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of thermal effects for Tank 241-SY-102 from the planned operation of a

mixer pump retrieval system to be installed by Project W-211.

report evaluated four cases of mixer

waste levels.

The

pump operation at varying tank
These are considered bounding cases for retrieval
operations in Tank 241-SY-102.

The results of the analyses indicate that planned mixer pump operation
will result in slow, controlled, and easily observed increases in waste
temperature without compromising the tank operating specification
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ENGINEERING REPORT

INITIAL TANK RETRIEVAL SYSTEMS |
TANK 241-SY-102 WASTE COOLING EVALUATION

PROJECT W-211

I. INTRODUCTION

This report describes the results of an ICF Kaiser Hanford Company (ICF KH)
preliminary evaluation on the thermal effects (tank heat up) of using two mixer
pumps to mobilize the waste in Tank 241-SY-102, a double-shell tank (DST).
The thermal analysis predicts the estimated temperatures for the vapor space
above the liquid waste, the waste contents, and the annulus, after the mixer
pumps have been operated for a certain amount of time. The resulting
temperatures from the thermal analysis are compared to the tank operating/
design limits and may be used to determine the best operating program for the

mixer pumps.

The primary tank heat removal system for Tank 241-SY-102 consists of
two parts: 8 primary tank vapor space ventilation system, and an annulus
ventilation system. The primary system provides a substantial part of the tank's
cooling capacity and includes a continuous flow of air through the vapor space
above the liguid waste. This flow of air has multiple purposes. One use is to
maintain a negative pressure in the dome space so that any vapors or aerosols
derived from the waste are captured and then flow through a filter bank before
they are released to the environment. Another purpose of this airflow is to
remove sensible heat from the dome space if the temperature of the waste
exceeds the mean inlet air temperature. The air flow will also remove potentially
harmful (explosive or corrosive) vapors from the vapor space, and any water
vapor evolved from the waste through evaporation will be swept out. The
annulus ventilation system airflow provides both leak detection and sensible heat

removal capabilities.

W211ER3.TD.1837 -1- 12/28/95
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il. SUMMARY AND CONCLUSIONS

Four cases were investigated to evaluate the transient heat-up and cool-down
of Tank 241-8Y-102 with no changes to the current primary or annulus

ventilation systems. The cases are described as follows:

. Case 1: Full tank, two mixer pumps at 100% flow {500 hp of heat
input) for 15 days, followed by two mixer pumps at 50% flow
{65 hp of heat input).

. Case 2: Half tank, two mixer- pumps at 100% flow (500 hp of heat
input) for 9 days, followed by two mixer pumps at 50% flow
(65 hp of heat input).

] Case 3: Haif tank, two mixer pumps at 50% flow {65 hp of heat

input), and an initial tank waste temperature of 200 °F.

. Case 4: Half tank, no mixer pumps, and an initial tank waste

temperature of 200 °F,

The transient heat-up and cool-down data for Cases 1 through 3 are shown
graphically in Figure 1. The graph for Case 4 was left out for clarity, but is
shown in Appendix A. The computer input and output files are attached in
Appendix A.

(]

The results of these analyses must be considered preliminary and subject to
change. The resuits are preliminary due to the uncertainty of the tank waste
contents resulting from projected salt well pumping to Tank 241-SY-102, sludge

and supernate volumes, and thermophysical properties at the time of mixing.

W211ER3.TD.1837 -2- 12/28/95
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The worst-case tank waste heat-up is for Case 2 which has two mixer pumps
operating at 100% flow with 1/2 of a tank volume of waste. The results of the
analysis for Case 2, with the mixer pumps operating continuously for 9 days
(over 200 hours), indicate that the temperature of the mixed waste will become
160 °F. The outlet air temperatures in the primary (dome} ventilation system
and in the annulus ventilation system are 140 °Fand 160 °F, respectively. This
result also shows the primary ventilation (dome) outlet water content to be
0.15 Ibm Hzollbm air. These conditions are satisfactory because the primary
ventilation system is designed for a maximum of 230 °F at saturated conditions
(ref 9). For example, saturated air at 200 °F has a moisture ratio of
approximately 2.3 Ibm H50/lbm air. Fufther, the air flow from Tank 241-5Y-102
-~ is only 20% of the total flow in the SY-Farm ventilation train. Tank 241-8Y-102
flow will be mixed with flow from the other two SY tanks, which have
significantly lower temperature and moisture contents, before the flow enters the

ventilation outlet train.

In Case 2, the rate of tank heat-up above a waste temperature of 125 °F is
approximately 8.7 °F/day which is 44% of the allowable limit of 20 °F/day
(ref 9). In the computer model, Tank 241-SY-102 is limited to a maximum
waste temperature of 212 °F at the primary tank wall (ref 2). This temperature
(212 °F) was reached after 16 days of simulated operations with two mixer

pumps at 500 hp pump heat input.

The results for Case 1, which has two mixer pumps operating at 100% flow
with a full tank (1,000,000 ga!}, indicate that for 9 days of continuous mixing,
the mixed waste temperature is 120 °F. The corresponding primary and annulus

ventilation outlet temperatures are 107 °F and 120 °F, respectively.

Cool-down results from Cases 1 and 2 assume two pumps operating at 50%
flow (approximately 65 hp of pump heat input) to maintain the mobilized solids
in suspension and allow tank waste contents to cool. For example, the mixer

pumps for Case 2 are operated at 100% flow for 8 days, and then lowered to

W211ER3.TD.1837 -4 - 12/28/95
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50% flow thereafter. The waste will then cool from the 160 °F waste
temperature reached to approximately 150 °F., The waste temperature will
stabilize for two mixer pumps at 50% flow at approximately 150 °F (i.e., the
tank waste will not cool beyond that temperature unless the pumps are turned
off). Without the mixer pumps operating (Case 4}, the tank waste cools at a

rate of about 10 °F every 7 days.

Case 3 evaluated the tank cool-down when two mixer pumps are operating at
50% flow with the tank 1/2 full and an initial waste temperature of 200 °F. The
temperature of the waste cools until it stabilizes at about 150 °F, after about

60 days of operation.

The duration of mixer pump operation required for waste mobilization is not
precisely known, but is believed to be approximately 9 days {200 hours). These
preliminary results indicate that the Tank 241-SY-102 mixed mean waste
temperatures will increase in a slow, controlled, and easily observable manner,
and will remain below tank operating specification limits for the time required to
mobilize (mix} the waste. Therefore, it is concluded that tank cooling is not

required if mixing operations are administratively controlled.

ill. PURPOSE

The purpose of this report is to document the results of a preliminary analysis
estimating that the tank waste temperature increase could occur when using

two mixer pumps to mobilize the contents of Tank 241-SY-102,

IV. DESCRIPTION

A. THERMAL MCDEL BACKGROUND .
The thermal analysis used for Tank 241-SY-102 is a Simplified DST
Thermal Program, developed by B. A. Crea from WHC Safety Fluid

Mechanics (ref 2}. The program was developed as a result of heat transfer

W211ER3.TD.1837 -5- 12/28/95
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testing on a 12-ft diameter scale model for the Multi-Function Waste Tank
Facility. This program is the same one that was used to develop the
thermal analysis for Tank 241-AW-105. It has been benchmarked against
two previous studies done with detailed finite element models, and is

determined to be acceptable for use by WHC.

The thermal model provides a simple and easily used simulation of the
thermal effects from using two mixer pumps to mobilize the waste in
Tank 241-SY-102. The program {ref 2) uses the following four heat

transfer paths:

S . Waste to the Primary (Dome) Air
Energy transport is from simple sensible heat transfer and mass
transport caused by the evaporation of water from the waste into
the primary airstream. The sensible heat is modeled with a constant
specific heat for air. The heat transfer correlations used were taken
trom reference 5. The evaporative heat removal is based on the test

data reported in reference 4.

. Waste to the Annulus Air Flow
Energy transport is by forced convection between the tank bottom
and the airstream, and turbulent natural convection between the
tank walls and the air flowing through the annulus. The correlations

used are taken from reference 3.

. Soil to the Annulus Air Flow
Energy transport is by turbulent natural convection from the
secondary liner to the air flowing through the annulus. The heat

transfer correlation used is the same as that used for the tank walls.

W211ER3.7TD.1837 -6 - 12/28/95
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* - Waste to the Soil
Radiant energy transport is modeled from the walls of the primary

tank to the secondary liner, and from the waste surface to the dome.

There are two ultimate sinks: the atmosphere and the water table.
Studies indicate that the majority of the heat that finds its way from the
waste into the soil column is ultimately rejected to the soil surface and
then into the atmosphere. This loss is modeled as a loss from the dirt at

a constant temperature of 55 °F.

B. TANK 241-8Y-102 MIXING OPEhATIONS
e The simplified DST therma! program ({ref 2) was utilized to evaluate
Tank 241-SY-102 transient heat-up and cool-down for the following four

cases:

. Case 1: Full tank, two mixer pumps at 100% flow (500 hp of
heat input), for 15 days, followed by two mixer pumps
at 50% flow (65 hp of heat input).

. Case 2: Half tank, two mixer pumps at 100% flow {500 hp of
heat input), for 9 days, followed by two mixer pumps at
50% flow (65 hp of heat input).

. Case 3: Tank cool-down, half tank, two mixer pumps at 50%
flow (65 hp of heat input), and an initial tank waste

temperature of 200 °F.

. Case 4: Tank cool-down, half tank, no mixer pumps, and an

initial tank waste temperature of 200 °F,

W211ER3.TD.1837 -7 - 12/28/95
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C. DEVELOPMENT OF INPUT DATA

W211ER3.TD.1837

Tank 241-$Y-102 Data

The Tank 241-5SY-102 computer model input data are based on the
core samples analyzed in the Tank 241-SY-102 characterization

report (ref 1).

The following Tank 241-SY-102 waste volumes were obtained from

reference 1:

Sludge ' 130 Kgal
Supernate 690 Kgal
Total 820 Kgal

The remaining tank volume was assumed to be filled with an
additional 180 Kgal of non-complexed waste from S-Farm, with
similar properties as supernate, for a total tank volume ofr 1,000 Kgal
(ref 7).

Mixed Waste Density

A mixed waste density of 1.17 g/ml (73 Ib/cu ft.) was determined
conservatively by mixing 130 Kgal of Tank 241-SY-102 sludge at a
density of 1.56 g/ml, 690 Kgal of Tank 241-SY-102 supernate at a
density of 1.03 g/ml, and 180 Kgal of S-Farm (Tanks 241-5-110
and 241-5-103) non-complexed waste at the weighted mean density
of 1.42 g/ml. A high density is conservative because it results in a

higher pump heat generation.

Mixed Waste Heat Capacity (Cp)
The specific heat for the liquid phase is 0.99 cal/g-°C. However,
aqueous salt solutions and suspended solids (oxides or salts) will

lower the heat capacity of a solution. A conservatively low mixed

- 12/28/95
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" waste heat capacity of 0.65 cal/g-°C (0.60 Btu/lb-°F) is used in the

analysis. Using a mass weighted average {rho Cp Vol) of the tank
contents results in a higher mixture Cp of approximately
0.70 cal/g-°C. A low heat capacity is conservative because it

results in a faster heat-up.

Waste Decay Heat

The Tank 241-SY-102 characterization (ref 1) reports a total heat
load of 7,100 Btu/hr for the 130 Kga! of sludge plus 690 Kgal of
supernate. Reference 7, reports a total waste heat load of
4,083 Btu/hr for the 180 Kgal of non-complexed waste from S-Farm. ‘
The combined heat load of 11,183 Btu/hr converts to approximately

0.10 Btu/cu ft-hr for use in the program input.

Ventilation System Parameters
The Tank 241-SY-102 tank ventilation system air flow rates are as

follows (ref 8):

Actual Maximum
Primary {Dome} 130 ACFM 200 ACFM
Annulus 336 ACFM 336 ACFM

The maximum ventilation flow rates were used for the program
input. These flow rates are limited by the Tank 241-5Y-101 safety
limits for ventilation flow, maintaining a continuous negative
pressure in Tank 241-SY-103, and a maximum exhaust rate for the

primary ventilation system of 1,000 cfm for all three SY tanks.
Evaporation Data

The evaporation data consist of the inlet air ambient conditions into

the ventilation systems, and the vapor pressure depression of the

-9 - 12/28/95
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mixed waste due to the contribution of dissolved salts in the

aqueous solution.

The inlet air temperature of 77 °F was used in the program input.
This ambient condition was specified for the MWTF design basis
(ref 3) and is conservative in that it is the maximum 24-hour average
temperature recorded during the hottest week on record. Implicit in
the use of this figure is that the thermal mass of the tank and
contents is so great that the diurnal variations in the air temperature

will have insignificant effect on waste temperature.

The vapor pressure reduction factor consists of the ratio of the vapor
pressures of the mixed waste solution to the vapor pressure of water
at the same temperature. A conservative selection of the vapor

pressure reduction for input into the program is 0.8,

Pump Heat Input
The pump heat input was based on the hydraulic data of the project ‘
W-151 mixer pumps (see attached pump curve). At 100% flow, the

pump hydraulic characteristics are as follows:

Flow rate 10,400 gpm
Head 54 feet
Efficiency 74%

Using the above data and a mixed waste density of 1.2 g/ml results
in a conservative heat input for two mixer pumps operating at
500 hp.

At 50% flow, the pump heat input into the waste is approximately
65 hp.

-10 - 12/28/95
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D. DOCUMENTATION OF COMPUTER INPUT FILES

The input and output data files for the four cases are included in

Appendix A. These files contain the data described in the previous

section. The cases are described as follows:

Case 1:

Case 2:

Case 3:

Case 4:

Full tank, two mixer pumps at 100% flow (500 hp of
heat input) for 15 days, followed by two mixer pumps at
50% flow (65 hp of heat input).

Haif tank, two _mixer pumps at 100% flow {500 hp of
heat input) for 9 days, followed by two mixer pumps at
50% flow {65 hp of heat input).

Tank cool-down, half tank, two mixer pumps at 50%
flow (65 hp of heat input), and an initial tank waste

temperature of 200 °F.

Tank cool-down, half tank, no mixer pumps, and an

initial tank waste temperature of 200 °F.

E. THERMAL RESULTS

1.

W211ER3.TD.1837

Case 1
The data for Case 1 show that for two mixer pumps operating at

100% flow with a full tank and an initial tank waste temperature of

72 °F, the mixed waste reaches a temperature of 119.68 °F in
g days and 200 °F in about 31 days. The rate of tank heat-up

(temperature change over time} for wastes above 125 °F is
4.4 °F/day which is 22% of the allowable limit of 20 °F/day. When

both pumps are operated for 9 days, the air conditions relative to the

ventilation systems are an annulus outlet temperature of 119.6 °F

a dome outlet temperature of 107.54 °F, and a dome outlet water

-11 - 12/28/95
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content of 0.06 Ibm H,0/lbm air. The dome and annulus outlet
temperatures are well below the ventilation system specification
limits for air inlet temperature to the HEPA filter (230 °F maximum)
(ref 9).

Case 2

The results of the analysis for Case 2, with the mixer pumps
operating continuously for 9 days at 100% flow and the tank with
1/2 volume, indicate that the temperature of the mixed waste is
160 °F. The air temperatures from the primary {dome) ventilation
system and from the anndlus ventilation system are 140 °F and
160 °F, respectively. This result also shows the primary ventilation
(dome) outlet water content to be 0.15 Ibm H,0/lbm air. These
conditions are satisfactory because the primary ventilation system
is designed for a maximum of 230 °F at saturated conditions (ref 9).
For example, saturated air at 200 °F has a moisture ratio of
approximately 2.3 1bm H20/Ibm air. Further, the air flow from
Tank 241-SY-102 is only 20% of the total flow in the ventilation
train. The Tank 241-SY-102 flow will be mixed with flow from the
other two SY tanks, which have significantly iower temperatures and

moisture, before the flow enters the ventilation outlet train.

Case 3

Case 3 evaluated the transient tank cocl-down when two mixer
pumps are operating at 50% flow, with the tank half full and an
initial waste temperature of 200 °F. The resuilts show that the
temperature of the waste cools at an initial rate of about 1.7 °F/day
until a stabilized temperature of 150 °Fis reached in about 60 days.
The temperature of the waste will not cool further unless the pumps

are turned off.

-12 - 12/28/95
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4. Cased
Case 4 investigated the transient tank cool-down when no mixer
pumps are operating, the tank is half full, and waste contents are at
an initial mixed temperature of 200 °F. The tank waste temperature

declines about 10 °F every 7 days.

V. UNCERTAINTIES AND RECOMMENDATIONS FOR FURTHER
STUDY

As previously noted, the results of these analyses must be considered as
preliminary and subject to change due-to the uncertainty regarding tank waste
contents, sludge and supernate volumes, and thermophysical properties at the

time of mixing.

The two mixer pumps utilize a motor located external to the tank; therefore, the

motor heat generation is not dissipated in the tank waste.

The duration of mixer pump operation for waste mobilization is approximately

9 days.

The hydraulic characteristics for the mixer pumps were obtained from the

attached mixer pump curve {see Appendix B).

The primary tank ventilation system air flow rate from Tank 241-SY-102 is
assumed to be 200 acfm. The annulus ventilation flow rate is 336 acfm.

(These values were obtained from SY Tank Farm operations.)

The existing ventilation system will not be required to treat aerosols or

increased condensate loads generated during operation of mixer pumgps.
This analysis does not include heat generated from exothermic chemical

reactions. |If chemical reactions create a significant amount of heat, the final

temperatures will be higher or the mixing time may be reduced.

W211ER3.TD.1837 -13- 12/28/95
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APPENDIX B

Pump Curve
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