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Tank 241-AZ-101 is a tank-in © " ¢ gn consisting of a heat-treated, stress-relieved steel
liner inside a nonstress-relieved steel liner that is surrounded by a reinforced concrete shell.
To accommodate high-heat generating wastes, airlift circulators, steam coils, and exhaust
condensers were installed to minimize the probability of integrity loss. Maximum design
temperatures for the tank are 179 °C (355 °F) for sludge, 104 °C (220 °F) for vapor, and
127 °C (260 °F) for liquid. The tank has a design storage capacity of 3,790 kL
(1,000 kgal); however, safety considerations restrict the maximum operating capacity to
3,710 kL (980 kgal). The tank has a diameter of 23 meters (m) (75 feet [ft]) and a usable
depth of 11 m (35 ft). Instruments used to monitor the pressure, temperature, liquid level,
sludge level, and other bulk t " characteristics access tank 241-AZ-101 through risers
(Bell 1994). Riser locations are shown in Figure 2-2 (not all risers are shown) and the
configuration of a typical double-shell tank is shown in Figure 2-3. For more information
about the AZ ik Farm and double-shell tanks, see the Tank Characterization Reference
Guide (De Lorenzo et al. 1994).

2.3 PROCESS KNOWLEDGE

2.3.1 Waste Transfer History

Tank 241-AZ-101 first received water in the fourth quarter of 1976. During the next four
years, the tank received a mixture of Evaporator Feed, double-shell slurry feed, complexed
and noncomplexed waste. In 1980 the waste volume was 3,010 kL (795 kgal)

(Anderson 1990). Tank 241-AZ-101 provided waste feed to the 242A evaporator-crystallizer
during three campaigns: 81-1, 82-1, and 83-1. During campaign 81-1, the feed solution was
processed in one pass to a double-shell slurry feed concentration. The product was slurried
to tanks 241-AX-101 and 241-A-101 for temporary storage; the final supernate was pumped
to tank 241-AW-103 (Teats 1982). During campaign 82-1, the feed solution was processed
in two passes, and the final product was transferred to tank 241-AW-101 for temporary
storage. During campaign 83-1, the feed solution was processed in two | ies to a double-
shell slurry feed concentration. The final product was slurried to tank 241-AN-104

(Certa 1983).

During the subsequent two years, dilute noncomplexed waste was received or transferred as
follows. A receipt of 1,101 kL (291 kgal) was received from tank 241-SY-102 in the second
quarter of 1982. Two receipts totaling 2,900 kL (766 kgal) were received from

tank 241-AY-102 in the second quarter of 1983. A transfer of 927 kL (245 kgal) was made
to tank 241-AW-102 in the fourth quarter of 1982, and a transfer of 3,410 kL (901 kgal) was
made to tank 241-AW-102 in the third quarter of 1983. A loss of 155 kL (41 kgal) occurred
by evaporation in the third quarter of 1983. Finally, the tank was emptied in the third
quarter of 1983.
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Figure 2 - Riser Configuration of Tank 241-AZ-101.

Typical Aging Waste Double-Shell Tank Configuration for AZ Tanks.
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Following extrusion, the weight, photograph, and description of each segment of the second
core sample were recorded (Gray et al. 1993). Shear-strength and layer samples were
selected from the solids, and physical and rheological characterizations were performed on
the liqu'~ . Additional physical characterizations were performed on the composite solids.
Physical, chemical, and radiochemical analyses were also performed on the solids and
supernate obtained from centrifugation of the composite solids. Settling behavior,
rheological properties of two waste slurries, and physical characteristics of a third slurry
were measured. Following these analyses, a composite core sample was prepared by
combining all of the remaining solids and liquids from the composite solids and slurry
samples. Physical properties of this composite core were recorded before centrifugation.
The physical, chemical, and radiochemical properties of solids and liquids were also
measured after centrifugation. The steps in the characterization process are summarized in
Figure 3-3.

Two fusions and dissolutions followed by inductively coupled plasma analyses were
performed on the large chunk of material taken frc — the third core sample (McGrail 1991).
The remaining waste was used in a modified Miller Number procedure.

3.3 DESCRIPTION OF 1995 SAMPLING EVENT

On March 3, 1995, four grab samples from varying depths (see Table 3-3) were taken from
riser 24A of tank 241-AZ-101 using a t,, cal weighted-bottle sampler. The purpose was to
determine whether the waste would be compatible with other wastes and for process testing
(Carothers 1994). No field/trip blank was taken because of the high concentration levels
expected in the analyte results (Schreiber 1995).

3.3.1 Sample H ling and Analysis (1995)

Samples were shipped to and received by the 222-S Laboratory on the same day they were
taken. The three supernate grab samples were analyzed in accordance with the requirements
of Schreiber (1995); the results are tabulated in Appendix B. No physical description of the
samples was available (Rollison 1995). The fourth sample was assumed to be a sludge
sample based on the depth from which it was taken. However, on inspection in the
laboratory it was discovered that no sludge was recovered in the sample. The fourth sample
was for process testing, but since no sludge was recovered the purpose of the sample could
not be fulfilled and so the sample was not analyzed. The sample identification numbers and
the corresponding laboratory identification numbers are listed in Table 3-4.
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Viscosity of the Tank 241-AZ-101 Washed Solids (Peterson et al. 1989).
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The :=ological parameters, together with the density of the dilutions or derivative slurries,
were input into the Hank’s computer model (Hanks 1978) to obtain the critical Reynolds
Number, flowrate, and velocity for transporting the s* ries in 3.0 in. and 2.0 in. diameter
pipes. For a 3.0 in.-diameter pipe, the critical Reynolds Number ranged from 6,100 to
7,200, and the critical velocity and flowrate ranged from 136 liters per minute (L/min)
(0.475 ft/s) to 125 L/min (0.442 ft/s). For a 2.0 in.-diameter pipe, the critical velocity and
flowrate ranged from 68 L/min (0.533 ft/s) to 64.4 L/min (0.494 ft/s). The critical
velocities, flowrates, and Reynolds Numbers calculated for the washed solids will not be
difficult to achieve in full-scale transport (Peterson et al. 1989).

The rheological properties (shear stress versus shear rate) of the second core waste sample
were more extensive. The 30 weight percent solids slurry exhibited yield pseudoplastic
behayior (i.e., the slurry had a significant yield stress). The data from the rheograms were
fit to a nonlinear yield power law model.

6 =a+ By
where
shear stress

shear rate
yield stress (not a fit parameter)

R 2 o
nu

The rheological properties for the 10 weight percent solids slurry exhibited pseudoplastic
behavior. The behavior of this slurry differs from that of the 30 weight percent in that no
yield stress was observed for the 10 weight percent solids slurry. Therefore, setting o = 0,
the rheological data for this slurry were also fit into the above equation. Results from the fit
for the separate runs are tabulated in Table 4-6.

Figures 4-14 and 4-15 present the apparent viscosity versus velocity in a 2.0-in. internal
diameter and 3.0-in. internal ameter pipe, respectively. As with the first core rheological
parameters, the properties, along with the density of the slurries, were input into the Hank’s
computer model to obtain the critical Reynolds Number and the critical velocity for
transporting the slurries in a 2.0-in.- and a 3.0-in.-diameter pipe. ... critical velocities and
the Reynolds Numbers calculated for this waste slurry are achievable for full-scale transport.
For the 3.0-in.- and the 2.0-in.-diameter pipes, the critical velocities for the 30 weight
percent solids slurry correspond to critical flowrates of approximately 874 and 458 L/min,
respectively. For the 10 weight percent solids slurry, the critical velocities in a 3.0- and 2.0-
in. internal diameter pipe correspond to critical flowrates of approximately 372 and

201 L/min, respectively (Gray et al. 1993). '
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__e Miller Number measured for the radioactive waste from the third core ranged between
8.2 and 8.6, with a mean of 8.4.

4. 8 Thermodynamic Analyses

Differential scanning calorimetry analyses were performed on the 1995 waste compatibility
grab samples. No exothermic reactions were noted (Rollison 1995). Thermogravimetric
analysis was used to de » * . percentage of water in the 1995 grab samples, and the
results are reporte in Table 4-3 and Appendix B. No differential scanning calorimetric or
thermogravimetric analysis were conducted on the 1989 core samples.
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6.0 CONCLUSIONS AND ™" -OMMENDATIONS

The sludge in tank 241-AZ-101 was sampled and analyzed in 1987 and 1989; the supernate
was sampled and analyzed in March 1995. The analysis of tank 241-AZ-101 does not fully
meet the safety screening requirements. However, historical and analytical information
indicate that the waste composition satisfies the safety criteria for water content, heat, and
criticality. Although the fuel content of the sludge has not been measured by differential
scanning calorimetry (DSC), the total organic carbon (TOC) and historical tank uses indicate
that excessive fuel is not present. When the sludge is sampled again, the analyses should
include an evaluation of the fuel content by DSC to confirm the fuel estimates based on
historical information and TOC analysis. Tank 241-AZ-101 meets the criteria specified "
the waste compatabilty DQO (Carothers 1994).

As expected : sludy contains large quantit  of 1 iron, l
zirconium as expected from PUREX chemical processing wastes. Concentrations of nitrate,
nitrite, ~ 1 sulfate are high also, as expected. The major radioactive constituents in the
waste are ®Sr, ¥’Cs, and '/ ~ The heat generated by these isotopes is well below the
4,000,000 Btu/hr limit set for aging waste storage tanks.

The supernate 2**°Pu and *'Am levels are below the transuranic classification limit of
100 nCi/g. However, the sludge significantly exceeds the transuranic classification limit.

6-1
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ANALYTICAL RESULTS FROM 1989 CORE SAMF™ ING EVENT OF
DOUBLE-SHELL TANK 241-AZ-101
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APPENDIX B

ANALYTICAL RESULTS FROM 1995 GRAB SAMPLING EVENT OF
DOUBLE-SHELL TANK 241-AZ-101
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Appendix B summarizes the chemical and radiological characteristics of the 1995 grab
samples taken from tank 241-AZ-101 (Rollison 1995) in terms of the specific concentrations
of metals, ions (anions and cations), radionuclides, physical properties, and total carbon.

The data table for each analyte lists the laboratory sample identification number, an analytical
data result for each sample, an evaluated data result, a relative standard deviation of the
mean, and a projected tank inventory. ‘These data are listed in standard notation for values
greater than .001 and less than 100,000. Values outside these limits are listed in scientific

notation.

Standard abbreviations are used to describe analytical methods.

Metals ICP - Inductively Coupled Plasma (generic for
all metals unless otherwise indicated)
/ Tons "~ -Ion T '
Pot. Titrat. - Potentiometric Titration
Radionuclides GEA - Gamma Energy Analysis

Extr. - Extraction

TonEx - Ion Exchange

HighLev. - High-Level Alpha and Beta Analysis
Physical properties TGA - Thermogravimetric Analysis

Grav. Gravimetric
Total carbon Coul. - Cou’ " try

"Analyte" contains the name of the analyte or physical characteristic, information about the
method of measurement, and where applicable, information about the method of digestion.

Digestion methods will be denoted for analytes that were digested by more than one method.
Digestion methods used are abbreviated as follows: a - acid digestion, w - water leach, and
f - potassium hydroxide fusion, followed by acid digestion. Analytes may also be measured
directly on an undigested sample and are abbreviated as d-direct.

The analyte and method are given as follows: "method.analyte," or, (where applicable)
"method.digestion.analyte.” For example, the specific concentration of Na was determined
by the inductively coupled plasma method which was preceded by acid digestion. It is listed
as "[CP.a.Na."

"Sample Number" lists the laboratory sample from which the analyte was measured. This
identification number differs from the number assigned to the samples at the tank farm.
Sampling rationale, locations, and a description of the sampling event are given in
Section 3.0. The 1995 grab samples were obtained from tank 241-AZ-101 through

riser 24A. The grab sample breakdown is as follows:

B-3
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Grab Sample Number Laboratory Sample Number

AZ-101-1 S95T000278
S95T000305
AZ-101-2 . S95T000279
S95T000306
AZ-101-3 S95T000280
S95T000307

The samples are listed in order of increasing tank depth.

"Result" is the specific concentration of the analyte determined at different sampling points.
No quality control data such as matrix spikes, serial dilutions, or duplicate analyses are
listed. This information may be obtained from the tank 241-AZ-101 grab sample data
package (Rollison 1995). Numbers that are preceded by a less than symbol (<) indicate the
analyte was noted but was below the analytical instrument’s calibrated detection limit for the
sample.

The stated "Mean" is a simple average of the above results.

"Relative Standard Deviation" (RSD), is a measure of variability defined as the square root
of the variance of the mean divided by the mean. The variance of the mean was computed
using analysis of variance with Restricted Maximum Likelihood estimates from the statistical
software package, S-Plus’. Relative standard deviation is expressed as a percentage.
"Projected inventory” is the product of the concentration of the analyte and the volume of the
supernate in the tank at the time of sampling: supernate volume = 3.50E+06 liters
(925,000 gal).

Projected Inventory Formula:

(Supernate Volume)(Result)(Conversions) = Projected Inventory

Example:

Kg = ( 3.50E+06L)(Result pg/mL)(1,000mL/L)(kg/ 1.00E+09ug)

* Registered trademark of Statistical Sciences, Inc.
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APPENDIX C

ANALYTICAL RESULTS FROM 1987 SAMPLING EVENT OF
DOUBLE-SHELL TANK 241-AZ-101
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Results from analyses of samples obtained from the 1987 sampling event of ~ 241-AZ-101
are taken from the Double Shell Tank Waste Characterization Database and Chemical
Analysis of Tank 101-AZ and 102-AZ Samples Taken in October 1987 (WHC 1987). The
sample numbers, tl r characteristics, and analytical results are listed below:

Sample number: T-3493 .

Date of sample: October 1987

Date of analysis: 03/11/88

Waste type: NCAW

Appearance: Clear, bright yellow liquids with a trace ¢ brown solids. The

brown solids were combined with trace of brown solids in
sludge sample T-3494.

Vol —~ % centrifuged (filtered) solids: 0.150

Voli : % centrifuyy (fi supe : 99.850

Sample number: T-3494

Date of sample: October 1987

Date of analysis: 03/11/88

Waste type: NCAW

Appearance: Clear, bright yellow liquids with a trace of brown solids. Solids

analysis for 101-AZ was accomplished by combining solids from
T-3493 and T-3494 together (total volume was only 0.06 ml)

Volume % centrifuged (filtered) solids: 0.150
Volume % centrifuged (filtered) supernate: 99.850

The supernate from the two samples were also combined for analysis.

C3
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S. F. Bobrowski K7-28 X

N. G. Colton K3-75 X

J. R. Gormsen K7-28 - X
S. A. Hartley K5-12 X

J. G. Hill - K7-94 X

L. K. Holton _ K9-73 X

G. J. Lumetta P7-25 X

B. D. McVeety K6-84 X

A. F. Noonan K9-81 X

K. M. Remund K5-12 X

J. T. Slankas K9-81 X

West 1ghouse Hanford Company

D. A. Barnes R1-80 X

G. R. Bloom H5-61 X

T. M. Brown R2-12 X

T. H. Bushaw T6-30 X

R. J. Cash S7-15 X

C. S. Chongsoo G3-20 X

W. L. Cowley H4-65 X

M. L. Dexter R1-51 X

R. A. Dodd - §5-07 X

G. L. Dunford S7-81 X

S. J. Eberlein R2-12 X

D. B. Engelman R1-49 X

K. 0. Fein ' H4-65 X
G. D. Forehand S7-21 X

J. S. Garfield H5-49 X

J. D. Guberski R2-06 X
R. D. Gustavson R1-51 X

D. L. Herting - T6-09 X

B. A. Higley H5-27 X

K. M. Hodgson R2-11 X .
G. Jansen H6-33 X

L. Jensen T6-07 X

G. D. Johnson S7-15 X

K. K. Kawabata S7-55 X

T. J. Kel 2y S7-21 X

N. W. Kirch ~ R2-11 X

J. G. Kristofzski T6-06 X

M. J. Kupfer H5-49 X

D. L. McGrew R3-25 X

W. C. Miller R1-30 X

C. T. Narquis T6-16 X

D. E. Place H5-27 X

D. A. Reynolds R2-11 X

L. M. Sasaki (10) R2-12 X

F. A. Schmittroth ~ HO-35 X

N. J. Scott-Proctor S$5-01 X

L. W. Shelton, Jr. H5-49 X

B. C. Simpson R2-12 X

G. L. Smith H4-62 X
G. L. Troyer T6-50 X

D. A. Turner S7-15 X

D. J. Washenfelder H5-27 X

M. S. Waters S6-30 X

W. I. Winters (3) . T6-50 X
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TFIC (Tank Farm Information Center)

Central Files
EDMC
TCRC (2)

W.J. Powell

A-6000-135 (01/93) WEF067









