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EXECUTIVE SUMMARY
This report summarizes published laboratory results for aluminum removal through inhibited
water wash and caustic leaching tests performed on Hanford tank wastes. The data compilation
and evaluation provided in this document is part of an analysis described in RPP-PLAN-46002,
Wash and Leach Factor Work Plan. The objective of this report is to analyze the available data
and ease the process of determining what information is available. As more test results are
published, this compilation will be updated to incorporate the new information.
The laboratory studies currently available provide data on the effects of temperature, caustic
concentration, and leaching time on the dissolution of aluminum from archived radioactive tank
waste samples. A total of 39 laboratory reports are compiled. In particular, information is
provided for five individual double-shell tanks, forty-one individual single-shell tanks (e.g.
thirty-nine 100 series and two 200 series tanks), and twelve grouped tank wastes. Of these, only
three of the individual double-shell, twelve of the individual single-shell, and seven of the
composite grouped tank analyses were performed within the most recent proposed operation
temperature range (80 to 90°C) for the Waste Treatment Plant caustic leaching to be performed
at the Pretreatment Facility. Of these, only three individual single-shell tank samples and one
composite tank waste sample were analyzed without inhibited water washing; a technique that is
not planned for use at the Pretreatment Facility. Seven of the individual single-shell tank studies
performed within the appropriate temperature range provided concentration versus time data for
aluminum leaching at various temperatures and caustic concentrations. This information,
provided in the Appendix A3.0, can be used to evaluate how changes in temperature, caustic
concentration, and leaching time could affect the extent of aluminum leaching for these waste
samples. Overall, increases in these three parameters result in improvements to the removal of
aluminum from the solid phase in most cases. Analyses of the solid phases present after
inhibited water washing and caustic leaching show that there are three aluminum phases present
in the majority of tank waste analyses. Of these, gibbsite was most easily removed, whereas
boehmite and aluminosilicates/cancrinites were the most dominant aluminum mineral phases
present after leaching.
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1.0

INTRODUCTION

One of the primary missions at the Hanford site is to manage the 53 million gallons of
radioactive waste stored in the 149 single-shell and 28 double-shell underground storage tanks.
This includes reducing the worker, public, and environmental risk of contamination by ensuring
tank integrity is maintained, ensuring safe working and handling practices, and preparing to
transfer and dispose of the waste at the Waste Treatment and Immobilization Plant (WTP)
currently being constructed.
The underground storage tanks, which are grouped into 18 tank farms, store wastes generated
from the production of nuclear materials which began in 1944. These tanks range in volume
from 55 thousand to one million gallon capacity. The waste categories still held within these
tanks include aqueous supernatants and solid saltcakes and sludge. These waste categories are
subsequently grouped by waste types representative of the processes which produced them. The
solid waste types are provided in Table 1-1 below with information from RPP-8847, Best-Basis
Inventory Template Composition of Common Tank Waste Layers.
Table 1-1. Solid Waste Types Found in the BBI Calculation Detail Report, as Described
in RPP-8847 (3 sheets).
Waste Type

Waste Type Process Description

1C (solid)

BiP0 4 first cycle decontamination waste and coating waste (1944 to 1949 and 1950 to 1956).

lCFeCN (solid)

Ferrocyanide sludge from in-plant scavenging of 1C waste (without coating waste) from T
plant that was transferred to 241-TY tank farm (October 1954 to 1956).

224-1 (solid)

Lanthanum fluoride process 224 building waste (1944 to 1948).

224-2 (solid)

Lanthanum fluoride process 224 building waste (1949 to 1956).

2C (solid)

BiP0 4 second cycle decontamination waste (1944 to 1949 and 1950 to 1956) with low
activity cell 5-6 drainage waste (June 1951 to 1956).

Al-SltCk (solid)

Saltcake from the first 242-A evaporator campaign using 241-A-102 as the feed tank (1977
to 1980).

A2-SltSlr (solid)

Saltcake from the second 242-A evaporator campaign using 242-AW-102 as the feed tank
(1981 to 1988).

AR (solid)

Water washed PUREX sludge entrained in decants of recovered sludge or the water washes
of this sludge and the solids remaining after acidification (1967 to 1976).

B (solid)

B Plant high-activity waste - Rare earth (RE) fission products, recovered current acid waste
(CAW), solvent wash waste, and any solution containing high activity including cask station
receipts, cell drainage containing product spills, etc. (1963 to 1972).

BL (solid)

B Plant low-activity waste - 1 AW solvent extraction waste stream (which includes
complexants added for solvent extraction), the lCP/organic wash waste during PUREX
acidified sludge (PAS) processing, and insoluble solids remaining after treatment of solids
centrifuged from CAW feed (i.e. acid leached and water washed PUREX HLW sludge). Cell
drainage and Waste Encapsulation Storage Facility (WESF) transfers with low radionuclide
content (1967 to 1976).

B-SltCk (solid)

Saltcake from the 242-B evaporator operation (1951 to 1954).
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Table 1-1. Solid Waste Types Found in the BBI Calculation Detail Report, as Described
in RPP-8847 (3 sheets).
Waste Type

Waste Type Process Description

BY-SltCk (solid)

Saltcake from in-tank solidification in 241-BY farm (1965 to 1974).

CWP1 (solid)

PUREX cladding waste from aluminum clad fuel (1956 to 1960).

CWP2 (solid)

PUREX cladding waste from aluminum clad fuel (1961 to 1972).

CWR1 (solid)

REDOX cladding waste from aluminum clad fuel (1952 to 1960).

CWR2 (solid)

REDOX cladding waste from aluminum clad fuel (1961 to 1966).

CWZrl (solid)

PUREX (and REDOX) zirconium cladding waste (1968 to 1972).

CWZr2 (solid)

PUREX zirconium cladding waste (1983 to 1989).

DE (solid)

Diatomaceous earth added to tanks 241-BX-102, 241-SX-113, 241-TX-116, 241-TX-117,
241-TY-106, and 241-U-104.

HS (solid)

Hot Semi works strontium and RE purification waste (1961 to 1968).

MW1 (solid)

BiP0 4 Metal Waste (1944 to 1949).

MW2 (solid)

B1PO4 Metal Waste (1950 to 1956).

NA (SltCk)

Mixture of saltcakes from tank transfers and retrievals.

NA (Sludge)

Mixture of sludge material from tank transfers and retrievals.

PI (solid)

PUREX high-level waste (1956 to 1962).

P2 (solid)

PUREX high-level waste (1963 to 1967).

P3AZ1 (solid)

PUREX high-level waste to AZ-101 (1983 to March 13, 1986).

P3AZ2 (solid)

PUREX high-level waste to AZ-102 (March 13, 1986 to 1990).

PFeCN (solid)

Ferrocyanide sludge from TBP in-plant scavenged supernatant and co-disposed TBP sludge
(1954 to 1955).

PL2 (solid)

PUREX organic wash waste and non-boiling waste (1983 to 1988).

Portland Cement
(solid)

Portland cement added to tank 241-BY-105.

Rl (solid)

REDOX high-level waste (1952 to 1958).

R2 (solid)

REDOX high-level waste (1959 to 1966).

R-SltCk (solid)

Saltcake from self-concentration in 241-S and 241-SX tank farms (1952 to 1966).

SI-SltCk (solid)

Saltcake from the first 242-S evaporator campaign using 241-S-102 as a feed tank (1973 to
1976).

S2-SltSlr (solid)

Saltcake from the second 242-S evaporator campaign using 241-SY-102 as a feed tank (1977
to 1980).

SRR (solid)

High-activity waste from B Plant processing of PAS, solids centrifuged from AR vault feed,
strontium purification wastes after solvent extraction, RE carrier precipitation or ion
exchange rework, and other solutions containing activity including cask station receipts, cell
drainage containing product spills, WESF returns unsuitable for rework, and crude RE
disposal (1969 to 1985).

Tl-SltCk (solid)

Saltcake from the 242-T evaporator (1951 to 1955).

T2-SltCk (solid)

Saltcake from the last 242-T evaporator campaign (1965 to 1974).

TBP (solid)

Tributyl phosphate process waste (1952 to 1957).
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Table 1-1. Solid Waste Types Found in the BBI Calculation Detail Report, as Described
in RPP-8847 (3 sheets).
Waste Type
TFeCN (solid)
TH1 (solid)
Z(solid)

Waste Type Process Description
Ferrocyanide sludge from supernatant scavenging in the 244-CR Vault (1955 to 1958)
consisting of Tributyl phosphate (TBP) supernatant and the comingled supernatants from
other wastes stored in the same tanks.
Thoria process wastes (1966).
PFP waste (1974 to 1988).

In preparation for operation of the WTP, the solid and liquid wastes stored in the tank farms will
be separated into two feed types: High-level waste (HLW) and Low-activity waste (LAW). The
LAW will be made up of salt solutions containing minimal undissolved solids, whereas the
remainder of the radioactive waste will be processed as HLW. In order to reduce the volume of
HLW, as well as costs, a Pretreatment Facility (PTF) will be utilized to separate out some of the
more soluble non-radioactive species. This facility will implement processes such as caustic
leaching to remove aluminum at elevated temperature, oxidative leaching to remove chromium
at ambient temperature, ultra filtration solids/liquid concentration, and slurry washing to remove
soluble species [24590-WTP-RPT-PT-02-005, Flowsheet Bases, Assumptions, and Requirements
Document (BARD), Rev. 5].
Here, we compile previously documented laboratory data gathered while investigating the
removal efficiency of aluminum from tank waste solids through washing and caustic leaching.
This is part of the work described in RPP-PLAN-46002, Wash and Leach Factor Work Plan.
Aluminum concentration has been estimated to be as high as 30 weight percent (wt %) of the
sludge material in certain tanks, as detailed in the Best Basis Inventory (BBI) Calculation Detail
(WRPS, 2010). When a significant portion of aluminum is removed through caustic leaching,
the loading of solid oxides in the HLW glass will be reduced resulting in a reduction of the
volume of HLW glass formed.
Removal of aluminum from tank waste through inhibited water washing and caustic leaching has
been tested in laboratory settings. The available mineralogical and leaching data has been used
in conjunction with other reports (e.g. RPP-RPT-47306, Waste Type Analysis for Aluminum
Leachability Estimates ofAll Non-Retrieved Hanford Tank Waste and RPP-RPT-46618, Hanford
Waste Mineralogy Reference Report) to group the aluminum solid species into three categories:
(1)
(2)
(3)

Easily leachable aluminum (e.g. gibbsite, dawsonite, nordstrandite, etc.);
Slow leaching/kinetically controlled aluminum (e.g. boehmite); and
Non-leachable/refractory aluminum (e.g. aluminosilicates and cancrinites).

Examples of the chemical structures documented for the non-leachable/refractory aluminum
include aluminosilicates (H12Al12Si36096), sodium aluminosilicates hydrate
[(Na20)131Al203(Si02)2m(H20)2],
cancrinite KNa7A4Al6Si7m026J3(H20)4.87)
or
(Na8(AlSi04)6(C03)(H20)2)], hydroxycancrinite (l.06Na2O • Al203 • l.6Si02 • l.6H20 ),
and nitrate cancrinite{Na8.16(Al6Si6024)(N03)2A6(H20)1£2)
as provided in RPP-RPT-46618
as well as later in this report.
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The three aluminum categories described above have been designed to predict the extent of
aluminum solids removal that will be possible during caustic leaching at the PTR The leachable
solids (e.g. gibbsite and, to a small extent, boehmite) dissolve in caustic to form the aluminate
ion [4 i (Of/X], as shown in Equations 1.1 and 1.2, whereas the insoluble solids (e.g.
aluminosilicates, cancrinites, etc.) are not easily leached into the aqueous phase with the addition
of caustic.
k
boehmiteAlOOHh H0O + OK
^_AKOH)A
0-1)
-■-1

gibbsite :Al(OH)z + OH

Al{OH)\

(1-2)

As described in ORNL/TM-1999/263, Prevention ofSolids Formation: Results of the FY 1999
Studies, the formation of aluminosilicates is a counterintuitive process. Even though both
aluminum and silicon have increased solubilities as pH is increased, when both elements are
present their solubility drops drastically resulting in the precipitation of aluminosilicates. This
trend is shown in Figure 1 of ORNL/TM-1999/263, provided below as Figure 1-1.
Figure 1 -1. Reprint of Aluminosdlicate solubility at 25°C figure from O RNL/T M-1999/263.
10

0.001
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The increased pH during caustic leaching would increase the potential for aluminosihcate
precipitation, provided that both aluminum and silicon ions are present in solution. This was
observed in the caustic leaching of solidsfromtank 241-BX-l 12 in PNNL-12026, Washing and
Caustic Leaching of Hanford Tank Sludge: Results of FY 1998 Studies. Even after performing
several wash cycles with the tank 241-BX-l 12 solids, results of mineralogical analysis indicated
the formation of aluminosilicates during leaching, with an increase in formation as temperature
was increased.

0.2

Many of the 'wash and leach' studies analyzed in this document were performed on archived
core and auger samples. For the studies which identified the material used, analyses were
performed on samplesfromone core, composites of many different core samplesfromthe same
4
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tank, or even combinations of tank wastes that fit into specific tank waste groups. Some of these
waste samples had been in storage for up to 15+ years and had dried out. Therefore they were
reconstituted using water, inhibited water (0.01M NaOH + 0.01M NaN02), or a low
concentration (0.01M to 0.1M NaOH) caustic solution in order to obtain a slurry pH near the
original measured value. Temperatures used for caustic leaching performance analyses were
between room temperature (RT) and 100 degrees Celsius (°C); the majority of which were
performed at 100°C (see Table Al-1 and Table Al-2 in the Appendix).
An important aspect for this investigation is to determine how much of the information from the
available laboratory analyses is still directly pertinent to the current operational parameters for
the PTF at the WTP. To do this, we used the latest revision to 24590-WTP-RPT-PT-02-005
which is a compilation of information describing how the WTP will be run and the operational
parameters which will be used for the various treatment processes. The laboratory studies which
analyzed inhibited water washing and caustic leaching at 100°C were acceptable according to
revision 4 of 24590-WTP-RPT-PT-02-005. Revision 4 allowed for caustic leaching
temperatures to range from 85 to 100°C. In revision 5 of 24590-WTP-RPT-PT-02-005, the PTF
operational conditions were adjusted, the most noticeable being (a) the removal of the
preliminary inhibited water washing and (b) caustic leaching temperatures adjusted to a range of
80 to 90°C. These were important changes, as inhibited water washing was performed in nearly
all previously performed laboratory studies, with the majority of caustic leaching tests performed
at 100°C. Since both of these conditions are not within the scope of the current operational plan
for the PTF, uncertainties in the relevancy of the laboratory results currently available for
aluminum leaching exist.
A majority of the laboratory data currently available are from tests performed with preliminary
inhibited water washing and caustic leaching outside of the current acceptable temperature range
(80 to 90°C). Even though this information is not directly relevant to the current WTP PTF
operational parameters, important characteristics can be derived from the available data. These
characteristics include the effects of leaching time on aluminum dissolution, the quantities of
easily leachable aluminum solids, chemical and physical properties of the various solids
currently in the as-received tank waste samples, the types of solids formed during leaching,
etcetera.
This report compiles all of the currently available laboratory data available to date. Due to the
numerous documents available with pertinent information on this subject matter, all of the
existing laboratory results are incorporated within this document in order to provide one
reference that contains all of the available data. As further analytical results are documented, the
new information will be added.

2.0

ALUMINUM CAUSTIC LEACHING LABORATORY STUDIES

Thirty-nine reports have been generated to date to analyze the effects of inhibited water washin:
and high temperature caustic leaching on the removal of aluminum from tank waste samples.
Significant information concerning aluminum removal has been compiled into Table Al-1 and
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Table Al-2 in the appendix of this report, with mineralogy data provided in Table 2-1. The
information in Table 2-1 is based solely on information contained in the referenced report and
not on any other known information. Similarly, the mineralogical information in the table is
based on the analytical results from the referenced report which may not have observed a
specific aluminum mineral phase even though aluminum was found in the solids.
Some of the caustic leaching laboratory studies identify aluminum mineral phases present in the
as-received and treated materials, as well as analyze the effects of temperature, caustic
concentration, and leaching time on the extent of aluminum leaching. Included in Table Al-1
and Table Al-2 is a brief description of the processes that generated the waste found in the
individual tanks. These processes have been included to indicate where the aluminum in the
specific wastes originated (as referenced in Table 1-1). Understanding these processes provides
insight into the conditions (e.g. temperature) at which the aluminum in a waste was exposed to in
the past. This information has previously been used to develop trends in the types of aluminum
solids present in untested tanks (see RPP-RPT-47306).
Additional mineralogy information was obtained from PNNL-13394, Status Report on Phase
Identification in Hanford Tank Sludges, and PNWD-3300 (WTP-RPT-076), Identification of
Washed Solids from Hanford Tanks 241-AN-102 and 241-AZ-101 with X-Ray Diffraction,
Scanning Electron Microscopy, and Light-Scattering Particle Analysis, with additional insight
into the waste sources stored in the various tanks obtained from PNL-9814, The Sort On
Radioactive Waste Type Model: A Method to Sort Single-Shell Tanks Into Characteristic
Groups, and WHC-EP-0625, Hanford Site Waste Storage Tank Information Notebook.
Information from these reports is also included in Table 2-1. Tanks that have not had leaching
studies performed up to this point are detailed in Table A2-1.
Aluminum mineral phases were observed using techniques such as transmission electron
microscopy (TEM), scanning electron microscopy (SEM), energy dispersive spectroscopy
(EDS), and X-ray diffraction (XRD). These analytical techniques were used to determine which
aluminum species were dominant prior to and following caustic leaching. As shown in Table
2-1, three aluminum minerals were found to be in a majority of either the removed species due to
caustic leaching or still mostly present after caustic leaching. The species dissolved in a majority
of the studies was gibbsite (17 studies), since it was observed in the as-received solids but not in
the remaining leached solids. The other two, various aluminosilicates (including cancrinites; 16
studies) and boehmite (8 studies), were in a majority of the studies as still present following
caustic leaching. The observed reactions to the leaching events for these three mineral phases,
which were in a majority of the tank waste samples analyzed, justifies the three solid aluminum
mineral categories that have previously been identified in RPP-RPT-47306: (1) easily leachable
aluminum (e.g. gibbsite, dawsonite, nordstrandite, etc.); (2) slow leaching/kinetically controlled
aluminum (e.g. boehmite); and (3) non-leachable/refractory aluminum (e.g. aluminosilicates).
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