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1.0 INTRODUCTION

On November 10, 1998 the temperatures measured by the Riser 14-thermocouple tree,
began increasing from a normaf operating temperature near 125 “F as measured by
thermocouple l(TC1). Thetemperature of TCl increased to225°F over the next two
months. Thesluicing activities inthetank were expected toeliminate convective cooling
atthelocation of Riser 14, resulting intheobserved temperature increase. However, the
measured waste temperatures at Riser 14exceed themaximum waste tempemtures
predicted bythethermal process control model. They also exceeded the maximum
temperature limit for Riser 140f218°F. This was unexpected. An evaluation was
subsequently performed. Thepurpose of theevafuation wastodetermine why the
measured Riser 14 temperatures were higher than expected and whether sufficient
subcooling existed inthewaste tocontinue sluicing activities. The evaluation considered
previous thermal transients for tank 241 -C- 106, a review of the process control model
andassumed initiaf conditions, and are-assessment of thewaste saturation temperature.

The evaluation concluded that the bulk of the waste was subcooled by at least 10 ‘F.
While best estimate thermal analyses indicate that all the waste is subcooled, small
portion of the waste, with saturation temperatures lower than the bulk waste, could be at
ornear saturation temperatures. However, spontaneous steam bumps did not occur
during the 1992ventilation outage orthe1994process test when significant regions of
thewaste were at saturation. With liquid pool covering during thetirst increment of
sluicing toprevent mechanical dismption near the tank bottom, smailregions will not
present ariskofa steam bump. Theunder-prediction of themaximum waste temperature
wastheresult ofalowestimate of the waste saturation temperature. Revised estimate of
the saturation temperature is 5 “F higher than previous estimate.

Twothermal transients fortank 241-C-106are discussed in Section 2.O. Anevaluationof
these thermal transients provides the initial conditions for the process control analyses,
Theresults of theprocess control analyses represented in Section 3.O. Both the
predicted waste subcooling andmaximum waste temperatures arepresented. The Riser
14temperature response ispresented in Section 4.O. This includes are-evaluation of the
waste saturation temperature, Conclusions of the Riser 14temperature evaluation are
provided in Section 5.0.
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2.0 HISTORICAL C-106 THERMAL EVENTS

Tank 24 l-C-106 has experienced two thermal transients beyond normal tank operation.
In 1992, an unplanned ventilation outage occurred which resulted in a total loss of
ventilation for nearly six months. The tank waste experiences a significant heat-up
during this ventilation outage. In 1994, a process test was conducted which eliminated
water additions to the tank for a period of four months. The waste surface was uncovered
which decreased the supernate evaporation. Both events resulted in off-normal thermal
transients. The evaluation of these thermal transients has provided useful information
about the tank waste temperatures.

2.11992 VENTILATION OUTAGE

In January of 1992, the tank241 -C- 106 ventilation system was out of operation for nearl y
six months. The loss of ventilation resulted in a significant tank heat-up. The measured
dome space temperatures are shown in Figure 1. The dome space tern eratures increased

Pto over 150 “F. Thermal analyses were performed using the GOTHIC computer code
and the computer model used for the process control thermal analyses. The model
accounts for buoyancy driven natural convection flows. The predicted dome
temperatures agree well with measured data as shown in Figure 1. A second calculation
was performed which eliminated evaporative cooling 80 days after the loss of ventilation.
The predicted dome temperature is shown in Figure 1, The second analyses demonstrates
that evaporative cooling, resulting from the natural convection flow, is required to predict
the dome temperatures.

Figure 2 shows the measured and predicted supernate level. The level drops after the loss
of ventilation (for about 3 weeks) but then increases until ventilation flow is re-
established, The predicted level is based upon the water loss from evaporation. The
difference between the measured and predicted level is attributed to a significant volume
of waste reaching saturation temperature which was previously subcooled. Vapor was
trapped in the waste resulting in an increase in the supernate level. Small portions of the
waste may have been at, or near saturation temperature, prior to the loss of ventilation.
These regions should be small, however, since the supemate level was not significantly
affected for several weeks after the loss of ventilation.

Based upon the evaluation of the 1992 ventilation outage, it is appropriate to assume that
the bulk of the waste was subcooled b y a minimum 5 ~ in the winter of 1992 prior to the
ventilation outage.

‘ Gothic is proprietary software of the Electric Power Research Institute.
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Figure 1 C-106 Dome Temperature for 1992 Ventilation Outage
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Figure 3 GOTH Prediction of 1994 Process Test Without Steam Generation.
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2.21994 PROCESS TEST

A similar behavior was observed following the 1994 tank 241-C-106-process test.
Evacuation of the 1994 process test (Bander 1995) demonstrated that waste temperatures
in a significant volume of waste had reached saturation temperatures, resulting in vapor
storage in the waste and an increase in waste volume. This effect is shown in Figure 3.
No water additions occurred during the process test that resulted in the initial level
decrease shown in the figure. The waste was uncovered for approximately 30 days,
which decreased the waste cooling (decreased evaporation). Water additions, 100 days
after the start of the process test, brought the level to near 79 inches. However, GOTH
analyses which modeled that actual volume of added water (with boiling disabled for the
analyses), showed a discrepancy between the measured level and the expected level,
based upon the water additions.

When the GOTH analyses were repeated, allowing steam formation, the predicted level
agreed well with the measured level as shown in Figure 4. The increase in waste volume
from the expansion of the waste closed a small cooling channel surrounding the Riser 14-
thermocouple tree, With the loss of liquid convective cooling, the local waste
temperatures increased as a result of conduction heat transfer. Thus, a significantly larger
portion of the tank 24 1-C- 106 waste was at saturation temperature following the 1994-
process test. The maximum temperature for the bulk waste was then just at or below
waste saturation temperature for summer condition in 1994. As stated in the previous
section, small portion of waste could have been at or near saturation temperature prior to
the 1994 process test but are expected to be small.

6
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Based upon the evaluation of the 1994 process test, it is appropriate to assume that the
maximum temperature of the bulk waste was just at or below saturation temperature for
summer condition in 1994. This is consistent with 5 ‘F subcooling in winter of 1992
(roughly 7 “F increase in subccoling for winter conditions, with several degree reduction
in s{bcooling for the higher heat lo~d in 1992).

Figure 4 GOTH Prediction with Steam in Waste
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2.3 INITIAL TEMPERATURE FOR PROCESS CONTROL ANALYSES

The analyses discussed in the Sections 2.1 and 2.2 demonstrate that the C-106 maximum
waste temperatures were below saturation temperatures, in the bulk of the waste, during
the winter of 1992 and before summer of 1994. The thermal transients resulting from
the 1992 ventilation outage and the 1994-process test increased the waste temperature to
waste saturation temperatures in a significant volume of waste. This establishes a starting
condition for the process control analyses discussed in Section 3.0. The waste saturation
temperature was estimated using chemical composition of waste samples (Reynolds
1994). A saturation temperature estimate of 230 ‘F was used for the process control
thermal analyses.

It should be noted that thermal analyses assume the waste is homogeneous with respect to
the saturation temperature. The evaluation of the thermal transients show that on average
the waste was below the saturation temperature as previously discussed. This does not
however rule out the possibility that small regions of the waste may have lower saturation
temperatures or a higher local heat generation than the bulk of the waste, These regions

7
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could be near or at saturation when the bulk waste is subcooled. However, as discussed
in Section 2.1 and 2.2, these regions are believed to be small if they exist and the use of
the saturation temperature for the maximum temperature of the bulk waste is appropriate.
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3.0 PROCESS CONTROL ANALYSES

The waste subcooling is not measured directly at the location of the maximum waste
temperature (centerline bottom of the tank). The Waste Retrieval Sluicing System
(WRSS) Process Control Plan (Carothers et al. 1998) stipulates that thermal anafyses
shall be performed to determine the subcooling of the maximum temperature waste for
tank 241 -C- 106. A description of the thermal model and the benchmark of the model
with tank data are provided in Ogden et al. 1998a. The thermal model benchmark results
are shown in Figures 5 and 6. A comparison of the predicted dome space temperature
with data is shown in Figure 5. The analyses through December of 1996 were performed
with monthly average data. The remainder of the analyses used daily ambient conditions.
The agreement is excellent for over three years of data. This parameter is related directly
to the heat load of the tank and the operation of the tank ventilation systems, which was
included in the analyses. This provides a good benchmark of the process control thermal
model. Figure 6 shows a comparison with TC 1 of the Riser 8 thermocouple tree. The
agreement of the amdyses with data is again very good, which further demonstrates that
the thermal process control model predicts the thermal behavior of tank 241-C-106 and
can be used for the intended process control analyses.

Figure 7 shows the predicted subcooling for the 241-C-106 waste at the location of the
maximum waste temperature. This is the process control parameter of interest in the
thermal analyses. As discussed in Section 2.3, the subcooling (temperature difference
between waste and saturation temperature) of the maximum temperature waste, following
the 1994 process test, was set to zero. This is seen in Figure 7 in Jul y of 1994. The
initial temperature of the thermal model was selected to agree with this reference waste
condition. The analyses account for tbe ambient conditions (ambient temperature shown
in the figure), radionuclide decay and tank ventilation system operation, The seasonal
variation is clear]y seen in the analyses. The maximum summer temperatures for 1997
were higher than previous years. This resulted in lower winter subcooling in 1998. The
296-P-1 6 ventilation chiller operation was initiated 1998 as shown. Without the
operation of the chiller, the subcooling would have been reduced to below summer 1997
conditions as a result of the high summer 1998 temperatures. The sluicing ventilation
system (296-C-006) operation was initiated in October of 1998. The decrease in
subcooling ne~ the end of the analyses is a result of the re-circulation system heater

OperatiOn. These effects are predicted by the model and consistent with the ambient data
and tank ventilation operation.
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The predicted subcooling at the initiation of sluicing was 11 ‘F. This is a credible
estimate of the subcooling based upon the benchmark of the process control model shown
in Figures 5 and 6. Predicting the change in temperature since the 1994 process test
provides the predicted subcooling estimate. A waste saturation temperature of 230 “F
was used for the thermal analyses. This number was based upon an evacuation of the
expected vapor suppression in the waste (Reynolds 1994). The estimate of the saturation
temperature will be discussed in the Section 4.0. However, the prediction of the
temperature change and therefore the waste subcooling is independent of this estimated
saturation temperature. Since the thermaf anafysis is initiated at this temperature for 1994
summer conditions, the maximum predicted temperatures for current tank conditions
would increase or decrease directly with a change in the initial temperature. The
predicted subcooling however will remain unchanged,

As discussed in the previous section, the process control thermal analyses applies to the
bulk waste, The bulk waste subcooling has increased to over 10 “F since the 1994
process test. All the waste is expected to be subcooled. Some temperature oscillations of
Riser 14 seem to be correlated to barometric pressure changes as discussed in Appendix
A. This could indicate that waste very near that thermocouple tree was at or near waste
saturation temperature at 225 “F, although there may be other plausible explanations (see
Appendix A) The material near Riser 14 settled near the tree because of the initial
sluicing activities. The material came from the upper portions of the waste that had been
exposed to frequent water additions. It is therefore not representative of the bulk waste

10



HNF-3941, Rev 1

and could have a lower satumtion temperature. It should also be noted that in-
homogeneity in waste satumtion temperature or local heat generation may exist in other
portion of the tank. Small regions of waste could be at or near saturation although the
maximum temperature of the bulk waste is substantially subcooled. The ventilation
outasze of 1992 and 1994 urocess test demonstrated that spontaneous steam bumps have
not occurred in this tank, even when substantial portion ;f the waste was satura;ed.
However, there is a concern that a mechanical di&rption of a saturated region of waste
may induce a steam bump. For this reason, a liquid pool will be maintained over the
waste sludge surface during the first campaign of sluicing. This will prevent the
mechanical disruption of the waste near the regions of maximum temperature and
eliminate the potential for steam bumps through the disruption of small regions of
saturated waste. In addition, the 10 “F subcooling that now exist in the bulk waste will
help assure that any saturation regions resulting from waste in-homogeneity are small.

Figure 6 Benchmark Analyses of Riser 8, TC1 Temperatures.
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Figure 7 Process Control Model Predicted Waste Subcooling.
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4.0 EVALUATION OF THE RISER 14 TEMPERATURES

The Riser 14 temperature anomalies observed following the 1994 process test were
attributed to the waste expansion resulting from steam generation in the waste (Section
2.2). This closed the convective gap around the Riser 14 thermocouple tree. A similar
behavior was anticipated during the sluicing of tank 241-C-106 and was documented in
the WRSS safety documentation (FDH 1998). It was expected that waste would fill in
the gap during the mixing of waste in the supernate pool. This would eliminate liquid
convection and produce the Riser 14-temperature behavior observed following the 1994
process test.

4.1 PREDICTED MAXIMUM WASTE TEMPERATURE

The predicted maximum waste temperature, based upon a waste saturation temperature of
230 “F, is shown in Figure 8. The measured temperatures for TC 1 of the Riser 8 and 14
thermocouple trees are also shown. The Riser 14, TC 1 measured temperature was lower
than Riser 8 TC 1 prior to sluicing. This is the evidence of liquid convection around the
tree since a conduction heat transfer solution requires the temperature to be higher near
the center (Riser 14) of the tank than near the tank wall (Riser 8). Immediate y following
the initial sluicing, the Riser 14, TC 1 temperatures began to increase, reaching a
maximum temperature of 225 “F (shown in Figure 8) nearly two months later, This
behavior (increasing temperature) was expected. However, the measured temperature of
TC 1 of Riser 14 was higher than expected. Figure 8 shows the maximum waste
temperature predicted by the process control model discussed in the previous section,
This corresponds to the centerline temperature at the tank bottom. The predicted
temperature for December 1998 and January of 1999 is 217 ‘F. This is lower than the
measured Riser 14 maximum temperature. The predicted temperature should be larger at
the tank center, since there is a radial temperature gradient between the tank centerline
and Riser 14.

As discussed in the previous section, the predicted maximum waste temperature is a
function of the initial starting temperature for the calculation and the predicted
temperature change since the 1994 process test. The latter parameter has been
benchmarked with actual tank data. The comparison of the thermal process control
analyses with dome space and Riser 8 temperatures, showed that the temperature changes
observed at Riser 8 and dome space are accurately predicted by the process control
model, using measured ambient conditions, mdionuclide decay and tank ventilation
operating history. Nothing in the analyses or the temperature data from Riser 8 supports
an increased heating of the waste (from decreased heat removal or increased heat
generation) which might account for the unexpectedly high Riser 14 temperatures. The
only reasonable explanation is an underestimate of the saturation temperature for the
waste.

13
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Figure 8 Riser 14, TC1 And Predicted Maximum Waste Temperatures.
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4.2 EVALUATION OF THE WASTE SATURATION TEMPERATURE

The saturation temperature for tank 241 -C- 106 has been re-evaluated using waste sample
datanot available atthetime of the1994 estimate. This re-evaluation supports ahigher
waste saturation temperature,

Grab samples oftank241-C-106 were obtained in 1996, These samples were used to
provide a revised estimate of the waste saturation temperature, based upon the expected
vapor suppression of thewaste (Reynolds 1999). Table 1 shows asummary of the
saturation temperatures derived from anevaluation of the 1996 waste grab samples.
Reynolds usedthe analytical information derived from thewaste grabsam lesto

E
determine chemical compositions thatwere then usedasinput tothe ESPT ‘computer
program for analyses, Thoroughly 40Fvariation insaturation temperature foragiven
tank bottom pressure is due to differences in dissolved solids in the liquid samples.

These estimates aregenerally higher than 1994 Reynolds estimates. The 1994 estimates
were based upon 1990 grab samples that were known to bemoredilutethm the 1996
samples. This accounts forthedifference unestimated saturation temperatures.

2 Trademark of OLI Inc., Morris Plains, NJ
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The values shown in Table 1 are higher than the saturation temperature used in the initial
process control thermaf anafyses (230 “F). Accounting for the variation in the samples,
an upper bound estimate at 1.3 atmosphere bottom pressure (estimated bottom pressure
based upon best estimate thermal parameters, Ogden et al. 1998b) would be from 235 “F
(based upon the average) to 238 ‘F (average plus two standwd deviations).

There are several factors which could result in an under estimate of the saturation
temperatures. The grab samples were generally taken in riser locations that have
previously been disturbed by equipment removal or waste sampling. This waste may not
be a good representation of undisturbed waste near the center of the tank. Secondly, the
method of taking and retrieving grab samples from the waste allows the possibility of
dilution of the sample by the supemate pool. This may effect the estimation of saturation
temperature if the sample is not representative of the actual waste composition. Both
factors may contribute to an underestimation of the saturation temperature.

--, -, ----- --, .- LJL. L LJ’t,’+ -J”. -

6C-96-7 220.1 225,0 229.6 231.8 233.9
6C-96- 1 218.7 223,7 228.3 230.5 232.6
6C-96-13 221.1 233.0 235.1

The estimation of the saturation temperature based upon 1996 waste samples provides
support for a higher saturation temperature than used in the initial process control
analyses. Based on the grab samples, the saturation temperature could be as high as 238
“F (The higher saturation temperature estimate supersedes the previous estimate Ogden et
al. 1998b). Anal yses were performed using the ESPTM program assuming that the
saturation temperature was 240 “F, The ionic strength and the sodium concentration
required to achieve the higher saturation temperature were well within the range of values
seen in Hanford waste samples of similar waste. Thus, while the upper bound estimate
for the saturation temperature is 238 “F, saturation temperatures in excess of 240 ‘F can
not be ruled out based upon vapor suppression considerations.

The GOTHIC process control predicted maximum waste temperatures were shown in
Figure 8. These represent the tank bottom centerline temperature. The temperature
gradient between the tssnk centerline and Riser 14 was previously calculated for241 -C-
106 with chiller operation and 1994 heat load (Ogden et al, 1998b). The temperature
difference was predicted to be 6 “F. With radionuclide decay, this gradient should be
just under 5 “F today. Given this temperature gradient, the waste saturation temperature
and initial temperature for the process control analyses would need to be 242 ‘F to match
the measured temperatures at Riser 14, This is higher than the waste sample estimate but
is not inconsistent with the possible range of waste saturation temperatures,

Is
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4.3 RECOMMENDED REVISION FOR RISER 14 TEMPERATURE LIMIT

Process control thermal analyses are performed for tank 241-C-106 to demonstrate that
adequate subcooling exists to safely sluice the waste with a liquid pool cover. This is the
primary thermal process control parameter for tank 241-C- 106.

Temperature limits were also established for Riser 8 and Riser 14. The Riser 8
temperature limit was established at 148 “F. This is the measured winter temperature for
1994. The temperature limit for TC 1 of Riser 14 is 218 ‘F. This limit was derived from
the assumed waste saturation temperature, accounting for the radial temperature gradient,
temperature measurement error and applying a margin of safety. The process thermal
analyses me the bases for the estimate of waste subcooling. The riser temperature limits
are intended as warning flags. If these limits are exceeded, sluicing may continue if the
process thermal analyses indicated that adequate subcooling exists in the waste.

The Riser 14-temperature limit was exceeded in December of 1998 following the initial
sluicing activities. Although the limit was exceeded, the process thermal analyses
(Section 3.0) showed that adequate subcooling existed in the waste and that the previous
estimate of saturation temperature, which is the basis for the temperature limit, was low
(Section 4.2). A higher temperature limit for Riser 14 should be established. This limit
could be based upon the revised saturation temperature limit, similar to the previous
limit. The revised limit would be 225 “F for an assumed saturation temperature of 236 “F
(236 “F minus 5 ‘F R- 14 radial off-set correction and minus 6 “Fthermocouple and
display system error). An alternative method for establishing the limit is to base the
limit upon the historic high reading for TC 1 rather than the estimated saturation
temperature. The primary thermal process control parameter is the waste subcooling.
The thermal analyses showed that the bulk waste was subcooled a minimum of 10 “F
during and following the initial sluicing. Thus, the measured value of 225 “F for TC 1 of
Riser 14 is consistent with a subcooling of 10 “F. The new revised Riser 14 temperature
limit should be set a 225 “Fbased upon both the historic high for Riser 14, TC 1 and the
revised saturation temperature. With further waste temperature reduction through the
operation of the inlet chiller of the P-16 system, the Riser 14 temperatures are not
expected to exceed a revised temperature limit of 225 ‘F. If the temperature limit is
exceeded, adequate waste subcooling must be demonstrated through process control
thermal analyses.

Similarly, the measured temperatures at Riser 8 slightly exceeded the 148 “F temperature
limit prior to sluicing However, the process control thermal analyses showed that
adequate subcooling existed in the waste for sluicing to proceed. The Riser 8 TC 1
temperatures remain a few degrees above the temperature limit as shown in Figure 6,
The process control thermal analyses have shown that these temperatures are consistent
with 10 “F of waste subcooling. Therefore, it is appropriate to raise the existing
temperature limit. It is recommended that this limit be raised to 153 “F. This will
provide a caution flag for the Riser 8 temperatures, while providing some operating

16
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margin for measured temperatures which can apparently change by a few degrees during
the sluicing operations.

17
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5.0 CONCLUSIONS

● The process control thermal model has been adequately benchmarked with tank data.
It provides a good estimate of the temperature changes in the tank 241-C-106 waste
since 1994-process test.

● The best estimate thermal analyses predict that there is more than 10 “F subcooling,
for the maximum temperature waste in tank 241-C-106, No regions of the waste are
expected to be at saturation temperature.

● The possibility of small regions of saturated waste, with lower saturation
temperatures or higher heat generation than the bulk waste is not precluded by the
thermal analyses. However, the liquid pool covering during the first sluicing
campaign will eliminate the disruption of these smafl saturation regions, should they
exist. The subcooling achieved in the waste since the 1994 process test will assure
that any possible saturation regions are small at best.

Q The temperature responses of the Riser 14 thermocouples were expected. However,
the actual maximum temperature was higher than predicted based upon previous
estimates of the waste saturation temperature.

. The dome space and Riser 8 temperature data for tank241 -C- 106 does not support an
increase in heat generation or decrease in heat removal as an explanation for the high
Riser 14 temperatures.

. An underestimate of the saturation temperature best explains the high Riser 14
temperatures. The re-evacuation of the saturation temperatures based upon 1996
waste, grab samples support this conclusion. A saturation temperature of 236 ‘F is the
best estimate.

9 It is recommended that the Riser 14 process control temperature limit be increased to
225 ‘F.

■ It is recommended that the Riser 8 process control temperature limit be increased to
153 ‘F.

18
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APPENDIX A THERMAL ISSUE RESOLUTION MEETING
MINUTES
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A meeting was conducted on February 2, 1999 to discuss thermal issues related to the
thermal evaluation of the Riser 14 temperatures presented in this report. The following is
a list of attendees:

J. W. Bailey
J. M. Bates
K. G. Carothers
J. M. Cuts
B. C, Fryer
N. W. Kirch
D. M. Ogden
C. W. Stewmt
M. J, Thurgood
R. G. Stickney

Meeting Purpose

The purpose of the meeting was to review the tank 241-C-106 thermal behavior since the
start of sluicing and arrive at a consensus on how the thermal response represents the
current tank conditions. It was generally agreed that during the 1992, ventilation outage,
and the 1994 process test, significantly large regions of the waste were at or near
saturation condhions with no evidence of steam bump behavior. It was also generally
agreed that much less of the waste, if any of the waste, is at or near saturation conditions
today.

Group Consensus

The consensus of the group is as follows:

1, The best estimate of the saturation temperature for241 -C- 106 at the tank bottom is
approximately 235 “F.

2. There maybe some small region at or only slightly below mturation now.

3. However, the waste is generally -10 “F cooler than during the summer 1994 (process
test) condition.

4. It is prudent to continue sluicing with the liquid cover maintained.

5. The data indicate that waste around the R 14 thermocouple maybe at saturation at

approximately 225 “F. However, it is likely that this waste filled in from above and has a
lower T,,t than the undisturbed waste.
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Discussion

Figures 9 through 12 were presented at the meeting by C.W. Stewart. The figures show a
correlation between barometric pressure changes and measured temperature changes at
Riser 14. There was agreement that the figures indicated that a correlation seemed to
exist. However, there was not agreement on the basis for the correlation. Figures 9
through 12 show a temperature decrease corresponding to the barometric pressure
decrease. This is consistent with a decreasing saturation temperature near the
thermocouple tree. However, Figure 9 shows that the waste near thermocouple 2, which
is much lower in temperature, also decreases in temperature. In addition, Figure 10
shows that some of the temperature changes which are correlated to the pressure changes
are much larger than the expected chdnge in saturation temperature. This maybe
evidence that the temperature changes are the result of heat transfer changes around the
thermocouple tree. It could also be the result of vapor generation and condensation
dynamics. Whichever explanation is more appropriate, the temperature response time
ensures that the phenomenon is occurring in a small region very near the thermocouple
tree.

The mechanism for trapping vapor in the waste and the potential for spontaneous steam
bumps were also discussed. There was not however a consensus on this subject, which is
not directly related to the evaluation of the Riser 14 temperature response and waste
subcooling.
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Figure 9 Temperature Response of Thermocouples 1 & 2 of Riser 14.
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Figure 10 Effects of Barometric Pressure on Riser 14 Temperature
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Figure 11 Barometric Pressure Effects
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Figure 12 Pressure - Temperature Correlation
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