








WHC-SD-WM-ER-411
Revision O
UC-2070

Tank Characterization neport for
Double-Shell Tank 241-AZ-107

Date Published
July 1995

Prepared for the U.S. Department of Energy
Office of Environmental Restoration and
Waste Management

Westinghouse P.0 Box 1970
Hanford Company Richiand, Washington

Management and Operations Contractor for the
U.S. Department of Energy under Contract DE-AC06-87RL 10930

Approved for Public Release



WHC-SD-WM-ER-411 REV 0

This page intentionally left blank.




3613456, 013

WHC-SD-WM-ER-411 REV 0

EXECUTIVE SUMMARY

This tank characterization report summarizes the information on the historical uses,
present status, and sampling and analysis results of waste stored in the double-shell
underground storage tank 241-AZ-102. This report supports the requirements of the Hanford

Federal Facility Agreement and Consent Order, Milestone M-44-08 (Ecology et al. 1994).

Tank 241-AZ-102 is located in the /. __nk _ urm in the Hanford Site’s 200 East
Area. The tank was designed to provide storage space for high-level aging waste generated
at Plutonium-Uranium Extraction (PUREX) Plant and went into service in 1976 upon receipt
of aging waste from PUREX and high strontium wastes from B Plant. The tank later
received compl int concentrate waste from operation of the 242-A Evaporator. In 1986,
waste was removed leaving only a minimal heel. Since then the major waste types received
by the tank have been aging waste (or neutralized current acid waste) from PUREX and
waste water. The last transfer of aging waste to tank 241-AZ-102 occurred in 1990. The

tank remains in active service for waste management operations.

A description and status of tank 241-AZ-102 are summarized in Table ES-1,
Table ES-2, and Figure ES-1 in this executive summary. Future plans for the tank will

change the composition of the supernatant and possibly the sludge. The tank, which has an
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Figure ES-1. .ank 241-A..-102.
Tank 241-AZ-102

© éx=— Thermocoupie Prodbe

Sludge Temperature Prodbe

) FIC Surface Level Gauge

11

Sivdge Temperature Prode
Pump Pit 1°
" i1 Annutus Pump
Pit
| ol
Thermocoupie Probe
Waste Profile of Tank 241-AZ-102
< Ze =

Aging Waste
87T em
@451n.)

Total Tank Volume: 3,790 ki (1,000 iagal)
Current Wasze Volune: 3,590 i, (549 kgal)
Cument Sludge Volurne: 380 K. (95 kgal)

Current Supemnate Volume: 3.230 ki (854 kgal)




WHC-SD-WM-ER-411 REV 0

op.._.ional capacity of 3,710 kL (980 kgal), currently cor*-*-s 3,590 "~ (949 kgal) of waste,
3,230 "7 (854 kgal) existing as supernatant and 360 kL (95 kgal) in the form of sludge
(Hanlon 1995). The sludge measured 333 kL (88 kgal) when last sampled (May 1989),

while the supernatant constituted 3,236 kL (855 kgal) upon its most recent sampling

(February 1995).

This report summarizes four sampling and analysis events. The first two sampling
events occur: ' in August énd October of _1987 and the results are presented and used in this
repc  only for comparison with the more recent sampling events. The third sample was
taken in 1989 to support retrieval, .pretreatment, and disposal and is used to represent sludge
composition and properties. Finally, supernatant composition is based on grab samples taken
in February of 1995 to evaluate waste compatibility. The grab samples were taken as
prescribed in the Data Quality Objectives for the Waste Compatibility Program,

WHC-SD-WM-DQO-001 (Carothers 1994).

The fuel content of the supernatant was measured by differential scanning calorimetry
(DSC) and no exotherms were found, denoting that the fuel content of the supernatant is low.
Although a similar analysis was not performed on the core sample, the presence of excessive
fuel is unlikely when the total organic carbon (TOC) content and process history of the tank
are considered. If the sludge is sampied again the analyses should include an evaluation of
the fuel content by DSC to provide an estimate of the future compatibility of this sludge with

other waste types. The waste is approximately 90% supernatant, and the sludge moisture
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content was found to be 51% (by weight), which more than satisfies the 17 wt% water
requirement of the safety screening DQO (Babad and Redus 1994). The tank has a
 substantial heat ad of < 58,441 W (< 199,457 Btu/hr), which is to be expected due to the
high concentration of *Sr in aging waste. Although notable, the heat load is still far below
the 4,000,000 Btu/hr design limit (Bergmann 1989). The estimated level of 2397240py; in the
tank sludge, 3.14 uCi/g, is below the safety screening threshold of 41.3 uCi/g (Babad and
Redus 1994). Based on this information, the waste in this tank does not appear to have any
immediate safety concerns; however, this report does not include any tank head space vapor

sampling and analysis information for evaluation.

The 1995 supernatant analysis indicates that the liquid meets compatibility assessment
criteria. The supernatant 2%y and *'Am levels are below the transuranic classification
limit of 100 nCi/g. The TOC concentration in the supernatant is 1.50 g/L, well below the
organic complexant classification criteria of 10 g TOC/L. It should be noted, however, that
the transfer of the waste in tank 241-AZ;102 to a non-aging waste DST will likely result in a

violation of heat load limits for the receiving tank.

The concentration and tank inventory estimates for the major constituents and analytes
of concern in the sludge and liquid above the sludge are summarized in Table ES-2. The
sludge contained high concentrations of Fe, Na, and Al, and relatively high concentrations of
zirconium, chromium, cadmium, uranium, nickel, S0O,7, NO,, and NO;. The results for

iron, sodium, aluminum, uranium, SO,%, NO,, and NOj are consistent with what was
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expected to be in i _ 1g waste, and nickel and chromii  are expec’ " corrosion products
from PUREX piping and process equipment. Also expected due to aging waste composition

were the high levels of *Sr, *’Cs, '®Ru, and *'Am.

REFERENCES

Babad, H., and K. S. Redus, 1994, Tank Safety Scréening Data Quality Objective,
WHC-SD-WM-SP-004, Rev. O, Westinghouse Hanford Company, Richland,
Washington.

Carothers. K. G., 1994, Data Quality Objectives for the Waste Compatibility Program,
WE._ SD-WM-DQO-001, Westinghouse Hanford Company, Richland, Washington.

Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent Order, as
amended, Washington State Department of Ecology, U.S. Environmental Protection
Agency, and U.S. Department of Energy, Olympia, Washington.

Hanlon, B. L., 1995, Waste Tank summary Report for Month Ending February 28, 1995,
WHC-EP-0182-83, Westinghouse Hanford Company, Richland, Washington.

ES-10




901 3M56.0130

WHC-SD-WM-ER-411 REV 0

CONTENTS
1.0 INTRODUCTION . . . v ittt ittt et tes e aoa st ass oo oassnoss e 1-1
1.1 PURPOSE ..ttt i it teeeetseinees s sonaesnssasssas 1-1
1.2 SCOPE . .o ittt ittt it aee st enans e aanessenss 1-1
2.0 HISTORICAL TANK INFORMATION . ... ...ttt ennaenen 2-1
2.1 TANK STATUS . . .ttt ittt ettt s et aaces st onasennessoes 2-1
2.2 TANK DESIGN . . . ittt ittt et tanesaso e ennnaansssses 2-1
2.3 PROCESS KNOWLEDGE . .. ...ttt it tnen oo enonenenns 2-2
2.3.1 Waste Transfer History . . . . . . oo ottt it e e 2-2
) Historical Estimation of the Contents of T k 241-AZ-102 ........ 2-8
2.4 ol LLAD o f A e e it e e et e e e e e e e e e e 8
2.4.1 Surface Level Readings ......... e e e e e e 2-8
2.4.2 Internal Tank TEMPETAtUIES « . o o v v v o o v v v v v v v s oo oo 2-10
2.4.3 In-Tank Photographs . . . . ... oo v vt it v it 2-10
3.0 TANK SAMPLING OVERVIEW . .. . ... ittt ini oo 3-1
3.1 DESCRIPTION OF AUGUST 1987 SAMPLING EVENT ............. 3-1
3.1.1 Sample Handling (August 1987) . . ... ... oo 3-1
3.1.2 Sample Analysis (August 1987) . ..... ... ... e 3-2
3.2 DESCRIPTION OF OCTOBER 1987 SAMPLING EVENT ............ 3-2
3.2.1 Sample Handling and Analysis (October 1987) ... ............. 3-2
3.3 DESCRIPTION OF MAY 1989 SAMPLINGEVENT . ............... 3-2
3.3.1 Sample Handling (May 1989) ......... ... 3-3
3.3.2 Sample Analysis May 1989) . ... .... ... 33
3.4 DESCRIPTION AND HANDLING OF FEBRUARY 1995

SAMPLING EVENT . . ... ittt ittt sttt ae s 3-6
3.4.1 Sample Analysis (February 1995) . ... ... ... .. oot 3-6
4.0 ANALYTICAL RESULTS AND WASTE INVENTORY ESTIMATES ........ 4-1
4.1 OVERVIEW . . . ittt it ittt it aae oo aaes o 4-1
4.2 DATA PRESENTATION . ... ... .ttt iit i iineeaneenesnanns 4-7
4.3 PHYSICAL MEASUREMENTS . . ... ...ttt 4-8

4.3.1 Density, Wt% Total Solids, Vol% Solids, and '
Wt% OXidesS . . v v v v ot e e it it e it e 49
4.3.2 Settling Behavior . . ... ... 0ottt 4-10
433 Particle Size . . . v v v i e e e e s 4-10
4.3.4 Rheology and Shear Strength Measurements . ............... 4-11
4.3.5 PENEIOMELTY . . . v v v v i vt i e v e oo e e oo oo s o e e es oo 4-12
4.3.6 Thermodynamic Analyses . ... .......cct e nnan.n 4-13




WHC-SD-WM-ER-411 REV 0

CONTENTS (continued)

5.0 INTERPRETATION OF CHARACTERIZATION RESULTS ............
5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS ......
5.1.1 Field Observations . ...........otuiunnennnnnnnen..

5.1.2 Quality Control Assessment of Analytical Data . . ............

5.1.3 Data Consistency Checks . ..............c.viuenun...

5.2 DATACOMPARISON .. ... ...ttt ittt it i,

5.3 TANK WASTE INVENTORYPROFILE ..............0c0u....

5.4 COMPARISON OF ANALYTICAL AND TRANSFER

HISTORY INFORMATION .. ... ... ...ttt i,
5.5 EVALUATION OF PROGRAM REQUIREMENTS ...............
5.5.1 Safety Evaluation . . . ... e e
5.5.2 Operational Evaluations . .. ......... ... ',
5.5.3 Process Development Evaluation . ..........000eeenunn.

6.0 CONCLUSIONS AND RECOMMENDATIONS . .............c0v....

7.0 REFERENCES . . . . ... ittt e e et et e et e e e

APPENDIXES

A ANALYTICAL RESULTS — 1989 CORE SAMPLE

DOUBLE-SHELL TANK 241-AZ-102 .. ... ... ...ttt nnnnn..

B ANALYTICAL RESULTS — 1995 GRAB SAMPLES

DOUBLE-SHELL TANK 241-AZ-102 . ... .. ...ttt
C SAMPLING RESULTS PRIOR TO 1989 DOUBLE-SHELL TANK 241-AZ-102 ..

D ANALYTICAL METHODS DOUBLE-SHELL TANK 241-AZ-102 .........

C-1

ii




2-5

2-6

3-1

32

9l $456.0139

WHC-SD-WM-ER-411 REV 0

LIST OF FIGunES
Tank 241-AZ-102 Riser Configuration . . ... ... ceveve v oeanoee s 2-3
Aging Waste Tank Design . . . ... ovvvive e 2-4
Tank 241-AZ-102 FilL HiStOTY . . . o v v v v v oo oo vt ieme i cen e e 2-6
Tank 241-AZ-102 Surface Levels January 1981 to February 1995 . .. ......... 29
200 East Area and Location of the 241-AZ Tank Farms . . . . .. ..o oo v ee v v 2-11
Tank 241-AZ-102 Tempt ures December 1993 to December 1994 .. ....... 12
I w Chart for Sample Preparation and Analysis (May 1989) .............. 34
Flow Chart for Data Collection and Preparation (February 1995) . ........... 3-7

iii



WHC-SD-WM-ER-411 REV 0

4-5
4-6
5-1
5-2

5-3

5-6
5-7
5-8
| 5-9

5-10

LIST OF TABLES
Estimated Waste Types Received by Tank 241-AZ-102 . .. ............... 2-5
PUREX Aging (High-Level) Waste Composition . . . . .................. 2-7
Tank 241-AZ-102 May 1989 Core Sample Description . .. ............... 3-3
Tank 241-AZ-102 February 1995 Grab Sampling Depths . . . .. ............ 3-6
Analytical Presentation Tables . . ... ... .......... .. eeunn.. 4-1
Analytical Summary for Waste in Tank 241-AZ-102 ................... 4-2
Tank 241-AZ-102 Physical Measurements . . . . . ..o v vt v v e v v v v e e, 4-8
Physical Properties of Layer Samples ........ e e 4-9
Results From Fit to Rheological Models . .. ....................... 4-12
Critical Reynold’s Numbers and Velocities . ....................... 4-13
Comparison of Core 1 Data Before and After Homogenization ............. 54
Cation Massand Charge Data . . . ... ...ttt it eeeennnn.. 5-6
Anion Massand Charge Data . ... ........c.iiiiinnennnnennnenn 5-7
Mass Balance Concentration Totals . . .. .. ..o iv ittt i s e 5-7
Comparison of Supernatant Constituents . . ... .............0ovu.... 5-10
Comparison of Sludge Constituents . . ............. ... eunn.. 5-10
Composition of 1989 Core from Tank 241-AZ-102 Before Compositing . .. ... 5-11
Tank 241-AZ-102 Projected Heat Load . ... ............¢0cuuvuuo... 5-15
Compatibility Assessment for Tank 241-AZ-102 Supernatant . ............ 5-17
Comparison of Washed Solids and Centrifuged Solids Results . ........... 5-18

v



ACSL
DOE
-0
DSC
Ecology
EPA
FIC

ICP

N _A\AW
PCL
PNL
PUREX
RPD
SpG
TCP
TGA
TIC
TOC
WHC

96134560140

WHC-SD-WM-ER-411 REV 0

LIST OF TERMS

Analytical Chemistry Service Laboratories
U.S. Department of Energy

Data Quality Objectives

differential scanning calorimetry
Washington State Department of Ecology
U.S. Environmental Protection Agency
Food Instrument Corporation

Hanford Waste Vitrification Plant
inductively coupled plasma

not detected

1 1+ izedcu ntacidy

Process Control Laboratories

Pacific Northwest Laboratories
Plutonium-Uranium Extraction (Plant)
relative percent difference

specific gravity

tank characterization plan
thermo-gravimetric analysis

total inorganic carbon

total organic carbon

Westinghouse Hanford Company

'1




WHC-SD-WM-ER-411 REV 0

This page intentionally left blank.

vi



96154560141

WHC-SD-WM-ER-411 REV 0

1.0 INTRODUCTION

This report presents an overview of double-shell underground storage

" tank 241-AZ-102 (tank 241-AZ-102) and its waste contents. It provides estimated
concentrations and inventories for the waste components based on the latest sampling and
analysis activities and background tank information. This tank characterization report for
tank 241-AZ-102 describes the results of the four most recent sampling events. The first
occurred in August of 1987 with the taking of a sludge and supernatant sample (Herting
1987). The second took place in October of 1987 and also included a sludge and supernatant
sample (Herting 1988). A core sample consisting of two segments was obtained in 1989
(Gray et al. 1993). Finally, the tank waste was grab sampled in February of 1995 (Rollison
1995). Tank 241-AZ-102 is in active service; future plans include combining the waste in
tank 241-AZ-102 with that in tank 241-AZ-101. Therefore, the composition of the tank
waste can be expected to change. This report will be revised periodically to reflect new
sample information and other changes. This report supports the requirements of the Hanford
Federal Facility Agreement and Consent Order Milestone M-44-08 (Ecology et al. 1994).

1.1 PURPOSE

The report summarizes the information about the use and contents of
tank 241-AZ-102. When possible, this information will be used to assess issues associated
with safety, operations, environmental, and process development activities. This report also
provides a reference point for more detailed information about tank 241-AZ-102.

1.2 SCOPE

The samples taken in 1987 were primarily intended to determine the composition of
the solids which had accumulated on the floor of the tank. Chemical and radiochemical
waste components were measured on the supernatant and sludge. No physical or
thermodynamic analyses were performed. Other than total organic carbon (TOC), no
specific organic analyses were performed.

The core sample obtained in 1989 was taken to characterize the neutralized current
acid waste (NCAW) stored in tank 241-AZ-102 for support of retrieval, pretreatment, and
disposal processes. Early characterization of NCAW was particularly important because at
the time it was expected to be the first waste retrieved and vitrified in the Hanford Waste
Vitrification Plant (Gray et al. 1993). Chemical, radiochemical and physical properties were
measured on the supernatant and sludge phases of this sample. Other than TOC, no specific
organic analyses were performed; and thermodynamic analyses were not conducted.

1-1
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The supernatant grab samples acquired in 1995 were taken to support tank operations
in assessing the compatibility of tank 241-AZ-102 supernatant with ot! ~~ waste for transfer
purposes. The technical basis for this compatibility assessment is described in the Data
Quality Objectives for the Waste Compatibility Program (Carothers 1994). The sampling and
analysis were performed as described in Tank 241-AZ-102 Tank Characterization Plan
(Schreiber 1995). The supernatant was analyzed for a smaller set of metals and
radiochemical constituents than the 1989 core sampling event to comply with the
requirements of Schreiber (1995). Thermodynamic analyses including thermo-gravimetric
analysis (TGA) and differential scanning calorimetry (DSC) analysis were performed. The
grab samples were not safety screened since the sampling event did not meet the criteria
defined in the Safety Screening Data Quality Objectives (Babad and Redus 1994), which
specifies that at least widely spaced two risers be sampled at 3 different waste levels to
achieve a vertical waste profile (Schreiber 1995). '

This report does not include any information on vapor space sampling and analysis to
determine the composition of the tank head space gases.

Terms such as waste types, waste generating processes, etc., generally are not defined
in this document; detailed explanations of these and many other Tank Farm/Hanford Site
terms can be found in the Tank Characterization Reference Guide (De Lorenzo et al. 1994).
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Figure 2-2. Aging Waste Tank Design.
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2.3.2 Historical Estimation of the Contents of Tank 241-AZ-102

Tank inventory estimates based on the Tank Layer Model, the Waste Status and
Transaction Record Summary, and the Hanford Defined Wastes Types developed by Los
Alamos National Laboratory were not yet available for tank 241-AZ-102 when this report
was compiled.

The current contents of tank 241-AZ-102 consists of NCAW from the PUREX
process and dilute noncomplexed waste. A minimal remnant heel of solids left in the tank
from the waste it stored prior to 1986 may exist below the solids that have settled from the
aging waste. Based on current information (Hanlon 1995), the waste is expected to have two
primary layers; the bottom layer is composed of 360 kL (95 kgal) of sludge, and the top
layer is composed of 3,230 kL (854 kgal) of supernatant (Hanlon 1995). Iron solids are
expected to be a main component of the sludge due to the large quantity of iron sulfamate
used in the PUREX process (Nguyen 1988). Additionally, corrosion iron from piping and
process vessels is expec | to exci . the amount of iron added as essential material at
PUREX. The exact composition of NCAW was continually changing with each processing
run. However, there were several analytes that were always present in each run. These
analytes, in addition to those listed in Table 2-2, are also indicators of NCAW. These
analytes include *'Am, chromium, nickel, *Nb, *Zr, !®Ru, and **Ce (Cruzen et al. 1988
and Allison 1986). Minor amounts of zirconium that escaped removal during the decladding
process are likely. Cadmium was also introduced into the waste stream as a neutron poison.

Historical sampling of this tank also provides an estimation of the waste constituents
and is discussed in detail in Sections 3 and 4.

2.4 SURVEILLANCE 'ATA

2.4.1 Surface Level Readings

To determine the surface level of the waste, tank 241-AZ-102 is equipped with both a
liquid level gauge manufactured by the FIC which can be monitored either automatically or
manually and a manual tape. The FIC gauge uses a conductivity probe to detect the level of
the tank’s contents and, in the automatic mode is electrically connected to the Computer
Automated Surveillance System.

The manual tape is used for level detection when the FIC indicator is out of service.
The surface level of the tank is measured daily and is presented graphically in Figure 2-4 for
the period of January 1981 to February 1995. The last surface level measurement was
877 cm (345 in.) according to Hanlon (1995).

2-8



P15 GO wneceraat rev 0

|
|

(\1) j2A8] aoejing

Figure 2-4. Tank 241-AZ-1C" Surface ™ » .
January 1981 to February 1995.

Surface Level for Tank 241-AZ-102

400 - —_—
+ 1000
) PUREX
380 + N - 300
) -ﬂ (23
- 800
300 r
- 700
280 +
- 600
200 + . <+ 500
(1) DC or CC transactions with various tanks
(2) DN transaciions with various tanks
150 + lf T 400
+ 300
100 +
’JJ + 200
S0 +
+ 100
Q l : - : : : : 0
5 32 £ % 3 £ ¢ 9 z £ % 3
< - : < g - Q 3 Jous < =3
= & 8 & 3 & g8 g 2 8 & g

(wd) jaaa] asejing

2-9




WHC-SD-WM-ER-411 REV 0

2.4.2 Internal Tank Temperatures

To measure in-tank temperatures, probes with 18 thermocouples assembled in a pipe
(called a thermocouple tree) are inserted into tank 241-AZ-102 at Risers 13A, 13B, 13C,
and 13D (Figure 2-5). Each thermocouple tree monitors temperatures at 3 elevations within
the tank. The type of thermocouple used in this tank is an Iron-Constantan (type J). All
thermocouple trees are currently operating. Temperature readings are downloaded to the
Surveillance Analysis Computer System weekly.

Maximum sludge temperature readings, as well as the average solution temperatures
for tank 241-AZ-102 from December 1993 through December 1994 are plotted in Figure 2-6.
This was the only data available at the time this report was published. As illustrated in
Figure 2-6, maximum sludge temperatures in the tank are stable; they range between 84 °C
(183 °F) and 79 °C (174 °F). The plotted solution temperature appears to increase slightly
over the period plotted. All recorded temperatures are within design limits of the tank and
no temperature anomalies were identified.

2.4.3 In-Tank Photographs

The interior of tank 241-AZ-102 was last photographed on December 1984
(Hanlon 1995). This tank is currently in use and has been very active since the photograph
was taken. This photograph no longer reflects the current appearance of the waste surface
and is not included in this report.

2-10
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3.0 TANK SAMPLING OVERVIEW

This section describes the four latest sampling and analysis events for
tank 241-AZ-102. Grab samples of liquid and sludge were taken in both August and October
of 1987 and a core sample was taken in May 1989. Grab samples of tank liquids and sludge
were most recently taken in February 1995. Sludge components can be best estimated from
the 1989 core sample since the other sludge samples (1987) were taken by the grab method.
The lone sludge grab sample taken in 1995 for process testing purposes has not yet been
analyzed. Analysis of this sludge sample is planned and the results will be included in a
future revision of this document. Physical measurements were performed on both the 1989
sludge and 1995 supernatant samples. The 1987 and 1989 sample events were performed to
support characterization, retrie' * and handling of the waste in the © 1the 1995
samples were perfi  ed to evaluate the compatibility of the wa * for fu" N
A further description of the sampling procedures may be found in the Tank Characterization
Reference Guide (De Lorenzo et al. 1994).

Supernatant and sludge sampling occurred prior to 1987 for various purposes and the
results of these analyses are not considered to be an accurate representation of the
sludge/supernatant currently in the tank because in 1986 the tank was pumped to a minimum.
heel to support PUREX operations with the receipt of NCAW.

3.1 DESCRIPTION OF AUGUST 1987 SAMPLING EVENT

In August of 1987, a supernatant and a sludge sample were obtained from
tank 241-AZ-102. The supernatant sample, numbered T-3495, was a clear, pale yellow
liquid with a trace of reddish-brown solids. The sludge sample, numbered T-3496, was
100% dark brown solid material. The riser(s) that these samples were taken from is
unknown from existing documentation.

3.1.1 Sample Handling (August 1987)

The supernatant and sludge samples were delivered to the Process Chemistry
Laboratories (PCL). An undiluted sample of the supernatant was delivered to the Analytical
Chemistry Service Laboratories (ACSL) for analysis.

Two aliquots of the sludge sample were taken and labeled "Sample A" and
"Sample B." The aliquots were centrifuged and the supernatant discarded. The solids were
water washed and recentrifuged. The water wash supernatants were decanted and submitted
to the ACSL for analysis. The centrifuged solids were dissolved in acid and submitted to the
ACSL for analysis.

3-1
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3.1.2 Sample A1 ysis (August 1987)

The water wash sup¢ atant samples were analyzed for anions, a few metals, pH d
specific gravity (SpG), TOC, and three radionuclides. The solid samples were analyzed for
tot: metals, TOC, and seven radionuclides. The analytical results can be found in
Appendix C. Lists of the analytical procedures for this and subsequent sampling events can
be found in Appendix D. Since laboratory procedures and their identifying numbers are
periodically revised over the years, those listed in Appendix D are not necessarily the exact
analyses conducted by the laboratory in 1987. Furthermore, procedure numbers are not
specifically stated within the 1987 data packages.

3.2 DESCRIPTION OF OCTOBER 1987 SAMPLING EVENT

In October of 1987, a supernatant and a sludge sample were received by the PCL.
The supernatant sample was a pale yellow liqui with approximately 0.15 vol% solids, which
were brown in color. The sludge mple was very dark brown in color, and contained
65 wt% solids. The riser from which the samples were obtained is unknown.

3.2.1 Sample Handling and Analysis (October 1987)

A sample of the supernatant was submitted without dilution to the ACSL for analysis.
Two solid samples were submitted to the ACSL for analysis after water wash, centrifugation,
and dissolution, as described above in Section 3.1.1. The samples were labeled "Sample A"
and "Sample B." The supernatant and the solid samples were analyzed for three metals,
eight anions, TOC, pH, and seven radionuclides. The results can be found in Appendix C.

3.3 DESCRIPTION OF MAY 1989 SAMPLING EVENT

In May and July of 1989, the Pacific Northwest Laboratories (PNL) received
and extruded a 2-segment core sample from tank 241-AZ-102. The core was obtained
through riser 15L using a core sample collection system, mounted on a special
truck (Gray et al. 1993).

The core sample from tank 241-AZ-102 consisted of two segments, described in
Table 3-1. The first segment (Sampler #89-016) weighed 293 g, of which 268 g were solids
and 25 g were liquid. The segment was dark brown with a glossy surface. Its length was
39.4 cm, and it held its shape after extrusion. The second segment (Sampler #89-017)
weighed 287 g, and contained no liquids. It had a length of 46 cm, with a very dry and
crumbly texture.

3-2
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4.0 ANALYTICAL RESULTS AND WASTE INVENTORY ESTIMATES

4. OVERVIEW

The purpose of this section is to summarize the sampling and analytical results from
the most recent sludge and supernatant samplings, as reported in the appendices. This
section provides an estimate of the analyte concentrations in both the sludge and supernatant.
In addition, an estimate of the total amount (inventory) of the analyte in both waste phases is
presented based on the volumes of the sludge and supernatant layers estimated to be in the
tank. The summary tables and appropriate appendices where the data can be found in this
document are summarized in Table 4-1. Data regarding the physical characteristics of the
sludge portion of the waste are presented and discussed in Section 4.3. All sampling events
from which the repi  :d results were derived are described in Section 3.

Table 4-1. Analytical Presentation Tables.

Tank 241-AZ-102 Chemical Composition Summary Table 4-2
Analytical Summary for the Sludge Appendix A and Table A-1
1995 Grab Sample Results Appendix B

The sludge composition is based on the analyses of tank 241-AZ-102, core 1, taken
in 1989. The data from these analyses were obtained from Gray et al. (1993), are reported
in Appendix A, and are summarized in Table 4-2. The calculated analyte concentrations for
the sludge are a summation of the results acquired from centrifuged solid and centrifuged
liquid samples from the sludge (refer to Appendix A for an explanation of this calculation).
Wi regard to the centrifuged solids, the samples designated for ICP analysis were prepared
by two separate fusion methods. All of the metals with the exception of potassium and
nickel were analyzed after a fusion performed by potassium hydroxide in a nickel crucible.
A sodium peroxide fusion in a zirconium crucible was used to evaluate potassium and nickel.
No comments concerning precision were provided in existing documentation.

The supernatant composition and inventory for the tank was based on the results from
the 1995 grab samples (Rollison 1995) as presented in Appendix B. A simple mean was
calculated from the results for each analyte. This composition and inventory may change if
transfers into and out of the tank occur.
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When all of the results for an analyte were less than the instrument detection limit,
the average analyte concentration is reported as not detected (ND). Similarly, the calculated
proiected inventory is also reported as ND. In the case of one detected concentration result
an one value at less than the detection limit, the resulting mean is calculated between the
detected concentration value and the minimum detection limit value. In this situation the
calculated projected inventory is shown preceded by a less than sign (<).

4.2 DATA PRESENTATION

The chemical composition of the sludge layer and the liquid which exists above the
sludge layer  reported in Table 4-2. The projected inventory calculations associated with
the sludge in the tank were ¢ * ulated using a sludge volume of 333 kL (88 kgal). This was
the approximate amount of sludge present at the tir of the 1989 npling (Agnew 1995).
According to Gray et al. (1993), the weight of centrifuged solids from the core composite
comprise 72% of the sludge in tank 241-AZ-102 with the remainder of the core composite
being interstitial liquids (28%). The density of the composite sludge was determined to be
1.49 g/mL (see Section 4.3.1 for discussion), so the volume of sludge can be converted from

ars to kilograms by utilizing the following equation:

Volume of Sludge (L) x Determined Sludge Density

333,000 L x 1,000 mL/L x 1.49 g/mL x 1.0 x 10° kg/g = 496,170 kg

The volume of supernatant liquid waste existing above the sludge layer
in tank 241-AZ-102 was 3,236 kL (855 kgal) when the February 1995 sampling event
occurred. This volume and appropriate conversion factors were utilized to calculate
inventory estimates from the liquid grab sample data (Appendix B, column 7).

A brief narrative of each column in Table 4-2 follows. The first column, labeled
Analyte, gives the abbreviation for the name of the analyte being calculated or measured.
The second column, labeled Centrifuged Sludge Concentration, is the analyte concentration
calculated in the centrifuged sludge sample using tabulated information from Appendix A and
Gray et al. (1993). The third column, labeled Interstitial Liquid Concentration, is the analyte
concentration measure in the interstitial liquid sample drained/centrifuged from the sludge
(Appendix A and Gray et al. [1993]). The fourth column, labeled Calculated Average
Sludge Concentration, is the analyte concentration calculated to be present in the tank sludge
as it exists in the tank with interstitial liquids (not centrifuged). The fifth column, labeled
Total Projected Sludge Inventory, is the total projecte.. .nventory of the analyte calculated to
be present in the sludge layer. The sixth column, labeled Liquid Concentration, is the
concentration of analyte found in the supernatant samples (Appendix B). The seventh
column, labeled Total Projected Supernatant Inventory, is the amount/total projected
inventory of analyte calculated to be in supernatant layer above the sludge in the tank.
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4.3.4 Rheology and Shear Strength Measurements

Shear strength was measured on samples obtained from both segments of the core.
The shear strength was measured at cell temperature (31 °C) using a shear vane and the
Haake RV 100 viscometer. Shear vane height was 1.58 cm, and the diameter was 0.80 cm.
The sample from segment 1 was taken 35.6 cm from the top of the segment, which
corresponds to approximately 68.6 cm from the bottom of the tank. The sample flowed upon
placement in a jar. After transfer to a smaller jar, the shear strength was found to be about
600 dynes/cm®. The small value was thought to be observed because the waste was disturbed
prior to being measured. Additional shear strength measurements were taken on the bulk of
the sludge from segment 1, which had been stored undisturbed in the laboratory for about
seven months.

The shear strength for the bulk sample was measured in duplicate. The results were
15,400 dynes/cm?® and 13,140 dynes/cm?. Segment 2 was sampled at a point equivalent to
about 10.2 c¢m from the bottom of the tank. The sample size was insufficient for a duplicate
analysis. The result was 26,500 dynes/cm®. The shear strength for segment 1 was about
half that of segment 2. This is consistent with the observation after extrusion of the
segments that segment 2 held its shape, while segment 1 flowed.

The rheological properties of the 40% slurry solution, the 10% slurry solution, and
the cen fuged supernatant were measured at 65 °C and at 95 °C. The viscosity of the
centrifuged supernatant, measured at 33 °C, was below the accurate viscosity range of the
instrument.

The 40% slurry solution exhibited yield-pseudoplastic behavior, i.e., the sample had a
significant yield stress at both sample temperatures, while the 10% slurry solution exhibited
pseudoplastic behavior, or no yield stress. The data from the rheograms were fittoa
non-line yield power law model:

o=a+ Y
where
o = shear stress in Pa (Ib{/ft?)
v = shear rate
a = yield stress (not a fit parameter)

B and n are fit parameters

Results from the power law model are presented in Table 4-5.
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS

5.1 ASSESSMENT OF SAMPLING A.-. ANALYTICAL RESULTS

This section evaluates sampling and analysis factors that may impact interpretation of
the data. These factors are used to assess the overall quality and consistency of the data and
to identify any limitations in the use of the data. It should also be noted that data generated
prior to 1989 may not be considered valid for some applications under the constraints of the
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994).

5.1.1 Field Obs¢ aticr—-

The sampling, extrusion, and subsampling of the 1989 waste samples were
uneventful. Sample recoveries were good, and few problems were noted in the data report
(Gray et al. 1993). The analysis of a composite of both segments gives a good average value
for the waste in that region of the tank, and the analysis of the layer samples gives a good
idea of the vertical distribution of analytes in that region of the tank. Some problems were
noted, however, as discussed below.

Insufficient sample made it impossible to perform wt% solids measurements on any of
the layer samples except L4. The situation was remedied by weighing the samples : m L1,
2, and L3, which were set aside for chemical and radiochemical analyses and then dried
under a heat lamp for one hour prior to fusion preparation (in comparison with the 24 hour
drying period required by the wt% solids analysis). The results were consistent, and
therefore are probably representative of the condition of the waste.

When attempting shear strength measurements for segment 1, the sample flowed upon
being placed in the jar. The sample was placed in a smaller jar and the shear strength was
successfully measured. The result, however, was quite low (600 dynes/cm?). It was thought
that the disturbance of the sample when it was placed in the first jar resulted in the low
value. A subsequent measurement of the shear strength was made of the bulk of the sludge
from segment 1, which had been undisturbed for about seven months. The original and
duplicate results of the shear strength measurement of the bulk samples (15,400 dynes/c
and 13,140 dynes/cm?) were a factor of approximately 20 to 25 higher than the first
measurement. A comparison of these results with those from the shear strength of segment 2
(26,500 dynes/cm? ) corroborates the hot cell chemist’s observation that the waste from
segment 1 flowed upon extrusion while the waste from segment 2 held its shape.




WHC-SD-WM-ER-411 REV 0

5.1.2 Quality Control Assessment of Analytical Data

An attempt is always made to quantify the different sources of error possible during
the chemical analysis of a sample. When these errors are summarized, they give a strong
indication of data reliability. If one or more of the error estimates are outside the acceptable
limits, the accuracy of the concentration estimate is drawn into question. Possible sources of
error ; : analytical method error, matrix interferences, sample contamination, and poor
instrument calibration. Error estimates are determined from the analysis of standards, spike
recoveries, blank contamination, and sample duplicate variation.

Quality control information was not provided in the sludge core sample data package.
Therefore, the accuracy and precision of those analytical results are unknown. The data
package for the 1995 grab samples provided some quality control information, which is
discussed in the following paragraphs (Rollison 1995).

Standards are used to estimate the accuracy of the analytical method, and are
evaluated ] >r and concurrent with samp analysis. Standards contain the analy of
interest at known concentrations. Standard solutions may or may not be independent of the
standard used for calibration. The criterion for standard recovery is 100 + 10%. Ifa
standard is above or below the criterion, then the analytical results may be biased high or
low, respectively. For the three grab samples, two standards were run for DSC, **Sr, and
B9240py | no standards run for the ICP metals (aluminum, iron, and sodium), and one
standard was run for the remainder of the analytes. The only standard that failed the criteria
was for *'Am (87.3% recovery), which indicated the data for this analyte may be biased

slightly low.

Matrix spikes are used to estimate the bias of the analytical method due to matrix
interferences. Spike samples are prepared by splitting a sample into two aliquots and adding
a known amount of a particular analyte to one aliquot to calculate a percent recovery. The
quality control criterion for matrix spikes is 100 + 20% recovery. As wi standards, if a
spike is above or below the criterion, then the analytical results may be biased high or low,
respectively. Spikes were only conducted on TOC (3 spikes), all anions except hydroxide
(1 spike), and aluminum and iron (2 spikes). The only spike to fall outside the criteria was
one of the two conducted for aluminum (78.3). Thus the analytical results for aluminum
may be biased slightly low. The possible influence of matrix interferences on the data results
of the remaining analytes cannot be assessed or estimated since no matrix spikes were
conducted on them. ‘

Method blanks document the contamination resulting from the analytical process, and
are prepared by filling sample containers with deionized, distilled water. They are carried
through the complete sample preparation and analytical procedure, and all reagents used in
the sample processing are added in the same volumes. One blank was conducted on all of
the anions, */*Sr, and *'Am, and two blanks were conducted on 2*Pu and **?Pu., The
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Mass balance = % Water + 0.0001 x {Total Analyte Concentration}

= % Water  0.0001 x {Al(OH), + CdO + CaO + . .O(C.., + La(OH), + Nd,0, +

. sy 2-
Ni(OH), + SiO* + Na* + U,0; + Zr0, + C,H;0, + CO* + NO; +

NO, + MnO, + SO }

The total analyte concentrations calculated from the above equation was 398,426
ug/g. The weight percent of water as discussed earlier is calculated to be 51% (Table 4-3).
The mass balance resulting from adding the percent water to the total analyte concentration
is 0.997.

The charge balance is the ratio of cations (microequivalents) to total anions
(microequivalents) with respect to the species listed below, which were assun  to be water

soluble.

Total Cations (microequivalents) = Na*/23.0

The total cation charge, 2,363 ug/g, is calculated in Table 5-2.

Total anions (microequivalents) = C,H;0,7/59.0 + CO,%/30.0 + NO,/62.0 + NO,/46.0 +
MnO,/119.0 + SiO;*/38.( + SO,*/48.0

The total anion charge, |-3,070 pg/gll , is calculated in Table 5-3.

The ratio of microequivalents of total cations to microequivalents of total anions
was 0.770; a perfect charge balance would yield a ratio equivalent to 1.00.

The charge and mass balance ratios (0.770 and 0.997, respectively) demonstrate fair
agreement among analyses when considering the uncertainty in the assumptions and
numerous measurements used to arrive at the values. However, the mass balance shows
much closer agreement to unity, being off by less than 1%. These results do not indicate
that large data inconsistencies or errors are present or that major components may not have
been analyzed and evaluated.

5.2 DATA COMPARISON

As discussed in Section 3, this report is based on four sampling events, two of which
were used to project the estimated inventories of tank 241-AZ-102. Of additional interest is
a comparison of different analyses of waste constituents. The supernatant samples from
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Cadmium was used as a neutron poison to reduce the chance of inadvertent critic "'y
during process operations, and appears as a major constituent in the solid portion of the
waste (Schofield 1991).

Chromium and nickel appear in the NCAW waste stream as a consequence of normal
corrosion of the process piping and components of PUREX, and both are major constituents
of the waste in tank 241-AZ-102 (Schofield 1991).

5.5 EVALUATION OF PROGRAM REQUIREMENTS

The waste compatibility Data Quality Objectives (DQO) (Carothers 1994) outlined the
requirements that must be applied to the 1995 grab sample data in order to assess the
compatibility of tank 241-AZ-102 waste with that in other tanks. This compatibility
assessment is presented in this section. The TCP for the 1995 grab sampling event
(Schreiber 1995) specified that the obtained samples were not to be safety screened due to the

t that only one 1 r was san " d i 1of tl » required by the safety sc ning DQO
(Babad and Redus 1994). Although DQOs were not in existence when the 1989 core sample
was taken, the requirements of the safety screening DQO have been compared with the
analytical results.

5.5.1 Safety Evaluation

The data criteria identified in the safety screening DQO (Babad and Redus 1994) is
used to assess the safety aspect of the waste in tank 241-AZ-102. Although the supernatant
wasn’t specifically sampled for safety screening, data needed for a safety screening
evaluation is coincidentally provided through the waste compatibility DQO. The safety
screening DQO identifies several primary and secondary factors for consideration.

The waste fuel energy value is normally determined using DSC analysis of the waste
material. DSC analyses were performed on the 1995 grab samples; no exotherms were
found. No DSC analyses have been performed on the sludge in tank 241-AZ-102. Cyanide
and TOC are other indicators of the fuel content of the waste. The TOC concentration of the
sludge (~0.22% wet weight) is well below the 5% TOC (dry weight) criteria established by
the organic safety program (Babad, Blacker, and Redus 1994). Even though there are no .
cyanide analyses for the sludge, there is no historical basis to expect cyanide. Therefore, it
appears unlikely that excessive fuel is present.

Large amounts of moisture reduce the potential for propagating exothermic reactions
in the wastes. Because the waste in tank 241-AZ-102 is 90% liquid by volume, the moisture
content of the sludge is expected to be high. The waste is approximately 90% supernatant,
and the 1989 centrifuged sludge moisture content was found to be 63% (by weight), which
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the supernatant is 12.9, the sludge pH is 11.8, and the supernatant depth exceeds 30 cm,
which satisfies the criticality prevention specification since the plutonium inventory exceeds
10 kg in the tank.

The flammability of the gas in the headspace of a tank is another safety screening
consideration. There is no information available concerning sampling and analysis of the
vapor space composition/flammability of tank 241-AZ-102. It should be noted that because
of the high radioisotope concentrations, the production of radiolytically generated hydrogen is
expected to be significant. However, the build of hydrogen in the tank headspace is
‘precluded by the active ventilation system.

The analysis of tank 241-AZ-102 does not fully meet the safety screening
requirements. However, historical and analytical information does not show that the waste
composition exceeds the safety criteria for water content, heat or criticality. No exotherms
were found in the supernatant; even though the fuel content of the sludge has not been
1 ired by ~ 3C, the TOC, cyanide and historical uses of the tank indicate that excessive
fuel is not present.

5.5.2 Operational Evaluations

The 1995 supernatant sampling and analysis were performed to evaluate compatibility
of tank 241-AZ-102 waste with that in other tanks. Sampling and analysis requirements for
assessing waste compatibility have been addressed in the waste compatibility DQO
(Carothers 1994). This DQO is based on both safety and operational considerations.
Operational considerations include pumpability and corrosion. Comparisons between some of
the key criteria for evaluating compatibility and the 1995 supernatant results are summarized
in Table 5-9. No viscosity or cooling curve analysis was required since historical
information already exists which adequately addresses the potential for line plugging and
precipitation of solids during the transfer of waste (Schreiber 1995).

It should be noted that all of the criteria listed in Table 5-9 are met and that the
analysis indicates that the waste is compatible with other similar tank waste types.
Additionally, low phosphate (<360 ug/g) indicates that the potential for insoluble phosphates
forming is low and the waste is pumpable. Other operational factors, as defined and
discussed in Carothers (1994), need to be considered as part of the overall assessment before
the waste is transferred out of the tank.

5.5.3 Process Development Evaluation

The metal analysis of the sludge in 1989 is important for evaluating the disposal waste
form (glass) formulations and identifying potential components that may affect the treatment
and disposal process. Because the waste sludges may be blended, washed and treated before
disposal, there are no specific criteria for the parameters measured. The 1989 physical

— - —
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APIr™DIX A |

ANALYTICAL RESULTS — 1989 CORE SAMPLE
DOUBLE-SHELL TANK 241-AZ-102
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A.1 INTRODUCTION

Table A- is a summary of the chemical and radiological characteristics of the sludge
layer in tank 241-AZ-102. The column labeled Analyte contains the symbol for the analyte.
The second and fourth columns are the centrifuged solid and centrifuged liquid results in
units of umol/g, as they were reported in Gray et al. (1993). The third and fifth columns are
these same results converted to ug/g.

Table A-2 presents the division of the uranium and plutonium data into their
respective isotopes by weight percentage, according to Gray et al. (1993). The third and
fifth columns are these same results converted to ug/g. ’
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APPENDIX B

ANALYTICAL RESULTS — 1995 GRAB SAM.. LES
DOUBLE-SHELL TANK 241-AZ-102
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B.3 COLUMN HEADINGS

The colui  labeled A1 ~ rte contains information about the method of measurement,
in addition to the name of the analyte or physical characteristic. Additionally, where
applicable, information about the method of digestion.

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

The analyte and method are presented as follows: method.analyte, or,
method.digestion.analyte (where applicable). For example, the specific concentration of
sodium was determined by the ICP method which was preceded by acid digestion, and is
listed as ICP.a.Na.

The column labeled Sample Number lists the laboratory sample from which the
analyte was measured; this identification number is different from the number assigned to the
samples at the tank farm. Sampling rationale, locations, and a description of the sampling
event is contained in Section 3. The 1995 grab samples were obtained from
tank 241-AZ-102 through riser 24A. Table B-3 provides the grab sample breakdown.

Table B-3. Sample Breakdown and Identification Numbers.

AZ-102-1 S95T000245
S95T000263
S95T000266

AZ-102-2 S95T000246
S95T000264
S95T000267

AZ-102-3 S95T000247
S95T000265
S95T000268

B4
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Table B-11. Tank 241-AZ-102 Analytical Data: Nitrite.

Drainable pug/mL pug/mL % kg
liquid

IC.NO, | S95T000263 29,600 27,600 4.77 89,313.6
S95T000264 25,100
S95T000265 28,200

Table B-12. Tank 241-*7~ *~~ * * *° * Data: Phosphate.

Drainable pg/mL
liquid

% kg

IC.PO,* | S95T000263 <726 <396 N/A <1,281.5
S95T000264 <396
S95T000265 <396
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API™DIX C

SAMPLING RESULTS PRIOR TO 1989
DOUBLE-SHELL TANK 241-AZ-102
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APPENDIX D

ANALYTICAL METHODS DOUBLE-SHELL
TANK 241-AZ-102 :
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