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SUMMARY

This study is part of a ‘task that will identify dome-fill materials to
stabilize and prevent the collapse of the structures of 149 single-shell tanks
(§STs). The SSTs were built at the Hanford Site in Washington State and used
between 1944 and 1980 to store radioactive and other hazardous wastes. In
addition to identifying suitable fill materials (referred to as "dome-fill" in
this report), this task will develop the technology and methods required to
fill the tanks with the selected material. To date, basalt is the only candi-
date fill material with any testing conducted for its suitability as a dome-
fi11l material. Sufficient data do not exist to select or eliminate basalt as
a candidate material.

This report documents a review of past dome-fill work at the Hanford Site
and of other pertinent Titerature to establish a baseline for the dome-fill
technology. In addition, the report identifies existing dome-fill technology,
preliminary performance criteria for dome-fill technology development, poten-
tial testing strategies, and potential fill materials. As a part of this
study, potential fill materials are qualitatively evaluated and a list of pre-
liminary candidate fill materials is identified. Future work will further
screen these materials. The dome-fill task work will ultimately contribute to
the development of a final waste form package and the safe isolation of wastes
from the Hanford Site SSTs. Interfaces with parallel technulogy development
projects, including in situ vitrification of the SSTs and the development of
protective barriers, must be established to ensure proper selection of dome-
fi11 material.
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1.0 INTRODUCTION

The Pacific Northwest Laboratory (PNL){®) is developing technologies to
identify and provide final waste forms and packagés for the disposal and safe
isolation of wastes from the Hanford Site single-shell tanks (SSTs). The pro-
ject, Preparation of Final Waste Packages, is sponsored by the Westinghouse

‘Hanford Company (WHC) as part of the environmental restoration effort at
Hanford.

Final waste forms must be identified for long-term storage and disposal
of the SST wastes; technologies must be developed that will a11ow‘t1me1y regu-
latory approval for disposal. Figure 1.1 identifies the disposal and storage
options that are under consideration for the SST wastes. The disposal options
include leaving the SST structures underground in place at the site. This dis-
posal option for the tank structures could occur with the following contained
waste disposal options:

e in-place disposal of all or part (i.e., partial retrieval) of the
contained waste without immobilization

o in-place disposal and immobilization of all or part of the con-
tained wastes

¢ full retrieval of the contained wastes with the tank structures and
surrounding contaminated soil left in place

o retrieval and immobilization of wastes followed by re-emplacement
of the immobilized waste in underground tank structures

e« any combination of these options.

If the tanks are left underground, it is proposed that a protective bar-
rier be placed above the tanks on the ground surface (DOE 1989). The purpose
of the protective barrier would be to minimize infiltration of water into the
surrounding soil. A1l of the disposal scenarios listed above would leave
voids in the tanks that could allow the tank structure to collapse in future
years. If the tank structures did collapse, it could disrupt the protective

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute under Contract DE-AC06-76RLO 1830.
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barrier and cause it to fail. Therefore, stabilization of the tank structures
is required to forestall the potential disruption of the barrier. Filling the
voids in the tanks with a suitable material (referred to as "dome-fil1" or
"fi11" in this report) is a method being considered for tank stabilization.

The dome-fill task is aimed at developing this technology.

1.1 THE DOME-FILL TASK

A total of 149 SSTs weré built, placed underground, and used to store
radioactive and hazardous waste produced during Hanford Site operations from
1944 until 1980. Figure 1.2 shows the locations of the SST farms in the
200 Areas at the Hanford Site. These tanks vary in capacity from 55,000 to
1,000,000 gallons, and each consists of a single steel shell surrounded by
reinforced concrete. The SSTs are regulated under the Atomic Energy Act of
1954 (AEA), the Resource Conservation and Recovery Act of 1976 (RCRA), and the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA). Therefore, regu]ation efforts are shared by the DOE for radioactive
constituents under the AEA, the state of Washington and the U.S. Environmental
Protection Agency (EPA) for the hazardous wastes under RCRA, and the EPA for
hazardous wastes under CERCLA., The Hanford Federal Facility Agreement and
Consent Order (WDOE, EPA, and DOE 1989) specifically identified the waste con-
tained in the SSTs as being regulated by RCRA under the Corrective Action |
Measures with the Washington Department of Ecology (Ecology) as the lead
agency.

The development of dome-fi1 technology is one part of the corrective
action measures undertaken as a result of the consent order. As shown in Fig-
ure 1.3, the dome-fill task is a comprehehsiVe, multiyear effort. The task
has two main purposes: !

e ijdentify dome-fill materials to stabilize the tank structures and
prevent collapse of the tanks’ dome

« develop the technology and methods required to fill the tanks with
the selected material.
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Initially, this task involved a review of the past dome-fill work at the
Hanford Site and other pertinent literature. This review was intended to
establish a baseline for the dome-fill effort and to provide dome-fill infor-
mation as a basis for continuing efforts. This baseline information will be
used in future work to aid in selecting candidate and alternative fill mate-
rials and methods, as well as developing and testing the appropriate technol-
ogy for filling the tanks. The dome-fill task efforts will ultimately contri-
bute to the development of an SST disposal plan.
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- The structure of the present study is illustrated in Figure 1.4. The
purpose of the study was to as’ 3s current dome-fill technology by reviewing
past erforts and performing a literature review. The assessment was then used
to help identify existing dome-fill technology, preliminary performance cri-
teria for the dome-fill technology development, potential testing strategies,
and potential fill materials. The potential fill materials were then qualita-
tively evaluated and a Tist of preliminary candidate fil1l materials identi-
fied. This Tist of materials will be used in the initial thermal and struc-
tural testing phase.

1.2 OVERVIEW OF REPORT

The remainder of this report is organized into four major sections. Sec-
tion 2 provides the major conclusions drawn from this study, on the existing
dome-fill technology assessment and on the recommended scope of future
efforts. 1In Section 3, previous dome-fill studies conducted by PNL and WHC
are reviewed in chronological order to set the hackground for the dome-fill
task. The preliminary external criteria (i.e., regulatory demands and barrier
design) and internal criteria (i.e., SST chemical environment and structural
integrity) that will be required to determine the performance criteria
required for-the dome-fill materials and technology development are identified
in Section 4. Because the waste composition varies in the SSTs, it is possi-
ble that there will be several different dome-fill scenarios and that each

1.7
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may have different fill-material requirements. Section 4 identifies how these
potential dome-fill scenarios may allow the tanks to be grouped into a few
categories based on the interrelated functions of waste type and quantity,
liquid content, and tank design. The approach to evaluating the structural
integrity of the SSTs is also assessed.

In Section 5, the identification of preliminary candidate fill materials
is discussed. Physical, chemical, economic, and other attributes (e.g., spe-
cial transportation and handling constraints) of fill materials that determine
the preliminary screening criteria are discussed. The primary selection

—
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critéria are identified, and a Tist of proposed testing approaches as well as
a preliminary Tist of dome-fill materials are presented.
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2.0 CONCLUSIONS

This section describes the conclusions of the existing dome-fili tech-
nology assessment as well as the conclusions concerning the recommended sdope
of future efforts. The background of the technology assessment conclusions is
discussed in Section 3, which identifies the baseline of technology develop-
ment. The background of the scoping conclusions is discussed in Sections 4
and 5. Section 4 identifies issues that will affect future technology devel-
opment, and the scope of future efforts is identified in Section 5.

2.1 DOME-‘FILL TECHNOLOGY ASSESSMENT

In the past, the dome-fill technology assessment work has emphasized the
exclusive use of basalt gravel as the fill material. Significant efforts have
been made to develop procedures and the necessary equipment for filling the
candidate SSTs with basalt and allowing the fill material to consolidate over
time. A centrifugal thrower was also tested for distributing basalt gravel in
a mock-up tank facility. Preliminary investigations of safety and health
issues involved in filling the domes of the SSTs have been conducted.

However, alternative materials to basalt have not been adequately con-
sidered. Paper studies were used to select basalt as the primary candidate
fi1l material, and technology development work to date has focused almost
exclusively on basalt. Insufficient data exist on other fi11 materials to
determine whether basalt is, in fact, the preferred fill material. Although
preliminary testing indicates that basalt may react with waste similar to that
contained in the SSTs and, subsequently, dissolve in it, the existing data are
insufficient to determine key reaction parameters, such as the rate and extent
of the reaction. '

2.2 SCOPINZ STUDIES

Four distinct dome-fill scenarios have been identified. The $STs, along
with their contained wastes, may ur may not be immobilized prior to dome-
filling. Therefore, the dome-fill technology may be used for SSTs 1) that
have had their wastes fully retrieved and that have been cleaned, 2) that have
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had all or some of their wastes retrieved and that have been immobilized, 3)
that contain all or some of their wastes and that have not been immobilized,
and 4) that have had all of their wastes immobilized in place.

The regulatory driver for dome-fill technology is the closure of the
single-shell tank structures as RCRA landfills. RCRA landfill closure
requirements include ensuring that the cover is stable and that subsidence
will not adversely affect its integrity, so the primary performance standard
for dome-fill is the protective barriers’ designed allowable subsidence.

The size and shape of the SSTs may also determine modes of structural
failure and the requirements of the fill material. SST waste composition is
another uncertainty and can vary from tank to tank, so different fill mate-
rials may be necessary for different waste compositions.

Other characteristics of fill materials include the following:

e physical properties such as compressive strength, thermal charac-
teristics, and bulk density ‘

e chemical properties such as solubility and reactivity (rate and
extent) with water and SST wastes and the properties of the final
reaction products '

o the final consolidation of the mixture of fill and waste

¢ economic factors including cost, transportation, and handling
requirements.

To determine the suitability of candidate fill materials, chemical
reactivity/durability and material compaction tests (with and without SST
wastes) will be performed on them. Based on the preliminary screening study
conducted this year, the following list of candidate fill-materials has been
compiled for further testing:

e silicates such as basalt, gneiss, bentonite, and phosphates such as
apatite

o carbonates such as calcite and dolomite (which may be used in com-

bination with absorbent materials such as zeolites, gibbsite, and
clays)
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oxides such as magnetite, hematite, and rutile (although these
materials have to be tested further for the consolidation of the
waste-fill mixture, since they are comparatively heavier than the
known waste density)

other composites or mixtures of materials such as grout mixtures
(cement-slag-clay) and other mixtures with concrete, clay, and
zeolites. Synthetic materials such as ceramics will also be
considered.

2.3



3.0 REVIEW OF PRE/IOUS DOME-FILL STUDIES

Dome-fill technology development activities, planning documents, formal
reviews, and proposals have been generated at Hanford since 1985. At that
time, DOE directed Rockwell Hanford Operations (RHO) to prepare a plan for
demonstrating techniques that potentially could be usud for the disposal of
the SSTs. Progress was made in planning dome-fill technology approaches and
in some preliminary laboratory testing and technology development. However,
the current status of dome-fill technology at Hanford has never been summa-
rized and assessed.

This section summarizes and reviews previous studies and planning
efforts related to the development of the dome-fill concept for the SSTs at
Hanford. It includes a discussion of the original concept of dome-fill tech-
nology and the subsequent development of fill methodology and material. Past
- technical efforts are discussed and summarized, and proposed modifications to
the original SST dome-fill efforts are identified. This review of dome-fil]
technology development for the SSTs that occurred through 1989 will serve as a
baseline for future dome-fill technology devé]opment.

3.1 DEVELOPMENT OF THE DOME-FILL CONCEPT

Historically, in situ isolation of underground SSTs has been considered
as one of the possible alternatives for disposal of the SSTs and the wastes
they contain. This disposal‘a1ternative was based on the assumption that
migration of the wastes contained within the tank structures could be pre-
vented by isolating the tanks from the surrounding environment. The two meth-
ods considered for isolating the tanks were to enclose the tank structures
with in an impermeable barrier or to stabilize the waste in place and then
place a protective barrier above the tanks.

Initial technology efforts designed to achieve in situ disposal of the
SSTs and their contained wastes focused on'isolating the tanks by using an
impermeable barrier surrounding the tank. An early study by Wiater and Higley
(1977) examined the feasibility of surrounding a small underground tank with a
sodium silicate-based grout as a way to isolate the structure. This attempt
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was unsuccessful, in part, because there were grout injection problems related
both to emplacement techniques and to the highly variable vertical and lateral
changes in sediment character surrounding the tank. Subsequently, the alter-
native of isolating the tanks by stabilizing or immobilizing the wastes and
placing a protective barrier above the SSTs was considered.

One of the ways that the protective barrier could fail was by subsidence
of the underlying soil. Because the SSTs are only partially filled with
wastes (Winters et al. 1989), they contain voids into which the tank struc-
tures could collapse. Filling the voids in the tanks with a chemically and
physically stable material was considered as a potential way to minimize the
impact of structural failure of the SSTs and, therefore, the subsidence of the
protective barrier.

3.1.1 Development of Criteria for Candidate Dome-Fill Tanks

Because of the varying composition and volume of the waste and its pos-
sible interactions with other méterials, it was assumed that not all of the
SSTs would be amenable to dome-filling. Consequently, the original concept of
dome-fill was considered to be an option only for those tanks that contained
stabilized wastes. The tanks generally contain salt cake derived from partial
evaporation of the stored sludge. Residual Tiquids are removed by construct-
ing a well in the salt cake. According to Metz and Ogren (1976), a tank is
stabiTized when all the residual surface liquid from the salt cake is removed
and when the salt well inflow rate of the residual 1iquid is less than the
pumping rate. Thus, both sludge (and/or salt cake) and 1iquid can exist in a
tank even after stabilization. By requiring that only domes of stabilized
tanks be filled, the intent was to perform dome-fi1l only on tanks containing
somewhat amenable waste forms. However, the implicit assumption was that the
wastes contained in the tanks could be readily characterized and, thus, tanks
suitable for dome-filling identified.

In order to select tanks that could be used in developing and testing
the dome-fill technology, generalized performance criteria for tank accepta-
bility and dome fi11 material were developed by Weiss (1986). The original
criteria established were that a suitable tank would have the following waste
characteristics:
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o transuranic (TRU) inventory of Tess than 100 Ci
e organic complexant concentration less than 0.1% by weighf
» heat generation rate of less than 15,000 Btu/h

e waste volume less than the void volume (i.e., volume to be filled)
required to f111 the tank to nominal capacity.

3.1.2 Dome-Fill Technoloqy Development and Planning

Following the selection of the tanks in the 241-TY farm for the develop-
ment and testing of dome-fill technology, efforts began to focus on developing
design and performanée criteria for dome-fill materials (Flyckt 1985; Carlson
and McBeath 1986). Flyckt (1985) identified design criteria for demonstratihg
dome-filling techniques at the 241-TY tank farms. Flyckt’s document included
a discussion of the equipment and facilities required to prepare the tank
farm, acquire‘the fill material storage and handling equipment, and install
the monitoring system. At that time, the recommended material for dome-fill
was basalt gravel. A commercially available centrifugal thrower Was recom-
mended for distributing the basalt gravel within a tank.

The dome-fi1l technology plan developed by Carlson and McBeath (1986)
elaborated on the objectives for developing dome-fill technology that were
specified in Flyckt (1985); Carlson and McBeath’s plan also described general
performance criteria and the tasks required to close the dome-fil] issue. To
prevent subsidence of the protective barrier, Carlson and McBeath noted that
the fill-material must meet the design requirements of being placed to the
haunch of each tank and remaining stable over the 10,000-year design life of
the system. Based on these design requirements, they identified some of the
performance standards that the candidate dome-fil1l materials should have,
including the following:

° physical and chemical stability to prevent subsidence and subse-
quent destruction of barrier material

e ability to provide pore spaces to make it possible to leave some
waste in the tanks and to allow pressure equalization within the
tanks after filling

« ability to be placed within the tanks to prevent subsidence of bar-
rier material due to inadequate backfilling.
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The following required tasks were identified by Carlson and McBeath in
the 1986 technology development plan:

» conceptual model development
. waste/fi11 chemical interactions development
e waste/fi11 physical interactions development
o fi11 equipment development
o final tank closure development
« field monitoring and instrument development
- o single-shell tank dome-fill field fest development
o final SST dispo§a1 planning development.

With the development of these tasks in the technology plan, preliminary
analyses of waste/fill interactions were performed. The initial laboratory
studies evaluated the suitability of the basalt gravel as a fill material.

3.1.3 Laboratory Studies of Basalt/Waste Interactions

Because the composition of the SST waste is variable and uncertain, a
wide array of potential waste/fill material interactions could occur. Adams
et al. (1987) identified 27 different waste types that may have to be consid-
ered in evaluating dome-fill material and waste interactions. However, for
screening studies, the effect of only three waste types representing expected
SST waste compositional ranges were used (Risenmay 1986). Risenmay conducted
compaction and consolidation tests using REDOX process wastes, PUREX process
wastes, and bismuth-phosphate wastes. Each type of waste has a range of com-
positions, but all are high-nitrate salts and they have a high-alkali hydrox-
ide component in common, as do all the SST waste sludges.

As previously noted, initial planning documents focused on the use of
basalt gravel as a dome-fill material. Crushed basalt was proposed as a suit-
able dome-fill material because it was readily available at a low cost. A
possible problem was dissolution of basalt in the highly caustic wastes lead-
ing to development of excessive voids in the tanks. This problem was recog-
nized in a preliminary literature review investigating possible basalt
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dissolution (Routson 1983), but the reviewers felt that if basalt particle
sizes were large enough, the effect on consalidation would be minimal. Subse-
quently, PNL researchers conducted a laboratory screering study on the chemi-
cal stability of basalt in synthetic SST wastes.

The screen{ng study determined the short-term and‘longaterm reaction of
Pomona basalt with two synthetic wastes, a bismuth-phosphate waste and a REDOX
waste. Waste sludges were prepared from formulations derived from the TRAC
code predictions. Bismuth-phosphate waste consists primarily of BiPO,,
FeO(OH), NaNO,, and Na,Si0,; REDOX waste is similar but with A1(OH), in place
of BiPO,. Both wastes have pH values of 12. The sludges prepared for these
screening tests contained about 70% water and had a pudding-like consistency.

Two thermal analysis methods were used to examine the short-term reac-
tions between the waste and basalt sand, namely the thermogravimetry (TG) and
differential scanning calorimetry (DSC) methods. These methods were tested at
temperatures up to 250°C and have the potentia1 to detect decomposition reac-
tions of hydrated compounds, free water boi]-off, ion exchange, and oxidation
by nitrate. The long-term reactions were determined by placing either basalt
~sand or basalt coupons in the waste for up to 280 days at temberatures between
20°C and 104°C. At the end of the experiment, the waste was analyzed for
basalt components and the basalt coupcns were analyzed by scanning electron
microscopy (SEM) with energy dispersive x-ray analysis (EDAX).

The short-term thermoanalytical experiments indicated no significant
reactions between the waste and basalt. Loss of water was the only major
reaction noted up to 250°C, and the loss was due almost entirely to the waste
dehydration. In contrast, the long-term experiments showed significant basalt
attack and dissolution with both types of waste. The bismuth-phosphate waste
was slightly more aggressive than the REDOX waste, but after 280 days and at
100°C, the degree of attack was similar. Based on weight Tloss measurements,
the basalt was estimated to lTose about 5 wt% per year. Basalt consists of
small crystals embedded in a glassy matrix. The initial attack was a dissolu-
tion of the glassy matrix followed by attack on the more calcium-rich
plagioclase (sodium-calcium aluminosilicate).
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3.1.4 Summary of the Initial Dome-Fill Effort

Although the basalt chemical durability studies suggested that basalt
may not be satisfactory in all cases, insufficient data were available to make
long-term predictions of the basalt’s chemical durability. To assess the
implications of the initial findings, the dome-fil11 technology developmert
plan was reviewed. The review dealt with possible revisions to the 1986 plan
and considerations of other dome-fill materials.

Reviewers’ comments concerning the original dome-fil1l technology devel-
opment plan included discussion of the material selection process, laboratory
analysis methods, dome-fill material performance criteria, and planning meth-
ods. Specific comments included the following:

» the plan did notva11ow enough effort for screening materials other
than basalt

o selection should be based on kine ic studies and reaction 1imits of
materials in waste sludges, not on =oupon weight changes

. long-term laboratory tests should be descoped in favor of.shorter-
term tests |

e real tank waste should be tested earlier

o better criteria for dome-fill material performance need to be
established

e the assumption that selection of dome-fi11 material and dome-fill
equipment can proceed in parallel is false.

Following the review, PNL was asked to submit proposals for evaluating and
selecting dome-fill materials.

3.2 PROPOSALS FOR SELECTING AND EVALUATING DOME-FILL MATERIALS

PNL developed and submitted proposal outlines for identifying dome-fill
materials between 1986 and 1988, These proposals were for work to determine
the optimum fill materials and to obtain sufficient data to develop a kinetic
model for dome-fill durability. Although not funded, the proposals furthered
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the deve]opmeﬁt of dome-fil11 technology by identifying new testing methods for
evaluating dome-fi11 materials, criteria for material selection, and a prelim-
inary Tist of potential fi11 materials.

The proposed approach was to identify candidate materials from the 1it-
erature and to conduct a screening study involving accelerated testing con-
cepts. The accelerated testing apprdach was based on uti]izing high surface-
area-to-volume test configurations and elevated temperatures. The selected
candidate materials would be subjected to more detailed testing and property
measurzment to determine their suitability for filling the SST voids. A
limited effort was also proposed for investigating the uss of mixed materials
for dome filling. Subsections 3.2.1 through 3.2.3 summarize the main details
of the proposals. |

3.2.1 Material Selection Criteria

lwo important properties that were identified for dome-fill materials
were low reactivity in high pH environments and high compressive strength,
particularly after interacting with high pH environments. The criteria for
fill materials also included the maximum amount of material/waste interaction
that could be tolerated without causing extensive fill consolidation and sub-
sequent loss of barrier integrity due to slumping. A preliminary list of can-
didate materials was established from the literature, using high pH environ-
ment behavior and properties as the criteria. It was proposed that the pre-
liminary list could be reduced an the basis of material cost and availability.

3.2.2 Screening/Selection Methodology

The preliminary material screening suggested that it would be beneficial
to conduct accelerated material/waste reactivity tests at elevated tempera-
tures and at high surface-area-to-volume ratios for short time periods. Reac-
tivity would be determined by solution analysis, x-ray diffraction (XRD), and
thermogravimetric analysis (TGA), along with SEM analysis. It was also pro-
posed that the compressive strengths of reacted material would be determined.
A test matrix including candidate materials and a number of waste types would
be developed. The best three to five fill materials based on the degree and
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type of reaction would be selected for a longer-term study. An initial inter-
pretation of the reaction mechanisms would then be used to design longer-term
tests.

3.2.3 Final Selection and Evaluation

Proposals for final selection of dome-fill materials emphasized long- :
term kinetic studies at several temperatures to determine overall reaction b
order, obtain a generalized rate law, determine the degree of reactivity, and .
evaluate how materia1/waste reactions affect physical properties such as com-
pressive strength. The proposals suggested that materials showing order-of-
magnitude improvement in compressive strength over basalt should be considered
at this point. Material mixtures (for example, basalt-grout) were also pro-
posed to be considered. The 1bnger~term tests were to include autoclave
equipment with direct sampling capability at pressure and fairly large vol-
umes. In a high-salt system at elevated temperature, d%rect solution capabil-
ity was identified to be necessary at times to prévent precipitation during
sampling.

3.3 DEVELOPMENT OF A REVISED DOME-FILL TECHNOLOGY PLAN

Following the review of the original dome-fill technology development
plan (Carlson and McBeath 1986) and consideration of the dome-fill proposals
developed by PNL, a revised dome-fill technology plan was developed (Adams
et al. 1987). This plan included an evaluation of dome-fill materials and
equipment that involved both laboratory and field testing. In the revised
plan, the researchers felt that the key problem in dome-filling was to deter-
mine how much the voids in and above the waste could be reduced to prevent the
tank structure from collapsing. It was recommended that this be evaluated on
a tank-by-tank basis. Further, the plan noted that the amount of allowable
collapse of the tank structure must be within the Timits of allowable barrier
settlement. Full-scale engineering tests on actual waste tanks in the 241-TY
tank farm would be required to complete the technology development.

At the time the technology plan was prepared, a waste tank mock-up
facility had been constructed to test dome-filling equipment {Powers 1988). A
centrifugal thrower to be used for gravel placement in the tanks was purchased
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and tested in the mock-up tank facility. The thrower was tested for gravel-
throwing distances and trajectories. Shadowing effects from in-tank obstruc-
tions and instruments were also determined. Other design parameters that were
tested included abrasion rates of the basalt gravel on equipment, the optimum
feed rate of the basalt gravel to the centrifugal thrower, and determination
of dust-generation data for use in sizing a filter system.

The technology plan identified the following technical tasks as being
required to develop and test the dome-fill technology:

e criteria and standards deve]opment‘
» evaluation of dome-fill alternatives
o dome-fill settlement evaluation
e fill material analysis
o dome-fill test development.
This section briefly describes the scope and objectives of each task.

3.3.1 Criteria and Standards Development

This task was to obtain data from the barrier development program in
order to develop standards for the amount of barrier settlement that could be
tolerated without destroying the barrier’s integrity. The information would
then be compared with the dome-fill consolidation data and models to evaluate
the allowable amount of waste-fill settlement in each tank.

3.3.2 Evaluation of Dome-Fill Alternatives

This task was developed to evaluate alternatives to loose, natural mate-
rials as dome-fill candidates on a level-of-effort basis. Alternatives were
to include man-made synthetics, uncommon natural materials, or recently devel-
oped sorbent and structural materials.

3.3.3 Dome-Fill Settlement Evaluation

This task dealt with three questions. First the extent and consequence
of vapor-pnase movement to the hygroscopic wastes was to be determined. It
was hypothesized that if the wastes were wetted sufficiently, the fill mate-
rials might settle to the bottom creating voids between the fill and dome.
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Next, the longevity of tank concretes was to be evaluated, based in part on
knowledge of ancient concretes. Finally, the task would have provided a
mathematical model for predicting waste-fill-barrier consolidation and settle-
ment for comparison with the barrier settlement standard.

3.3.4 Fill Material Analysis

This task consisted of subtasks that included screening and selecting
dome-fill materials, definition of waste types, definition of appropriate
tests, and testing fill-waste mixtures. A study was to be prepared to formal-
ize the selection of candidate fill materials. The task also included waste
type definition and priofitization of reactive components along with compara-
tive chemical reaction tests to evaluate waste consolidation and waste-fil]
settlement.

A series of solubility and reaction-rate screening studies was to be per-
formed on the candidate fill materials to select the best materials. Those
selected would have been evaluated further to determine reaction mechanisms
and reaction products. Reaction product studies would include a series of
physical and chemical property tests performed after waste-fill reaction has
occurred.

In parallel with the solubility and reaction-rate studies, a serijes of
synthetic and actual waste physical property tests was to be conducted. These
tests included laboratory consolidation, shear strength, permeability, liquid
and plastic properties tests nn synthetic wastes and confirmation tests on
actual wastes. These data would be used to help calculate waste-fill consoli-
dation and settlement.

3.3.5 Dome-Fill Test Development

This task involved an initial test of dome-fill techniques in the 241-TY
tank farm in the 200 West Area. The task’s purpose was to test fill equip-
ment, especially the centrifugal thrower and thrower support. The task would
have been conducted in parallel with the other tasks on the assumption that
basalt would be a satisfactory fill material for the 241-TY farm, but would
not necessarily be suitable for other tanks. This was essentially a demon-
stration task to show that the SST voids could be filled safely and to confirm
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operational and safety procedures. This task was also intended to confirm the
cost and schedule estimates for dome-filling.

3.3.6 Results of the Revised Dome-Fill Technology Plan

The revised dome-fill technology plan was developed by incorporating the
reviewers’ comments to the original plan and the scopes of the PNL proposals
developed subsequently. This revised plan will form the basis for the tech-
nical approach to the present dome-fill study and the development of test
procedures. ‘

3.4 SUMMARY OF HANFORD DOME-FILL TECHNOLOGY HISTORY

Although considerable effort was spent to develop domeefi11 technology

| pians and approaches, the actual development effort was halted shortly after
preliminary laboratory tests showed that basalt may dissolve. However, the
planning efforts and limited analytical work are of benefit to the current
dome-fill technology development effort. The experience will allow the
refinement of the fill-material evaluation process and equipment design and
testing efforts. Sections 4 and 5 of this report discuss the relationship of
these issues to the current dome-fill effort in more detail.

3.11



4.0 DOME-FILL TECHNOLOGY ISSUES

This section defines the baseline of the currcat dome-fill technology
task. The baseline is described in terms of the issues influencing the dome-
111 technology deve1opment, as determined from the review of past work in

Section 3. The issues include dome-fill technology performance requirements,
| dome-fill scenarios, and projects of developing technologies that must inter-
act with dome-fill operations. This section also ties togrther the previous
developments reviewed in Section 3 to the discussion of preliminary dome-fill
candidate materials in Section 5.

4.1 IDENTIFICATION OF THE DOME-FILL PERFORMANCE STANDARD

The incentive for developing dome-fill technology is the possibility
that the SST structures could be allowed to stay in place underground, over
the period of time required for closure (i.e., 10,000 years). In order for
the tank structures to be left underground, they must not adversely affect the
performance of the protective barrier to be emplaced above. Therefore, the
dome-fi11 technology effort is intended to prevent the failure of the protec-
tive barrier by subsidence resulting from the structural failure of the SSTs.

The primary performance standard imposed on dome-fill technology is that
the aliowed slump, or collapse of the tanks’ structures, must be less than the
amount of subsidence that will cause the protective barrier to fail. Second-
ary performance standards include the ability to reduce the potential for
migration of the waste constituent to the surface and to inhibit water and
plant intrusion. If the SST structures are left in place, RCRA closure or
post-closure requirements may be similar to those placed on a landfill.
Specific Tandfill closure requirements as spacified by RCRA that pertain to
the dome-fill task include the mandate that final design and construction of a
protective barrier must accommodate the subsidence and settling so that the
barrier’s integrity is maintained (Keller et al. 1989). Barrier design, there-
fore, is an integral aspect of dome-fill technology requirements.
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4.1.1 Barrier Desian

Planning and development of Hanford’s protective barriers is being done
by the Hanford Site Protective Barrier Development Team (Westinghouse 1990).
Development of the protective barriers’ performancé standards, including
allowable barrier subsidence, is the responsibility of this team. Allowable
subsidence standards for the protective barrier svstem have not been specified
or developed yet, ‘

As identified above, the allowable subsidence of the protective barrier
- system is the primary performance standard for the development of dome-fil1
technology. The specification of these limits are the key and necessary com-
ponents for the timely development of the dome-fill technology. Based on the
1989 dome-fi11 task technology development plan (Klen et al. 1990), these

- specifications will be required for the evaluation of dome-fi1l materials by
fiscal year 1992.

4.1.2 Barrier Subsidence

Determining the amount of barrier subsidence that results from a col-
Tapse of the tanks’ domes is a complex problem. Initially it will be assumed
that the collapse of the domes will directly affect the protective barrier.
Therefore, if the tanks’ domes collapse by 25 cm, then the resulting barrier
subsidence will also be 25 cm. The problem of tank structural failure and the
effect on subsidence is discussed in more detail later in this section.

4.2 DOME-FILL SCENARIOS

As noted in Section 3, dome-fil11 technology was originally intended to
be applied only to tanks with stabilized waste left in place. However, the
current concept of dome-fill technology broadens its application to tanks with
retrieved waste and to tanks with all or part of their wastes in place and
possibly immobilized. The requirements for the dome-fill material will become
more rigorous as the waste becomes less treated.

The simplest dome-fill case, in terms of requirements imposed on fill
materials, is a tank with its waste fully retrieved. In this case, the fil]
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material can be evaluated solely on its structural properties (e.g., ¢ompres~
sive strength, consolidation, compaction). Conversely, the most complex
dome-f111 case will be a tank with its waste left 1n‘p1ace, without any immo- .
bilization effort. In addition to its structural properties, the fill

material must then be evaluated on the rate and extent of its reaction with
the waste. The structural properties of the fil1 material will probably be
modified by its reaction with the waste contained in the tanks. Further, as
noted in Section 3, the waste composition in each tank is uncertain and varies
from tank to tank.

Fortunately, the two factors that are most important in determining how
the dome-fill material will react to wastes that are left in place are the pH
and volume of liquid Teft in tne tank. These two parameters appear to be
fairly well characterized in the SSTs (Winters et al. 1989). An effort to
group the tanks according to their Tiquid pH and volume will be performed next
year. This information will be used to help design laboratory testing. The
most stringent dome-fill scenario (i.e., wastes left in place, with no treat-
ment) will be used initially to evaluate and screen candidate dome-fi1l mate-
rials. This scenario is discussed in more detail in Section 5.

Another possible factor for determining dome-fill material requirements
is the geometric shape of the SST structures and the relationship of that
shape to determining the tank structure’s failure modes.

4.2.1 SST Designs

The SSTs are all constructed of reinforced concrete shells with non-
stress-relieved steel Tiners (ASTM A283 Grade C or ASTM A201 Grade C carbon
steel) on the sides and bottom. The tanks have four basic geometric shapes
(Figure 4.1) with capacities ranging from 55,000 to 1,000,000 gallons.

Because the tanks differ in shape and size, the stresses on the tanks will
vary in magnitude and location. It is logical to assume that the tanks will
also fail structurally in different locations because of the different
stresses. Therefore, the structural support that the fill material will be
required to provide for the tank will also depend on the size and shape of the
tank.
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Preliminary assessment of the tanks’ structural failure has identified
the collapse of the dome structures and the tanks’ footings or walls as the
two most 1ikely modes. In both cases, the load would be trahsferred to the
fi11 material. The compressive strength of the fi11 material will determine
its ability to withstand deformation after the sudden loading. After the

transfer of the Toad, consolidation and settling of the fi11 material over
‘time will become important.

4.3 RELATIONSHIP TO OTHER TECHNOLOGY DEVELOPMENT PROGRAMS

There are parallel technology development projects under way that will
require interfacing at some point. One of the major technology deve1opment‘
projects under way that may affect the development of the dome-fill task is
the protective barriers development project. The interrelationship of the
dome-fi11 task and the protective barriers project has been discussed pre-
viously. The important issue is the development and specification of allow-
able subsidence for the protective barrier. Communication between the protec-
tive barriers development team and the dome-fi1l technology team is important
to ensure that realistic specifications for allowable subsidence are devel-
oped., Informal communications between the two groups already begun. Further
development of working communications is planned.
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5.0 PRELIMINARY SELECTION OF DOME-FILL MATERIALS

This section deals with some of the selection criteria and methods of
identifying a preliminary 1ist of candidate dome-fil11l materials for in situ
disposal of the SSTs. Once the selection criteria and an initial 1ist of fill
materials are compiled, the candidate materials will be screened using a mat-
rix consisting of the material properties and the criteria. A collection of
the fi11 materials that satisfy most of the criteria will yield the prelimi-
nary list of dome-fill materials that is shown at the end of this section.
Additional procedures to further screen the preliminary 11st will be designed
to determine the interactions of the candidate fil1l materials with simulated
and actual SST waste.

Although dome-f1i11 technology is being developed for a variety of SST
disposal options (i.e., partially and fully retrieved tanks as well as
in-place tank wastes), the initial general fill-material requirements con-
sidered will focus on in-place disposal of contained SST wastes. Tanks dis-
posed of in-place with their contained wastes are assumed to be the most
restrictive case in terms of fill-material performance requirements. Under
this assumption, the general requirements for the fill-material include the
following considerations:

» The material should settle slowly to the bottom of the tank.

e As the fi11 material settles, the waste should fill the intersti-
tial spaces between the fill fragments, not float on top of the
fi111 material or be displaced suddenly after the filling operation.

e The material should not react adversely with the tank contents and
generate water, noxious or explosive gases, solid or liquid mate-
rials known to be complexants for radionuclides, or any other pro-
duct that may enhance radionuclide transport.

e The material should be a loose material, capable of being distrib-
uted evenly within the tanks.

» The material should not have any kinetically significant reactions
with the waste material, and any chemical interactions should be
within prescribed limits.

« The material should be free of organic contaminants.
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» The material, after emp]aéement and initial consolidation, should

have sufficient compressive strength to 1imit long-term and secon-

dary settling even 1f reaction with available 1iquid wastes occurs.

It 1s expected that subsequent to fil1ling the waste tanks and the dome-
f1111ng operations, the tank farms will be adequately maintained and monitored
for a considerable period of time. The project equipment for the tank closure
operation and the instrumentation system for the monitoring operation will
have to be designed to perform their intended function throughout the expected
range of Hanford climatological conditions. The in-tank instrumentation and
equipment éystem will be designed to perform even in adverse tank environments
including high humidity, high-particulate dust loadings, potentially high
radiation zones, and the presence of caustic and/or corrosive materials.

5.1 PRELIMINARY SELECTION CRITERIA FOR FILL MATERIALS

This subsection provides a logical sequence of selection criteria for
initially screening potential candidates for the dome-fill materials. This
screening process will lead to the selection, in the future, of the list of
dome-fi11 materials to be used. The selection criteria are categorized by the
physical and chemical properties of the fill material itself and other rele-
vant factors such as the material’s availability, cost, reliability, or han-
dling problems. The 1ist of categories given below may not be all-inclusive,
but it should encompass the major qualifications for the overall task. It
also does not follow any particular order of importance or ranking, since it
is only intended as a mechanism for the first, preliminary screening of the
potential candidates.

5.1.1 Physical Properties

The physical properties of a candidate fill material include its density
(bulk and particle), compressive strength, specific heat, thermal conductj-
vity, and thermal expansion coefficient. In addition to the Timiting cases
identified in Section 4, the four SST disposal scenarios that will potentially
apply to dome-fill technology include:

» a tank cleaned such that all wastes have been removed, including
remediation of the tank structure
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» a tank with contained waste fully retrieved

o a tank that still has been partially retrieved or Teft with its
contained waste in place

* a tank that contains immobilized waste left in place.

In the first two scenarios, the f111 material will either fi11 the
entire volume of the tank or at least most of 1t. 1In the third scenario, the
fi11 material may settle slowly to the bottom of the tank. The waste sludge
essentially contains clay-sized hydrous oxides, primarily of iron and alumi-
num. It has a bulk density of approximately 1.6 g/cm’. Therefore, the fill
material, at least for the third scenario, should have a comparable density
(1.4 - 3.5 g/cm’) so that the fi11 material does not settle too rapidly to the
- bottom of the tank, thereby displacing the sludge and causing it to rise to
the tcp of the tank. The extent of the rise will depend on the amount of
interstitial space that is available between the segments of the i1l material
(the material porosity 1s a different category of the screening criteria and
is discussed later). Nevarthe]éss, it is desirable for the fill material to
occupy the void above the sludge and not to settle excessively. If excess
settling does occur, refilling or topping off may be necessary at a later date
to complete the dome stabilization process. For the tank containing immo-
bilized waste (the fourth scenario), the fill material will be required to
fi11 any remaining void space.

The thermal properties of the fill material are important to consider,
especially for the third scenario. The remaining sludge may still produce
heat. If the generated heat is not dissipated well enough, it may have
adverse effects on the continued stability of the waste, the fi11 material,
and the surrounding earth. The ability of fi11 materials to dissipate heat
adequately may be an important consideration in the long term.

The inherent stability of the material at high temperatures is also very
important. Its thermal conductivity (or its ability to dissipate heat) is
especially critical since the fill material may be exposed not only to high
temperatures that may result in heat build-up, but also to a high-temperature
environment for an extended period of time. Therefore, the characterization
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tests of the f111 materials will be conducted at three selected temperatures
(for example, 50°, 90°, and 120°C) over two or three different time periods.

The compressive strength of the material and of the product resulting
from the waste/fi11 material interaction is an important consideration if the
impact of the dome collapse at a future date is to be determined. The Toad in
the single-shell tanks filled with a material 1ike basalt gravel is expected
to be about 140 kPa. If structural failure (dome collapse) occurs and the
soil overburden settles onto the wastes in the tanks, the total load is
expected to rise to 280 kPa (Risenmay 1987). The extent to which the material
is able to withstand both the basic and the increased impacts without failing
would determine the probability of any of the sludge exiting the dome opening
and/or causing any radiation leaks to the outside.

5.1.2 Chemical Properties

In addition to the physical propertiééhof the fi11 material, its chemi-
cal properties are important considerations, especially in the presence of a
highly alkaline and reactive environment with or without interstitial liquids
(or moisture) in the sTudge. The moisture Tevel (or the amount of residual

~ lquids) in the wastes may be one of the most important considerations in the

choice of an appropriate fi11 material, since the consolidation of the waste/
fi1l material product is key to a final tank storage option. Hence the mate-
rial’s solubility, reactivity (or the extent of its reaction with the waste),
and any other chemical interaction in the radioactive, wet, and high pH
(alkaline) environments are to be considered. The best fi11 material would be
one that is nonreactive or chemically inert. However, i° the material is
reactive (or becomes reactive in the radicactive environment), the extent to
which it reacts, the amount of reactivity that can be tolerated, and the final
state of the reaction’s product and composition are important characteristics.
The reaction’s end product composition must be stable and have sufficient
mechanical strength to help support the tank structure in the event of a dome
collapse.

A series of solubility and reaction rate screening studies will be per-
formed on the candidate fil11l materials to eliminate those materials that have
extensive reactions. The remaining candidate materials will be subject to
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further detailed reaction product ;tud1es. The reaction product studies would
include a series of physical and chemical property tests to be performed on
the wastes and fi11 materials after they have reacted with each other for an
appropriate period of time.

In the high pH environment that exists in the tanks (for example, pH
values greater than 10 [Winters et al. 1989]), most silica materials are sol-
uble because ionic silica species form from silica-hydroxyl reactions. As
hydroxyl ions are consumed, the pH in the tank 1s lowered and silica solubil-
ity 1s'redUCed considerably. Oxides can also react with hydroxyl ions to form
hydrous oxides. Conversely, carbonates are Jess soluble in a higher pH envi-
ronment. However, the effects of the other waste constituents on the solubil-
ity of the different types of fil1l materials will réquire further experimental
evaluation,

Some of the waste sludges contain organic complexants or possible com-
plexants, such as ethylene diamine tetra acetic acid (EDTA) and citric acid.
These materials are not expected to directly affect the function of dome-fi11
materials. However, complexants can cause some hazardous metals and radio-
nuclides to be retained in the waste Tiquid rather than be absorbed or preci-
pitated on soils in the event of a tank breach. Thus, a tank (or tank farm)
containing large amounts of complexants may require pre-treatment before
dome-fi11ling, and furthermore, the chosen fi1l materials should be compatible
‘with such treatment.

5.1.3 Predictive Model Development

A mathematical model will be developed to predict waste/fill material
interaction and the rates of consolidation or barrier settlement for SSTs.
The model will be based on the results of the preliminary physical and chemi-
cal tests performed to characterize the waste/fi11 interactions. It will
incorporate the empirical data gathered from the laboratory and field tests
performed on both the waste and fi11 materials. The model will use the
results and functions derived from the fill-waste mechanistic and kinetic
studies and incorporate them into existing fill-materials-consolidation models
as much as possible. While a number of models and theories concerning soil
and .ballast compaction exist, the problem with the dome-fi11 material
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(especially in the third scenario) concerns material consolidation in a
chemically reactive environment, so that models based only on physical pro-
perties and interactions may require certain modifications.

The predictive model 1s expected to include several subroutines that
use, to as great an extent as possible, model algorithms that have been used
to predict similar interactions and foundation settlements. These subroutines
will be composed of existing consolidation, subsidence, and phase equilibrium
models to provide a predictive capability of waste/fi11/dome and subsequent
barrier settlements for all SSTs. The model will be peer reviewed during and
after development.

5.1.4 Economic Copsiderations

In the course of any screening method to determine candidate materials
for a specific application, cost and ease of availability are a very important
set of factors, They are especially important for this option (dome-fil1l) of
in-tank disposal, since this is meant to be a cost-effective and convenient
method. The material should alsc be available in large quantities and at
short notice, since this disposal option may turn out to be a viable one for a
lot more SSTs than is being expected now. Most of the candidate materials
being considered so far should be abundantly available.

5.1.5 Transportation and Hand11nq Considerations

In addition to the cost and ease of avaiiability of a particular mate-
rial, any constraints to its handling or transportation from the site of
availability to the site of use will add to its cost. This is an especially
important consideration because the fi1l material is needed in bulk and within
easy access to the SST farm. Conveyors, feed hopper, and accessories will be
required to move the designated fi11 material from the stockpile to the fill
tube of the tanks, so that no heavy equipment will be required to be operated
within the tank farm.

5.2 PRIMARY SELECTION METHODS

Having compiled a 1ist of screening criteria for fill materials, a dis-
cussion of how to use the screening criteria to arrive at a preliminary 1ist
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of candidate fill materials follows. A comparison of the number of criteria
that each preliminary candidate material satisfies will be presented in the
form of a properties matrix. In addition to the primary individual materials,
composite fill-materials or mixtures of the basic materials identified in the
list will also be considered as‘potential candidates. The next important cri-
terion to be considered in the evaluation of the stability of candidate fil7-
materials is the extent of its dissolution and reaction rate with the waste,
and the maximum extent of both that can be tolerated before the fill-material
is eliminated from further consideration.

5.2.1 Comparative Analysis of Fill-Material Properties

A comparative analysis of the properties of the candidate fill materials:
will be i3ne by cross-checking them against the list of screening criteria
that has already been established. There is no definitive set of values for
the material properties that will be considered, since the composition and
state of the wastes in the different SSTs vary widely. One set of Timiting
criteria may be appropriate for a given tank or an entire tank farm, but may
be totally inappropriate for another tank (or tank farm). Therefore, the
selection of the candidate fill materials will be made on the basis of a
qualitative evaluation of the different material properties amongst each
other, for a given set of target waste properties (that are known so far).

The initial 1ist at this stage of the discussion includes some common and some
not so common materials (see Tables 5.1 and 5.2), including the following
classes of materials:

o silicates (basalt, clay, granite, quartzite, slate, gneiss,
bentonite, attapulgite)

» carbonates (calcite or limestone, dolomite)

« oxides (rutile, magnetite, hematite, ilmenite)
¢ sulphate (gypsum)

« phosphate (apatite)

 others (concrete, zeolites, composites or mixtures of materials).
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TABLE 5.1. Physical Properties of Some Common Minerals'®

Density or : Solubility (gm/1@@cc)
Sp. Gr./ Cold Hot
Material Mol. Wt, Hardness Water Water‘ Others
Dolomite ‘ 184 .41 2.872/3.5-4 9,832 -- --
(CaCO3 J MgCOa) :
Rutile 79.90 4.26/6-6.5 i | sH,S0,,
(Ti0,) . alkar}
Hematite - ‘ 159.69 5.24/5-6 i i sHC1, H,S0
(Fe,0,) 274
273

Hemimorphite , 240.84 3.45/5 i i -~
(2Zn0 » 5102 . H20)
Willemite 222.82 4.103/5.5 i i s acids
(Zn25104) :
Wollastonite : 116.16 2.5/4.5-5 .- .- --
(Casi0,) :
Gypsum : 172.17 2.32/2 g.241 g.222 s acids
(CaSO4 ° ZHZO)
Perovskite 135.98 4.19/5.5 -- -- --
(CaTiDS)
Calcite 108.09 2.71/3 9.0014 #,0018 s acids
(CaCOS)
Wurtzite 97.43 3.98/3.5"4 @.00069 - s acids
(ZnS)
Magnetite 5.175/5.5-6.5
(Fe304) ,
Apatite 3.1-3.35/5
(Cag(P0,)5(0H,F,CT))
Gibbsite 2.4/2.5-3.5

(AT(OH)E)

Some radionuclide or liquid waste sorbents like zeolites, clays, and aluminas (bauxite or gibbsite) are also
considered. A few representative zeolites are listed below. Some of them, including cliinoptolite, have
been considered before because of their abilities to selectively absorb certain radionuclides, like
cesium-137 from waste slurries and mixtures.

Zeolites:

Natrolite 2.20-2.26/5
(Na2A125130lﬂ . EHZO)

Mesnlite ~2.26/5

("azcaz(A]25‘3°1e) . 8H20)

Scolecite 2.25-2.29/5
(CaA12513010 ° 3H20)
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Zeolites (contd):

%11nopto11te
Na,K,Ca), Al
113036 * {2007

Analcite
(NaA15120B . HZO)

(A'I.Si)2

Mordenite

(Ca,Naz,Kz)MzS\'mO24 . 7H20)

Solubility (gm/1@@cc)

Hot
Water

Others

TABLE 5.1. (contd)
Density or
‘ Sp. Gr./ Cold
Mol. Wt. Hardness Water
2.1-2.2/3.5-4
2.2-2,3/5.5

2.1/4-5

i = insoluble:
(a) Reference:

TABLE 5.2.

Material

s = soluble
CRC Handbook of Chemistry and Physics (1876).

Granite
Basalt
Sandstone
Gneiss
Gypsum
Limestone
Marble
Dolomite
Hematite
Shale
Rutile (Ti0,)

Asbestos

Additional Physical Properties of Common Minerals‘®

(a) Reference:

CRC Handbook of Physical Properties of Rocks (Vol.

5.9

Thermal Conductivity Specific Heat Comp. Strength
K c, C,
(Btu/h ft F) (W/m K) (cal/g C) (N/m?)
1.60 2.77 0.2 1.05-2.72
properties similar to granite 2.21-7.78
1.057 1.83 0.26 1.07-9.79
properties similar to granite 1.06-9.6
0.28 0.48 1.25
0.75 1.30 0.20 1.5-9.94
1.44 2.50 0.20 1.5-9.94
0.389 0.674 -- 1.13-8.96
properties similar to rutile 1.19-6.07
0.420 0.73 0.17 1.12-9.27
0.15 0.26
0.087 0.15

IT) (1982).
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Based on the physical properties listed above, a qualitative comparison
can be made of the different candidate fi1l materials:

» Density: Zeolites, carbonates, sulphate (gypsum), and phosphate
(apatite) are better than‘oxides (magnetite and hematite).

o Hardness: Zeolites, silicates (willemite), oxides (magnetite,
hematite, rutile) are preferable.

o Solubility: Sulphate (gypsum), carbonates (calcite) are not good
candidates, unless used with other insoluble materials as a
combination fill-material. Oxides (magnetite, hematite, rutile),
silicates (willemite) are good candidates, by themselves.

o Thermal Conductivity: Asbestos, gypéum, rutile, dolomite are good
insulators. Granite, marble, sandstone are good conductors.

« Specific Heat: A1l materials have comparable values
(~0.2 cal/g C).

e Compressive Strength: Limestone, basalt, gneiss, sandstone,
doTomite are good. Shale, hematite are moderate. Granite, gypsum
are poor. ‘

5.2.2 Analysis of Composite Fill Materials

In addition to materials of a single chemical composition, certain mix-
tures or composites of the basic materials will also be considered for screen-
ing purposes at this first level of evaluation. Consideration will also be
given to using a combination of two or more materials, where one material is
essentially used as a layering material and comes in direct contact with the
waste, while a second material may be used for filling the rest of the void in
the tank. As an example of a possible pairing of fill materials, an initial
layer of zeolites or bentonite (or a mixture of the two) could be placed at
the bottom of the tank to sorb liquid waste and immobilize the hazardous ele-
ments. The waste material may also be cemented or grouted, first. The
remaining void space could then be filled with gravel or crushed basalt as had
been considered earlier. Additional materials will be added to the primary
list as they become known while the study is in progress.



5.2.3 Reaction Rates/Tolerable Dissolution
| It is anticipated that most (if not all) of the candidate fi11 materials
w11] have some chemical interaction with the radicactive waste, ejther immedi-
The extent of the reactivity and

ately before or after an extended exposure.
its determination turns out to be one of the more important criteria in the
selection of the fill materials. The amount of moisture in the tanks will be
an important factor in determining the extent of reaction between the waste
and the fill materials. Also, the alkalinity of the waste is an important
consideration, since part of the process of tank consolidation may be to add
certain materials (pretreatment process) to the tank to reduce the alkalinity
This would alter the strategy of the selection

and, therefore, its pH value.

of fil1l materials considerably, since thé waste in the tank will not be as
caustic or have as much hydroxide as in the untreated tank.

In this

5.3 PROPOSED TESTING APPROACHES
The candidate fill materials (after this first screening) will be tested
both in the laboratory and in the field tu determine their physical and chemi-

cal stability under the conditions expected in the waste tanks.
second stage of the screening process, the fill material will be initially
exposed to synthetic neutralized bismuth-phosphate process waste, synthetic
neutralized PUREX process waste, and synthetic neutralized REDOX process
These are representative of the three main waste types that may be
Some of the other Hanford Site wastes

Both short-term tests (at higher temperatures,

waste.
stored in the Hanford SSTs (Klem 1990).
up to 250°C) and long-term tests (at lower temperatures, up to 100°C), for as
Similar tests will be conducted with

will also be identified whose composition may have a detrimental effect on the
Also,

candidate dome-fill materials.
long as 280 days, will be conducted.
actual wastes recovered from a number of selected tanks in the farm. Tests
with actual wastes are important because the tank wastes may contain other
constituents, such as organic complexants or other complexing agents, that may

significantly affect reaction rates in the waste/fill material systems.

Who



a comparison of the results of studies with synthetic and actual wastes for a
given fill-material will provide proof of the validity of using synthetic
wastes for future tests.

Further longer-term tests carried out for a minimum of 3 to 5 years with
both synthetic and actual tank wastes would be required to confirm the results
at higher temperatures and to determine the longer-term effects at lower tem-
peratures. The effects of varying the amount of water present in the fill
material/waste mix should also be determined over the range of expected tem-
peratures because of uncertainties in the water contents of the tanks over the
required containment times. An associated uncertainty is the role played by
the larger amount of‘freé water present in the 100°C tests.

Essentially, two types of tests will be conducted on the dome-fill
candidate materials: chemical reactivity/durability tests, and material com-
paction tests with waste systems. The chemical tests are similar to and
adapted from established chemical durability tests that have been developed
for nuclear waste-form testing. These chemical tests are generally designed
to obtain kinetic data (Mendel 1981). Tests will be conducted both above and
below 100°C, using appropriate containers or autoclaves. The bulk of the
testing conducted above 100°C will be done with digestion bombs that will
require quenching before fluid sampling, but a few tests will be done in
rocking autoclave systems with capabilities for 1iquid sampling at tempera-
ture. Both monolithic and powder samples will be used. Both the liquids and
solids (after the reaction) will be appropriately characterized, including
reaction product identification, to determine time-dependent changes and
reaction Timits. For some kinetic model applications, including thermal
~effects, it is necessary to evaluate the initial (or forward) Teach rate of
the materials to determine the dissolution rate before any solid reaction or
precipitation occurs. These types of tests will also be included.

Compaction tests will be conducted with commercial instruments that have
been developed for soil consolidation tests. Some modification may be neces-
sary for large particle size applications, but is not expected at this time.
Test procedures will be based on generally accepted procedures, such as ASTM-D
2435-80 (Standard Test Method for "One Dimensional Consolidation Properties of
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Soils"). Other more efficient testing methods may be used in place of the
traditional test, if appropriate (Olson 1986). In addition, special column
studies may also be developed to evaluate the time-dependent consolidation of
the dome-fi11 material in a recirculating waste system to accelerate possible
waste-fill reactions and measure compaction during the reactions.

5.4 PRELIMINARY LIST OF DOME-FILL MATERIALS

Below, a preliminary 1ist of candidate dome-fill materials is provided
at the end of the first screening process to further evaluate the applicabil-
ity of the screening criteria and for physical and chemical testing with
wastes. | '

» Silicates such as basalt, gneiss, bentonite, and phosphates such as
apatite are good candidates.

» Carbonates such as calcite and dolomite may be used in combination
with absorbent materials such as zeolites, gibbsite and clays.

» Oxides such as magnetite, hematite, and rutile have to be tested
further for the consolidation of the waste-fill mixture, since they
are comparatively heavier than the known waste density.

» Other composites or mixtures of materials such as grout mixtures

(cement-slag-clay) and others with concrete, clay, and zeolites,

will be considered as will synthetic materials such as ceramics.

This is only a preliminary list, and it is anticipated that more fil1-
material candidates will be added as the testing phase progresses in the next
couple of years. The list will also be expanded as more information becomes
available regarding the presence of wastes or otherwise, among the candidate
tank farms for the dome-fill scenario option of onsite disposal of single-
shell tanks.
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