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INTRODUCTION 

AN ASSESSMENT OF THE POTENTIAL FOR A STEAM BUMP 
I N  HANFORD WASTE TANK 241-C-106 

Object ive  * 

The first objective of this paper is to address the potential for a 
"bump" in waste tank C-106. By ''bump" we mean the following: 

0 the formation and rapid expulsion of a steam bubble from the waste 
o f  adequate volume to drive the tank pressure positive with 
respect to atmospheric pressure, and; 

0 sufficient gas flow from the tank to result in a statistically 
significant increase in radioactivity on the tank HEPA filter. 

To clarify bump further, we do not include small steam releases that do 
not result in positive dome gas pressure or radioactivity to the HEPA filter. 

Other objectives of this position paper are as follows: 

A .  Reach timely but preliminary conclusion about the likelihood of a 
bump as defined above; 

B. Make recommendations for additional data and tank measurements to 
further clarify C-106 historical and current behavior; 

C. Provide general criteria for making decisions on whether or not to 
remove the current restrictions on Tank Farm operations (i .e. work 
restrictions, respirators, delay of maintenance operations); and 

D.  Provide general criteria for making decision on whether or not 
additional actions should be taken on C-106 to manage tank heat 
removal (e.g. inlet air chiller, increase in ventilation flow, ice . 
addition). 

This paper is a preliminary assessment that makes use of current 
available data and makes logical , systematic, and reasonable conclusions 
incorporating some judqement and consensus among experienced thermal 
hydraulics experts. 
comprehensive evaluation of the possibility or consequences o f  a tank bump. 
Additional tank measurements and thermal hydraulic analyses are required for 
such- a final and comprehensive treatise. 

It is not the objective o f  this paper to provide a final, 

S i g n i f i c a n t  Transients i n  S ingle  Shel l  Waste Tank 241-C-106 

The Hanford Single Shell Waste Tank 241-C-106 experienced an outage o f  
the ventilation system (loss of exhaust fan) from January 25, 1992 to June 7, 
1992. During the period from March 10 to June 15, 1994, a Process Test was 
conducted on the tank wherein no water was added to the tank. This was done 
to establish a lower liquid level in the tank to minimize the amount of liquid 

1 
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lost if the tank were to develop a leak. Temperatures and other variables 
were measured and a video recording was made at specific times during the 
test. Upon addition of water at the end of the test, the three Riser #14 
thermocouples in the waste exhibited a general increase in temperature reading 
that has resulted in a historic high temperature of 217 O F  at the Riser #14 
location. The thermocouples in Riser #8 continue to behave along historical 
patterns. 

A concern has been raised (reference 1) that the evaporation rate from 
the pool of water overlying the waste sludge has recently diminished below 
expected values. This concern has been addressed in a separate position paper 
(reference 2). The conclusion is that current evaporation rate in C-106 is 
proceeding as expected based on about 14 years of historical data. Therefore, 
no significant thermal energy is being stored in the waste beyond historical 
1 eve1 s . 

It has also been suggested that the waste in the tank is behaving in a 
different manner (reference 3 ) .  It has been further suggested that a steam 
bump could occur in the immediate future that could result in a release of 
radioactivity to the environment (reference 1). 

I OBSERVATIONS AND CONCLUSIONS 

Based on the data currently available to us, we have the following major 
observations and conclusions: 

1. We have observed that the temperature measured at Riser #8 is presently 
cooler than the maximum temperatures measured during the ventilation fan 
outage from 1/25/92 to 6/7/92. Temperature differences between then and 
now are of the order of 40 O F .  

2. 

3 .  

No increase in radionuclide deposition on the discharge HEPA filter was 
observed from the tank in 1992 (see Appendix B, also reference 4). 
there was no replacement of the HEPA filter from 1989 to the present. 

We conclude that the recent rapid increase in the temperatures measured 
by thermocouples in Riser #14 is due to sludge relocation around the 
thermocouple tree, during or following the Process Test. 

Also 

4. We conclude that there is the possibility at this time of a zone in the 
radial center of the sludge near the tank bottom that is at the 
saturation temperature. 
prior to performing the process test on C-106. 
conclusion considers the uncertainties in our current calibrated 2- 
Dimensional thermal model. 

We also believe that this condition existed 
The basis for this 

5. It i s  our judgemept that the zone at the saturation temperature will not 
initiate a bump because no bump occurred in 1992, the tank is cooler now 
than in 1992, and the waste properties have not significantly changed 
since 1992. 

2 
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6. 

7 .  

No bump is expected in the near future as a result of the Process Test 
because the tank is now operating at normal historical heat removal 
conditions . 
A review o f  historical records (See Appendix C) suggest that the tank 
bump phenomenon occurred only in those tanks with high heat generation 
rates (>0.6 million Btufhr), high hydrostatic pressure (>20 ft of head), 
high supernatant temperatures (> 212 O F ) ,  and high sludge temperatures 
(>240 OF). 

based on historical data from several tanks we conclude that a bump in 
C-106 is not imminent. Furthermore no measured condition in the tank 
indicates a bump is likely to occur. 

None o f  these conditions now exist in C-106. Therefore, 

BACKGROUND INFORMATION ON C-106 

Data  Sources for t h i s  Evaluation 

The data available for,assessment o f  the possibility of a bump in the 
tank are listed in Table 1. 

TABLE 1. DATA SOURCES AND THEIR CHARACTERISTICS. 

DATA SOURCE CHARACTERISTICS AND COMMENTS 
Have been consistently measured over 13 
years 

measuring sludge temperature until 
recently . Uncert ai n . 

FIC GAUGE Has consistently measured level over 18 
years 

8/4/94 
PSYCHROMETRIC DATA Manually recorded infrequently 

Manually recorded infrequently 
Frequently recorded over tank hi story 

RISER #8 T'COUPLES 

RISER #14 T'COUPLES Only available after 1992. Possibly not 

IN-TANK VIDEO Taken on 4/22/94, 6/15/94, 7/18/94, 8/2/94, 

VENT FLOW RATE 
RADIATION LEVEL MEAS. 

1986 CORE SAMPLE Photos and data available. Sample gone. 
EXHAUST PRESSURE Manually recorded infrequently 

METEOROLOGICAL DATA 
WATER ADDITION DATA 

(VOLUME, TEMPERATURE, SOURCE 

Available over many years. 
Not systematically recorded 

- 
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Measured and Calculated Temperatures during Venti 1 ation Outage o f  1992 

During the period from 1/25/92 to 6/7/92 the ventilation fan for the 
tank was out of service (reference 5). 
thermocouples in Riser #8 were being recorded but the thermocouples in 
Riser #14 were assumed inoperable, and hence not recorded. 

During this time period the 

Data provided by Tank Farm Operations (Appendix A) indicated that the 
C-106 HEPA filters were last replaced prior to 1990. Based on the information 
available from the Health Physics Group, the records show no increase in 
contamination on the HEPA filters from the outlet of the C106. The data on 
the HEPA filter surveys are included i n  Appendix B (also see reference 5). 
Therefore, we believe that there was no steam bump experienced during the 
ventilation outage of 1992. 

Using a 2-dimensional transient thermal conduction model of the tank 
(reference 5), we estimate that the peak temperature on 6/7/92 in the middle 
of the tank was at or possibly above saturation. It was observed that the 
bottom thermocouple of Riser #8 peaked out at almost 200 OF (see Figure 1). 
The current (8/1/94) reading for the same thermocouple is approximately 
160 OF. 
it was prior to the ventilation outage. 
value prior to the ventilation outage reflects the overall lower trend of tank 
temperatures caused by the decay o f  the radionuclides in the tank. 
mid-point of the ventilation outage to the present, the heat generation has 
decreased by about 5%. 

The current reading for the same thermocouple is slightly lower than 
This small reduction from the 1992 

From the 

The thermocouple readings in Riser #8 are currently quite consistent 
with their historical values, and imply that the heat storage and distribution 
mechanisms have not changed in the tank. 
30-40 OF hotter during the ventilation outage than they are at present. 

The overall tank temperatures were 

Predicted Temperatures in the Near Future 

Table 2 shows the recent measured values (8/1/94) and current range of 
the predicted steady-state temperatures for the thermocouples in both trees 
(Risers #8 and #14). This estimate utilized the same model developed for tank 
C-106 using temperatures from the Riser #8 thermocouple tree calibrated to the 
1992 ventilation outage event. The thermal model consists of a finite element 
model of the tank struc;ture, the surrounding soil, and the waste in the tank. 
Appropriate boundary conditions were placed on the model based on the data 
available for the tank. The model assumes that all the thermocouples in 
Riser #14 are now in contact with radioactive sludge. Two values of 
evaporation heat removal were used. The first value, 75,000 Btu/hr, 
corresponds to the normal long-term historical evaporation rate based on FIC 
data and gives the lower values of predicted temperatures. The second value, 
40,000 Btu/hr, corresponds to the typical short-term historical evaporation 
rate immediately following large water additions and gives the higher values 
of predicted temperatures. Figures 2 and 3 show the predicted steady-state 
temperature distribution in the tank for the cases of 75,000 and 40,000 Btu/hr 
evaporation heat removal rates. The maximum temperatures in the waste for the 
75,000 
and occur about 0.5 ft above the tank center bottom. 

and 40,000 Btu/hr evaporation rates are 233 and 240 O F  respectively, 

4 
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TABLE 2 

NORMAL AND REDUCED EVAPORATION RATE 
MEASURED AND PREDICTED TEMPERATURES I N  C-106 

. .  
RISER #/THERMOCOUPLE #/ELEV (ft in)"  MEASURED TEMPERATUREb STEADY-STATE PREDICTEI 

8/1/94 ( O F )   TEMPERATURE^^^ ( " F) 
RISER #14/ TC I/ 0'0" 214 221 - 229 

/ TC 2/ 2'0" 163 190 - 198 
134 144 - 152 / TC 3/ 4'0" 

/ TC 5/ ( A I R )  83 83 (INPUT) 
/ TC 4/ 6 '0 "  95 98 - 106 

RISER #8/ TC 1/ 0'2" 161 169 - 176 
/ TC 2/ 2'2" 145 154 - 162 
/ TC 3/ 4'2" 121 122 - 130 

89 - 98 / TC 4/ 6'2" 101 
/ TC 51 ( A I R )  85 80 (INPUT) 

a. 

b. 

Measured w i t h  respect  t o  tank knuckle (reference f o r  E I C  reading) 

Seasonal v a r i a t i o n  = (var ies  depending on depth, i s  a t  most about 
f 5 O F )  

Thermocouple accuracy = k 5.0 "F accuracy; 2 4.0 "F r e p e a t a b i l i t y  
(Reference 8) 

c. 

d. 

Thermocouple l o c a t i o n  = (about 1 O F  per  i nch  i n  the v e r t i c a l  d i rect ic jn ,  
unce r ta in t y  i s  22 inches) 

The f i r s t  value i s  f o r  75,000 Btu/hr  evaporation; t he  second i s  f o r  
40,000 Btu/hr  evaporat ion 

Estimated Liquid Saturation Temperature 

due t o  bo th  the  e f f e c t s  o f  pressure and chemical cons t i tuents  ( re ference 6). 
The pressure as a func t i on  o f  waste depth i s  g iven i n  F igure 4. Th is  f i gu re  
a l so  shows the  est imated sa tu ra t i on  temperature. 
temperature i s  est imated t o  be about 228 O F  a t  the  bottom o f  t he  t a n k .  The 
small increase i n  the  ,saturat ion temperature above t h a t  o f  pure water i s  based 
on chemical cons t i tuents  i d e n t i f i e d  by a l i q u i d  grab sample taken i n  1990. 
This  number i s  f o r  a l i q u i d  depth o f  70 inches measured from t h e  bottom of the  
tank. 

An est imate has been made o f  the  sa tu ra t i on  temperature o f  t h e  l i q u i d  

For example, t h e  sa tu ra t i on  

Tank C-106 has a "dished" bottom and l i q u i d  l e v e l  (F IC)  da ta  are 

' Tank C-106 has a dished bottom and l e v e l  data are referenced t o  
d is tance above t h e  knuckle o f  the  tank. 
tank i s  12 inches. 
F igure 4. 

The depression a t  t h e  center  o f  the 
This  increase i n  hyd ros ta t i c  head i s  no t  accounted f o r  i n  

5 
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referenced to distance above the knuckle of the tank'. The depression at the 
center of the tank is 12 inches. Thus for a liquid level (FIC) height of 69 
in., the total depth to the bottom center is 81 in. This translates to a 
boiling temperature at the bottom center of the tank of about 229 O F .  For a 
liquid level (FIC) height of 79 in., gl-in., total to bottom center, the 
boiling temperature is about 231 O F .  - 
EVALUATION OF THE POTENTIAL FOR A TANK BUMP 

Physics of Tank Bumps 

Tank bumps are caused by the rising of steam and hot sludge or 
superheated water into a region of the waste with lower saturation pressure. 
The result is flashing o f  the superheated water that combined with the 
expansion of the steam already present produces enough steam volume to drive 
the tank dome space pressure positive. 

Eva1 uati on Process 

We used the following steps to evaluate the potential for a bump (as 
defined in the Introduction): 

0 Define the minimum requirements (conditions) for a bump to occur; 

0 Determine which conditions could have been present in 1992 such 
that a bump did not occur during that time; 

0 Compare present conditions with those in 1992; 

0 Evaluate whether any conditions (ambient, waste, etc.) could have 
changed since 1992 that would affect the likelihood of a bump; and 

0 Reach conclusions about the likelihood of a bump occurring in the 
near future. 

Minimum Requirements for a Bump 

''bump" to occur. 
mean the formation and rapid expulsion of a steam bubble from the waste of 
adequate volume to drive the tank pressure positive with respect to 
atmospheric pressure and result in a measurable increase in radioactivity on 
the tank HEPA filter. 
All of the following conditions must be met: 

We have endeavored to define the conditions that must be met for a tank 
Repeating what was stated in the Introduction, by ''bump'' we 

These requirements have been described in reference 7. 

1. At some location, the waste temperature must reach the liquid saturation 
temperature at the same location 

L t e  = Tsat 

' 

'WC Miller, personal communication, August 8, 1994. 

6 
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2. 

To achieve this requires poor heat removal (Qremoval < Qgeneration ) in a 
local zone caused by: 

0 
0 

Low thermal conduct i v-J ty , and/or 
Low or no convection. 

There must be sufficient sludse mobility such that a significant mass 
can rise to the sludge surface without condensing. 

3. For fluidic waste, there must be sufficient sludse shear . 
strensth/viscositv to trap enough steam bubbles such that the buoyant 
force exceeds the shear strength. 
the control1 ing parameter. 

For porous waste, the permeability is 

4 .  

5 .  

There must be sufficient hydrostatic head in a local zone where the 
saturation temperature has been reached such that vapor generation 
(flashing) will occur if the material is transported t o  a higher 
el evat i on. 

Some waste must exceed the supernatant saturation temperature. 
'waste > 'sat supernatant 

WHC Has Reasonable Assurance a I1Burnpl1 did not occur during Ventilation Outage 
in 1992 c 

It was noted that there is substantial evidence based on the absence o f  
a radionuclide release to the HEPA filter that no bump occurred in 1992. 
Since there was no bump, some of the conditions defined above must have been 
absent. 

Based on the 2-D heat conduction model that was calibrated based on the 
Riser #8 thermocouples, it appears that near the end o f  the ventilation 
outage, at least two of the required conditions were met as follows: 

0 

0 

Some waste exceeded the supernatant saturation temperature o f  214 O F ,  

i .e. 

It is likely that there was a zone in which the waste temperature 
'waste > 'sat supernatant 

reached the local 1 iquid saturation temperature, i .e. Twaste = Tsat. 

In this context, low or no convection means either interstitial 
flow in porous media or refers to suspended-particle-laden flow. 

3 
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Since no bump was observed in the 1992 event, we have concluded that  e i ther  o r  
both o f  the following two conditions existed a t  that  time that  prevented a 
bump: 

0 There was sufficient heat transDort within the sludqe t o  cool and 
condense the steam bubbles. 

Based on the Riser #8 thermocouple d a t a ,  the temperature gradient 
in the t a n k  did n o t  increase. 

0 There was insufficient sludqe shear strensth t o  retain significant vapor 
bubbles i n  the local zone that  was above saturation temperature. 

Based on the photographs o f  the core sample in 1986, 
i t  can be seen t h a t  a l l  of the sludge possesses shear 
strength because the sample remained intact  or 
retained the shape of "globs".  However, t h i s  shear 
strength in the majority of the sludge apparently 
could n o t  retain large amounts of vapor. 

Several additional scenarios have been addressed. One scenario assumed 
t h a t  the vapor bubbles generated were retained in the sludge. 
scenario assumed that  vapor bubbles were generated, migrated, and were trapped 
under an impenetrable surface crust .  A third scenario assumed tha t  the steam 
was released slowly from a low permeability crust a t  a ra te  tha t  did n o t  
pressurize the dome gas space o r  transport particles t o  the HEPA f i l t e r .  
matter which scenario i s  postulated, i t  was concluded t h a t  four months without 
substantial heat removal from the tank was n o t  enough time t o  develop 
conditions t h a t  resul t  in a bump, or the tank conditions and waste properties 
precluded a bump. 

Another 

No 

Potential Differences between the Conditions of 1992 and Present 

This section addresses the question, If there was no "bumo" in 1992, why 
might one occur in the future? Two conditions are suggested: 

1. The local waste temperatures might.be or become higher 
and /or 

2 .  The local waste properties and/or configuration might be o r  become 
changed. 

On evaluating these conditions, four possible changes were identified 
t h a t  address the two points above. These four changes are l i s t ed  below with a 
discussion of the likelihood o f  each. 

1. The exposed sludge surface may have dried creating a layer t h a t  i s  less 
permeabl e t o  bubbl es. 

I t  i s  seen from the video of 6/17 that  about 50% o f  
the sludge was covered by water prior t o  water 
additions. 
nearly a l l  of the sludge surface. The temperatures in 
Riser #8 did n o t  increase beyond seasonal norms even 
though t h i s  area was exposed t o  a i r .  
observe in the video many holes in the sludge surface. 

Thus the process t e s t  did n o t  dry o u t  

Also, we can 

8 
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2. 

3. 

4.  

The energy transport properties of the upper sludge may have decreased. 
Only part of the sludge surface was exposed to air. 
The only zone of concern is a zone where Twaste = Tsat 
which is presumably at the tank center, most of which 
remained covered by liquid based on video 
observations. A1 so see statement 1 above. 

The sludge temperature may have increased while the sludge surface was 
exposed. 

Based on Riser #8 thermocouples, the temperatures 
since June 1992 have always been lower than they were 
then, and were close to seasonally adjusted historical 
norm. 

The sludge may have been redistributed and become compacted. 
Sludge redistribution could not have substantially 
changed the shear strength. 
redistribution should have reduced it. 

If anything, 

Comparison o f  Energy Stored in Tank Sludge 

An alternate means of assessing the potential for a tank bump in C-106 
is to compare the amount of energy stored in the sludge whi,ch is potentially 
available for a bump with the similar value for C-106 at different times in 
its history, and with tanks that actually experienced a bump. 
properties are also important in assessing the potential for a bump; these 
data have not been evaluated for these tanks. 
potentially available for a bump is assumed to be the energy above the 
saturation temperature contained in the volume of the sludge which is above 
the saturation temperature. 
make this comparison, as noted in Table 3. 
made for the current temperature of the C-106 sludge. 
maximum possible increase by a factor of approximately 3 in tank C-106 energy 
available for a bump after the process test as compared with that before the 
process test, as shown in Table 3. 
the results indicate that the current energy within C-106 which is potentially 
available for a bump is still 10 times less than that which the tank contained 
during the 1992 ventilation outage, and 20 to 100 times less than that 
estimated in tanks which did experience a bump. 

C-106 are significantly below those necessary to initiate a bump event. 

Waste 

The amount o f  energy which is 

Several simp1 ifying assumptions were necessary to 
Conservative assumptions were also 

These resulted in a 

Even with the conservative assumptions, 

These results add' corroborating evidence that the conditions within 

In summary, it is the author's judgement that the zone that might be at 
the saturation temperature or might reach the saturation temperature in C-106 
will not initiate a bump, based on current conditions in the tank. 

I 

9 
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TABLE 3. COMPARISON OF ENERGY STORED IN TANK SLUDGE'. 

Tank 

C106 average 

C106 now 

C106 1992 
104s 
101s 
l0lSX 
104SX 

114SX 
105A 
lOlAX 

3 f 5  Energy a v a i l a b j e  Stored waste ene;gy 
PgF) f o r  bump (Btu) above 7OoF (Btu)  

Bumped Sludge volume > Tsat Tslud 
( g a l  1 onsl2t4 

No 5000 227 0.6 x lo6 3 x lo8 
No- 10,000 240 2 x lo6 3 x lo8 
No 63 , 000 260 24 x lo6 3 x lo8 
Yes 220,000 >240 56 x lo6 8 x lo8 
Yes 220 , 000 >240 56 x lo6 a x io8 
Yes 220 , 000 a 300 15 x io7 9 x lo8 
Yes 220 , 000 290 14 x io7 9 x lo8 
Yes 220,000 357 26 x io7 10 x lo8 
Yes 220 , 000 310 17 x io7 9 x lo8 
Yes 220,000 260 9 x io7 8 x lo8 

' These values have t h e  f o l l o w i n q  bases: - 
a) Q = C x sludge volume x (Tsludge - T,,,) 
b) C = 8.31 Btu /ga l lon- "F  

I 
0 

W 
U 
LO 

c)  Tsat = 212 O F  - 

These values are  c a l c u l a t e d  based on: 
" Q = c X [s ludge VOIUme(T,lud,, - 70) +supernate v o l  ume ( Tsat - 70) ] 
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ADDITIONAL DATA NEEDED 

1. 

2. 

3 .  

There are additional data that need to be gathered and analyses that 
need to be performed to complete the assessment of a possible bump. 
complete this assessment in the most rapid and effective manner the following 
recommendat i ons are made. 

To 

Based on the present information and conclusions, tank C-106 should 

All of these were presented in reference 2. 
continue to be monitored in detail. 
these data are listed below. 

Additional data need to be obtained and 

4 .  

5. 

6. 

As soon as possible, provide a means for continuous psychrometric 
measurements of inlet and exit air, continuous tank pressure 
measurements, and continuous air flow rate measurements, These are 
needed to independently confirm the evaporation rate. 

When water is added to the tank, record the makeup water temperature as 
well as the volume. This information is needed to help confirm the 
evaporation rate. 

For the next 3 water additions, have a sample of the makeup subjected to 
a chemical analysis for its major impurities. This information is 
needed to help confirm the evaporation rate by determining whether 
chemical reactions are initiated by makeup water addition. 

As soon as possible, obtain a grab sample of the supernatant from the 
tank. This sample is needed to confirm the vapor-pressure-versus- 
temperature behavior of the supernatant. 

As soon as possible, provide a means for continuous or daily measurement 
of the supernatant temperature. 
conf i rm the evaporation rate. 

This information is needed to help 

It is desirable but not required to add an ENRAF level measurement 
gauge. 
1 eve1 measurements. 

This has the potential to provide more accurate and continuous 

PROPOSED CRITERIA RELATED TO WORK RESTRICTIONS FOR C-106 

It is recognized that conclusions drawn in this report are based in part 
on engineering judgement. 
established to assess when it is appropriate to remove current work 
restrictions in the C Farm for worker safety. 
that criteria be established for the future operations of this tank to 
determine if the level of uncertainty related to a potential tank bump 
increases. 
tank conditions had changed. 

Therefore, it is prudent that criteria be 

In addition, it is appropriate 

These criteria would be used to evaluate appropriate actions if 

Proposed general criteria for these evolutions are presented below. 

Proposed Required Conditions for Return to Normal Operations in C Farm Except 
for Intrusion into the C-106 Sludge 

11 
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There are three general conditions that will provide sufficient 
assurance a tank bump event will not occur in C-106 that normal operations can 
safely be resumed. 
global energy storage is occurring. The restrictions which could be 
el iminated include suspending the use of respirators, removal of restrictions 
on access and work within C Farm, and entry into tank C-106. 
the C-106 supernatant (e.g., placement of a thermocouple) is acceptable if the 
conditions listed below are met. However, further evaluation is needed before 
a determination can be made of the need for additional conditions, if any, 
which might be required prior to intrusion into the C-106 sludge. 

All three of following conditions should be met before removing the 
current work restrictions: 

These conditions are indications that no significant 

Disturbance of 

1. 

2. 

3 .  

Verification of evaporative coolinq -- Evaporative cooling must 
return to historical norms, accounting for the observed variations 
in evaporation rate following water additions as well as seasonal 
variations. 
change in the tank from FIC data over a fixed period of time. 

This criterion could be measured as average level 

Basis: This ensures that heat is being removed from the sludge at 
historical levels, thereby limiting the amount of heat that can be 
stored in the waste. 

Measured Sludqe temperature not increasinq -- The temperature of 
the sludge must not be increasing at a rate greater than 
seasonally adjusted historical norms. This criterion could be 
measured as the average temperature increase per day over a period 
of several days. 

Basis: 
stored in the sludge as an independent check that evaporative 
cooling is occurring, and that changes to the sludge which are 
global or local near the thermocouple trees are not occurring. 

This ensures that unusual amounts of heat are not being 

Measured S1 udqe temperature not exceedinq historical norms -- The 
temperature of the sludge in the regions o f  the tank where we have 
reasonable historical data must not exceed historical maxima. 
This criterion could be measured as the temperature of each o f  the 
Riser #8 thermocouples in the sludge not having exceeded the 
historical maximum temperatures for those locations in the tank. 
The measurements should account for measurement accuracy and 
seasonal ambient conditions. Unusual operating peri ods , such as 
the 1992 loss of ventilation event, should be excluded. 

Basis: 
stored in the sludge at levels significantly above historical 
norms. 

This is an independent assessment that heat is not being 
- 

Changes in tank vapor space pressure caused by opening and closing 
risers have been considered and are not expected to increase the risk of a 
sudden vapor release from saturated liquids in the tank. 

12 
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I 

Proposed Conditions that Require Return to Restricted Operations 

It is prudent to establish and maintain a set of conservative criteria 
which, if exceeded, would require additional evaluation, and potentially 
preventative actions, to assure worker safety i s  maintained around tank C-106. 
These criteria could be used as an early indication that the potential for a 
tank bump might be increasing in tank C-106. 

13 
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If any of the criteria listed below are exceeded, the appropriate action 
would be to terminate all work in or on C-106 except surveillance and 
radiological monitoring activities. This work should remain suspended until 
the C-106 Technical Review Group has met and technical resolution is provided. 

The general criteria for imposing work restrictions with C-106 are: 

1. Sludqe temeratures exceed normal historical maxima -- The 
temperature of the sludge in the regions o f  the tank where we have 
reasonable historical data must not exceed historical maxima 
beyond a small bound allowing for thermocouple repeatability 
error. 
each o f  the Riser #8 thermocouples in the sludge not having 
exceeded a limit (e.g., 5 OF) above the historical maximum 
temperatures for those locations in the tank. 
should include an additional requirement that the Riser #14 bottom 
thermocouple reach an average temperature indicative of the 
saturation temperature. 
Riser #14 which appears to accurately register sludge temperature, 
and this thermocouple is already quite near the saturation 
temperature. 
accuracy and seasonal ambient conditions. Unusual operating 
periods, such as the 1992 loss of ventilation event, should be 
excl uded. 

This criterion could be measured as the temperature of 

This criterion 

This thermocouple is the only one in 

The measurements should account for measurement 

Basis: 
sludge at levels significantly above historical norms. 

Sludqe temperature rate of increasinq -- The temperature of the 
sludge must not be increasing at a rate that is substantially 
greater than seasonally adjusted historical norms. This criterion 
could be measured as the average temperature increase per day over 
a period of several days. 

This is an assessment that heat is not being stored in the 

2. 

Basis: This ensures that unusual amounts of heat are not being 
stored in the sludge and that unusual redistribution of the sludge 
which is global or local near the thermocouple trees is not 
occurring. 

3 .  Exhaust fan is not operational -- The C-106 exhaust fan must not 
be out of service for longer than a predetermined time (e.g., 2 
months). 

Basis: 
unacceptable time period, thereby preventing an increase in the 
stored energy in the sludge to levels approaching that experienced 
in 1992. 

This ensures that evaporative cooling is not lost for an 

PRIME CANDIDATE PREVENTATIVE ACTIONS 

It is important to understand that the thermal inertia o f  the tank i s  so 

This also means that changes in heat removal require weeks 
large that weeks are required for significant changes in the average 
temperature. 

14 
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before they will have an effect. Thus, the response time over which action 
can be taken is in the order of days rather than hours or seconds as in other 
common heat-generating systems. 

15 
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It is the judgement of the authors that the following heat removal 
management methods have the most likely chance of rapid implementation and 
effective performance: 

A. 

B. 

C. 

Increase in ventilation flow rate to the maximum capability of the 
existing exhaust blower. 

It is believed that the blower has a maximum 
capability of about 7,000 scfm. 
implemented in approximately one shift. 
(Note: Care must be taken, when implementing this step, that the 
tank limits on negative gage pressure are not exceeded. 

A chiller can be obtained within days and possibly 
installed within days. 

This change can be 

Install an air chiller on the inlet to C-106. 

Add chilled water (about 35 O F )  to the tank. 
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[lo53 From: William C (Bill) Miller a t  "WHC352 8/5/94 6:46AM (1044 bytes:  7 l n )  
P r i o r i t y :  Urgent 
To: Tristram B I11 McCall a t  "WHC63, Blaine A Crea a t  "WHC244, Thomas J Bander 

Subject :  106-C HEPA FILTER CHANGE 

From: Randolph Ni a t  "WHC129 8/4/94 4:OOPM (702 bytes:  7 l n )  
To: William C ( B i l l )  M i l l e r  a t  "WHC352 
Subject :  106-C HEPA FILTER CHANGE 

From: John A Kimbrough a t  "WHC174 8/4/94 2:58PM (510 bytes:  7 l n )  
To: Randolph N i  a t  'WHC129, Douglas W Craig a t  'WHC129 
Subject :  1 0 6 4  HEPA FILTER CHANGE 

a t  "WHC244, Susan K Winter a t  "WHC71, Donald M Ogden a t  -WHC63 

................................... Forwarded __c___--________---_-------------- 

................................... Forwarded .................................. 

............................... Message Contents ............................... 
Have completed a search of  the JCS d a t a  base,  both a c t i v e  
and a rch ive  f i l es ,  and have found no documentation showing a 
change ou t  o f  e i t h e r  the inlet  o r  o u t l e t  HEPA f i l ters  since 
1989. 

John K. 
Production Manager, East 

- -  
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APPENDIX B 
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Pam 01 sen: TWRS Health Physics Technical Support Group, Senior Health 
Physicist (8/4/94/1300) 

The C-farm portable exhauster exhausts a i r  from tanks C-105 and C-106. 
The exhauster readings contained in the table  were taken a t  the location o f  
the f i r s t  HEPA f i l t e r  a f t e r  the de-entrainer a t  a predetermined checkpoint. 
The table  i s  a summary o f  information through the dates specified. 
information was summarized from Scheduled Radiation Survey Reports for  East 
Tank Farm Health Physics' task number ED-17. 

The 

DATE DOSE RATE (mrem/hr) 

January 1, 1992 50 

January 2, 1992 46 
January 3, 1992 50 

January 4, 1992 44 

January 8, 1992 49 
January 9, 1992 47 

January 5, 1992 60 

January 10, 1992 50 

January 11, 1992 50 

May 22, 1992 38 

t 

June 4, 1992 43 
June 6, 1992 40 
June 8, 1992 40 
June 9, 1992 40 
June 10, 1992 40 

June 16, 1992 39 . 

June 25, 1992 70 
June 26, 1992 40 
June 27, 1992 40 

June 28, 1992 40 

June 29, 1992 40 
June 30, 1992 40 

July 1, 1992 40 
July 2, 1992 43 L 
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July 3, 1992 
July 4, 1992 
July 5, 1992 
July 6, 1992 
July 7, 1992 
July 18, 1992 
July 19, 1992 
July 20, 1992 
July 30, 1992 
July 31, 1992 
August 1, 1992 
August 2, 1992 
August 3, 1992 
August 4, 1992 
August 5, 1992 
August 6, 1992 
August 7, 1992 
August 8, 1992 
August 9, 1992 
August 10, 1992 
August 11, 1992 
August 12, 1992 
August 27, 1992 
September 5, 1992 
September 6, 1992 
September 7, 1992 
September 9, 1992 

42 
38 

40 
40 
38 
40 
40 
40 
37 
39 
40 
42 
40 
40 
40 
40 
40 
40 
40 

45 
35 
45 
50 

40 
44 
45 
46 
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APPENDIX C 
HISTORY OF TANK BUMPS I N  AGING WASTE TANKS 
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These pazes were i n t e n t i o n a l l y  l e f t  blank. 
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1 .  

I ntroduction. - .  , - 

- i r r a d i a t e d  f u e l s  fr'om t h e  Hanford  r e a c t o r s  h a v e  'been p r o c e s s e d  
t h r o u g h  s e p a r a t i o n s  f a c i l i t i e s  ( 6  P l a n t ,  T P l a n t ,  R.EDOX and PUREX) 
f o r  r e c o v e r y  o f  P l u t o n i u m ,  Uran ium and  o t h e r  u s e f u l  i s o t o p e s .  
N e a r l y  a l l  o f  t h e  f i s s i o n  . p r o d u c t s -  (>99.99%) and  p r o c e s s  c h e m i c a l s  
a r e  c o l l e c t e d  in a s i n g l e  small volume a q u e o u s  w a s t e  s t r e a m ,  
n e u t r a l i z e d  w i t h  sodium h y d r o x i d e  and  s t o r e d  i n  l a r g e .  u n d e r g r o u n d  
a g i n g  w a s t e  . t a n k s .  Normal p r a c t i c e  was t o  add  t he  w a s t e  

-- c o n t i n u a l l y  t o  an a g i n g  w a s t e  t a n k  while  h o l d i n g  a c o n s t a n t  volume 
i n  t h e  t a n k  a l l o w i n g  the  w a s t e s  i n  t h e  t a n k  t o  s e l f - c o n c e n t r a t e  
f r o m  t h e  f i s s i o n  p r o d u c t  d e c a y  hea t .  As t h e  t a n k  i s  f i l l e d ,  t h e  
waste sepa ra t e s  i n t o  an i n s o l u b l e y s l u d g e  l a y e r .  and  a -  s u p e r n a t a n t  
1 i q u i d . -  

The f i r s t  a g i n g  w a s t e  t a n k s  were  c l a s s i f i e d  a s  n o n - b o i l i n g  t a n k s  
s i n c e ,  i n  t.he j u d g e m e n t  o f  e n g i n e e r i n g  and o p e r a t i o n s ,  t h e  t a n k s  
d i d  n o t  h a v e  t he  l i q u i d  l e v e l  v a r i a t i o n s  and t e m p e r a t u r e  
a s s o c i a t e d  w i t h  a b o i l i n g  l i q u i d .  
c o n s i d e r e d  t o  be b o i l i n g  i f  t h e  l i q u i d  l eve l  was u n s t a b l e ,  i . e .  
t h e  l i q u i d  l e v e l  a p p e a r e d  t o  v a r y  by more t h a n  1 i n c h , - - a n d  t h e  
t a n k  s u p e r n a t e  temperature  was a t  o r  n e a r  t h e  b o i l i n g  t e m p e r a t u r e  
o f  t h e  superna te  ( 2 1 2  t o  220  OF). The R o n - b o i l i n g  t a n k  f a r m s  a r e  
A W , - A P ,  B ,  - 6 X ,  B Y ,  C ,  S ,  S Y , : T ,  TX, TY and.  U Tank .Farms. Tank 
Farms A W , - A P ,  C - a n d  TY d i d  n o t  r e c e i v e  a g i n g  w a s t e  d i r e c t l y  from 
t h e  s e p a r a t i o n s  f a c i l i t i e s .  - T h e  e a r l i e r  c o n s t r u c t e d  . a g i n g  w a s t e  
t a n k  f a r m s  ( 8 ,  EX ,  B Y ,  S ,  T, TX and  U - t o t a l r o f  90  tanks) 
r e c e i v e d  a g i n g  waste b u t  w e r e - n o n - b o i l i n g  t a n k s - b e c a u s e  t h e  h e a t  
c o n t e n t  o f  t h e - w a s t e  s t o r e d  i n  t h e  t a n k s  was n a t * h i g h  enough t o  
c a u s e  the  t a n k s  t o  b o i l .  

- - . .  * .  

. 

.. .. 

N e a r l y  a l l  af t h e . , f i s s i o n . p r a d u c t  h e a t  i s  a s s o c i a t e d  
w i t h  t h e  s l u d g e  l a y e r  ... - - .  . -  . 

An a g i n g  w a s t e  t a n k  was 

. 

. -  - - -  
S e v e r a l  t a n k s  i n  S T a n k . F a r m  d i d  b o i l  (lOl-S, 104-S;107-S and 
1 1 0 - S )  even t h o u g h  t h e  t a n k  f a r m  was c l a s s i f i e d  a s  a - n o n - b o i l i n g  

1 t a n k  farm.  .'These S Farm t a n k s  were t h e  f i r s t  t a n k - i n  a s e r i e s  o f  - 3 c a s c a d i n g  t a n k s .  
. REDOX w h i c h  ' ove r f lowed  t o  Tank Ill-S w h i c h  o v e r f l o w e d  t o  Tank 

112-S .  
1 1 0 - 5 ,  b r i n g i n g  t h e  t a n k  s u p e r n a t e  t o  a b o i l .  
w e r e  made Fvr t a n k s ' r e c e i v i n g  s u b s e q u e n t  a g i n g  wastes w h i c h  
p r o v i d e d  su f f i c i en t  h e a t  f o r  t he  t a n k s  t o  b o i l :  

s t o r a g e  tn 1 . 0  m i l l i o n  g a l l o n s  o f  s t o r a g e .  
t h e  amount o f  heat g e n e r a t i n g  r a d i o n u c l i d e s  t h a t  c o u l d  be 
s t o r e d  i n  a t a n k .  

F o r  example, Tank 110-S r e c e i v e d  w a s t e  f rom 

A m a j o r i t y  o f  the  s o l i d s  p r e c i p i t a t e d  i n  t h e  f i r s t  t ank ,  
S e v e r a l  c h a n g e s  

1. Tank s i z e  was i n c r e a s e d  f rom .5 and .75 m i l l i o n  g a l l o n s  o f  
T h i s  i n c r e a s e d  
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, t a l e  R E D  X p r o c e s s  was m o d i f i e d  t o  i n c l u d e  
a s i n g l e - s t a g e  b a c k c y c l e  and r e u s e  o f  w a s t e s ,  t h e r e b y  
r e d u c i n g  t h e  volume o f  s t o r e d  w a s t e s  per  t o n  o f  u r a n i u m  

. . .  p r o c e s s e d  by a b o u t  30%.‘, R e f e r e n c e  2 .  T h i s  a l s o  i n c r e a s e d  
: - , - _ I - -  t h e  amount o f  h e a t  g e n e r a t i n g  r a d i o n u c l i d e s  i n  a t a n k .  

, I  -., . . 8 1 -  ‘ . -  
- :  3. T h e  PUREX.process g e n e r a t e d  a n  a g i n g  w a s t e  s t r e a m  c o n t a i n i n g  

r o u g h l y  twice t h e  c o n c e n t r a t i o n  o f  r a d i o n u c l i d e s  and o n e  

. - + * J  ; PUREX c o u l d  be c o n c e n t r a t e d  a b o u t  6 times as much as t h e  
. : t h i r d  o f  t h e  sodium m o l a r i t y .  T h e r e f o r e ,  t h e  w a s t e s  f r o m  

. ~ REDOX waste. T h i s . i n c r e a s e d  t h e  amount o f  h’eat p r o d u c i n g  
- . . ~ .  - i s o t o p e s  t h a t - c o u l d  be s t o r e d  i n  E a s t  Area  a g i n g  w a s t e  t a n k s .  

’ ,:Most o f . t h e  t a n k s  - i n  SX ( e x c e p t  102-SX,  103’-5X, fOS-SX, ’  and 106-  
: - S X ) ;  A and A X  Tank Farms were c l a s s i f i e d  a s  b o i l f n g  a g i n g  w a s t e  

- .  
J . .. .,. - - -. 

: : I. - 
I -  

. .  . -  
I . .-. - -  

t a n k s  . ( t o t a l  o f  2 1  a g i n g  w a s t e  t a n k s  t h a t  w e r e  c l a s s i f i e d  a s  
b o i l i n g ) .  

removed f rom t h e  a g i n g  w a s t e  s l u d g e  l a y e r  by c o n d u c t i o n  and 
p e r c o l a t i o n  o f  s u p e r n a t e  t h r o u g h  t h e  s l u d g e  w i t h  t h e  l a t t e r  
p e r c e i v e d  as b e i n g  t h e  major  mechanism f o r  h e a t  r e m o v a l .  
i n c r e a s i n g  l a y e r s  of  s l u d g e  i n  an a g i n g  w a s t e  t a n k  a n d  as t h e  

- - s u p e r n a t e  becomes more c o n c e n t r a t e d  w i t h  s o l u b l e  i o n s ,  h e a t  
. -  removal-  f rom t h e  s l u d g e  l a y e r  becomes more d i f f i c u l t .  P a s t  

. 8 .  : o p e r a t i n g  e x p e r i e n c e  r e v e a l s  t h a t  c o n t r o l  o f - p e a k  t e m p e r a t u r e s  
. - ; : (Reference 1) .  and t a n k  bumps:in a g i n g  waste .  t a n k s  h a s  p r e s e n t e d  

r -  . -  r e .po r t  d i s c u s s e s  t h e  t o p i c  o f  t a n k . b u n i p s  i n  a g i n g  w a s t e  t a n k s .  

, , i n f o r m a t i o n  f o r  t h e  Aging Waste F a c i l i t y  S a f e t y  A n a l y s i s  R e p o r t  

. -  - - I  . . .  - - I . -  
. - - ,  . - .  - .  . -  

- P r i o r  t o  i n s t a l l a t i o n  o f  a i r  l i f t  c i r c u l a t o r s  ( A L C ) ,  b e a t  was . 

W i t h  

. - -  
-- .... - . l  c h . a l l e n g e s  .for safe* o p e r a t i o n - o f : t h e  . a g i n g  waste t a n k s .  T h i s  

: The p u r p o s e  o f  collecting;this*information - i s  t o  p r o v i d e  
, .  

( A W F  SAR)  a c c i d e n t  s c e n a r i o ,  t he  ‘ t a n k  bump”. 
. .  . -  . # *  

_ .  ” ,  
:- p i  scuss i o n .  - .. 

. . -,- , . -  . .  
. .  - T a n k  bumping i n  a g i n g  w a s t e  t a n k s  was f i r s t  o b s e r v e d  i n  t h e  S 

- Tank Farm i n  t h e  200 West Area.  P r i o r  t o  1 9 5 2 ,  t he  h e a t  c o n t e n t  
i n  a g i n g  w a s t e  t anks  was d i s s i p a t e d  t o  t h e  g r o u n d  w4thout  c r e a t i n g  
a b o i l i n g  temperature i n  any t a n k .  To s u p p l e m e n t  h e a t  t r a n s f e r  
t o  t h e  g r o u n d  s u r r o u n d i n g  the a g i n g  waste t a n k s ,  a i r  c o o l e d  h e a t  
e x c h a n g e r s  were i n s t a l l e d  above  g r o u n d  on t h e  5 t a n k s  p r o v i d i n g  
a d d i t i o n a l  h e a t  t r a n s f e r  by r e f l u x  c o n d e n s i n g .  As more a g i n g  
waste was added t o  t a n k s  i n  S Tank Farm, some o f  t h e  a i r  c o o l e d  
heat  e x c h a n g e r s  were c o n v e r t e d  t o  a water s p r a y e d  a i r  c o n d e n s e r  
and an a u x i l i a r y  w a t e r - c o o l e d  h e a t  e x c h a n g e r  was i n s t a l l e d  on 
Tanks  101-5 a n d  104-S. Two v e n t i l a t i o n  systems (SX-401  and S X -  
4 0 2 )  w i t h  water  . c o o l e d  c o n d e n s e r s  w e r e  added i n  SX Tank Farm. 
These a d d i t i o n a l  systems f o r  S and  SX Tank Farms p r o v i d e d  more 
h e a t  removal  c a p a c i t y  t o  p r e v e n t  s t e a m  from e s c a p i n g  from t h e  
b o i l  i n 9  t a n k s .  

\ 
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A c h a r a c t e r i s t i c  o f  t h e  b o i l . i n g  aging:waste tanks ,  f i r s t  observed 
i n  T a n k  104-5  i n  1 9 5 3 ,  was measurable pressure  v a r i a t i o n s  i n  the  
t a n k .  I nves t iga t ions  o f  the  phenomena provided measurements o f  
b o t h  t h e  d u r a t i o n  and maximum pressure  i n  t h e  tanks .  A f e a t u r e  

- condensate f l o w  from t h e  condensers. When f i r s t  observed, t h e  
p re s su re  surges  were small  but increased b o t h  i n  i n t e n s i t y  a n d  
du ra t ion  as t h e  heat conten t  o f  t h e  a g i n g  waste t a n k s  was 
increased .  T h e  t e rm "bumping" was f i r s t  appl ied  t o  t a n k s  i n  

. which t h e  pressure v a r i a t i o n s  were respons ib le  for contamination . 
spread f r o m  t h e  t a n k s  t o  t h e  a rea -  s u r r o u n d i n g :  th-e ' tanks.  

. B u m p i n g ,  a s  appried t o  a g i n g  was te ' t ankt ,  i s  envisioned as a 

, *  o f  t h e  pressure  v a r i a t i o n s  would be  temporary inc reases  i n  

. *  . % * - .  - . . -  ... 
i - .  

-p rocess  o c c u r r i n g - i n - o r  jus t  above ' the sludge l aye r .  
, t r a n s f e r  r a t e s  a r e  low causing t h e  sludge t o - i n c r e a s e  i n  

- temperature  a b o v e  the-Isupernate temperature.  -The sludge increases  

.supernate  pe rco la t e s t th rough  the  s l u d g e  or m i x i n g  by t he  a i r l i f t  
. c i r c u l a t o r s  ( A L C )  allows t h e  supernate  t o  r n i x I - w i t h - t h e  h o t  s l u d g e .  

A l s o ,  t h e  hydros t a t i c  head o f  l i q u i d  above t h e  s ludge l a y e r  may 
delay  t h e  formation o f  steam bubbles u n t i l  -the. h o t  -1 i q u i d  r i s e s  
t o  a p o i n t  a t -which t h e  decreasing f iqu fdxpres su reLa l lows  t h e  
steam b u b b l e  t o  f o r m .  By e i t h e r  mechanism, t h e  h o t  s l u d g e  
t r a n s f e r s  heat t o  t h e  supernate  causing staam'bubbl-qs t o  f o r m  
which r i s e  t o  t h e  . sur face  o f  t he  supernate .  -The :st,eam bubbles can 

t r a n s f e r r e d  from t h e  hot s ludge t o  t he  supe rna te . - : I f  the energy 
, r e l e a s e  i s  sudden and o f  . s u f f i c i e n t  magnitude; ' the steam re leased  

t o  t h e  t a n k  vapor.space 'causes t empora ry -p res su r i za t ion  o f  the  
. t a n k - w i t h  an increased condensate f l o w  r a t e  f rom ' the  condensers. 

D u r i n g  t a n k  pressurization-( ie . - ; the tank b u m p s ) ,  steam escapes 
from r i s e r s ,  pumps p i t s  and t h e  v e n t i ? a t i o n  equipment. The 
escaping steam ca r r i e s ' 1 iqu id . f rom t h e  tank i n  t h e  form o f  micron 
s i z e  aerosol  d r o p l e t s .  The aerosol ,d- in-most tank'  bumps ,  i s  - t r anspor t ed  t h r o u g h  th-e atmosphere contaminating t h e  a rea  
surrounding tbe  t a n k .  

Sludge heat 

_.  j n  t e m p e r a t u r e  u n t i l  e i t h e r  a f i s s u r e  develops i n  t h e  s ludge,  

: be small or l a rge  depending on t h e  amount and r a t e l o f  energy 
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There have been v a r i o u s  methods u t i l i z e d  i n  an a t t e m p t  t o  c o n t r o l  
- p r e s s u r e  v a r i a t i o n s  i n  t h e - a g i n g  waste  tanks .  F i r s t ,  an auger  
. was i n s t a l 1 e d . i n  Tank 101-SX which was p a r t i a l l y  s u c c e s s f u l  i n  

p r e v e n t i n g  bumping  (Re'ference 2 ) .  The .primary purpose o f  t h e  
auger  was a " c r u s t  breaker'! s i n c e  many o f  t h e  e a r l y  aging waste 
t a n k s  conta ined  a f l o a t i n g  c r u s t .  I t  was t h e o r i z e d  t h a t  a 
f l o a t i n g  crust  would prevent  steam bubbles  from l e a v i n g  t h e  tank  
and t h e  steam bubbles would c o l l e c t  underneath t h e  c r u s t .  When 
t h e  p r e s s u r e  underneath t h e  c r u s t  became e x c e s s i v e ,  t h e  crust  

. w o u l d  e i t h e r  break u p  or be turned  over  by the  underneath p r e s s u r e  
a n d  cause  a t ank  " r o l l  over".  "The c h a r a c t e r i s t i c s  of a t a n k  roll  
over was p r e s s u r i z a t i o n  of t h e  t a n k ,  steam escaping  f r o m  t a n k  

. openings and t rembl ing  o f  t h e  ground. T h e , a u g e r  a l s o  provided 
for  mixing of t h e  s l u d g e  l a y e r  w i t h  t h e  s u p e r n a t e ' l a y e r  and was 
successful-in.reducing,the number;of t a n k  bumps i n  1 0 1 - S X .  - -. . .. 
Next, an . a i r  s p a r g e r  was i n s t a l l e d  i n  Tank.,l04-$X. 
o f  t h e  s p a r g e r  was t o  m i l d l y  a g i t a t e  t he  supernate;thereby 
i n c r e a s i n g  h e a t  t r a n s f e r  between t h e  s l u d g e  and t h e  superna te  t o  
p revent  t a n k  b u m p i n g .  The s p a r g e r  i n  104-SX was s u c c e s s f u l  i n  
p r e v e n t i n g  t a n k  b u m p i n g .  The only  recorded 104-SX bump occurred 
when t h e  s p a r g e r  a i r  s u p p l y  f a i l e d  (Reference 3 ) .  The-success  of 
t h e  IO4-SX:sparger provided the  . -  impetus  fo r  developing - -  t h e  A L C ,  . 

. The A L C  have been . t h e  m o s t  : successfu l  method used t o  prevent  tank  
b u m p f n g :  A s  succeeding tank-farms  have been c o n s t r u c t e d ,  t h e  
number o f  A L C  per ' - tank -has .been i n c r e a s e d  i n  an a t tempt  t o  
m i t i g a t e  t h e  occurrence of  e i t h e r  a t a n k  bump o r  a n - e x c e s s i v e  

- c  .-  s l u d g e  .Each o f , , t h e  l a t e r  b u i l t  t a n k s  i n  t h e  SX Tank 
. -  - =  . Farm (107-SX . t h r o u g h  '115-SX)- an& A l a n k  Farm conta ined  4 A L C  and 

. . - .. * * I  a g i n g  waste  tanks  i n  A Y  and A 2  t a n k  farms each c o n t a i n - 2 2  ALC. 
P a s t  o p e r a t i n g  e x p e r i e n c e  has shown t h a t - c o n t i n u o u s  o p e r a t i o n  o f  

- t h e  A t C  prevents. tank  bumping. . The remainder:of t k f s r r e p a r t  . 
p r 0 v i d e s . a  I i s t . o f  t h e  known t a n k  bumps w S t h  t h e  c o n d i t i o n s  w h i c h  

The purpose 

~. .* - - 

-~ 

. .. - ." 

. each t a n k - i n  t h e  A X  Tank Farm conta.ined 22  ALC.  The c u r r e n t  
' 

I .  . . .  
- - -  .:. 1. 

I _  

caused bumpfng,:Table 1. ,;-,: ..- . 
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. . . . . . .  . I .:The " t a n k  bump'" h a s  been  ' d i s c u s s e d ' . f o r . . t h e .  p a s t  s e v e r a ' l  y e a ' r s  a s  
.. ' - o n e  o f  t h e  c r e d i b l e  - acc . i ' den t  s c e n a r . i o s .  ' f o r  t h e  . A W F : S A R .  

. . . . .  ,, . . . .  . - '  t h e  a c c i d e n t  . s c e n a r i o  i n v o l v e s .  s h u t d o w n  :.of : t h e  A L C  k i t h  

. . .  I . . . . . . .  I .- .. : . : -: <, L - -..- . . ~ -  . - 
. .  

- . . .  : B . r i e f l y ,  

. . .  s i m u l t a n e o u s  l o s s  of;tank v e n t i l a t i o n . . .  A . t o r n a d o  o r  e a r t h q u a k e  
. . .  . . .  '. - '  i s '  t h e  p o s t u 1 a t . e d  i n i t i a t i n g  . e v e n t  t r i g g e r i n g  : s i m u l t a n e o u s  l o s s  

; . . . . . .  -:. - e q u i p m e n t .  W i t h o u t  m i l d  a g i t a t i o n  o f  t h e  ag i .ng  waste  . s o l u t i o n  
. . . . .  ' ( c o n t i n u o u s  A L C  0 p e r a t ' i o n ) ; - : ' t h e  L o l u t i o n / s l u d g e  ' i n  th.e a g i n g  

. . . . . . .  a g i t a t i o n  o f  the ' .  s u p e r n a t e , " h e a t  a b o v e  , t h e  b o i l i n g  p o i n t  o f  t h e  
... - . s o l u t i o n  p r - o v i d i n g  a t h e r m a l l y  h o t  s ludge.- layer : , : . . :A t r i g g e r i n g  

. , .  . of  t h e  a i r  s u p p l y  f o r  t h e . A L C " a n d  s h u t d o w n  o f  t h e  v e n t i l a t i o n  . .  
. .T ~ 

- .  . . . .  
. . . . . . . . . . . .  . - .  ' - .  - w a s t e  t a n k  h e a t s  . t o  . t h e  b o i l i - n g  - p o i n t :  T h e -  sol  i d s ,  w i t h o u t  mi ld '  

. ' . .ev-ent  ne'xt . o c c u r s  in w h i c R ' : t h e . ( ' s t o r e d  h e a t  ' .ener'gy i n  :.the s l u d g e  . 
- .  i s  ; t r a n s f e r r e d  - to" th ' e  k o 3 u t i o n  c a u s i n g  steam b u b b l e  f o r m a t i  on .  

The s t e a m  b u b b l e s  .;r'ise t d  ' the urface'  o f  t h e  - l i q u i d ,  . p r e s s u r i z e  . . 
t h e  t a n k  and blow a s t e a m - a e r o s o l  m i x t u r e  i n t o  - t h e  . a t m o s p h e r e .  
The a e r o s o l ;  c o n t a i . n i n g  f i s s i o n  p r o d u c t s , '  i s  ' s u b s e q u e n t l y  
t r a n s p o r t e d  t h r o u g h  ... t h e  , a t m o s p h e r e  c o n t a m i n a t i n g  t h e  a r e a  . _  downwind 

. .. . . . . .  o f  t h e  t an 'k .  .~ - . 

'The"av'ai'1 abl . -e  d o c u m e n t e d  i n f o r m a t i o n  o f  - t a n k  bumps :(.Tab1 e 1)  
' _ .  s u g g e s t s  t h a t  - a l l  o f  t h e . ' f o l ' l o w i n g  c o n d i t i o n s  - - a r e .  n e c e s s a r y  f o r  a 
. ' t a n k  :bump.,,,to . o c c u r :  I .  ;. 

1. 

. .  

0,  ? - .  . -  - I  

- - - , - I  - . - .  , -*-? . -:. . 
/- . , .  - .  . *  . .  

.- . ? I  . 
I ,  . . -  . *  

. . *  . . . . . .  _ . . _  . . .  . . >  ? . . . -  - - . .  T - ?  : = .  . , - .  . 
. . _ -  - . .  

. .  
. . . . .  ... - . . . . . . .  . 

. .  - .  . .  - - 
. .  

. . . . . . .  . . . . .  r( . .  - -  - B L , .  3 . .  1 "  ' 
. .  
, a  2 . j  . . .  

. .  

- . . . . . . . . .  . . . . . .  . . . . . .  . . . .  .- . - .  1 . a  ' . .... . . . .  . .  * . .  . - .  3 
. .  - -  , * . -  , .  

. . .  _. . . - .  . 
' The ta-nk - c o n t a i n s  agi 'ng & s t e  -arid i s  - b o i l i n g .  -:- 

... - .  2 .  H e a t  g e n e r a t i o n  o f . t h e  a g i n g  waste i s  g r e a t e r  t,han 1 . 0  
- " . *  c -  ~ , ,  

* b . . . & S d  z - 1  . 

* - < . .  , ' - 3 ;  :: 2;;..- - *+ ; -  ,; - 1 .  . :.-:;: 3 -: -. 
.. - .  i & . . . . .  .. ~. . . .  : 7 -, f i. ;, I s  $ 5 3 :  :; .; . .:: . ;; .i f . -. :. .... . .  . . . . . . . . . . . .  -. mi . l l . i on  . B t u / h r ; :  . - . .  . .  

. a r  . . 
; ;  - . 

_ - .  . . 3 ,  . ,In' . o r d e r  to..'have'a"bump;'.:the,.A.LC..must rbe . "o - f f  . a l l o w i n g  t h e  

- t h e  s l u d g e )  o c c u r s  ; p r o v i d i n g  f o r  . m i x i n g  o f - t h e  h o t  s l u d g e  

:' -Y s l u d g e  , - to  acculnulate ' s to . red - e n e r g y . - - . -  Next,? an - i n i t i a t i n g  ,. , 

. . . . .  . . .  . /  e v e n t ,  ( i e .  the  ALC . a r e  t u r n e d  b a c k  'on  o r - - a  f issure  f o r m s  i n  , .  . . . .  
-.., . , - . - . -  

. ,  . . . .  
. . . .  -. w i t h  - t h e  b o i l i n g  supe rna te . . . ; ' .  ,.-i; . -. 

. .  . .  

4 .  The t a n k  s l u d g e  t e m p e r a t u r e - i s  g rea te r  t h a n  240 OF. -,.. - - .  .. . . .  '1 
- >  . 

_ -  ~ . .  - -  
* ' - When a t a n k  bumps, t h e  f o l l o w i n g  a r e  l i k e l y  t o  o c c u r  ( T a b l e  I ) :  

< -  
. -  

1. The t a n k  p r e s s u r i z e s  a b o v e  - 7  p s f g  ( 2 0  i n .  o f  w a t e r  
g a g e )  and  s t e a m  i s  e x h a u s t e d  f r o m  t h e  t a n k  t h r o u g h  t h e  
a v a i  1 ab1 e o p e n i n g s .  

2.  The a r e a  s u r r o u n d f n g  the  t a n k  becomes  c o n t a m i n a t e d .  
T h e r e  i s  o n l y  o n e  c a s e  . i n  w h i c h  t h e  a r e a  was n o t  
c o n t a m i n a t e d  ( 1 0 1 - A X ) .  

C-8 
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101-S  and 104-S i n  S Tank Farm a r e  . 
based  on t h e  measured c o n d e n s a t e  f l o w  from t h e  w a t e r . c o o l e d  
c o n d e n s e r s  i n s t a l l e d  above t h e  . t a n k s .  These  h e a t  c o n t e n t  v a l u e s  
d o  n o t  . ' inc lude  h e a t  l o s s e s  . t h rough  the  t a n k  w a l l s ,  dame and base  
t o  t h e - s u r r o u n d i n g  ground and d o  n o t  i n c l u d e  h e a t  losses t o  t h e  

- w a t e r - c o o l e d  a i  c o n d e n s e r s .  .Hea t  l o s s e s  t o  t h e  ground have been 
' e s t i m a t e d  t o  be 250 ,000  t o  500,000 B t u / h r  ( R e f e r e n c e  2 ) .  Heat 

. loss  t o  t h e  a i r  cooled c o n d e n s e r s  ,were c a l c u l a t e d  t o  be 240 ,000  
B t u / h r  f o r  each  c o n d e n s e r  (101-S and 104-5  e a c h  had  Z ' a i r - c o o l e d  

_. c o n d e n s e r s )  w i t h  t h e  w a t e r  j a c k e t  i n c r e a s i n g  t h e  h e a t  t r a n s f e r  by 
. u p  t o  1.0 'times . t h e  . a i r  c o o l i n g  r a t e .  T h e r e f o r e ,  t h e  r a d i o n u c l i d e  
, .heat  " g e n e r a t i o n  , r a t e  for t a n k s .  101-5  and 104-S  was 'between 1 .3  

* :. : ,  and 2 m i l l i o n  Btu /hr . , .3 ,The  h e a t  g e n e r a t i n g  r a t e s f o r  t a n k s  101-SX 
. : .  I and 104-,SX a r e  based on measured c o n d e n s a t e  f l o w  r a t e s  , ( R e f e r e n c e  

. ,.-- i c o n s i d e r a t i o n  t h a t  i t  had 4 o p e r a t i n g  ALC and was r e c e i v i n g  a g i n g  

. -  
_ I  

t. -:> - 2 ) .  A v a l u e  ,of 2 . 0  m i l l i o n  was s e l e c t e d  f o r  114-SX t a k i n g  i n t o  

'was te  s i m i l a r  t o  - t h e  . o t h e r  SX .Farm .ag ing  waste - t a n k s .  _ .  .I . 
- L -  - - .  ...._ _ -  . - .. . . _  . . - -  ~- - r .  . . -  ' * -  * I .  ' i - '  

- .  
The - h e a t  c o n t e n t  f o r  t a n k s  '105-A and 101-AX a r e  based 'on t h e  f i ' l l  
h i s t o r y  f o r  t h e s e  two t a n k s  and t h e  s t a n d a r d s  f o r . o p e r a t i o n a 1  
c o n t r o l  of  t h e  .aging w a s t e  t a n k s  i n  E a s t  Area ( R e f e r e n c e  7 ) .  
T h e  s t a n d a r d  maximum b o i l - o f f  r a t e  ( R e f e r e n c e  7 )  was es tab l i shed  
a t  20 g a l l o n s  p e r  minu te .  A t y p i c a l  v a l u e  of 15 g a l l o n s  p e r  
minu te  ( 7  m i l l i o n  B t u / h r )  b o i l - o f f  r a t e  was s e l e c t e d  for  t a n k s  
105-A and 101-AX c o n s i d e r i n g  the- f i l l  s c h e d u l e  and bump d a t e  f o r  
t h e s e  t a n k s .  

P. . . _  
..._ 

. . .  . . .  . 

?*. 
1.r: . 
. 

T.. . -  . -  - ._  _ .  
ci a f  case "since t h e  t a n k  bump'i;as caused  

p r i m a r i l y  by t h e  bot tom b u l g i n g  i n s t e a d  o f  l o s s  of  a i r  f l o w  t o  
t h e  A L C ' a n d - t u r n i n g - t h e  ALC back on. .Tank 105-A i s . i n c 1 u d e d  i n  
T a 6 l e  -1 f o r  . c o m p l e t e n e s s ? s i n c e  :it i s  ' a l s o  c l a s s i f i e d  a s  a t a n k  
bump. The o t h e r , t a n k s  -having  i bot tom b u l g e  (107 -SXt  l 0 8 - S X t  
111-SX and 112-SX) a r e  n o t . i n c 7 u d e d  i n  Table  1 since t h e r e  has  
been no i n f o r m a t i o n  f o u n d - s u g g e s t . i n q  t h a t  these t a n k s  had a t a n k  
bump. 

Nat i n c l u d e d  i n  T a b l e  1 a r e ' t a n k  p r e s s u r i z a t i o n s  caused  when t h e  
v e n t i l a t i o n  sys t ems  s h u t  down. -For ins tance ,  t he re  have been - 
steam r e l e a s e s  i n  East Area from t h e  1 5 2 - A X  O i v e r t e r  S t a t i o n  w h e n  
t h e  702-A v e n t i l a t i o n  system was i n a d v e r t e n t l y  s h u t  down. S i n c e  
some o f  t he  t a n k s  were boiling, t h e  a g i n g  waste  t a n k s  p r e s s u r i z e d  
s l i g h t l y  e x h a u s t i n g  s t eam from risers and 152-AX u n t i l  t h e  
v e n t i l a t i o n  system was r e s t o r e d .  

- *: - 
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An ag ing  waste t a n k  bump wa envis ioned  a s  a worst c a s e  a c c i d e n t  
f o r  t h e  AWF SAR when t h e  maximum hea t  c o n t e n t  o f  an a g i n g  waste 
t a n k  was determined t o  be 4.0 m i l l i o n  B t u / h r  ( R e f e r e n c e  8 ) .  This  

' s c e n a r i o  i s  c o n s i s t e n t  w i t h  p a s t . o p e r a t i n g  e x p e r i e n c e - w h i c h  
- i n d i c a t e s  t h a t  t h e  h e a t  c o n t e n t  o f  200 East  Area b o i l i n g  a g i n g  

- w a s t e  t a n k s ,  having m u l t i p l e  ALC, i s  above 3 . 4  m i l l i o n  B t u / h r  f o r  
I t h e  tank  t o  be c 0 n s i d e r e d . a  b o i l i n g  ag ing  waste  t a n k  (Reference 

9 ) .  W i t h  t h e  s h u t d o w n  o f  N Reactor and l e s s  f u e l  being a v a i l a b l e  
*- - f o r  p r o c e s s i n g  t h r o u g h  P U R E X ;  t h e  maximum h e a t  c o n t e n t  of an  

aging waste  tank  was es t imated: to ,be  690 ,000 B t u / h r  (Reference 
l o ) . .  T h i s  e s t i m a t e  i s . b a s e d  o n  an aggressive_PUREX-processing 
s c h e d u l e .  Obviously; t h e - h e a t  c o n t e n t  - o f  t h e  maximum aging waste 
t a n k  i s  - c o n t i n u a l l y  d e c r e a s i n g  . s i n c e  P U R E X  has been s h u t d o w n  and  

' PUREX r e s t a r t  i s  being pushed i n t o , t h e  f u t u r e .  The f u e l  scheduled 
f o r  p r o c e s s i n g  i n  PUREX is being s t o r e d  i n  t h e  r e a c t o r  b a s i n s .  
T h e r e f o r e ,  t h e  h e a t  c o n t e n t  of t h e - s t o r e d  f u e l  w i l l - b e  lower when 
processed  t h r o u g h  1 PU than t h e  e s t i m a t e s  used i n  Reference 1 0 .  

Based o n  t h e  above informat ion ,  t h e  c u r r e n t  p r o j e c t i o n s  f o r  heat  
c o n t e n t  i n  t h e  aging waste tanks  prec lude  t h e  p o s s i b i l i t y  of a n  
ag ing  waste  tank  b o i l i n g .  -No aging waste  t a n k  will c o n t a i n  

. g r e a t e r  t h a n  1 .0  m i l l i o n  B t u / h r  .and-.the h e a t - c o n t e n t -  wi l l  be much 
- l e s s  than t h e  3 . 4  m i l l i o n  B t u / h r  needed t o  have a b o i l i n g  200  

E a s t  Area tank .  S i n c e  no f u t u r e : a g i n g  w a s t e - t a n k  will b o i l  a n d  
- t h e  h e a t  con ten t  i s  p r o j e c t e d  t o  b e - l e s s  t h a n - 1 . 0  mi- l l ion B t u / h r ,  

t h e  f i r s t  a n d  second c o n d i t i o n s  f o r  a tank bump have 'been 
e l i m i n a t e d .  I n s t e a d ,  t h e  a g i n g  waste t a n k s - w i l l -  "simmer" a t  

example, the  s u p e r n a t e - i n  l a n k  101-AY-reached an average  
t e m p e r a t u r e  o f  210 O F  i n  March o f  1 9 7 2  when t h e  r a d i o n u c l i d e s ' i n  

. t h e  t a n k  were g e n e r a t i n g  heat  a t - a  r a t e  o f  over 3 m i l l i o n  B t u / h r .  
Tank 101-AY was n o t  c l a s s i f i e d  a s - a  b o i l i n g  aging waste  tank .  
The t a n k  cont inued t o  simmer a t  d e c r e a s i n g  s u p e r n a t e  tempera tures  

. - ' for - . severa l  y e a r s  as  t h e  r a d i o n u c l i d e s  decayed t o  lower hea t  
. - g e n e r a t i n g  r a t e s .  ' T h e  aver t  e s u p e r n a t e  t e m p e r a t u r e  i n  T a n k  101-  

A Y  in-December 1973 was 165 F. 

1 .  

. 1 -  

.. 2 -  _ . I  
' .. . .  . .  - 

- I .. , .  t e m p e r a t u r e s  below t h e  superna te  b o i l i n g  t e m p e r a t u r e .  F o r  

- - _  - -  - ,  . 
I ,  

- ,  

? - .  
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C o n d i t i o n  3 f o r  a t a n k  bump t o  o c c u r ,  ALC t u r n e d  o f f  w i t h  h e a t  
b u i l d u p  i n  t h e  s l u d g e ,  . i s  a l s o  n o t  c r e d i b l e .  F o r  ,a  n o n - b o i l i n g  
a g i n g  waste t a n k ,  h e a t  i s  c o n d u c t e d  t o  t h e  s o i l  s u r r o u n d i n g  t h e  
t a n k  a n d  h e a t  a c c u m u l a t i o n  i n  t h e  s l u d g e  i s  n o t  g r e a t  e n o u g h  t o  

. .  . . -  . - .  * - .  - -  
, :  .. . 

-,,-; - . p r o v i d e  t h e  e n e r g y  s o u r c e  f o r  a t a n k  bump. - 1 n s t e a d . o f  a h e a t  
--.. - .  *:..., b u i l d u p  i n  - t h e - s l u d g e ,  t h e  h e a t  i s  t r a n s f e r r e d  f r o m  t h e  s l u d g e  t o  

1 - -.*.d..-.. . I  - -  - - t h e  . t a n k  w a l l s  and s u p e r n a t e  .by t h e r m a l  c o n d u c t i o n  means .  
. -  . h e a t - c o n t e n t  i s  S O  l o w  t h a t  t h e  s l u d g e . d o e s  n o t  a t t a i n  e x c e s s i v e  

t e m p e r a t u r e s ;  t e m p e r a t u r e s  a t  w h i c h . e n o u g h  , h e a t  i s  s t o r e d  t o  
- .  ..__ - ' p r o v i d e  t h e ' e n e r q y  f o r  a " t a n k  bump.. - - H e a t  b u i l d u p  i n  t h e  s l u d g e  

- - w o u l d  n o t  b e  enough t o . ' p r o v i d e  t h e , s o u r c e  o f  s t o r e d  . e n e r g y  
- * c a u s e  steam b u b b l e  f o r m a t i o n  and a t a n k  bump,, .Heat i n  t h e  non-  

- . -  ' b o i l i n g  a g i n g  w a s t e  t a n k  i s - c o n d u c t e d  t h r o u g h  t h e  s l u d g e  t o  t h e  
I - -  , t a n k  w a l l s c ' a n d  ' t o  t h e  s u p e r n a t e  w i t h -  s u b s e q u e n t  ' e v a p o r a t i v e  

' c o o l i n g  o c c u r r i n g * a t : t h e  s u p e r n a t e  s u r f a c e .  . At t a n k  h e a t  

a - t a n k  bump* 

The 
- '  - J . >  

c 

_ .  e 

: . . ; I  . ; 
- -  t o  

-.-  
. .- . .  
- . _ -  . . -  , - A I  . g e n e r a t i n g  r a t e s : l e s s  t h a n  .1.0 m i l l i o n  B u / h r  , : t h e r e  s i m p l y  

n o t  e n o u g h - h e a t  b u i l d u p  i n  t h e - s l u d g e  t o  

C u r r e n t l y ?  t h e  e s t i m a t e d -  heat  g e n e r a t i n g '  r a t e  

t h e  a v e r a g e ' s u p e r n a t e  o p e r a t i n g  tern e r a t u r e s  : f o r  A Z - 1 0 1  and AZ-  

t e m p e r a t u r e s - ' o f  1 8 0 - a n d  201 OF. 

- - J  . T2'a - 
. . _  . . 1 . ..- -., - 2 - z  - -  -=J I - _  ,, - . . A * , u , - & -  

- .  400,000 a n d ' 2 5 0 , 0 0 0 - 8 t u / h r  f o r . T a n k s  AZ-101 a n d  AZ-102. A l s o ,  
-L 

. _ - _  1 0 2  a r e ,  r e s p e c t i v e l y ,  1 4 0  and 1 4 2  !F w i t h  a v e r a g e - s l u d g e  
Th.ese s u p e r n a t e  t e m p e r a t u r e s  a r e  - . f a r  b e l o w ' t h e  b o i l i n g  t e m p e r a t u r e  o f  220 OF. .The s l u d g e  

* .  - * .  - .  t e m p e r a t u r e s  a l s o ' p r e c l u d e  a t a n k  bump s ince c o n d i t i o n  4 ,  s l u d g e  
- * t e m p e r a t u r e *  g r e a t e r : t h a n  '240,0F,- i s  - n o t  a - c r e d i b 7 e ' c o n d i t i o n .  . -  - -  

- -  .?e. - = = -  >*;;*; L^-;t ~ ...- . _ .  2 .- . - - E :  ..L - -* . _  ,: 5 ' :  - * -  . '. : ~ 

. -  
- _  * ... . *  - -  

R e i - o m m e i c i a t i o n . '  5 . '?:a , :."I*-: . 35,:: ic i ,ir - _  
, C .  

*. . -  . _ _ _  .-.ss- -:: r c m  2 - 5 .  - . -  . e -  . . . ~ . ^ _ . ,  ..-+ -2: - 
a T ," - .- 

- - :  ----The . .  ~ ' " tank bump' s h o u l d  b e  e1i ;a ' inated f r o m  t h e  l i s t  o f y c r e d i b l e  
w o r s t  case a c c i d e n t .  s c e n a r i o s  f o r  the  AVF SAR.-EThe: c o n d i t i o n s  
f o r  a t a n k ' b u m p  a r e  n o t  c r e d i b l e  b a s e d  o n S t h e  p r o j e c t e d  h e a t  
l o a d i n g s  - i n  t h e  f u t u r e  a g i n g  waste t a n k s . ,  The  cur ie  c o n t e n t  o f  
t h e  wastes - p r e s e n t l y  i n  t h e  a g i n g  waste t a n k s  and schedu led  f o r  
s t o r a g e  - i n  t h e  a g i n g  waste t a n k s  will n o t  p r o v i d e - e n o u g h  h e a t  

t e m p e r a t u r e s  w h i c h  wou ld  c r e a t e  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  a 
t a n k  bump. 
s h o u l d  t h e  w o r s t  case a c c i d e n t  occur. 

- - , -  

- . .  
. 

- - 
_. . 

- * c o n t e n t  f o r  the  t a n k s ,  t o - * b o i l  or h e a t .  u p  t h e  s l u d g e  t o  
- 

I n s t e a d ,  . e a c h  a g i n g  waste t a n k  i s  e x p e c t e d  t o  "simmer" 
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