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

4. Project W-030 new primary ventilation system operating 
in the recirculati.on mode is less effective in providing 
cooling compared to the current system since the air flow 
rates are lower and the tank air inlet: conditions are worse 
than for either the current system, 01: the new system 
operating in the once through mode. ESither the old or new 
system operating i.n the once through rnode should be used 
until operating experience coupled with additional analysis 
confirms that the recirculation mode will provide adequate 
cooling. 

5. A secondary ventilation outage for a period of 30 days 
results in the sludge reaching a maximum temperature of 
about 217 ' F. This is within 30 OF of the local 
saturation temperature and therefore acceptable. However, 
outages of more than 2 weeks should not be allowed to 
provide for unforeseen contingencies. 

GOTH is a trademark o f  J M I ,  w h i c h  is derived from GOTHIC - a registered 
trademark o f  t h e  EPRI Corp. o f  California. 
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2. INTRODUCTION 

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

Safe storage and consolidation of wastes requires careful 
investigation of the problems associated with the chemical 
compatibility, nuclear criticality antl thermal hydraulics 
of these wastes. ??his report documents the analysis 
performed to determine the necessary operating conditions 
and the amount of waste that can be safely stored in tank 
AY-102 from the point of thermal hydraulic conditions. The 
conclusions are based on the limits specified in the tank 
farms interim operational safety requirements document 
[Aguirre, 19941 in regard to the peak sludge temperature. 
The specifications requires that the peak temperature of 
the waste must be 17 O C  (30 O F )  less than the local 
saturation temperature (i.e. boiling point). 

Safe operation of transferring and consolidating of Tank 
C-106 sludge into Tank AY-102 requires an understanding of 
the current thermal hydraulic characteristics of both 
the tanks, their current ventilation systems, maximum 
achievable Tank A\!-102 secondary floor ventilation flow 
rates, and the changes being made in the AY/AZ tank farm 
primary ventilation system with Project W-030. The 
background information on these current and new operating 
facilities is provided in Section 3. 
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3.3. Current AY/AZ Tank Farm Ventilation Syetems 

The ventilation systems for the AY/AZ tank farm consists of 
the primary ventilation system with backup, individual 
annulus ventilation systems for each of two AY tanks and a 
combined annulus ventilation system for the AZ tanks. 
All four tanks in the AY/AZ tank farm are currently served 
by the single primary ventilation system which is 
illustrated in Figure 3.3. A major part of the liquid 
evaporated from the tanks is condensed in the condenser, 
retained for a period of time in catch tanks, and 
periodically returned to the AY/AZ waste tanks to make up 
for evaporation. Other liquid is removed at the 
de-entrainers, one located upstream and one downstream of 
the condenser. This liquid is also retained in a catch 
tank and periodically returned to the AY/AZ tanks. 
Approximately 850 gallons of condensate is received per day 
in the various cat.ch tanks. An unquantified amount of 
liquid is also apparently condensed in the piping system 
upstream of the fi.rst de-entrainer, due to the combining of 
the different temperature air stream from the four tanks. 
This liquid apparently drains back to one or more of the 
tanks via the piping system. 

The purpose of the annulus ventilation system is to provide 
clean air to monit.or for leaks from primary tank. The 
flow through the air slots in the insulating concrete 
slab provides cool.ing to the tank waste and transports 
radioactive particulates to an air monitor. Additional 
cooling of the sludge and supernatant in each tank is 
possible with the floor/annulus secondary ventilation 
systems with increased secondary ventilation flow. 
Currently a major part of the secondary ventilation 
system air flow is; delivered to the upper annulus 
(estimated at -80%) and a smaller part (estimated at 
20%) is delivered to coolant channels in the insulating 
concrete floor [Powell, 19891. Coolant channels in th.e 
floor are illustrated in Figures 3 . 4 - 3 . 7  [Drawing Set. 11 
for Tank AY-102 and in Figures 3.8-3.3.0 [Drawing Set. 21 

10 
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Sludge Layers and Supernatant Thickness Post Transfer 
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Figure 3.9 Tank AZ-101 & 102 Tank Steel and Insulating 
Concrete Floor and Floor Ventilation Channel Dimensions 
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Table 3.1 AZ Tank Floor Cooling Channel Flow areas, 
Velocities, and Heat Transfer Coefficients 

region flow ve lmxi ty  Hyd Reynold t u r b  t u r b  t u r b  t u r b  lam 
area Q ,35 F Diameter Number h e a t  h e a t  h e a t  h e a t  h e a t  

D ‘500 e 8 5  F t r a n s  t r a n s  t r a n s  t r a n s  t r a n  
0 500 coef coef coef coef coef 
CFM 9500 @ i o 0 0  02000 e3000 

CFM CFM CFM CFM 

btu btu btu btu btu 
ft2 -- 

Table 3.2 AY Tank Floor Cooling Channel Flow areas, 
Velocities, and Heat Transfer Coefficients 

reg1 On f low V e l C m C i t Y  Hyd Reynold t U r b  t u rb  t u r h  t u r h  1 ,Un 

area @ € 5  F Diameter Number h e a t  hea t  hea t  hear hear 
@ i o 0  @a5 F trans 1:rans trans t r a m  fr‘ir, 
C’H Q 500 coef coef coef coef c w f  

CFH @500 1!1000 e2000 P 3 0 0 0  
CFM CFM CFM CFM 

btu ]Xu btu btu btu 

3.3.1.2. Steel Plate Thickness and Distance Between 
Channe1.s 

- 
R 

- 

R 

The azimuthal distance between channels in Tank AY-102 is 
smaller in all regions than in the Ai: tanks. Although 
the steel plate thickness is smaller fior the primary and 
secondary tank floors in Tank AY-102 compared to the AZ 
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tanks, the smaller azimuthal conduction distances 
will compensate this effect. The secondary steel plate is 
of little importance since it is isolated by the insulating 
concrete. The conductance of the primary plate azimuthally 
is important. However for either the . 5  inch thick plate in 
the GOTH 2-D model. based on the AZ tank floor geometry, or 
the 3/8 inch thick plate in Tank AY-102, azimuthal 
temperature gradients in the primary plate will be 
quite small. The azimuthal temperature gradients will 
scale with the ratio of the square of the azimuthal 
conduction distanc:e divided by the plate thickness. For 
all but the outer region, the GOTH models based on AZ-101 
plate thickness acd azimuthal separation distance are 
conservative relative to its applicati.on to Tank AY-102 in 
this regard. For the outer region the GOTH models are about 
5% non conservative. This will result in an insignificant 
temperature increa.se in the outer regi.on due to this effect 
since the azimuthal temperature gradients are small for 
either plate thicknesses. 

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

3.3.2. AY and AZ, Tank Insulating Concrete Thermocouples 

Thermocouple temperature measurement 1.0gs state that 
measurements are made in the insulating concrete floor. 
For Tank AY-102, drawings and temperat.ure logs place the 
thermocouples’ radial and azimuthal location between air 
channels but within conduit imbedded i.n the insulating 
floor concrete and terminating at the tank bottom as shown 
in Figure 3.4. Relative to the azimuthal direction some of 

2 2  
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the thermocouples are located about m.idway between air 
coolant channels, while others are located near the air 
channels. Drawings do not indicate if the thermocouples 
inside the conduits are adjacent the bottom of the tank, 
welded to it, or retracted somewhat into the conduit (see 
Figure 3.5). 

The drawings for .AZ Tanks and the temperature logs place 
the thermocouples radial and azimuthal location in the air 
channels, but welded to the bottom of the steel tank in the 
center of the air channel with a thermocouple weld pad as 
shown in Figures 3.8 and 3.9. The vertical location is 
specified as -1 inch below the top of the tank primary 
steel floor in the logs, but attached to the tank bottom in 
the drawings. The temperature log tables would place the 
thermocouples directly in the air channels 1/2 inch below 
the bottom of the primary steel tank floor. Comparison of 
calculated temperatures for air, steel, and sludge with 
the data from the insulating concrete thermocouples 
suggests that they are attached to the steel tank primary 
floor. It is also noted on the drawings that additional 
conduits for therinocouples were installed and terminate at 
the tank steel floor, but are somewhat displaced 
azimuthally from being positioned directly in the air 
channels. Currently these conduits ap:parently do not 
contain thermocouples, but may have future utility for 
monitoring the cooling effectiveness 3f the air channels. 

There are currently no temperature measurements made 
directly within the sludge, supernatant, or dome gas space 
in Tanks AY-102, lor AZ-101 and 102--with exception of a 
sludge temperature measurement near t'he bottom of the air 
lift circulators (ALC's), and sludge temperature 
measurements made 4 inches above the tank floor near the 
center and also ndar the periphery of the tank. With these 
exceptions sludge, supernatant, and d,Dme gas temperature 
can only be infer:red based on thermocmple measurements 
made in the tank :structure such as flaor, walls, and dome 
components. When .the ventilation is off the thermocouples 

2 3  
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3.5. ventilation Systems Summary 

The current primary ventilation system will provide less 
cooling to Tank AY-102 with combined waste from C - 1 0 6  
than the current 'C-106 primary ventilation system, due to 
the 4 fold reduction in tank air flow. The Project W-030 
new primary ventilation system for the AY/AZ tank farm will 
provide even less cooling than the current AY/AZ primary 
ventilation system when operating in the recirculation mode 
due to further reduced air flow and increased tank air 
inlet temperature and relative humidity conditions. In the 
once-through or non-recirculating mode the new primary 
ventilation system will provide about the same tank inflow 
rate at ambient conditions as does the current system. 

On the otherhand, Tank C - 1 0 6  does not have a 
floor/annulus ventilation system. The results from HUB 
calculations showed that the secondairy ventilation systems 
could provide significant local cooling to the sludge 
immediately above the channels. Howev<?r, it was not clear 
how effective the cooling would be to sludge located midway 
between channels, and therefore how effective the floor 
channels would be in reducing the max:.mum sludge 
temperature, or at. what radial, azimuthal, and axial 
location maximum sludge temperature would occur. Also it 
has been estimated that the secondary ventilation system 
has the capacity t.o increase the floor- cooling channel flow 
from 500 CFM up to 2000-3000 CFM [Tarcliff, 1995aI . The 
increase in air flow rate and the effectiveness of the 
cooling channel will have a significant impact on the 
importance of secondary floor ventilat.ion on maximum sludge 
temperature. 

Detailed analysis of Tank AY-102 and i.ts ventilation 
system has been conducted to determine the quantities of 
sludge that can be transferred from Ta.nk C - 1 0 6  and the 
ventilation system, flow rates that mus,t be achieved to 
maintain the peak temperatures in the sludge below 
saturation temperature limits. 

2 6  
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4. THERMAL HYDRAULIC MODEL DEVELOPMENT 

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

Table 4.1 Summary of Phase I and Phase I1 Analytical 
Methods, Models, and Assumptions 

Primary Pr imary  S e c ~ m l a  
C - 1 0 6  Removed S ludge  Sludge  Ventilation Recirr Veil: 

Current FIOm F l u f f  Assumed system Flow Flow c c  
Computer Heat C-106 Factor Thermal ‘ m e  Tank 

Analysis Analytic Assumed Sludge C-106 T r a n s f e r r e d  

after Conductivity R O t t O r n  

transfer after 
t o  transfer 

AY-102 

1 . 0  

2 . 0  
2 . 0  

Phase I analysis provided upper and lower bounds on sludge 
cooling capability, and therefore lower and upper bounds 
respectively on expected sludge tempeirature in Tank 
AY-102, after sludge transfer from Tank C-106 considering 
both active and inactive secondary ventilation. The 
preliminary analysis assumed the secondary floor 
ventilation flow rate would be no more than 500 CFM when 
on, consistent with prior analyses [Sathyanarayana, et. al., 19931 
of current operations for Tank AZ-101. It also considered 
the impact of the operation of the Project W-030 new 
ventilation system operating in the recirculation mode. 
Transferred sludge particles were assumed to resettle to 
the same volume fraction, or thickness, currently in Tank 
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C-106 and that the resettled sludge would have the same 
average properties. Two Tank C-106 transferred sludge layer 
thicknesses were considered, 4.6 and 16.0 feet. Tank C-106 
heat load before transfer was assumed to be 110,000 btu/hr. 
After a 4.6 ft transfer 40000 btu/hr would remain. A 6 ft 
transfer was assumed to remove all waste from Tank C-106. 
Parameters assumed for the preliminary analysis are 
illustrated in Figure 4.1 for the 4.6 ft transfer case. 

Phase I1 analysis considered a higher assumed Tank C-106 
heat load, higher floor ventilation flow rates, and an 
increased fluff factor. Phase I1 also evaluated the 
impact on sludge temperatures of floor cooling 
effectiveness and 2-Dimensional sludge and floor 
geometric considerations in relationship to cooling 
effectiveness. Al.lowable ventilation system outage periods 
were also defined in Phase 11. The parameters assumed for 
the final analysis are illustrated in Figure 4.2. 

2 8  
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for increased flow through air channels and various cooling 
effectiveness values. Further these calculations were 
extended to consider potential higher fluff factor of the 
transferred sludge. The fluff factor is defined as the 
ratio of particle volume fraction of the sludge in Tank 
C-106 before the transfer to the particle volume fraction 
of resettled sludge when it reaches nonconvective state. 

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

Additional three region 2-dimensional GOTH analysis was 
subsequently found necessary to further evaluate details 
associated with the sludge cooling edfectiveness of floor 
channels, and to incorporate new assumptions that had 
evolved regarding the secondary floor ventilation flow 
rates and fluff factor. The 2-D simulations were conducted 
with secondary ventilation flow rates of 2000 and 3000 CFM 
and a fluff factor of 2.0. Additional description on the 
three region 2-D G3TH model is provided below. Additional 
HUB parametric analysis based on these revised assumptions 
were also conducted. 

4.1.2. 1 - D  GOTH Thermal Hydraulic Model 

The 1-dimensional 'GOTH thermal hydraulic model was used to 
include improved heat and mass transfer modeling at the 
pool surface, and improved conduction and convective heat 
transfer modeling between the sludge bottom and the floor 
air cooling channels and to provide basis for the HUB 
calculations. The model, illustrated in Figure 4.3, is a 
derivative of prior analyses [Sathyanarayana, 19941 

3 3  
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model d i s t a n c e s  shown are d v c r a g e  d i s t a n c e  f r o m  a channel 
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and outer reg iona l  

shaded zones represent the 
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channels included i n  the 2-0 3 Region Model 

Figure 4.4 Plan View of GOTH 3 Region 2-D Tank AY-102 Model 
Showing Inner, Middle and Outer Sludge and Air Channel 
Regions based on AZ tank floor geometry. 
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tank data for AZ Tanks however shows that the tank floor 
temperatures are lower near the tank wall in the outer 
region than the middle region. The model outer region is 
13.5 feet in radial length. The three radial regions in 
the model are not connected thermally (i.e. the model is 
2-D, not 3-D), nor is the outer region of sludge coupled 
thermally to the lower annulus ventilation air. The outer 
region temperature measurements are taken 1 foot from the 
tank wall and the predicted temperature is for the 
averaged outer radial region of 13.5 ft of sludge. 
Therefore the calzulated and measured temperatures are not 
incompatible given the differences between the actual tank 
and the model near the tank wall. By including a thermal 
coupling for the radial sludge region near the wall to the 
annulus ventilation, the predicted results can be improved 
towards more realistic values. The current model for 
safety analysis purposes provides a conservative estimate 
of maximum sludge temperature. 

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

4 . 2 .  Modeling Parameters 

The parameters used in the calculations are described in 
this section. The parameters include primary and secondary 
ventilation flow air inlet conditions for average summer 
and annual meteorological cycles, tank waste properties 
such as solids and liquid specific gravity, specific heat, 
thermal conductivi-ty and volume fracti.on of solids and 
liquid. The section also addresses the waste vapor pressure 
and its variation with respect to temperature and waste 
level and transferred sludge settling characteristics. 
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4.2.1. Ventilation Flow Tank Inlet Conditione 

4.2.1.1. Average Flow Inlet Conditi'ms 

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

4.2.1.2. Annual Meterological Cycle 

The annual meteorological cycle data used in this analysis 
for primary and secondary ventilation systems when 
simulating cyclic tank operation over a period of several 
years is illustrat.ed in Figures 4.8 and 4.9. This consists 
of monthly average dry bulb temperature and the steam 
partial pressure in the air (i.e. equivalent to the 
relative humidity times the saturation pressure at dry bulb 
temperature). The summer average ambient conditions, and 
new primary ventil.ation recycle inlet conditions are also 
shown for comparison. For the 1-D GOTH model cyclic 
operation is preceeded by an assumed steady state 
continuous winter condition of 32'F and 100% relative 
humidity operatior. (as shown in Figures 4.8 and 4.9) to 
arrive at an approximate continous winter steady state 
condition before continuing with 5 annual cycles of typical 
ambient conditions. For the 2-D GOTH model the cyclic 
operation was preceeded by an assumed steady state annual 
average condition of 53.3 OF and 46.5% relative humidity. 
Experience has shc'wn that following this calculational 
procedure, result show nearly repetitive cyclic thermal 
hydraulic response after the first cycle. 
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water and is the minimum value that can rationally be 
assumed based on thermal conductivity models and the 
analysis conducted to estimate the current Tank AY-102 heat 
load. The conductivity assumed for Tank C-106 sludge in 
its current state, or transferred to Tank AY-102 and 
resettled to its current particle volume fraction (i.e. 
fluff factor = 1.1, is the same as used in a previous 
analysis[Thurgood, et.al., 19951 of Tank C-106 ( . 5 3  
btu/hr-ft-R). This value is lower than calculated with the 
series conductivity model for mixture corresponding to the 
particle volume fraction. For Tank C-106 sludge after 
transfer but resettled to only half the original particle 
volume fraction (i.e. fluff factor = 2.), the value of 
conductivity is ..43 btu/hr-ft-R. This is calculated using 
a series conductivity model for the solid/liquid mixture 
and therefore coniservative. The other waste thermophysical 
properties were taken from a previous Tank C-106 analysis. 
In this analysis ,:he liquid was assumed to be water, rather 
than aqueous solution. 

Table 4.2 Sludge and Soil Thermophysical 
Properties 

Material liqLid liquid liquid particle p a r t i c l e  particle t hema :  
specific specific volume specific specific volume : o n d u r r i v i t )  
gravity heat fraction gravity heat  fract I "I8 

btu btu btu 
lbm-R lbm-R hr-ft-R 

AY-102 Sludge 
c-106 sludge--fluff=l. 
C-106 sludge--fluff=2. 1.0 0.76 1.60 0 . 2 4  11.4 r Tank overburden sail 1.78 1,110 
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4.2.2.2. Waste Liquid Vapor Pressure 

Tank waste vapor pressure determines the saturation 
temperature. Operational safety requirements criteria for 
normal, and anticipated abnormal operating conditions such 
as ventilation outages, require that the maximum sludge 
temperature be maintained 30 OF below local saturation 
temperature. Saturation temperature is a function of the 
liquid vapor pressure characterisitics and also the local 
absolute pressure in the tank. For water the vapor 
pressure versus temperature characteristic is illustrated 
in Figure 4.10. 1 . E  there are dissolve33 salts in the liquid 
then the vapor pressure will be supprsessed relative to 
water for a given waste liquid temperature. The vapor 
pressure of solution containing 30 weight percent of sodium 
nitrate is about 135% of that for wate:r 
[Sathyanarayana, et. al., 19931 . 
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Figure  4 . 1 0  S a t u r a t i o n  P res su re  ve r sus  Temperature f o r  
Water 
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The local hydrostatic pressure within the waste equals 
atmospheric pressure plus the integrated product of the 
waste density times the local elevation of interest. 
Assuming all supernatant and interstitial sludge liquid in 
Tank AY-102 is water, with original sludge depth of 1 ft, a 
transferred C-106 sludge depth of 9.5 ft, and a total 
waste depth of 30 ft, the local hydrostatic pressure and 
the local saturati-on temperature versus waste height from 
the tank bottom is provided in Figure 4.11. These 
parameters correspond to Tank C-106 sl.udge transfer 157,000 
gallons with a heat load of 92,400 btu/hr and a fluff 
factor of 2.0. If the current tank heat load is only 
110,000 btu/hr and the transferred C-3.06 sludge depth is 
only 4.6 ft (corresponds to a fluff factor of 1.0) then a 
slight deviation i.n these curves results as illustrated in 
Figure 4.11. If the supernatant is decanted off, and the 
total waste level decreases, then the saturation 
temperature will be lower than that shown in Figure 4.11. 
The acceptable margin between operating peak sludge 
temperature and sa.turation temperature, for both normal 
operation and allowable ventilation outage periods 
discussed in this report assume that t.he waste level is 
maintained at a high level of 30 ft. 
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fraction of 40% by weight and 17% by volume. Sluicing and 
resettling of the waste will therefore result in an initial 
non-convective sludge of about 20 wt%, or a fluff factor of 
about 2 .  

The estimated part.icle density for Tank C-106 waste, s.g. 
1.6, is significantly lower than that estimated for NCAW 
waste, s.g. of 3.5, suggesting slower settling 
characteristics for C-106 particles. However the estimated 
current settled particle volume fraction in Tank C-106, 
48%,  is much higher than the estimated current settled 
particle volume fr-action in Tank AZ-101, 17%, an NCAW waste 
tank. This suggests better settling characteristics for 
C-106 particles, possibly due to larger particle size or 
less tendency to form gelatenous or colloidal sludges. From 
this available data on the settleabili.ty of transferred 
sludge, the use of a factor of 2 seems reasonable for 
safety considerations to estimate potential sludge 
temperatures in Tank AY-102 after the transfer of Tank 
C-106 sludge. 
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4.2.2.4. Total Heat Load and Distrib'ution in Tank C-106 
Sludge Before and After Transfer 

Various estimates of the heat load and heat distribution 
have been made for Tank C-106. Following the 1994 Process 
Test a series of analyses were conducted assuming a total 
heat load of 110,000 btu/hr[Bander, 19931 . As noted 
earlier, a recent simulation [Fryer, et.al., 19951 of the 
Process Test estimated a higher tank heat load of 132,400 
btu/hr. This is believed to be conservative, and so this 
value has become the basis for safety related analysis of 
this tank. Both the earlier and the new estimated heat load 
values have been used in this analysis and the results are 
reported herein. Only results based on the higher value 
should be used for safety purposes. Results based on t,he 
lower value are also provided to both document the results 
and assumptions, and to also provide some insight on what 
the thermal hydraulic behavior might be if the actual tank 
operating conditions turn out to be close to this 
heat load. 

In this analysis the Tank C-106 sludge is assumed to 
have a non-uniform distribution of power. The non-uniform 
distribution was originally developed for a total heat load 
of 110,000 btu/hr[Bander, 19931 . This heat distribution 
was used to define the relationship between the amount of 
sludge removed, and its heat load. After transfer, however, 
the sludge was assumed to have a uniform heat load 
distribution as a result of sluicing and mixing during the 
retrieval and transfer process. In this analysis when the 
total tank heat load was assumed to be 132,400 btu/hr, the 
normalized distribution was maintained. the same, but the 
power in each axial layer was scaled u.p as shown in Table 
4.3. Also shown below are the quantities of sludge 
transferred from each layer such that 40,000 btu/hr would 
remain in Tank C-106 after the transfer for the two 
different assumed tank heat load values. However, in the 
GOTH simulations for the combined sludge in tank AY-102 
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Figure 5.9 Temperature Distribution in Sludge Layer of 
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Model with primary and secondary ventilation flow rates of 
552 CFM and 3 0 0 0  C:FM respectively, and having inlet air 
conditions of 70 OF and 50% relative h.umidity are provided 
in Figures 5.12-5.14. Temperature contours in the sludge 
and tank floor are illustrated in Figure 5.12. As 
indicated each sludge region at the tank bottom becomes 
progressively hott.er due to heat up of the air as it moves 
from the center of the tank towards the annulus. However 
at the top of the sludge the temperatures are nearly 
uniform in the radial direction. This is due to uniform 
cooling from the dome convective heat transfer and mass 
transport (i.e. evaporation) at the supernatant surface and 
the presence of well mixed supernatant. with convection 
currents. 

In the azimuthal direction the sludge temperature at the 
tank floor increases no more than 10 O F  from the top of the 
cooling channel to the mid channel loc!ation. The primary 
tank bottom steel plate acts as a very good conductor or 
fin to transport heat azimuthally from the sludge to the 
air cooling channel. 

The sludge temperature variation with respect to time for 
three axial locations close to the pea.k temperature 
location (4.25 feet) in the outer radi.al region is 
illustrated in Figure 5.13. Starting from an initial 
guessed temperature distribution, the sludge interior 
reaches steady state with a peak temperature of 190 O F  at 
4.25 ft from the tank bottom. The temperature of the 
secondary ventilation air at inlet floor cooling channel 
and at outlets of the 3 radial cooling channel regions are 
illustrated in Figure 5.14. The outer region has the 
highest temperature and also the largest temperature change 
since the air progressively heats to higher and higher 
temperatures as it traverses the cooli.ng channels, and 
because the outer region cools a much large volume of 
sludge than the middle or inner regions. The sludge 
temperature near the wall does not decrease as observed in 
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the actual tank since the model does not include thermal 
coupling necessary between the outer sludge region and the 
lower annulus ventilation flow. 
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5 . 3 . 2 . 2 .  2000 CFM Flow with Average Summer Conditions 

Since the secondary ventilation system may not be capable 
of supplying a flow rate of 3000 CFM, a simulation was also 
conducted at a more recently estimated flow rate of 2000 
CFM. The calculated sludge temperature distribution 
as temperature contours for all three regions, the sludge 
temperature variation near the peak temperature location 
and the cooling air temperature at inlet to the cooling 
channel and outlet from all the three region channels, as 
in the case of tho 3000 CFM flow case are shown in Figures 
5 . 1 5 - 5 . 1 7 .  The maximum sludge temperature estimated with 
2000 CFM flow through the floor cooling channels and the 
air entering at steady state average summer meteorlogical 
conditions is 201 OF and the peak temperature occurs at 
3.75 ft above the tank floor. A s  the cooling air flow rate 
is reduced, the peak sludge temperature will increase and 
the peak temperature location will come closer to the tank 
bottom, and the tank bottom will ultirnately reach an 
adiabatic condition. 
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5.3.2.4. 3000 CFM Flow with 2 Weeks of Abnormally 
Hot Summer Conditions 

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

Although the peak sludge temperature changes by only 2 O F  

due to the unusually hot 2 week weather period, larger 
changes were calculated for sludge near the tank floor 
which is more strongly affected by inlet air temperature 
changes than the maximum temperature region, 4.75 ft above 
the tank bottom. S:ludge temperature immediately above a 
floor cooling channel near the center of the tank was 
calculated to incr-ease an additional 2 0  O F  above that 
calculated for the annual cycle based on monthly average 
temperatures. Temperatures near the top of the sludge layer 
increased by only about 1.5 OF due to the large thermal 
inertia of the supernatant, and the increase in 
evaporation rate which somewhat compensates for the 
increased air inlet temperature. 

9 3  





WHC-SD-WM-ER-534 
R e v .  0 

5 . 3 . 3 .  Loss of Ventilation Systems 

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

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

5 . 3 . 3 . 1 .  Combined Ventilation Systems Outage- 3000 CFM 
Flow Operat ion 

This simulation assumes a secondary f:Loor ventilation flow 
of 3000 CFM before and following the outage. The 
temperature response of the hottest sludge location during 
a combined primary and secondary ventilation outage lasting 
58 days and following restart is illustrated in Figure 
5.20. The maximum temperature reached is 227 "F and occurs 
at or near tank bottom. This is below the water 
saturation temperature for a 30 ft waste level, however, it 
does not provide 3 0  "F margin required by the operational 
safety requirements(0SR) criteria. In order to maintain 
the peak sludge temperature with 30 OF margin requirement, 
the outage must be limited to less than 48 days. 
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Thermal response of the tank dome gas and supernatant is 
illustrated in Figure 5 . 2 2 .  As the results show the 
temperature increase of supernatant is relatively small in 
comparison with the increase of sludge peak temperature. 
The temperature increase is supressed due the large thermal 
inertia of the supernatant and the relative rapid thermal 
transport due to convection within the supernatant. 
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5.3.3.3. 2000 CFM floor Ventilation and 58 Day Secondary 
Ventilation Outage 

The thermal response of the sludge at the bottom of the 
tank during a secondary ventilation outage is essentially 
the same as that for a combined outage of both primary and 
secondary ventilation systems as can b,e observed by 
comparing Figure 5 . 2 1  with Figure 5 . 2 3 .  The thermal 
response of the dome gas temperature and supernatant is 
small since the primary coolant system. is maintained 
operational in this case. This is illustrated in Figure 
5 . 2 4  for comparison with Figure 5 . 2 2 .  The supernatant and 
dome gas decrease in temperature during the outage. Prior 
to the outage the hot air leaving the floor acts to heat 
the supernatant and dome gas as it rises in the annulus. 
When the outage occurs this heating process is 
discontinued, and the supernatant and dome gas decrease 
in temperature, in spite of the increasing temperatures 
near the tank bottom. When the secondary ventilation 
resumes operation, the air leaving the floor is now much 
hotter than the normal operation. This acts to heat the 
supernatant and do:me gas above normal operating 
temperature, as do delayed thermal effects from the sludge 
caused by the outage. In summary the supernatant and dome 
gas decrease in temperature below normal operating 
temperature during the outage and increase in temperature 
above normal operating temperature following the out.age 
with the resumption of secondary ventilation system 
operation. 
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5 . 4 .  Summary of Results 

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

Table 5.1 Summary of GOTH Model Simulation Cases 

Simulation simulation Reference m d e l  Refererice Reference Assumed 

Number Assumed Assumed C u i  r rnc  
Purpose Discriptor Tank Tipe  Tank Tank. c- i n 6  

Heat S l u d g e  Heal 
Load T h i c k n e s s  Lvad 

1 2 3 4 5 6 1 

secondar i  h Pr im.  vent. m t a g e  

2-D 
2 - D  
2 - D  
2-D 

2 - 0  

btu f t  
hr 

__  

33000.0 
:I I C O O .  0 
1~4000.0 
33000.0 
3 3 0 0 0 . 0  
33000.0 
33000.0 
33000.0 
31000.0 
3 3 0 0 O . O  
33ouo.o T 3-lo0o.o 
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C-106 C-106 Total Supernacant Reference TransferredReference F r  irnary 
Sludge Sludge  Sludge Thickness Tank Sludge Tank V ~ r ~ ~ i l a r i o r i  

Transfer Fluff Thickness After sludge Assumed Total ::yst ell, 

Factor After Transfer Assumed Thermal Heat WI'* 
Thermal Condu-tivitg h a d  

transfer Conductivity after Aftel 
transfer Transfer 

12 i 3  14 1 r 11 

I f t  
btru bt u 

h r - f t - R  hr - :Et -R h r  
____ __ b t u  

f t  f t  
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6. CONCLUSIONS 

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

2. Ventilation outages of 1 month can be tolerated 
depending on the saturation temperature characteristics of 
the waste and the waste level maintained in Tank A Y - 1 0 2  
after transfer. However, operating procedures should not 
allow outages longer than 2 weeks to allow some safety 
margin. 

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