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Abstract: This report describes the thermsl hydraulic analysis performed to provide a technical
basis in support of consolidation of tank C-106 waste into tank AY-102. Several parametric
calculations were performed using the HUB and GOTH computer codes. First, the current heat load of
tank AY-102 was determined. Potential gquantities of waste transfer from tank C-106 were established
to maintain the peak temperatures of consolidated sludge in tark AY-102 to remain within Operating
Specification limits. For this purpose, it was shown that active cooling of the tank floor was
essential and a secondary ventilation flow of 2,000 cfm should be maintained.

Transient calculations were also conducted to evaluate the effects of ambient meteorological cyclic
conditions on sludge peak temperature, and loss of ventilation systems. Detailed calculations were
also performed to estimate the insulating concrete air channels cocling effectiveness and the
resulting peak temperatures for the consolidated sludge in tank AY-102. Calculations are were also
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1. SUMMARY

This report documents the thermal hydraulic analysis
conducted to provide a technical basis supporting
consolidation of Tank C-106 waste in Tank AY-102. Tank
C-106 is a single shell high heat watchlist tank. Currently
the tank contains about 197,000 gallons (=6 ft} of sludge
with an estimated heat load in the range of 110,000 to
132,400 Btu/hr. Tank AY-102 is a double shell tank designed
to store boiling neutralized current acid wastes {(NCAW) .
Currently the tank contains about 32,000 gallons (=1 ft) of
sludge with an estimated heat load of 33,000 Btu/hr. The
consclidation of waste in Tank AY-102 will increase the
heat load as well as the settled nonconvective sludge
thickness, both of which will potentially lead to higher
waste temperatures. The tank farms Interim Operatiocnal
Safety Requirements (IOSR) document specifies the limits on
sludge peak temperature that it must be 17 °C (30 °F) less
than the local saturation temperature/boiling point to
eliminate the potential for a thermal bump.

A description of thermal hydraulic models, assumptions, and
results of analyses performed to estimate the temperature
distribution of the consclidated waste in AY-102 for
different gquantities of transferred waste and settled
sludge conditions, as well as various potential operating
conditions, are presented in this report.

The following conclusions were drawn from the results of
a limited parametric analysis conducted in this study.

1. 157,000 gallons of Tank C-106 sludge (4.75 ft, 92400
btu/hr) can be transferred to Tank AY-102 while keeping the
peak sludge temperatures within the operational safety
limits and qualifying Tank C-106 as a low heat tank
provided:

a. secondary floor ventilation flow of 2000 CFM
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and a primary once through ventilation flow of 600
CFM can be supplied to AY-102;

b. the transferred C-106 sludge becomes non-
convective only after it has settled to at least

1/2 of the current particle volume fraction in Tank
C-106 (i.e. transferred sludge must have an initial
settled and non-convective, thickness not greater
than 9.5 fr, i.e. fluff factor less than or equal to
2.0); and,

c. waste levels are maintained high to increase the
local hydrostatic pressure and therefore the
saturation temperature in the sludge.

The maximum temperature calculated for the consolidated
sludge in tank AY-102 under normal operation with assumed
average summer meteorological ceonditions, was 201 °F for a
secondary ventilation flow rate cof 2000 CFM through the
tank floor cooling channels, The maximum sludge
temperature would decrease to 190 °F i1f the flow rate

could be increased to 3000 CFM. These temperatures are well
below local saturation conditions.

2. Secondary floor ventilation flows as low as 2000 CFM
will provide adequate cooling to allow transfer of 157,000
gallons of C-106 waste. The margin of safety relative tc
saturation temperature is 42 °F assuming a waste level of
30 ft. Lower secondary flow allows less uncertainty in
terms of: C-106 and AY-102 heat loads and the distribution
of heat; saturation temperature; waste physical parameters
such as sludge conductivity; fluff factor; and cooling
effectiveness. Lower flow also reduces the allowable
outage time for ventilation systems. Therefore increasing
the secondary flow to 3000 CFM should be considered.

3. Operating a double shell tank with floor ventilation
flow in an active heat removal mode is a significant
departure from normal operating practice and apparently was
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not part of the original design basis. Potential problem
areas should therefore be thoroughly evaluated before
operation in this mode is undertaken. These include:
increased thermal cycling of tank structural components,
plugging of one or more floor coolant channels, and plans
and experience with rapid restoration of ventilation
system after outages. Both the capacity to provide high
ventilation air flow rates and the cooling effectiveness
should be assured before waste transfer. Calculated
cooling effectiveness should be verified by increasing
floor ventilation flow rates in a high heat tank such as
AZ-101 or 102 and comparing the resulting tank
temperatures with the GOTH simulation models used in this
analysis.

4, Project W-030 new primary ventilation system operating
in the recirculation mcde is less effective in providing
cooling compared to the current system since the air flow
rates are lower and the tank air inlet conditions are worse
than for either the current system, or the new system
operating in the once through mode. Either the cld or new
system operating in the once through mode should be used
until operating experience coupled with additional analysis
confirms that the recirculation mode will provide adequate
cooling.

5. A secondary ventilation ocutage for a period of 30 days
results in the sludge reaching a maximum temperature of
about 217 ° F. This is within 30 °F of the local
saturation temperature and therefore acceptable. However,
outages of more than 2 weeks should nct be allowed to
provide for unforeseen contingencies.

GOTH is a trademark of JMI, which is derived from GOTHIC - a registered
trademark of the EPRI Corp, of California.
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2. INTRODUCTION

Double-shell tank waste consclidation effort includes the
transfer of high heat waste from single shell Tank C-106
to Tank AY-102 and ultimate consclidation in Tank AZ-102.
The consolidation effort will resolve the safety issues
associated with Tank C-106 by transferring that high heat
waste to a double-shell tank. Because of the limited
solids volume and radionuclide content of Tanks AY-102 and
C-106, it 1is reasonable to consolidate these wastes into a
double shell tank, thereby also minimizing the potential
consequences due to leakage.

Safe storage and consolidation of wastes requires careful
investigation of the problems asscciated with the chemical
compatibility, nuclear criticality and thermal hydraulics
of these wastes. This report documents the analysis
performed to determine the necessary operating conditions
and the amount of waste that can be safely stored in tank
AY-102 from the point of thermal hydraulic conditions. The
conclusions are based on the limits specified in the tank
farms interim operatiocnal safety reguirements document
[Aguirre, 1994] in regard to the peak sludge temperature.
The specifications requires that the peak temperature of
the waste must be 17 °C (30 °F) less than the local
saturation temperature (i.e. boiling point).

Safe operation of transferring and consolidating of Tank
C-106 sludge into Tank AY-102 requires an understanding of
the current thermal hydraulic characteristics of both

the tanks, their current ventilation systems, maximum
achievable Tank AY-102 secondary floor ventilation flow
rates, and the changes being made in the AY/AZ tank farm
primary ventilation system with Project W-030. The
background information on these current and new operating
facilities is provided in Secticn 3.
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3. CURRENT AND NEW OPERATING SYSTEMS

The current operating conditions of Tank C-106, Tank
AY-102, AY/AZ tank farm primary ventilation system,
secondary ventilation systems and the details of the
insulating concrete floor air slots for both AZ and Ay
tanks are briefly described in this section. Also the
Project W-030 new primary ventilation system and its
expected potential performance in relation to cooling
capability is summnarized.

3.1. Tank C-106 Operation

Tank C-106 is a 530,000 gallons capacity single shell tank
and currently contains about 6 feet of heat generating
sludge covered with a few inches of water as illustrated in
Figure 3.1. The sludge is primarily cooled by evaporation
and convective heat transfer from the pool surface to the
dome ventilation air. A small amount of heat is also
removed by heat conduction through the tep soll to the
atmosphere and through the bottom soil to the groundwater .
Periodic batch additions of water, equivalent to about 4
inches of tank level, are made approximately every 2
months to make up for evaporation, thereby keeping the
sludge covered with liquid. Tank heat load estimates have
varied from a nominal value of 110000 btu/hr {Bander, 1993]
to an upper bound heat generation rate of 132400 btu/hr
[Fryer, et.al., 1995] estimated by the most recent thermal
hydrauiic analysis. The dome ventilation air flow rate is
currently about 2300 CFM. Tank waste temperatures cycle
with the annual meteorological cycle, Sludge at the bottom
central region of the tank is estimated to be close to
saturation temperature (~230 °F) corresponding to tank
bottom hydrostatic pressure [Thurgood, et.al., 1995].
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It appears that “loose sludge" is present to within 1
foot of the tank bottom., It would be desirable to remove
all of the "loose sludge® from Tank C-106. The remaining
material immediately above the tank bottom being a "hard
pan" may not be removable via sluicing during project
W-320.

3.2. Tank AY-102 Operation

Tank AY-102, as illustrated in Figure 3.2, 1is a
double-shell tank which has a design capacity of one
million gallons. Currently the tank contains 812,000
gallons of waste in the form of supernatant and sludge.
Based on the latest information [Hanlon, 1995), the tank
contains 32,000 gallons (=1 foot) of heat generating
sludge, covered with about 780,000 gallons (=23.5 feet) of
liguid waste. The heat load and primary ventilation flow
are estimated to be about 33000 btu/hr and 600 CFM
respectively. Maximum measured sludges temperature at the
tank bottom is about 92 °F. The tank waste is currently
cooled by evaporation and convective heat transfer from the
pool surface t¢ the dome ventilation air, with minor heat
removal via conduction through the soil to the atmosphere
and groundwater.

The secondary floor/annulus ventilation system has not
operated for several years but is being rehabilitated for
future operation. Previously when it did operate the total
annulus exhauster flow was apparently set at 1000 CFM.

It was estimated {Tardiff, 1995a] that the Tank AY-102
annulus/floor ventilation exhauster may be capable of
supplying 2000-3000 CFM to the tank floor cooling
channels. More recently [Tardiff, 1995b], based on
additional review of the secondary system, it appears
2000 CFM may be the maximum floor ventilation flow
achievable. As discussed later in the report, the
capablility to increase flow to the floor cooling channels
is a major factor keeping the waste temperatures within
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allowable limits, thereby providing the potential to
transfer large guantities of Tank C-106 waste to Tank
AY-102.
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3.3. Current AY/AZ Tank Farm Ventilation Systems

The ventilation systems for the AY/AZ tank farm consists of
the primary ventilation system with backup, individual
annulus ventilation systems for each of two AY tanks and a
combined annulus ventilation system for the AZ tanks.

All four tanks in the AY/AZ tank farm are currently served
by the single primary ventilation system which is
illustrated in Figure 3.3. A major part of the liquid
evaporated from the tanks is condensed in the condenser,
retained for a period of time in catch tanks, and
periodically returned to the AY/AZ waste tanks to make up
for evaporaticon. Other liguid is removed at the
de-entrainers, cone located upstream and cne downstream of
the condenser. This liquid is also retained in a catch
tank and periodically returned to the AY/AZ tanks.
Approximately 850 gallons of condensate 1s received per day
in the various catch tanks. An ungquantified amount of
liguid is also apparently condensed in the piping system
upstream of the first de-entrainer, due to the combining of
the different temperature air stream from the four tanks.
This liquid apparently drains back to one or more of the
tanks via the piping system.

The purpose of the annulus ventilation system is tc provide
clean ailr to monitor for leaks from primary tank. The
flow through the air slots in the insulating concrete
slab provides cocling to the tank waste and transports
radicactive particulates to an air monitor. Additional
cooling of the sludge and supernatant in each tank is
possible with the floor/annulus secondary ventilation
systems with increased seccondary ventilation flow.
Currently a major part of the secondary ventilation
system air flow is delivered to the upper annulus
(estimated at ~80%) and a smaller part (estimated at
20%) 1s delivered to coolant channels in the insulating
concrete floor [Powell, 1989). Coolant channels in the
floor are illustrated in Figures 3.4-3.7 [Drawing Set. 1]
for Tank AY-102 and in Figures 3.8-3.10 [Drawing Set. 2]
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for AZ Tanks. The number, spacing, size, and length of
coolant channels in the inner, middle, and outer regions
are different for the AY-102 tank compared to the AZ tanks.
Also the thicknesses of the primary and secondary steel
tank floor plates are different for these two tanks.

11
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3.3.1. Comparison of AY and AZ Tank Floor Cooling
Channels

The 2-D GOTH model, developed to determine the cooling
channel effect on sludge temperature, is based on the
dimensions and arrangement of the floor cooling channels
for the AZ tanks. The floor cooling channel geometry for
Tank AY-102 is different than the AZ Tanks. The use of the
AZ tank geometry for modeling Tank AY-102 is conservative.
A comparison of surface areas, air channel heat transfer
coefficients, channel to mid-channel azimuthal distances,
and steel floor plate thicknesses is provided and described
the conservatisms invelved.

3.3.1.1. Top of Cooling Channel Surface Area and Heat
Transfer Coefficient.

Tables 3.1 and 3.2 provide the data for flow areas and the
estimated heat transfer coefficients at different air flow
rates through the floor air slots of AZ and AY tanks.

The AY tank has approximately 80% of the total top of
channel surface area of the AZ tanks. This is more than
compensated for by a 50% increase in Tank AY channel heat
transfer coefficient relative to the AZ tanks in the
middle and outer regiocons, for a given total tank floor
ventilation flow rate. In the inner region of the AY
tank, the top width per channel is the same as for the AZ
tanks, but there are more channels, and therefocre more
total surface area in the inner region. The heat transfer
coefficient in the inner region is also higher than for the
AZ tanks in their inner region.

20
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Table 3.1 AZ Tank Floor Cooling Channel Flow areas,
Velocities, and Heat Transfer Coefficients.

region flow velocity Hyd Reynold turb turb turb turb lam
area @ 35 F Diameter Number heat heat heat heat heat
@ 500 Q85 F trans trans trans trans tran
CFM @ 500 coel coef coef coef coef
CFM @500 21000 82000 23000
CFM CFM CFM CFM
o btu btu btu btu btu
fte . ft )
sec hr-ft bR fe e frhar st hor £ 2
inner ring 0.6250] 12.9760G[0.192898}144%0.% 3.5193 6.1275] 10.6686| 14,7564 0.3467
middle ring 1.2500 6.4B80[0.192898(7245.49 2.0213 3.5183 6.1275 8.4753 0.3467
cuter ring 1.9444 4.1709]|0.167237(4038.19 1.4606 2.5430 4.4277 6.1242 0.34999
annulus 5413.94 0.0137]14.878931{385.681 0.0076 0.0133 0.0232 0.0321 0.0137
Table 3.2 AY Tank Floor Cooling Channel Flow areas,
Velocities, and Heat Transfer Coefficients.
region flow wvelocity Hyd Reynold turb turb turb turh lam
area @ £5 F Diameter Number heat heat heat hear heat
@ oo @85 F trans trans trans trans tran
CTM @ 500 coef coef coef coef coef
CFM asun 31000 @az20a0 €3000
CFM CFM CFM CFM
(=3
fr btu btu btu btu btu
Z — ft
ft - 2
sec hy-ft £t bR ft R £t hyE £ 7 5
inner ring 0.5625| 14.4178]0.166666[13911.5 3.8109 6.6351| 11.5%24| 15.8788 ¢.4011
middle ring 0.7500| 10.8133}0.142857}8543.15 3.1222 5.4361 9.4648( 13.0913 0.4681
outer ring 1.1250( 7.2085[0.125000|5216.84| 2.3184| 4.0366| 7.0280( 9.7209 0.5350
annulus 593.94 0.0137]4.878931(385.682 0.0074 6.06129 0.0224 0.0310 0.0137
3.3.1.2, Steel Plate Thickness and Distance Between

Channels

The azimuthal distance between channels in Tank AY-102 is

smaller in all regiocons

than in the AZ

tanks.

Although

the steel plate thickness is smaller for the primary and
secondary tank floors in Tank AY-102 compared to the A7
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tanks, the smaller azimuthal conduction distances

will compensate this effect. The secondary steel plate is
of little importance since it is isolated by the insulating
concrete. The conductance of the primary plate azimuthally
is important. However for either the .5 inch thick plate in
the GOTH 2-D model based on the AZ tank floor geometry, or
the 3/8 inch thick plate in Tank AY-102, azimuthal
temperature gradients in the primary plate will be

quite small. The azimuthal temperature gradients will

scale with the ratio of the square of the azimuthal
conduction distance divided by the plate thickness. For
all but the outer region, the GOTH models based on AZ-101
plate thickness and azimuthal separation distance are
conservative relative to its application to Tank AY-102 in
this regard. For the outer region the GOTH models are abcut
5% non conservative. This will result in an insignificant
temperature increase in the outer region due to this effect
since the azimuthal temperature gradients are small for
either plate thicknesses.

Taken as a whole, the combination of these differences
will make the use of current GOTH models for AY Tank
conservative relative to modeling the thermal performance
of the floor cooling channels. However, the current GOTH
models should be modified to incorporate the actual Tank
AY-102 floor channel geometry and arrangement to provide
more accurate estimation of temperatures for use in
comparing to Tank AY-102 actual thermal performance
during and following the waste transfer.

3.3.2, AY and AZ Tank Insulating Concrete Thermocouples

Thermocouple temperature measurement logs state that
measurements are made in the insulating concrete floor.
For Tank AY-102, drawings and temperature logs place the
thermocouples’ radial and azimuthal location between air
channels but within conduit imbedded in the insulating
floor concrete and terminating at the tank bottom as shown
in Figure 3.4. Relative to the azimuthal direction some of
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the thermocouples are located about midway between air
coolant channels, while others are located near the air
channels. Drawings do not indicate if the thermocouples
inside the conduits are adjacent the bottom of the tank,
welded to it, or retracted somewhat into the conduit (see
Figure 3.5).

The drawings for AZ Tanks and the temperature logs place
the thermocouples radial and azimuthal location in the air
channels, but welded to the bottom of the steel tank in the
center of the air channel with a thermocouple weld pad as
shown in Figures 3.8 and 3.9. The vertical location is
specified as -1 inch below the top of the tank primary
steel floor in the logs, but attached to the tank bottom in
the drawings. Thes temperature log tables would place the
thermocouples directly in the air channels 1/2 inch below
the bottom of the primary steel tank floor. Comparison of
calculated temperatures for air, steel, and sludge with
the data from the insulating concrete thermocouples
suggests that they are attached to the steel tank primary
flocr. It i1s also noted on the drawings that additional
conduits for thermocouples were installed and terminate at
the tank steel floor, but are somewhat displaced
azimuthally from bDeing positioned directly in the air
channels. Currently these conduits apparently do not
contain thermccouples, but may have future utility for
monitoring the cooling effectiveness ©of the air channels.

There are currently no temperature measurements made
directly within the sludge, supernatant, or dome gas space
in Tanks AY-102, or AZ-101 and 102--with exception of a
sludge temperature measurement near the bottom of the air
1lift circulators {ALC's), and sludge temperature
measurements made 4 inches above the tank floor near the
center and alsc near the periphery of the tank. With these
exceptions sludge, supernatant, and dome gas temperature
can only be inferred based on thermocouple measurements
made in the tank structure such as floor, walls, and dome
components. When the ventilation is off the thermocouples
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attached to the steel floor provide the best available
estimate of maximum sludge temperature. Wwhen the
ventilation is on they are the best available estimate of
minimum sludge bottom temperature. They provide the best
data for calibrating or benchmarking the thermal hydraulic
analysis methods and GOTH models.

The secondary ventilation system for A% tanks has been
operated intermittently during the last two vears. The
secondary ventilation systems for AY tanks have not
operated for several years, but are being rehabilitated for
future use.

3.4. New Primary Ventilation System - Project W-030

Under Project W-030, a new primary ventilation system will
replace the current system for AY/AZ tank farm

(Clifton, 1%94]. The new system is illustrated in Figure
3.11. The new system will supply approximately 100 CFM of
ambient air to each tank dome in addition to about 400

CFM from a recirculation loop at a tank inlet temperature
of about 83 °F and 100% relative humidity. The system
operating in the recirculation mode will have less cooling
capability than the current system since the total air flow
will be reduced and the air inlet conditions will also be
worse. However, the new system can also provide about 600
CFM to one of the four tanks when operating in a once
through mode. The once through mode is the preferred mode
of operation for Tank AY-102. The new system is not
designed to provide 600 CFM in a once through mode to all
four tanks simultaneously.
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3.5. Ventilation Systems Summary

The current primary ventilation system will provide less
cooling to Tank AY-102 with combined waste from C-106

than the current C-106 primary ventilation system, due to
the 4 fold reduction in tank air flow. The Project W-030
new primary ventilation system for the AY/AZ tank farm will
provide even less cooling than the current AY/AZ primary
ventilation system when operating in the recirculation mode
due to further reduced air flow and increased tank air
inlet temperature and relative humidity conditions. In the
once-through or non-recirculating mode the new primary
ventilation system will provide about the same tank inflow
rate at ambient conditions as does the current system.

On the otherhand, Tank C-106 does not have a

floor/annulus ventilation system. The results from HUR
calculations showed that the secondary ventilation systems
could provide significant local cooling to the sludge
immediately above the channels. However, it was not clear
how effective the cooling would be tc sludge located midway
between channels, and therefore how effective the floor
channels would be in reducing the max.mum sludge
temperature, or at what radial, azimuthal, and axial
location maximum sludge temperature would occur. Also it
has been estimated that the secondary ventilation system
has the capacity to increase the floor cooling channel flow
from 500 CFM up to 2000-3000 CFM [Tardiff, 1995a] . The
increase in air flow rate and the effectiveness of the
cooling channel will have a significant impact on the
importance of seccndary floor ventilation on maximum sludge

temperature.

Detailed analysis of Tank AY-102 and its ventilation
system has been conducted to determine the guantities cof
sludge that can be transferred from Tenk C-106 and the
ventilation system flow rates that must be achieved to
maintain the peak temperatures in the sludge below
saturation temperature limits.
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4. THERMAL HYDRAULIC MODEL DEVELOPMENT

The development of analytical methods, models, and
assumptions for thermal hydraulic evaluation of sludge
transfer occurred in two phases. The two phases are
summarized in Table 4.1 in terms of the analysis methods or

tools, computer models,

and major assumptions.

Table 4.1 Summary of Phase I

and Phase II Analytical

Methods, Models, and Assumptions
Analysis Analytic Assumed Sludge C-106& Transferred Primary Primary Secondary
Phase Tool C-106 Removed Sludge Sludge Ventilation Recirc vent
or Current From Fluff Assumed System Flow Flow to
computer Heat C-106 Factor Thermal Type Tank
Model Load after Conductivity Bottom
transfer after
to transfer
AY-102
btu £t btu ftS fr-
Phase I |HUB 111000 4.60 1.0 0.53[new/recirculation SO0 1qs
GOTH/1-D 111000 6.00 1.0 0.53| new/recirculation 500 o
Phase II}HUB 132400 4.75% 2.0 7.43|new, old/once thru 600 2000& 100D
GOTH/Z-D 132400 4.75 2.0 0.43|new, old/once thru 6002000614000

Phase I analysis provided upper and lower bounds on sludge
cocling capability, and therefore lower and upper bounds
respectively on expected sludge temperature in Tank
AY-102, after sludge transfer from Tank C-106 considering
both active and 1lnactive secondary ventilation. The
preliminary analysis assumed the secondary floor
ventilation flow rate would be no more than 500 CFM when
on, consistent with prior analyses [Sathvanarayana, et. al.,
of current operations for Tank AZ-101. It alsc considered
the impact of the operation of the Project W-030 new
ventilation system operating in the recirculation mode.
Transferred sludge particles were assumed to resettle to
the same volume fraction, or thickness, currently in Tank

19393]
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C-106 and that the resettled sludge would have the same
average properties. Two Tank C-106 transferred sludge layer
thicknesses were considered, 4.6 and 6.0 feet. Tank C-106
heat load before transfer was assumed to be 110,000 btu/hr.
After a 4.6 ft transfer 40000 btu/hr would remain. A 6 ft
transfer was assumed to remove all waste from Tank C-106.
Parameters assumed for the preliminary analysis are
illustrated in Figure 4.1 for the 4.6 ft transfer case.

Phase II analysis considered a higher assumed Tank C-106
heat load, higher floor ventilation flow rates, and an
increased fluff factor. Phase II also evaluated the

impact on sludge temperatures of floor cooling
effectiveness and 2-Dimensional sludge and floor

geometric considerations in relationship to cooling
effectiveness. Allowable ventilation system outage periods
were also defined in Phase II. The parameters assumed for
the final analysis are illustrated in Figure 4.2.
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4.1. Thermal Hydraulic Model

Thermal hydraulic analysis was performed using a
mathematical engineering notebook software, HUB, developed
by Numerical Applications Inc. (NAI) and the GOTH thermal
hydraulic computer code [Sathyanarayana, et. al., 1593] developed
for WHC by NAI for use in tank farm analysis. First HUB
methodology was developed and calculations were performed
to provide quick initial estimates of allcwable guantities
of Tank C-106 sludge transfer maintaining the potential
peak temperature of the sludge below local saturation
values. These calculations were performed with and without
the operation of the secondary ventilation system. The
initial calculations performed, without considering the
secondary ventilation flow cooling effect, showed clearly
that the peak sludge temperatures would exceed local
saturation temperature for the transfer of sludge
generating 70,000 Btu/hr. However, the calculations using
the secondary ventilation air flow for tank floor cooling
showed promise that larger quantities of sludge could be
stored in Tank AY-102 depending on the air flow rate and
its effectiveness in cooling.

Second more complex and detailed thermal hydraulic
calculations were conducted using the GCTH computer code.
The simulations included thermal hydraulic steady state,
annual meteorological cyclic transient, and ventilatiocn
outage transient simulations. These simulations were
utilized to evaluate the effect of annual cyclic
meteorological conditions including extended hot periods
during summer, to calculate the expected effectiveness of
the insulating concrete air c¢ooling channels, and to
estimate the thermal response of the tank waste during
various ventilation outage scenarios.

4.1.1. HUB Thermal Hydraulic Model

The HUB thermal hydraulic model is based on one dimensional
heat conduction equation having uniformly distributed heat

HUB is a trademark of the Numerical Applications Inc. of Richland, WA.
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sources within the heat conducting medium. In this case the
heat conducting medium is the sludge consisting of two
separate layers, each with different thickness,
conductivity, and volumetric heat generation rate. The
boundary conditions include the effect of heat loss to
the secondary ventilation flow through the insulating
concrete air slots and of heat loss due to the primary
ventilation flow. The methodology accounts for the liquid
evaporation process at the pool/dome &ir interface using
the correlation [Boelter, et.al., 194¢] developed for
water evaporation rates into quite air by natural
convection.

The bottom layer is the existing sludge layver of Tank
AY-102 and the top layer is the transferred sludge from
Tank C-106. The HUB calculations initially assumed the
secondary ventilation was either inoperable (i.e.

adiabatic boundary),or that the air leaving the flcor
channels reaches the sludge bottom temperature (i.e. 100%
effective cooling). These initial calculations either
overestimated or underestimated the ccoling effectiveness
of the floor ventilation channels but did provide upper and
lower bounds of potential temperature distribution in the
combined settled sludge. In spite of these simplifications,
the results provided a rapid understanding of the effects
of different parameters on the sludge temperature
distribution. This methodoclogy has prcvided a means of
estimating safe quantity sludge transfer and

corresponding sludge and supernatant temperatures.

The HUB calculations were further extended to include an
effectiveness factor for the floor cocling channels. The
cooling channel effectiveness was defined as the ratioc of
the change in air temperature to the maximum possible air
temperature change if the air reached sludge bottom
temperature. This provided further insight on the potential
and limitations for C-106 sludge transfers and pointed out
the incentive to further evaluate the details of flocor
ventilation cooling. Parametric calculations were performed
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for increased flow through air channels and various cooling
effectiveness values. Further these calculations were
extended to consider potential higher fluff factor of the
transferred sludge. The fluff factor is defined as the
ratio of particle volume fraction of the sludge in Tank
C-106 before the transfer to the particle volume fraction
of resettled sludge when it reaches nonconvective state.

The initial HUB simulations and GOTH 1-D sludge transfer
simulations were based on a low secondary floor
ventilation flow rate of 500 CFM used in prior analysis of
Tank 101-AZ and a fluff factor of 1.0. The GOTH model
included a simplified 1-D treatment of the heat transfer
between the bottom of the bottom of the sludge and the
secondary ventilation air flowing within the floor

cooling channels. Additional description on the GOTH 1-D
model is provided below.

Additional three region 2-dimensional GOTH analysls was
subsequently found necessary to further evaluate details
associated with the sludge cooling effectiveness of floor
channels, and to incorporate new assumptions that had
evolved regarding the secondary floor ventilation flow
rates and fluff factor. The 2-D simulations were conducted
with secondary ventilation flow rates of 2000 and 3000 CFM
and a fluff factor of 2.0. Additional description on the
three region 2-D GOTH model_is provided below. Additional
HUB parametric analysis based on these revised assumptions
were also conducted.

4.1.2. 1-D GOTH Thermal Hydraulic Model

The 1-dimensional GOTH thermal hydraulic model was used to
include improved heat and mass transfer modeling at the
pool surface, and improved conduction and convective heat
transfer modeling between the sludge bottom and the floor
air cooling channels and to provide basis for the HUB
calculations. The model, illustrated in Figure 4.3, is a
derivative of prior analyses ([Sathyanarayana, 1994]

33



WHC-SD-WM-ER-534
Rev. O

conducted for Tank AZ-101. The sludge, supernatant, and
dome gas space are treated only in the vertical direction.
A variable number of 6 inch axial nodes are used in the
sludge depending on the thickness of the sludge being
considered. Two lumped volumes are utilized to simulate
the floor and annulus ventilation. Heat transfer from the
sludge to the floor channel air includes 1-D conduction
from the sludge to the steel plate and convection from
steel plate to the air using a lower bound convective heat
transfer coefficient for the averaged floor channel.
2-dimensional heat conduction effects are not included in
the sludge, steel, or insulating concrete. All sludge is
assumed to be located immediately above a coolant channel.
All the heat is assumed to flow through the steel plate
surface area at the top of the coolant channels. Heat
transfer through the surface area assoclated with the side
and bottom of the channel is not included. Heat transfer
between the supernatant and the secondary ventilation flow
which leaves the floor and traverses upwards through the
annulus is also included in the model.

For the GOTH l-dimensicnal model, inlet air conditions for
both the primary, and secondary ventilation flow are
assumed to be at ambient meteorclogical conditions
corresponding to a typical Hanford annual cycle. For sludge
transfer simulaticns which considered the Project W-030 new
primary ventilaticn system operating in the recirculation
mode, the recirculating air entering the tank is assumed to
have fixed flow rate, temperature and relative humidity
conditions. Soil between the tank dome and the soil surface
is included in the model and the soil surface is assumed to
be at ambient meteorological conditions. No radial
temperature gradients in the sludge due to conduction
through soil beneath, or to the side of, the tank, or due
to annulus ventilation are included in the model. Neither
are azimuthal temperature gradients due to non-uniform
cooling from the floor air channels included. Ventilation
air entering at the top of the annulus i1s also not
considered.
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Figure 4.3 Side view of GOTH 1-D Multi-Cell Aging Waste
Tank Model

When the secondary ventilation is off, the floor is assumed
to be an adiabatic boundary condition, thus providing an

upper bound on sludge bottom temperature. When the

ventilation is on, the model provides an approximate

simulation of the conduction and convection process for the
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floor cooling channel.

The GOTH 1-D Model was used to estimate the current

heat load of Tank AY-102. The current operation of Tank
C-106 simulations were alsc conducted earlier

[Thurgood, et.al., 1995] with a similar 1-D model.

GOTH 1-D model sludge consolidation simulations were
conducted with and without the secondary ventilation flow
and assuming that the retrieved C-106 sludge particles
re-settle to the current particle veolume fracticon. The GOTH
1-D simulations conducted with secondary floor ventilation
considered a flow rate of 500 CFM. Also the GOTH 1-D
simulations with Project W-030 new primary ventilation
system have considered its operation only in recycle mode.

4.1.3. 2-D GOTH Thermal Hydraulic Model

The 2-dimensional GOTH model was developed to evaluate

the cooling effects associated with the floor cooling
channels in the azimuthal and axial directions, as well as
air heatup effects in the radial directiorn, upon maximum
sludge temperature. This model consists of: (a)

three 2-dimensional (azimuthal and axial) sludge regions
corresponding to the inner, middle, and outer floor coolant
channel regions; (b) three 2-dimensional (azimuthal and
axial) floor regions located directly below the sludge
regions; and, (¢} 1 inner, 1 middle, and 1 outer tank floor
air channel. Each sludge and floor region’s radial
dimension 1s equal to the corresponding coolant channel
regions’ radial length. The model also includes the
supernatant and dome gas, annulus gas region, and top of
tank soil.

A top view of the sludge regions and corresponding floor
ventilation channels modeled is shown in Figure 4.4 and
corresponding side views are shown in Figure 4.5 for the
inner region, Figure 4.6 for the middle region, and Figure
4.7 for the outer region. The secondary flcor ventilation
model is currently based upon floor cooling channel
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geometry of AZ Tanks and not Tank AY-102. As described
earlier this modeling assumption is conservative relative
to predicting maximum sludge temperature. However,
modifications to the model to reflect the actual geometry
of Tank AY-102 should be made in the future to provide best
estimate rather than conservative simulation results for
tank monitoring purposes after the C-106 sludge transfer.
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Figure 4.4 Plan View of GOTH 3 Region 2-D Tank AY-102 Model
Showing Inner, Middle and Outer Sludge and Air Channel
Regions based on AZ tank floor geometry.
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The model inner region approximates 1/32 of the inner
region sludge volume and includes 1/2 of one of 16 air
channels. Only 1/2 of the average distance between channels
is used in this region. This model will approximate the
inner channel outlet air temperature since the ratio of the
mass of sludge in the region to the mass flow rate of
ventilation air is approximately preserved. Calculated
maximum sludge temperatures will be slightly low in the
inner region since near the periphery of this region the
maximum distance between channels is larger than the
average distance used (approximately twice as large).
Ignoring floor channel air heat up effects, the actual
expected maximum temperature in the inner region would be
similar to that in the middle region since the maximum
distance between channels in both regicns is similar.

For the middle region more than 1/64 ¢f the middle region
sludge volume and 1/2 of one of 32 air channels 1is included
in the model. For the outer region mcre than 1/128 of the
outer region sludge volume and 1/2 of one of 64 air
channels is included in the model. For both the middle and
outer regions 1/2 the maximum distance between channels 1is
used in the model, rather than 1/2 the average distance as
used for the inner region. This accounts for the maximum
azimuthal conduction distance in the sludge and thereby
insures that calculated maximum temperatures will be as
high, or higher, than will occur anywhere in these two
regions. This increases the ratio of mass of sludge tc the
mass flow rate of ventilation air above the actual

ratio and thereby increases the air temperature rise above
what the actual rise would be. This in turn also’
increases the maximum sludge temperature. The model, as a
result, predicts conservative temperatures.

The outer region in the GOTH 2-D model has the highest
calculated sludge temperature primarily because the air
channel temperature is the highest and the channel
convective heat transfer coefficient is lowest. Actual
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tank data for AZ Tanks however shows that the tank floor
temperatures are lower near the tank wall in the outer
region than the middle region. The model outer region is
13.5 feet in radial length. The three radial regions in
the model are not connected thermally (i.e. the model is
2-D, not 3-D), nor is the outer region of sludge coupled
thermally to the lower annulus ventilation air. The outer
region temperature measurements are taken 1 foot from the
tank wall and the predicted temperature is for the
averaged outer radial region of 13.5 ft of sludge.
Therefore the calculated and measured temperatures are not
incompatible given the differences between the actual tank
and the model near the tank wall. By including a thermal
coupling for the radial sludge region near the wall tec the
annulus ventilation, the predicted results can be improved
towards more realistic values. The current model for
safety analysis purposes provides a conservative estimate
of maximum sludge temperature.

The dome including the supernatant and dome space gas and
dome ventilation 1s modeled as a single volume ccoupled
thermally with the sliudge, tank top scil, and upper annuls
ventilation. Dome air flow in the model is a fraction of
the total for the tank and it is based on the ratic of the
total 3 region floor area to the total tank floor area.
Two single volumes are used to model the annulus
ventilation.

4.2. Modeling Parameters

The parameters used in the calculations are described in
this section. The parameters include primary and secondary
ventilation flow air inlet conditions for average summer
and annual meteorological cycles, tank waste properties
such as solids and liquid specific gravity, specific heat,
thermal conductivity and volume fraction of solids and
liquid. The section also addresses the waste vapor pressure
and 1ts variation with respect to temperature and waste
level and transferred sludge settling characteristics.
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4.2.1, Ventilation Flow Tank Inlet Conditions
4,2.1.1. Average Flow Inlet Conditions

HUB calculations and initial GOTH simulations were based on
steady state ventilation flow conditions. The ventilation
flow inlet conditions were either from the assumed ambient
atmospheric ceonditions, or the expected tank inlet flow
conditions from the recirculation loop of the new
ventilation system {Project W-030). The summer average
ambient atmospheric conditions were assumed to be 70 °F and
50% relative humidity. The new ventilation system tank
inlet conditions from the recirculation loop were assumed
to be 83 °F and 100% relative humidity.

4.2.1.2. Annual Meterological Cycle

The annual meteorological cycle data used in this analysis
for primary and secondary ventilation systems when
simulating cyclic tank operation over a period of several
vears 1is illustrated in Figures 4.8 and 4.9. This consists
of monthly average dry bulb temperature and the steam
partial pressure in the air (i.e. egquivalent to the
relative humidity times the saturation pressure at dry bulb
temperature). The summer average ambient conditions, and
new primary ventilation recycle inlet conditions are also
shown for comparison. For the 1-D GOTH model cyclic
operation is preceeded by an assumed steady state
continuous winter condition of 32°F and 100% relative
humidity operatior. (as shown in Figures 4.8 and 4.9} to
arrive at an approximate continous wirnter steady state
condition before continuing with 5 annual cycles of typical
ambient conditiongs. For the 2-D GOTH model the cyclic
operation was preceeded by an assumed steady state annual
average condition of 53.3 °F and 46.5% relative humidity.
Experience has shown that following this calculatiocnal
procedure, result show nearly repetitive cyclic thermal
hydraulic response after the first cycle.
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4.2.2. Tank Waste Parameters

The waste parameters regarding current contents in Tank
AY-102 and C-106, and combined waste in AY-102 are
discussed in this section. The assumptions concern with the
sludge and soil thermophysical properties, waste saturation
pressure and temperature relationship and variation with
respect to waste level. Also discussed below is transferred
waste particle settling characteristics in relation to
sludge layer thickness or particle volume fraction before
and after transfer (i.e. fluff factor), tank heat loads,
and heat load distribution.

4.2.2.1. Sludge and Soil Thermophysical Properties
The sludge and soil thermophysical properties are

summarized in Table 4.2. The thermal conductivity of the
AY-102 sludge (.35 btu/hr-ft-R) is the same as that of
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water and is the minimum value that can rationally be
assumed based on thermal conductivity models and the
analysis conducted to estimate the current Tank AY-102 heat
load. The conductivity assumed for Tank C-106 sludge in

its current state, or transferred to Tank AY-102 and
resettled to its current particle volume fraction (i.e.
fluff factor = 1.), is the same as used in a previocus
analysis[Thurgood, et.al., 1995] of Tank C-106 (.53
btu/hr-ft-R). This value is lower than calculated with the
series conductivity model for mixture corresponding to the
particle volume fraction. For Tank C-106 sludge after
transfer but resettled to only half the original particle
volume fraction (i.e. fluff factor = 2.), the value of
conductivity is .43 btu/hr-ft-R. This is calculated using
a series conductivity model for the solid/liquid mixture
and therefore conservative. The other waste thermophysical
properties were taken from a previous Tank C-106 analysis.
In this analysis <he liquid was assumed to be water, rather
than aqueocus solution.

Table 4.2 Sludge and Scoil Thermocphysical

Properties
Material liquid liquid liguid particle parcicle particle thermal

specific specific volume specific specific volume nonduct ivity

gravity heat fraction gravity heat fraction
btu btu btu
1lbm-R 1bm-R hr-ft -R
AY-102 Sludge 1.0 1.0 0.83 3.90 0.2 0.17 . 45
C-106 sludge--fluff=1. 1.0 1.0 0.52 1.60 0.2 (.48 OS]
C-106 sludge--fluff-2. 1.0 1.0 0.76 1.60 0.2 0.24 (.43
Tank overburden soil 1.78 0.2 1.00 0t
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4.2.,2.2. Waste Ligquid Vapor Pressure

Tank waste vapor pressure determines the saturation
temperature. Operatiocnal safety requirements criteria for
normal, and anticipated abnormal operating conditions such
as ventilation outages, require that the maximum sludge
temperature be maintained 30 °F below local saturation
temperature. Saturation temperature is a function of the
liquid vapor pressure characterisitics and also the local
absolute pressure in the tank. For water the vapor
pressure versus temperature characteristic 1s i1llustrated
in Figure 4.10. If there are dissolved salts in the liquid
then the vapor pressure will be suppressed relative to
water for a given waste liquid temperature. The vapor
pressure of soluticn containing 30 weight percent of scdium
nitrate is about 85% of that for water

[Sathyanarayana, et. al., 193%3]
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The local hydrostatic pressure within the waste equals
atmospheric pressure plus the integrated product of the
waste density times the local elevation of interest.
Assuming all supernatant and interstitial sludge liquid in
Tank AY-102 is water, with original sludge depth of 1 ft, a
transferred C-106 sludge depth of 9.5 ft, and a total
waste depth of 30 ft, the local hydrostatic pressure and
the local saturation temperature versus waste height from
the tank bottom is provided in Figure 4.11. These
parameters correspond to Tank C-106 sludge transfer 157,000
gallons with a heat load of 92,400 btu/hr and a fluff
factor of 2.0. 1If the current tank heat load is only
110,000 btu/hr and the transferred C-106 sludge depth 1is
only 4.6 ft (corresponds to a fluff factor of 1.0) then a
slight deviation in these curves results as illustrated in
Figure 4.11. 1If the supernatant is decanted off, and the
total waste level decreases, then the saturation
temperature will ke lower than that shown in Figure 4.11.
The acceptable margin between operating peak sludge
temperature and saturation temperature, for both normal
cperation and allowable ventilation outage periods
discussed in this report assume that the waste level is
maintained at a high level of 30 ft.
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4.2.2.3. Waste Particle Settling Characteristics

The particle volume fraction of the sludge currently in
Tank C-106 is estimated to be .48 with the balance, .52
being liquid. As described previously initial analysis
assumed the particles would resettle to the same volume
fraction before becoming a non-convective sludge after
sluicing and transfer of the waste to Tank AY-102 (i.e. a
fluff factor of 1.0). Based on experiments conducted at
PNNL [Norton, et.al., 1994a), the assumption of resettling
of particles to the original volume fraction is possibly
not conservative. Therefore, later analysis assumed that
the particles would not resettle to the same volume
fraction before becoming a non convective sludge layer, but
would only reach a volume fraction of .24 (i.e. a fluff
factor of 2.0). The results of the PNNL experiments are
replotted and briefly described to provide a basis for this
assumption.

Small scale settling Tests were conducted at PNNL using
NCAW simulant to investigate settling rates of unwashed and
washed solids in the aging NCAW tank wastes such as Tank
AZ-101 and 102. The tests were also performed using a
heated vessel for both the unwashed and the washed NCAW
simulant to evaluate the effects of radiological heating
and in-tank washing of the waste on the behavior of
particle settling. Two 7-gallon pyrex vessels with each
containing 5 gallons of simulant were used for the tests.
One vessel was equipped with a heating element to

simulate radiological heating. The heating element was
designed to provide a uniform heat flux across the bottom
of the vessel. The second vessel was not heated. Relative
comparisons of settling rates and suspended solids
concentrations in supernatant (turbidity), for heated and
ambient NCAW simulant were made. Settling velocity and
turbidity parameters were measured to evaluate the settling
behavior of the NCAW waste.
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The tests were conducted with homogenecusly mixed simulant
initialized at 140 °F (60°C) and allowed to settle due to
gravity. In the tests with the heater, the axial
temperature distribution of the waste simulant was also
monitored using five thermocouples placed at different
vertical elevations in the waste. The settling behavior of
the solid particles was monitored by tracking the positicn
of the solid-liquid interface overtime. The downward
movement of the interface as a function of time was used to
determine the settling velocity. At initiation of the
tests the uniformly mixed simulant had 3 to 4 wt% solids
concentration and a mixture density of 1.23 gm/cm3. The
solids density was 3.44 gm/Cm3.

The height of the interface as a function of both heated
and ambient vessel tests are shown in Figures 4.12 and 4.13
respectively. The figures also show the results for
unwashed particles and also particles washed up to 3 times
using a sodium hydroxide/sodium nitrite wash solution. The
test particle size was around 2.5 microns and fairly
uniform in size giving a distinct solid-liquid settling
interface. The interface moved with the velocity of the
settling particles. The axial temperature distribution
development for the heated vessel test within the
developing non-convective sludge is shown in Figure 4.14
{[Norton, 1994b) . This coupled with the movement of the
interface suggests that the simulant sludge, after settling
to a 9 to 10 cm irnterface level corresponding to about 15
wt® of solids seems to behave as a non-convective sludge
where only conduction is the means of heat transfer.
However, further slow compression or compaction of
particles will occur until the sludge finally reaches its
maximum density throughout. Based on these results and
discussions with WHC Retrieval Engineering

[MacLean, 1995], the NCAW waste in an actual tank (large
scale versus laboratory vessel) will likely settle to about
20 wt%® before becoming non-convective. It is currently
estimated that NC2AW sludge in Tank AZ-101 has a particle
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fraction of 40% by weight and 17% by volume. Sluicing and
resettling of the waste will therefore result in an initial
non-convective sludge of about 20 wt%, or a fluff factor of
about 2.

The estimated particle density for Tank C-106 waste, s.g.
1.6, is significantly lower than that estimated for NCaAW
waste, s.g. of 3.9, suggesting slower settling
characteristics for C-106 particles. However the estimated
current settled particle volume fraction in Tank C-106,
48%, 1s much higher than the estimated current settled
particle volume fraction in Tank AZ-101, 17%, an NCAW waste
tank. This suggests better settling characteristics for
C-106 particles, possibly due to larger particle size or
less tendency to form gelatenous or colloidal sludges. From
this available data on the settleability of transferred
sludge, the use of a factor of 2 seems reascnabkle for
safety considerations to estimate potential sludge
temperatures in Tank AY-102 after the transfer of Tank
C-106 sludge.
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4.2.2.4. Total Heat Load and Distribution in Tank C-106
Sludge Befcore and After Transfer

Various estimates of the heat load and heat distribution
have been made for Tank C-106. Following the 1994 Process
Test a series of analyses were conducted assuming a total
heat load of 110,000 btu/hr[Bander, 1993] . As noted
earlier, a recent simulation [Fryer, et.al., 1995] of the
Process Test estimated a higher tank heat load of 132,400
btu/hr. This is believed to be conservative, and so this
value has become the basis for safety related analysis of
this tank. Both the earlier and the new estimated heat load
values have been used in this analysis and the results are
reported herein. Only results based on the higher value
should be used for safety purposes. Results based on the
lower value are alsc provided to both document the results
and assumptions, and to also provide some insight on what
the thermal hydraulic behavior might be if the actual tank
operating conditions turn out to be close to this

heat load.

In this analysis the Tank C-106 sludge is assumed to

have a non-uniform distribution of power. The non-uniform
distribution was originally developed for a total heat locad
of 110,000 btu/hr[Bander, 1993] . This heat distribution
was used to define the relationship between the amount of
sludge removed, and its heat load. After transfer, however,
the sludge was assumed to have a uniform heat load
distribution as a result of sluicing and mixing during the
retrieval and transfer process. In this analysis when the
total tank heat load was assumed to be 132,400 btu/hr, the
normalized distribution was maintained the same, but the
power in each axial layer was scaled up as shown in Table
4.3. Also shown below are the quantities of sludge
transferred from each layer such that 40,000 btu/hr would
remain in Tank C-106 after the transfer for the two
different assumed tank heat load values. However, in the
GOTH simulations for the combined sludge in tank AY-102
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small adjustments were made to match up with
computational grid thicknesses.

Table 4.3 Power and Power Distribution

Layer Layer Layer Layer Normalized Power Thickness Thicknes:
volume Thickness Power Power Distribution Removed Removed
Fraction Based On To Leave To Leave
132400 btu/hr 40000 btu/hr 40000 btu/hr
in Tank C-106 in Tank C-1046
Assuming Assuming
Current current
Heat Load Heat Load
110000 btu/h 132400 btushr
3 fr btu btu fe ft
fe hr hr
Bottom 8264 1.87 53600 0.49 64515 .47 it 71
Middle 5826 1.32 38000 0.35 45738 1.32 1.2
Top 12281 2.78 18400 0.1¢6 22147 2.78 IR
Total 26370 5.97 110000 1.00 132400 4.%7 4.n1]
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5. RESULTS AND DISCUSSION

Both HUB calculations, and GOTH thermal hydraulic computer
code simulations were performed and the results are
described in this section. HUB methodology was developed to
obtain steady state results faster and hence perform a
number of parametric calculations. Because of some
simplifications made in this methodology, the methodology
was verified using the GOTH computer code. All transient
simulations such as annual meteorological cycle
simulations,ventilation system outages, the floor channel
cooling effectiveness calculations, and HUB methodology
verification simulations were performed using the GOTH
computer code.

The GOTH simulation conducted to provide an estimate of
the heat load currently in Tank AY-102 is first

discussed. This is followed by the Phase I analysis
conducted with both HUB and the GOTH 1-D model based on an
estimated Tank C-106 heat load of 110,000 btu/hr. Finally
results of the Phase II analysis are discussed for both the
HUB and GOTH 2-D model based on the recently revised heat
lcad estimate for Tank C-106 of 132,400 btu/hr. Included
in the Phase II results is a discussion of results
assoclated with ventilaticon outage simulaticns.

5.1. Tank AY-102 Heat Load Estimation

Earlier estimates of the heat load for Tank AY-102 have
ranged as high as 88000 btu/hr. But the measured tank
temperatures are low relative to this heat source value.
To establish a more consistent heat load for this tank, the
GOTH model was used to determine tank heat load based on
tank waste level and temperature data during a period
when no waste transfers occurred. The level change data
was used to compute evaporation rates, and this was then
compared to evaporation rates predicted. Reasoconable
comparisons to tank temperatures and the evaporation rate
data were obtained with a tank heat load ¢f 33000 btu/hr.
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All this heat source 1s assumed to be within the sludge and
the sludge conductivity is assumed to be that of water.

The calculated sludge bottom temperature is somewhat lower
than some of the tank floor temperature data under these
assumptions. The tank floor temperature data should
approach the maximum sludge temperature when the secondary
floor ventilation 1s off, as it was when this data was
taken. However, the tank data varies azimuthally around
the tank with some tank floor values being within the
calculated values and some being high or low. Given the
overprediction of the supernatant temperatures and close
comparison to evaporation data at an assumed heat load of
33000 btu/hr, it is concluded that the total tank heat
load should not be higher than 33000 btu/hr. The higher and
lower temperatures observed in the sludge relative to the
calculated values suggest that the sludge thickness may

be somewhat uneven, or the heat distribution may not be
gquite uniform in this tank.

The sludge bottom, supernatant, and dome space
temperatures calculated for five annual meteorological
cycles is shown in Figure 5.1 together with a comparison to
typical operating data. The heat removed as sensible
energy by primary ventilation air temperature change and
by evaporation is illustrated in Figure 5.2. A small
amount of heat is remcved via conduction through the soil
above the tank making up the difference between the total
tank heat load and the sum of evaporation plus sensible
heat carried by air temperature change. As noted
previously during the February time period the calculated
evaporation rate compares well to the evaporation rate
computed based on level change during this period of time
in 1995, for an assumed heat load of 33000 btu/hr. Note
that both the heat removed by evaporation and sensible air
temperature vary widely over the annual cycle.
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Figure 5.1 Tank AY-102 Current Contents Temperature
Response to Annual Meteorological Cycle, 1 ft of sludge
--Second. Vent. Off

62



WHC-SD-WM-ER-534
Rev. 0O

ay102rd
n Aug 21 15:30:24 1995
GOTH Version 3.4 - April 1991

Tank AY-102 {tank heat load 33000 btu/hr)
« QGL1s9 DC2 TV1is9 GL1s9

O~ —a .
X ']
B July 1 L dant
i tank heat load - Mar
- i
oF
v =
[ evap + sensible

=
M

Jan-Feb 95 evap
heal removal

Power (btu/hr)
20 30
\J

D

[

e

Time (sec)

:F-
i
1
o L
sensie <% P i :E
_ R
o f
of I
NIRRT RS SR N N N R
0 50 100 150 200 250 30

X1
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5.2. Tank AY-102 with Consolidated Sludge- Phase I

The phase 1 thermal hydraulic calculations of the tank
AY-102 with the ccnsolidated sludge are performed assuming
the Tank C-106 heat load of 110,000 Btu/hr.

5.2.1. HUB Parametric Calculations

Parametric calculations were conducted using HUB to rapidly
evaluate the interrelationships between sludge layer heat
loads, sludge layer thicknesses, sludge conductivity, and
the resultant sludge temperature and temperature
distribution. These calculations assumed a current
estimated secondary ventilation flow rate of 500 CFM
through the floor cooling channels, Project W-030

primary ventilation recirculation air flow rate of 400

CFM combined with a normal dome inlet flow of 100 CFM. The
secondary inlet temperature was assumed be a nominal
average summer temperature of 70 °F and 50% relative
humidity. For the primary ventilation both the
recirculation flow and normal dome inlet fliow were assumed
to be 83 °F and 100 % relative humidity.

The sludge temperature results for twc different qQuantities
of C-106 sludge transfer are shown in Figure 5.3. A fluff
factor of 1.0 and the transferred sludge conductivity of
0.5336 btu/hr-ft-R are assumed. The sludge transfer of
152,000 gallons{4.6 ft) corresponds to leaving a heat load
of 40000 btu/hr in Tank C-106, and transferring the
remaining sludge with a heat locad of 70000 btu/hr to
AY-102. The sludge transfer of 157000 gallons (5.8 ft)
corresponds to complete transfer of Tank C-106 sludge.

The heat lcad used in these calculaticns 1is lower than the
upper bound value of 132,400 btu/hr considered later for
other cases in this report.

The secondary ventilation i1s assumed tc be either on or

off. When the system is operating, it 1s assumed that the
cooling is 100% effective and therefore the ventilation
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flow exits the flcor with sludge bottom temperature. If
the sludge resettles to its current particle volume
fraction, has the current sludge conductivity, and if the
ventilation system is 100% effective, then adequate sludge
could be transferred to reduce Tank C-106 to a low heat
load tank, and still have considerable margin to local
saturation temperature from the peak value of the combined
sludge in Tank AY-102. The peak sludge temperature
calculated was 170 °F with a secondary ventilation flow of
500 CFM, and with no secondary ventilation, it will be
above local saturation temperature. Based on these
assumptions it may even be possibkle tc transfer all the
sludge and still be within operating safety limits. The
calculated peak sludge temperature for complete transfer
with secondary flocor cooling operating is 208 °F. However
if the secondary ventilation system i1s off, then even the
transfer of 4.6 f£ (70,000 btu/hr) of Tank C-10¢6 sludge to
AY-102 will develop temperatures higher than lccal
saturation values. This should be obvious since Tank
C-106 is currently at or approaching saturation
temperature, even with a much higher primary ventilation
system flow rate {currently at -2300 CFM) than currently
estimated for Tank AY-102 {(~600 CFM).
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Figure 5.3 Comparison of Temperature Distributions for
Different Transferred Sludge Thicknesses --Tank-C-106
Heat Load 110,000 btu/hr--Phase I
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5.2.2. GOTH 1-D Simulation

The results of the thermal hydraulic simulation using the
GOTH 1-D model of Tank AY-102 with the transfer of 4.5 ft
of sludge from Tank C-106 are shown in Figures 5.4 and
Figures 5.5 for secondary ventilation off and on
respectively. The case with the secondary ventilation off
provides an upper bound on expected maximum temperature in
the sludge, 248 °F. The case with secondary ventilation on
provides an approximate estimate of the expected maximum
temperature, 198 °F, in the sludge with a floor
ventilation flow rate of 500 CFM; In both cases Project
W-030 primary ventilation system with recirculation tank
air inflow is assumed operational and the sludge fluff
factor after transfer is 1.0.
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Figure 5.4 Tank AY-102 Contents Temperature Response to
Annual Meteorological Cycle After 4.5 £t Sludge Transfer
From Tank C-106--Second. Vent. Off, Fluff Factcr 1.0
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Figure 5.5 Tank AY-102 Contents Temperature Response to
annual Meteorological Cycle After 4.5 ft Sludge Transfer
From Tank C-106--Second. Vent. 500 CFM, Fluff Factor=1.0
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When the secondary ventilation is off, the maximum sludge
temperature of 248 °F occurs at the tank bottom. The
bottom sludge would then be at saturation temperature
assuming the sludge interstitial liguid is water and the
tank waste level is 30 feet from the tank bottom. Although
the meteorological conditions cycle, the sludge temperature
in this case does not vary significantly.

With the secondary ventilation on, the maximum calculated
sludge temperature is 198 °F and occurs near the interface
of the two sludge layers during the September/QOctober time
pericd. There is significant temperature cycling of the
bottom sludge due to the secondary ventilation. As noted
previously these results are based on simplified 1-D
modeling of the conduction of heat from the sludge to the
floor cooling channels. The GOTH 1-D model does not
account for the distance the heat must be conducted through
the sludge and possibly concrete, for sludge far removed
azimuthally frem a floor coolant channel. Nor does the
model include the heat transfer surface area of the sides
and bottom of the concrete air flow channel. The estimated
sludge temperature with this model does, however, provide

a measure of cooling capability based on an "average"
sludge region and simplified air channel.

The maximum sludge temperature with the secondary
ventilation operational will occur midway (azimuthally)
between the floor coolant channels and possibly at some
height above the floor, rather than at the sludge floor
interface as previocusly illustrated in Figure 3.4.
Additional multi-D analysis was conducted to examine the
details of the air cocling channel effectiveness.

Similar results are provided in Figure 5.6 for total
transfer of sludge (i.e. 6.0 ft) from C-106 to AY-102 with
the secondary ventilation on and the aforementioned
simplified conductance model from the sludge to the floor
ventilation channels. This results in a peak sludge
temperature of 240 °F at .25-.75 feet above the sludge
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layers interface. This is about 6 °F below local
saturation. No GOTH 1-D mcdel simulations with the
secondary ventilation off were conducted for the 6.0 ft
sludge transfer case since the sludge bottom will clearly
reach saturation and produce steam based on the above 4.5
ft sludge transfer results.
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Due to sludge cooling effects from the presence of soil and
floor cooling ducts a radial gradient can be expected at
the tank floor even when the secondary ventilation is off,
with the sludge being hottest at the tank center and cooler
immediately adjacent the tank wall. This is supported by
Tank AZ-101 temperature data taken when its secondary
ventilation system was off. Even with the secondary
ventilation off there will be some natural convection
effects which aid cooling of the sludge. When the
secondary ventilation is on, the sludge temperature at the
floor in Tank AZ-101 increases in the radial direction from
the tank center, reaches a peak, then cools immediately
adjacent the tank wall. These effects are not simulated in
1-D GOTH mcdel.

5.3. Tank AY-102 With Consolidated Sludge- Phase II

The phase II thermal hydraulic calculations were performed
using HUB and GOTH models assuming an upper bound heat load
of 132400 btu/hr for C-106 waste.

5.3.1. HUB Parametric Calculations

Parametric calculations were conducted using HUB to
evaluate the sludge temperature distribution for different
sludge heat loads, thickness or fluff factor, thermal
conductivity, secondary ventilation flow rates, floor
cooling channel effectiveness, primary ventilation flow
rates, and ventilation flow inlet conditions. Similar
calculations were performed using a secondary ventilation
flow rate of 2000 CFM and potential maximum value of 3000
CFM. The resulting temperature distributions for the
transfer of 4.8 ft of C-106 sludge to AY-102 with 3000 and
2000 CFM secondary floor ventilation flow at various floor
cooling effectivenesses are presented in Figures 5.7 and
5.8 respectively. A fluff factor of 2.0 is assumed for the
transferred sludge in Tank AY-102. The C-106 sludge
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conductivity is estimated using a series conductivity model
(0.4338 btu/hr-ft-R). The conductivity value is less than
the current estimated sludge conductivity due to the
reduction of particle volume fraction after transfer {i.e.
increase in fluff factor from 1.0 to 2.0).

The results show that the insulating concrete floor channel
cooling effectiveness must be at least of the order of
25-40% for flow rates of 2000-3000 CFM to maintain a
reasonable safety margin between saturation temperature and
maximum sludge temperature. With these air flow rates, and
high effectiveness, half or more of the total tank heat
load would be removed by the floor ventilation air. The
balance of the tank heat load is removed via evaporation
and heat transfer at the waste surface to the primary
ventilation air, plus smaller amounts by conduction through
the scil.

Calculations to estimate the sludge temperature
distribution were also performed with fluff factor as a
parameter. The operating conditions of Tank AY-102 with the
combined sludge are assumed to be same as for the results
of the Figure 5.8 which is based on fluff factor of two.
The transferred sludge heat load of 92,400 Btu/hr, and
average summer inlet flow conditions are assumed for the
ventilation flow. The primary and secondary ventilation
flow rates of 630 and 2000 CFM respectively are assumed.

Figures 5.9 and 5.10 show the results of temperature
distribution for the transferred sludge with fluff
factors of one and three respectively. The estimated peak
temperatures of the combined sludge are shown in Figure
5.11 as a function of cooling channel effectiveness and
transferred sludge fluff factor. The results show that
for a cocling effectiveness of 35% andé a fluff factor of
1, for example, the peak sludge temperature will be much
below OSR limit. If the fluff factor is two, then the
peak expected temperature is close to the OSR limit.
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However, if the fluff factor happens to be three, the peak
temperature will be above even the local saturation

value. The results show that the fluff factor of the
transferred sludge should be less than two and the

cooling effectiveness of the cooling/drain channels in

the insulating concrete of the tank should be above 35%
for these operating conditions to maintain the peak

sludge temperatures within the OSR limits.

It is also noted that without floor ventilation 159,000
gallons (4.8 ft) of sludge transfer would result in
reaching local saturation conditions in the waste leading
tc the formation of steam, and the periodic or continuous
promotion of some fluid convective action to transport the
tank heat load from the lower sludge to the supernatant
and/or tank dome. One possible mode of fluid convective
action is steam bumping.

For a given cooling channel effectiveness, this analysis
method computes the temperatures of the sludge and floor
exit air. However, the effectiveness is an unknown
parameter. In order to make a realist.c estimate of this
parameter, 2D GOTH model was developed. A 3 Region 2-D GOTH
model was utilized to simultaneously calculate the sludge
and ailr temperatures from which the cooling channel
effectiveness is derived.
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5.3.2. 2-D GOTH Model Simulations

The 2-D GOTH model consists of three regions each
representing the three radial sections of the floor cooling
channels. Using this model, the simulations are based on
upper bound Tank C-106 heat load of 132400 btu/hr, and
transfer of 4.75 ft of sludge to AY-102. After transfer

it is assumed that the sludge thickness will increase to
9.5 feet (fluff factor of 2)as a result of particles
settling to only half the current particle volume before
the sludge becomes non-convective. This sludge transfer
will keep 40000 btu/hr heat load in Tank C-106.

Four simulations with normal operation of ventilation
systems were performed. The first two simulations
calculate steady state solutions using nominal summer
average ventilation air inlet conditions and for 3000 and
2000 CFM floor ventilation flow rates respectively. The
third simulation imposes repeated annual meteorological
cyclic conditions at the inlet to the ventilation systems
with 3000 CFM flow rate. The fourth simulation uses a
superimposed 2 week 105 °F hot summer period upon the
annual cycle simulation to evaluate the effect of an
unusually hot summer on maximum sludge temperature,using
again the 3000 CFM flow rate.

Although safe operating conditions for the Tank AY-102
after sludge transfer have been identified with
ventilation systems operating normally in this analysis,
none of these operations are acceptable under continuous
outage of either the primary, or secondary, or combined
primary and secondary systems. The ventilation system
outage simulations were conducted to define allowable
outage time periods.

5.3.2.1. 3000 CFM Flow with Average Summer Conditions

Steady state simulation results for the GOTH 3 Regicn 2-D
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Model with primary and secondary ventilation flow rates of
552 CFM and 3000 CFM respectively, and having inlet air
conditions of 70 °F and 50% relative humidity are provided
in Figures 5.12-5.14. Temperature contours in the sludge
and tank floor are illustrated in Figure 5.12. As
indicated each sludge region at the tank bottom becomes
progressively hotter due to heat up of the air as it moves
from the center of the tank towards the annulus. However
at the top of the sludge the temperatures are nearly
uniform in the radial direction. This is due tc uniform
cooling from the dome convective heat transfer and mass
transport (1.e. evaporation} at the supernatant surface and
the presence of well mixed supernatant with convection
currents,

In the azimuthal direction the sludge temperature at the
tank floor increases no more than 10 °F from the top of the
cooling channel t¢ the mid channel location. The primary
tank bottom steel plate acts as a very good ceonductor or
fin to transport heat azimuthally from the sludge to the
alr cooling channel.

The sludge temperature variation with respect to time for
three axial locations close to the peak temperature
location (4.25 feet) in the outer radial region is
illustrated in Figure 5.13. Starting from an initial
guessed temperature distribution, the sludge interior
reaches steady state with a peak temperature of 190 °F at
4.25 ft from the tank bottom. The temperature of the
secondary ventilation air at inlet floor cooling channel
and at outlets of the 3 radial cooling channel regions are
illustrated in Figure 5.14. The ocuter region has the
highest temperature and also the largest temperature change
since the air progressively heats teo higher and higher
temperatures as it traverses the cooling channels, and
because the outer region cools a much large veolume of
sludge than the middle or inner regicns. The sludge
temperature near the wall does not decrease as cbserved in
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the actual tank since the model does not include thermal
coupling necessary between the outer sludge region and the
lower annulus ventilation flow.
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5.3.2.2. 2000 CFM Flow with Average Summer Conditions

Since the secondary ventilation system may not be capable
of supplying a flow rate of 3000 CFM, a simulation was also
conducted at a more recently estimated flow rate of 2000
CFM. The calculated sludge temperature distribution

as temperature contours for all three regions, the sludge
temperature variation near the peak temperature location
and the cooling air temperature at inlet to the cooling
channel and outlet from all the three region channels, as
in the case of the 3000 CFM flow case are shown 1in Figures
5.15-5.17. The maximum sludge temperature estimated with
2000 CFM flow through the floor cooling channels and the
alr entering at steady state average summer meteorlogical
conditions is 201 °F and the peak temperature occurs at
3.75 ft above the tank floor. As the cooling air flow rate
is reduced, the peak sludge temperature will increase and
the peak temperature location will come closer to the tank
bottom, and the tank bottom will ultimately reach an
adiabatic condition.
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5.3.2.3. 3000 CFM Flow with Annual Meteorological
Conditions

Monthly averaged annual metecrological conditions will
result in greater yearly average cooling of the tank waste
than the constant temperature of 70°F and 50% relative
humidity conditions considered for average summer
conditions. However, 1t was not clear what the effect of
annual cyclic meteorological conditions would have on the
maximum sludge temperature during or following the summer
season. A simulation using a monthly averaged annual
meteorological cycle conditions for the inlet air to both
the primary and secondary ventilation systems was
developed. The predicted thermal response ¢of the tank
contents is shown in Figure 5.18 for an assumed flow rate
of 3000 CFM. The maximum calculated temperature is 183 °F
and this occurs 1in late summer/early fall. Thermal inertia
effects coupled with cold winter conditions therefore
reduce the maximum temperature compared to the 19C °F
calculated with the steady state average summer conditions.
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Factor 2.0
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5.3.2.4. 3000 CFM Flow with 2 Weeks of Abnormally
Hot Summer Conditions

The above simulation does not consider the impact of
unusually hot summer periods upon the thermal hydraulic
behavior of Tank AY-102 after the transfer of C-106.
Figure 5.19 provides tank contents’ temperatures resulting
from two weeks of continuous 105 °F weather superimposed
upon the annual meteorological cycle based upon monthly
average temperatures. Peak sludge temperature increases by
about 2 °F to 185 °F. Although Hanford temperatures
frequently exceed 105 °F, they do not typically remain
continuously at or above 105 °F both day and night for two
weeks at a time. Periods of unusually hot weather should
therefore not result in significantly higher peak sludge
temperatures than that calculated for the annual cycle
based on mcnthly average temperatures.

Although the peak sludge temperature changes by only 2 °F
due to the unusually hot 2 week weather pericd, larger
changes were calculated for sludge near the tank floor
which is more strongly affected by inlet air temperature
changes than the maximum temperature region, 4.75 ft above
the tank bottom. Sludge temperature immediately above a
floor cooling channel near the center of the tank was
calculated to increase an additional 20 °F above that
calculated for the annual cycle based on monthly average
temperatures. Temperatures near the top of the sludge layer
increased by only about 1.5 °F due to the large thermal
inertia of the supernatant, and the increase in

evaporation rate which somewhat compensates for the
increased air inlet temperature.
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Figure 5.19 Annual Meteorological Cycle Plus 2 Weeks of
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5.3.3. Loss of Ventilation Systems

Although safe operating conditions for the Tank AY-102
after sludge transfer have been identified with
ventilation systems operating normally in this analysis,
none of these operations are acceptable under continuous
outage of either the primary, or secondary, or combined
primary and secondary systems. The ventilation system
outage simulations were conducted to define allowable
outage time periods and the results are described in this
section.

The 2-D GOTH model was utilized to evaluate the effect of
loss of ventilation systems for the Tank AY-102 with
consolidated sludge. Four different simulations were
performed for loss of ventilation. The first and second
simulations model combined primary and secondary
ventilation outages for 58 days starting with 3000 and 20C0
CFM secondary ventilation respectively. The third and
fourth simulations assume a 58 day secondary ventilation
cutage and a 58 day primary ventilation outage
respectively, both with a 2000 CFM initial secondary fiow
rate.

5.3.3.1. Combined Ventilation Systems Qutage- 3000 CFM
Flow Operation

This simulation assumes a secondary floor ventilation flow
of 3000 CFM before and feollowing the outage. The
temperature response of the hottest sludge location during
a combined primary and secondary ventilation outage lasting
58 days and following restart is illustrated in Figure
5.20. The maximum temperature reached is 227 °F and occurs
at or near tank bottom. This is below the water

saturation temperature for a 30 ft waste level, however, it
does not provide 30 °F margin required by the operational
safety requirements (OSR) criteria. In order to maintain
the peak sludge temperature with 30 °F margin requirement,
the outage must be limited to less than 48 days.
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For reduced waste levels, and therefore lower hydrostatic
pressure and saturation temperature in the sludge, the
allowable outage time must be reduced below 45 days. In

the extreme conservative case if we assume the saturation
temperature at tank bottom corresponds to water at
atmospheric pressure, 212 °F, then no outage time is
allowed if the 30 °F margin must be maintained since the
sludge would not be allowed to go above 182 °F. Neither
would normal operation be acceptable since the waste is
calculated to be above this limit under normal operation
(190 °F). Under these circumstances current operation in
tanks AZ-101, AZ-102, and C-106 would be unacceptable since
they typically operate with sludge at or above 182 °F.
Therefore, the high waste levels must be maintained to keep
the peak sludge temperatures within operating limits.

5.3.3.2. 2000 CFrM floor Ventilation and 58 Day Combined
Ventilation Systems Qutage

If the secondary floor ventilation flow rate is reduced to
2000 CFM, in comparison to 3000 CFM, the normal sludge
operating temperatures increase, and as a result during a
ventilation outage the sludge will rise to a higher
temperature after a given outage time period. This can be
observed by comparing Figure 5.20 for 3000 CFM to the
following Figure 5.21 for 2000 CFM. For 2000 CFM, the
maximum temperature reached after a 58 day outage is 240
°F, or 13 °F higher than the 3000 CFM case. In this case
the outage must be limited to 30 days assuming a waste
level of 30 ft to keep the peak sludge temperatures within
operating reguirements. For lower levels of waste, the
outage time must be reduced further.
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Thermal response of the tank dome gas and supernatant is
illustrated in Figure 5.22. As the results show the
temperature increase of supernatant is relatively small in
comparison with the increase of sludge peak temperature.
The temperature increase is supressed due the large thermal
inertia of the supernatant and the relative rapid thermal
transport due to convection within the supernatant.

99



WHC-SD-WM-ER-534

Rev. 0O
ay263dpso
Fri Dec 22 15:56:47 1995
GOTH Version 3.4 - April 1991
i
o TLBs154 TL7 TV7 TAS1 T851
3 — et e et Berern S,
O -
N p—
u"_‘ | sludge 29.75 ft above tank primary floor
0 B
3 -
g or
8_ 9 —  supernafant  ~
5 - emewsn
- P J
L botiom of soil overburden
of
o
| assumed ambiert air temperature
| begin prim. & second. vent. outage 8nd 5B day vent. outage
8IllllI[Illllll|1]l|l|lillLlll
-6 -4 -2 0 2 4 6
Time (sec)
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5.3.3.3. 2000 CFM floor Ventilation and 58 Day Secondary
Ventilation Outage

The thermal response of the sludge at the bottom of the
tank during a secondary ventilation outage is essentially
the same as that for a combined outage of both primary and
secondary ventilation systems as can be observed by
comparing Figure 5.21 with Figure 5.23. The thermal
response of the dome gas temperature and supernatant is
small since the primary coolant system is maintained
operaticnal in this case. This is illustrated in Figure
5.24 for comparison with Figure 5.22, The supernatant and
dome gas decrease in temperature during the outage. Prior
to the outage the hot air leaving the floor acts to heat
the supernatant and dome gas as it rises in the annulus.
When the outage occurs this heating process 1is
discontinued, and the supernatant and dome gas decrease

in temperature, in spite of the increasing temperatures
near the tank bottcom. When the secondary ventilation
resumes operation, the air leaving the floor is now much
hotter than the normal operation. This acts to heat the
supernatant and dome gas above normal operating
temperature, as do delayved thermal effects from the sludge
caused by the outage. In summary the supernatant and dome
gas decrease in temperature below normal operating
temperature during the outage and increase in temperature
above normal operating temperature following the ocutage
with the resumption of secondary ventilation system
operaticn.
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5.3.3.4. 2000 CFM floor Ventilation and 58 Day Primary
Ventilation Qutage

The thermal response of the consolidated sludge during a
primary ventilation outage ¢f 58 days is small. Increase
in sludge temperature at the maximum temperature
location is 2.5 °F as shown in Figure 5.25. Increases in
the dome gas and supernatant temperatures are shown in
Figure 5.26 and can be compared to Figures 5.22 and 5.24.
Assuming the normal operating waste temperatures are well
below operating temperature criteria based on saturation
temperature, a primary ventilation system outage could be
tolerated for an extended period of time beyond 58 days if
the secondary ventilation system is operational. However,
this should not be allowed as it exacerbates the sludge
heatup problem if and when a secondary ventilation system
outage occurs.
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5.4. Summary of Results

Table 5.1 below summarizes the GOTH 1-D and 3 Region 2-D
simulations conducted for the Tank AY-102, and the
parameters assumed. Listed in the table are the maximum
sludge temperatures calculated for each simulation, the
axial location of the maximum temperature, and the margin
relative to saturation temperature.

Table 5.1 Summary of GOTH Model Simulation Cases

Simulation Simulation Reference Mcdel Reference Reference Assumed

Purpose Discriptor Tank Type Tank Tank - 106
Number Assumed  Assumed current

Heat Sludge Heat

Load Thickness Luad

1 2 3 4 S [ 7

btu btu

hr hr
Estimate heat load/comp. to data aylo2rd AY-102 1-D 33000.0 1.0 0.0
Estimate sludge temp after transfer|ayl2lérl AY-102 1-D 33000.0 L.af 111060000
Estimate sludge temp after transfer|aylZlérZx |AY-102 1-D 313000.0 1.0 11100000
Estimate sludge temp after transfer|ayl2lérdx |AY-102 1-D 33000.0 1.0 1110800 4
Estimate sludge temp after transfer|ay263d4 AY-102 2-D 33000.0 108 13:a06,0
Estimate sludge temp after transfer|ay26343 AY-102 |2-D 33000.0 1.0 13z400.0
Estimate sludge temp after transfer|ay263d7 AY-102 2-D 33000.0 1.07 132400 0
Estimate sludge temp after transfer|ay263dlz AY-107 2-D 33000.0 1.0 13240600
Secondary & Prim. vent. outage ay263dll AY-10Z 2-D 33000.0 P.0f 13040000
Secondary & Prim. vent. outage ay2&63dpso JAY-102 2-D 13000.0 1.0 13z400.0
Secondary vent. outage ay263idso AY-102 2-D 33000.0 1.0] 13z4n0.n
Primary vent. outage ay26idpo AY-102 2-D 33000.0 1.t 1424060

107




WHC-SD-WM-ER-534
Rev. O

Cc-108 Cc-106 Total Supernatant Reference TransferredReference Frimary
31udge S1ludge Sludge Thickness Tank Sludge Tank vVeprilarion
Transfer Fluff Thickness After Sludge Assumed Total Dy St em
Factor After Transfer Assumed Thermal Keat Tyypre
after Transfer Thermal Condustivity Leoad
transfer Conductivity after After
to transfer Transfer
AY-102
8 9 10 11 12 i3 14 1E
£t £t £t btu btu btu
hr-ft-R hr-£ft-R hr
.00 0.0 1.0 23.§ 0.3Y 0.0004 33000.Qcurrent
4.50 1.9 5.5 24§ 0.35 0.5334 103000.9W-30
4.50 1.0 5.5 24 .4 0.35 0.5334 103000.¢W-30
5.00 1.0 7.9 23.0 0.35 0.5334 143000.0¢W-230
4.75 2.0 10. 9 15.9 0.35 0.43349 125400.¢W-30 or currer
4,79 2.0 10. 9 19,5 0.35 0.4334 125400.0W-30 or currey
4.75 2.0 10.4 19,5 G.35 0.4334 125400.0W- 30 or currel
4.75 2.0 10.H 15.9 0.35 0.4335 125400.8wW-30 or currer
4.74 2.0 10.4 19,5 0.35 0.4334 125400,8W-30 or currer
4.7¢ 2.0 10.5 19.49 0.35 0.4334 12%400.0W-30 »r currer
4.7§ 2.0 10.9 15,9 0.35 G.4334 12%400.¢wW-30 or currer
4.7 2.0 14G. 1%.5 0.351 0.433 125400, W-30 or curret
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Primary Primary Primary SecondarySecondary Meteorclogical Maximum Locarion

system Normal Recirc System Vent Conditions Sludge of Max.

Operating Inlet Flow Type Flow to Assumed Temperature Slwdge
Mode Flow Tank Tempelarin

Bottom Abxrve

Tank
BoUr om
16 17 18 19 20 21 22
3 3 3
ft ft ft F Ft

min min min PR

once thru 500 G| Current 0|MA--annual cycle &e. 0 U

recirc 100 400|Current 0[MA--annual cycle 246.( VA
recirc 100 400| current S00|MA--annual cycle 148.¢C 1.0
recirc 100 400/ current SQO0|MA--annual cycle 240.¢ 1.°%1
once thru 6001 0| upgraded 3000 average summer 190.4 4. .0
once thru 600 O|upgraded 2000 average summer 201, ERAY
once thru 600 0|upgraded 3000 MA--annual cycle 183.¢ 4,7
ocnce thru 600 tlupgraded 3000 hot 2 wks--an. cyc 185.¢ 4.7
once thru 600 Otupgraded 3000 average summer 227.4 0,7
once thru 600 Ol upgraded 2000 average summer z40.4 ¢.75
once thru 600 Olupgraded 2000 average summer 240. 0 0,75
once thru 600 0] upgraded 2000 average summer 204.4 375
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HydrostaticSaturation Margin
Pressure Tem: - below

at at Saturatior]
Max. Temp. Max. Temp. Temp. .
Location Location

24 25 26
psia F R
25.53 241.2] 165.21
28,44 247 .39 -0.69
27.83 246 .06 48.04
27.74 245 .45 5. 48
26.29 242.77 £31.77
26.50 243.29 42.29
26.04 242,29 £y 24
26.00 242.24 57.24
28.03 246 .44 19.44
28.03 246 .44 6.46
28,01 246 .44 6.4
26.54 243.294 39,29
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Preliminary analysis results were documented in a memo
dated September 20, 1995 [Sathyanarayana, 1995]. This
report includes all the analysis performed. The composite
results are summarized below.

1. Following transfer of 4.75 ft of Tank C-106 sludge the
GOTH 2-D model predicts 190 °F and 201 °F peak sludge
temperatures with 3000 and 2000 CFM secondary floor flow,
respectively, and 600 CFM primary ventilation air inlet
flow at average summer conditions of 70 °F and 50% relative
humidity. The peak temperatures occur at 4.25 and 3.75 feet
respectively above the tank bottom. HUB analysis
calculates peak sludge temperature of 191 °F at an axial
location of 4.25 ft and 201 °F at 3.75 ft using 3000 and
2000 CFM secondary ventilation flow respectively
corresponding to cooling effectiveness of the floor
channels of about 32% and 37% respectively. The cooling
effectiveness for the HUB analysis is determined

from the GOTH simulation results for the same assumed
conditions. The HUB methodology provides gquick and
reasonable results for parametric analysis.

The transfer of 4.75 feet of sludge from C-106 will reduce
the heat load for the remaining sludge in C-106 to 40000
btu/hr thereby qualifying it as a low heat lcad tank.

2. The assumed average summer meteorological conditions for
the ventilation flow inlet conditions to the primary and
secondary ventilation system is conservative. GOTH
simulations based on a secondary ventilation floor flow of
3000 CFM result in a reduction in peak sludge temperature
of 7 °F, relative to that for average summer meteorological
conditions. Superimposing 2 weeks of unusually hot weather
upon the annual meteorclogical cycle increases the maximum
sludge temperature only an additional 2 °F. Similar
conclusions could be drawn for secondary ventilation flow
rates of 2000 CFM.
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3. Maintaining the maximum sludge temperatures at or below
201 °F requires that the primary dome ventilation be
maintained at its current level of about 600 CFM supplying
air to the tank inlet at ambient inlet conditions. This
means that i1f the transfer is made before the Project W-030
new ventilation system is operable, the old system must be
capable of maintaining its current flow rates.

If the Project W-030 new ventilation system becomes
operational prior to the transfer, the primary or dome
ventilation to Tank AY-102 should be cperated in the once
through mode with the tank inflow adjusted to a minimum of
600 CFM. Following the transfer, Tank AY-102 should not be
operated in the recirculation mode following the transfer,
until operating experience in the once through mode

assures this operating mode is acceptable.

Maintaining these low sludge temperatures also reguires
that the secondary ventilation system be made operatiocnal
and that a flow rate of 2000 CFM be provided to the floor
cooling channels. Although this analysis indicates
ventilation flows as low as 2000 CFM may preclude exceeding
sludge saturation limits, the 3000 CFM flow rate should be
obtained 1f possikle to allow larger safety and operaticns
margin due to uncertainties in the tank heat loads, primary
ventilation flow rates, heat load distributions, and
transferred particle settling characteristics.

4. These calculations have assumed that the particles in
the sludge retrieved from Tank C-106 will re-settle to a
particle concentration at least half as large as that
currently existing in Tank C-106, (i.e. fluff factor of
2.0). Higher fluff factors will result in higher sludge
temperatures, lower fluff factors will result in lower
sludge temperatures.

5. Transferring all of the C-106 sludge to the top of the
sludge currently in AY-102, without activating the
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AY-102 secondary ventilation, will result in reaching
saturation temperature in the sludge at the tank bottom and
the production of steam in the sludge--even if the

combined sludges have thermal and physical properties,
including particle concentration, similar to that which
currently exist in these two tanks. Fluffing of the
particle concentration of the transferred C-106 sludge
would exacerbate steam production.

6. Activation of the secondary ventilation system can have
significant cooling effects on the sludge both at the tank
floor and throughout the tank. If flow rates of 3000 CFM
to the floor coolant channels can be obtained, over half
the tank heat lcad will be removed with the secondary
ventilation system and the balance with the primary or dome
ventilation system, and heat loss wvia conduction through
the soil. Operating a double shell tank in this high
secondary floor ventilaticn heat removal mode is a
significant departure from normal operating practice and
was apparently not censidered as part of the original
design basis of the tanks. It should therefore be
theroughly investigated to insure no safety issues are
overlooked before operating in this mode 1s undertaken.

7. The primary steel floor is a major factor in limiting

the sludge temperature mid way between floor channels. It
acts as an effective fin conducting heat azimuthally from
the sludge far removed from a coolant channel to the air

flowing in the channel.

8. The current AY/AZ tank farm primary ventilation system
will provide less cooling to the combined AY-102/C-106
sludge than the current C-106 primary ventilation system,
due to the 4 fold reduction in tank air flow. The Project
W-030 new primary ventilation system for the AY/AZ tank
farm will provide even less cooling than the current AY/AZ
primary ventilation system when operating in the
recirculation mode due to further reduced air flow and
worse ventilation air inlet conditions. In the
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once-through or non-recirculating mode the Project W-030
new primary ventilation system will provide about the same
tank inflow rate at ambient conditions that the current
system does.

9. Due to the lack of operating experience and original
tank design basis, demonstration of effective floor cooling
at high ventilation flow rates should be considered using a
high heat load tank such as Tank AZ-101 or az-102.
Pre-demonstration simulations of the sludge temperature
reductions expected at high secondary ventilation flow
rates for these tanks should be made, and subseguently
followed by the test for comparison to demconstrate the
validity of the predictive thermal hydraulic tools and
methods.
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6. CONCLUSIONS

1. Tank AY-102 can be operated below operating reguirement
temperature limits following the transfer of adequate
sludge from Tank (-106 to reduce the heat load in Tank
C-106 below 40,000 btu/hr. This will require a floor
ventilation air flow rate of 2000 CFM or greater to be
provided to the central floor distribution plenum to cool
the tank floor. It will also reguire that the transferred
sludge achieve a particle volume fraction no less than 50%
of that currently in Tank C-106 after settling to the
non-convective condition (i.e. fluff factor must be 2. or
less}. In addition tank waste level must be maintained
nearly full, or liguid saturation pressure within the
sludge must be demonstrated to be greater than that of
water.

2. Ventilation outages of 1 month can be tolerated
depending on the saturation temperature characteristics of
the waste and the waste level maintained in Tank AY-102
after transfer. However, operating procedures should not
allow outages longer than 2 weeks to allow some safety
margin.

3. The analysis conducted includes potential conservatisms
which limit the amount of sludge that can be transferred.
If the fluff factor after transfer is found to be
significantly lower than 2., if the secondary floor
ventilation flow rates can be raised significantly above
2000 CFM, and if the Tank C-106 heat load is determined to
be lower than 132,400 btu/hr, then all of the Tank C-106
waste can possibly be transferred.
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