fluff factor cases of 1, 2 and 3 to be graphed. Partly compiete see attachments,
need analysis of additional fluff factors, anticipated all or part by November i1,
1996.

4+ K. Carpenter to determine if the air velocities in the 3-inch piping and concrete
slots are acceptable for the high flow cases. Partly complete on November 11, 1986.
L. Julyk reports that he has low confidence that air velocities above 2000 cfm
through the 4-inch piping suspended in the side of the annulus, and buried in the
bottom concrete of the annulus, would avoid vibration damage. These air flows are
off the charts of recommended design flow rates for the 4-inch piping. Hore
involved analysis was recommended. A cost estimate for further analysis is
proceeding.

On November 11, 1996 B. Crea reported that the flow velocities and re;ulting
vibration in the 4-inch piping encased in concrete are not expected to be a
concern. General agreement was expressed and written confirmation was requested.

6e.-¥. Powell to Jook at contamination cross-connections to determine if the annulus
could effectively be segregated from the primary tank, after W-030 installs the new
ventilation system and disconnects the existing 702-A ventilation system, which has
major cross-connection potential. The potential cross-connections found were at
the annulus pump pit and the 8-inch line from the annulus to the primary system.
The first one is the annulus pump pit AY-02F, which has leaked before but can be
(and may have been) sealed. After review of the IEFDs the AX-152 diversion box had
been noted as a potential concern. It was found that the AY-102 IEFDs were in
error. There is no annuius to primary ventilation system cross-connection at AX-
152 diversion box. This makes the scenario of the annulus vacuum being operated at
a lower vacuum than the primary tank much more practical. Complete, remove from
future meeting minutes.

A-3000-480 (10/94) GEFO11
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MEETING MINUTES (Continued) page 3 of 3

8+ D, Ogden group fo run an additional case of iniet chilled air to primary system, at
500 cfm and 40° F, due MNovember 11, 1996. Complete, see attachment, remove from
meeting minutes.

9+ S. Estey to determine what amount of Cs137 would solubilize into the supernate,
thereby reducing the heat load in the solids. Complete, November 25, 1996 it was
found that the Cs137 composition was much smaller than the 45,000 btu/hr originally
estimated. The Tank Characterization Repert for €-106 gives <10,000 btu/hr as the
potential Cs137 heat load. This is about 8% of the total heat load in C-106, The
detailed information has been provided to Sathya. for incorporation into the
thermal analysis if it proves significant.

New Action Items:

* B. Crea volunteered to determine if the temperatures on the bottom of the AY-102
tank decreased when the AY-102 ventilation system was operating on October 17
1996. Complete November 26, 1996, the system shown no significant increase in
temperature that week compared to the two weeks around it. A 5° to 6° F
temperature increase is noted in the SW quadrant of the tank, compared to other
quadrants.

Attachments 4

A-3000-480 (10/94) GEFO1S
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Figure 7.63 Temperature Distribution for the combined
Sludge of AY-102 and C-106 using 150 cfm Floor Cooling
Slot Flow and its effectiveness as a parameter.
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1. SUMMARY

Several thermal hydraulic analyses of Tank C-106 have been
conducted. The tank heat load is one of the fundamental
parameters used as a basis for each of these analyses.
Comparisons of calculations to thermal hydraulic data is
one of the means utilized to estimate tank heat loads and
this method has been used for Tank C-106.

This report documents the results of a recent revised GOTH
thermal hydraulic simulation associated with the 1994
process test which resulted in an estimated tank heat load
of 132,400 btu/hr for the 1994 time period, which is higher
than previous estimates. For analyses related to safety
considerations where realistic to conservative tank heat
load estimates are desired, this value is recommended.

2. INTRODUCTION

Several thermal hydraulic analyses of Tank C-106 have been
conducted to characterize and to help understand the
thermal hydraulic behavior of this tank [Ref. 1, Ref. 2.,
Ref. 3, Ref. 4, Ref. 5, Ref. 6, Ref. 7, Ref. 8., Ref. 9,
Ref. 10, and Ref. 11]. From mid 1994 to mid 1995, the
analysis efforts have focused on the 1994 process test and
the dynamic response of thermocouples located in the sludge
on the tree located in riser 14. Recently thermal
hydraulic analysis associated with transferring most or all
of the sludge from Tank C-106 to the ageing waste Tank Farm
AY/AZ has been initiated. The tank heat load is one of the
fundamental parameters used as a basis for each of these
analyses. Comparisons of calculations to thermal hydraulic
data is one of the means utilized to estimate tank heat
loads and this method has been used for Tank C-106. The
calculation methods and associated assumptions have varied,
and the estimated tank heat loads have also varied.

This report documents the results of a recent revised GOTH
thermal simulation associated with the 1994 process test
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which resulted in an estimated tank heat locad of 132,400
btu/hr for the 1994 time period. This is higher than that
of the most recent prior estimate of 110,000 btu/hr for
January 1992 tank operation and 102,000 btu/hr for January
1995 operation (i.e. decreaseing at a rate of 2.5%/year)
[Ref. 3}. Although a heat load of 132,400 btu/hr for the
1994 time period may be on the high side due to assumptions
made for soil conductivity, etc., a tank heat load this
high was required for the revised GOTH simulation to match
the tank level data during the 1994 process test. For
analyses related to safety considerations where realistic
to conservative tank heat load estimates are desired, this
value is recommended for Tank C-106.

3. REVISED GOTH SIMULATION OF THE PROCESS TEST
3.1. GOTH 2-D MODEL

The GOTH 2-D model utilized to conduct this thermal
hydraulic analysis includes the tank, tank sludge, liquid
and gas contents, the inlet and outlet ventilation gas
flows, and the soil beneath, to the side, and above the
tank. January-December 1994 hourly meteorological
conditions consisting of barometric pressure, dry bulb
temperature, and relative humidity were used as dome
ventilation inlet conditions. Although the simulation
discussed here included a small portion of the 1995
calendar year, for that portion, the corresponding portion
of the 1994 meteorology was repeated. Soil surface
conditions are assumed to be at ambient air temperature.
Ground water is assumed to be at 55°F.

The nodalization used in the tank and soil are provided
in Figures 3.1 and 3.2.
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Figure 3.2 2-D Tank C-106 and tank side soil
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The model’s nodalization, ventilation, sludge depth, and
geometry remain the same as previously reported [Ref. 7].
However, changes were made in the tank heat load to better
match the tank level decrease during the process test.
Also axial conductance of the tank concrete and steel wall
adjacent to the sludge was added to the model, and changes
in the conductivity and axial distribution of conductivity
in the sludge, and the soil conductivity were made to
obtain a better comparison to the riser 8 sludge
thermocouples. The power distribution remains the same as
the previous referenced analysis. In the previous analysis
a uniform sludge conductivity of .59 btu/hr-ft-F was
assumed. In the revised simulation, reported here, the
conductivity was varied, increasing from the bottom to the
top of the sludge. The power and sludge conductivity
distribution assumed is provided in Table 3.1 below.

Table 3.1 Sludge Power and Thermal Conductivity

Distribution Versus Distance Interval From The Bottom Of N
The Tank
Distance from tank Fraction of Total Sludge
bottom--ft Total Power Conducitiv
—— btu —
hr-ft-F
0-3 0.78 0.5000
3-4 0.10 0.7500
4-6 0.12 1.0000

The soil conductivity was increased from .15 btu/hr-ft-F
in the previous analysis to .43 btu/hr-ft-F. The revised
value 1is on the high side for drier Hanford soils, but
somewhat low for high moisture content soils.
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3.2, Revised GOTH Model Simulation Results

The primary purpose of this analysis was to develop an
estimate of the tank heat load required to correctly
simulate the tank level decrease during the 1994 process
test, but prior to crust uncovery. Prior GOTH simulations
based on a tank heat load of 110,000 btu/hr tended to under
predict the rate of level decrease during the process test
as shown in Figure 3.3 taken from [Ref. 7]. 1In addition
these prior simulations also overestimated the sludge
temperature near the wall based on riser 8 thermocouple
data.

rotesiz
od Nov 1 08:48:36 1995
GOTH Version 3.4 - April 1991

Pool Liquid Level

AL2 DC3 DC5 DC6E DG11
s Tammaemsmmal-Coan
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i
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Waste Level (in}

Differenca dua to calculated versus actual eveporation rate
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|
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Figure 3.3 Comparison of calculated waste level and FIC
level gauge measurements--Prior Model Simulation

During the period of the process test prior to crust
uncovery, it appears, based on prior GOTH analysis and the
near linear characteristic of the level data, that during
this time period, no voids were present. If additional
steam was being produced during this time period then the
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rate of decrease would likely not be linear. During this
time interval the tank contents are generally increasing in
temperature, therefore, it is unlikely that steam, if it
were present, would be decreasing in volume due to
condensation. It then follows that the rate of level
decrease during this time period is likely due entirely to
evaporation, with none due to increases or decreases in
steam volume during this time interval.

To increase the rate of evaporation during this time
interval the tank heat load was increased above 110000
btu/hr, and iteratively adjusted until the calculated rate
of level decrease matched the observed level decrease rate.
Using this iterative process, it was determined that a tank
heat load of 132,400 btu/hr was required to match the

level data during the process test. A comparison of

the observed tank level to that calculated with the

revised model during 1994, and for a short period into
1995, is provided in Figure 3.4. Prior to crust uncovery
during the process test there is only a very small
difference between the actual and calculated levels

versus time, and therefore only a small difference between
the actual and calculated evaporation rates during this
interval. Following the process test the actual and
calculated levels also agree gquite well indicating that the
combination of calculated evaporation rates, plus level
swell or contraction due to voidage, are consistent between
the revised simulation and the actual tank behavior.

.
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Figure 3.4 Comparison of calculated waste level and FIC
level gauge measurements--Revised Model Simulation

As noted above, adjustments were also made to the assumed
soil and sludge conductivity, and, axial conduction due to
the concrete/steel wall was added to the model to obtain a
better comparison to the riser 8 sludge thermocouple data.
Although the calculated temperatures in the sludge near the
wall decreased relative to previous calculations, the
revised calculated sludge temperatures near the wall were
still higher than the data from riser 8 thermocouples.
Further reductions in calculated sludge temperatures near
the wall were achieved by further increases in soil
conductivity beyond that described in this report, however,
to achieve a match with the data, soil conductivity values
had to be increased to unreasonably high values. Recent
data suggests that riser 8 may have convective effects near
the thermocouple tree similar to riser 14, but
significantly reduced in magnitude. This may account for
the difference between calculated sludge temperatures near
the wall and temperatures measured in the sludge.
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The impact of these modeling revisions on other important
simulation parameters can be observed by comparing the
following Figures 3.5-3.13 with the corresponding figures
from the previous model in [Ref. 7, Section 5.2.4].

Figures 3.5-.7 illustrate that dome gas, and liquid pool,
temperatures are slightly higher for the revised simulation
versus the referenced prior simulation before crust
uncovery. After crust uncovery the difference increases
further, however, following several water additions the
difference again decreases. The differences in upper
sludge temperature between the revised and prior
simulations is smaller than that observed for the dome gas
and pool. The differences are consistent with the changes
made in the revised model for tank power, sludge and soil
conductivity, and evaporation suppression relative to the
prior model.

protesiZi-best esfimals suppression
ue_Oct 31 16:23:48 1995
GOTH Version 3.4 - April 1991

Dome Gas, Liquid Pool, and Upper Sludge Temperatures
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Figure 3.5 Calculated dome gas, liquid pool, and
upper sludge temperature simulation under process test
conditions
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Figure 3.6 compares calculated dome temperature to actual
dome temperature. Following crust uncovery the calculated
dome temperature exceeds the measured dome temperature.
Also graphed is the calculated saturation steam temperature
corresponding to the calculated partial pressure of steam
in the dome. These results suggest the evaporation
suppression assumed may be too large, since evaporation
suppression elevates pool temperature, which in turn
elevates the dome temperature, since convective heat
transfer from the pool to the dome gas is not assumed to be
suppressed.

Tue Oct 31 16:30:27 1995
GOTH Verslon 3.4 - April 1991

Dome Air Temperature
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Figure 3.6 Comparison of calculated dome gas temperature
and thermocouple tree 14 TC-5 dome gas measurements

Figure 3.7 compares the calculated pool temperature to
both riser 8 TC-4 and riser 14 TC-4. As indicated there,
following crust uncovery the calculated pool temperature
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exceeds the temperature measured at either of these
thermocouples. This suggests that the amount of
suppression utilized in the simulation may be too large.

Woa Nov 2767 30176 Too
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Figure 3.7 Comparison of calculated liquid pool
temperature and thermocouple trees 8 & 14 TC-4 liquid pool
measurements

The evaporation rate for the revised model is somewhat
higher than the prior model before crust uncovery during
the process test. Following crust uncovery, greater
evaporation suppression was required in the revised model
than the prior model to produce the correct level versus
time. The level as noted previously is a result of the
combined effect of integrated water additions, evaporation,
and steam generation or condensation in the sludge.

I-12




HNF-SD-W320-ER-002, Rev. 0 JMI-WT002
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Wed 1.07:31:52 1995
88HVaction 34 April 1991

Pool Evaporation Rate
- GL2
b=
S
o
<
= <
£
=
=
2
i
3
S
= IR, SO0 S S S S S S TN N UUNY SO VRS S SN ST SR T S N T '
o) 60 120 180 240 300 360
Time (days)

Figure 3.8 Simulation of pool evaporation rate under
process test conditions

During the process test voids are calculated to be
generated initially in the lower central region of the tank
sludge. This saturation zone or void bearing sludge region
spreads radially towards the wall. Although the void

region does begin to move vertically upwards, a

combination of factors limit its advance. Reduced heat
generation in a vertical region due to radial

displacement of heat generating sludge as a result of
voidage, and a reduced conduction distance between the
saturation zone and the liquid pool causes the upper
fringes of this region to cool and thereby stops the
vertical advancement of the saturation zone. Since the
sludge is cooler near the wall the radial advancement of
the void region is also limited. The initiation, growth,
and condensation of this zone during and following the
process test is illustrated with the following 5 time
snapshots of the void distribution within the sludge,
Figures 3.9-3.14. Note that the vertical scale of the
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sludge cross section is distorted as in previously
documented void fraction contour plots. Steam formation
was calculated to begin occurring at about the time crust
uncovery started during the process test. Also, all of the
steam voids had disappeared in the simulation by the end of
December, 1994.

Although the sludge envelope containing steam in this
revised simulation appears to be somewhat smaller than in
the prior simulation, the volume fraction of steam within
the envelope appears somewhat larger. Therefore the volume
of steam within the sludge is probably about the same.
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Figure 3.9 Calculated Void Distribution in Sludge at 174.2
days from January 1, 1994.
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protest2b-best estimate suppression.
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Figure 3.10 Calculated Void distribution in sludge at 208.4
days from January 1, 1994.
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Figure 3.11 Calculated Void digtribution in sludge at 231. 6
days from January 1, 1994.
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Figure 3.12 Calculated Void distribution in sludge at 266.8
days from January 1, 1994.
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Figure 3.13 Calculated Void distribution in sludge at
301.1 days from January 1, 1994.
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4. CONCLUSIONS

The revised GOTH simulation assuming a tank heat load of
132,400 btu/hr provides a better comparison to level data
than a prior referenced simulation assuming a tank heat
load of 110,000 btu/hr, particularly during the process
test. However, the amount of evaporation suppression
required to achieve this was increased and resulted in less
favorable comparisons to tank dome gas and pool
temperatures. This suggests that the combination of
assumptions used in the revised model may be somewhat
conservative and that the tank heat load of 132,400 btu/hr
may be higher than the actual tank heat load. However, for
safety purposes it is prudent to error on the conservative
side, and therefore this tank heat load is recommended for
use in future safety related analyses.
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