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Summary

This report provides a detailed review of the exis@g reports on simulated wastes for the
remediation of single-shell and double-shell tank wastes at the Hanford reservation. In this review, we
have compiled all the simulants used over the past decade in testing for the retrieval, pretreatment, and
vitrification processes. The retrieval and transport simukmts maybe useful for testing in-plant fluidic
devices and in some cases for filtration technologies. The pretreatment simulants, which include
simulants for envelopes A, B, C, and D, will be useful for fdtration, Sr/TRU removal, and ion exchange
testing. The vitrification simulants will be useful for testhig melter, melter feed preparation technologies
and for waste form evaluations.

All of these simuiants, their representative chemical and physical characteristics, and their
preparation spectilcation are summarize d. We have reviewed the TWRS privatization mass and activity
balance for the proposed low-activity waste and high-level waste feeds and addressed the application of
simulants that mimic these types of waste composition. From this review, we have evaluated the
appropriateness of using simulants for specific chemical and physical properties associated with each
envelope.
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1.0 Introduction

1.1 Background

Millions of gallons of radioactive waste are stored in 177 underground storage tanks (USTS) at
the U.S. Department of Energy (DOE) Hanford reservation in Eastern Washington. The waste was
generated from the production of nuclear materials for national defense and waste management
operations. Approximately 37 million gallons of waste is stored in 149 single-shell tanks (SSTS) in the
form of saltcalse, semi-wet sludge, hardened sludge, and alkaline supematant liquid. The remainder of the
waste (approximately 25 million gallons) is stored in 28 double-shell tanks (DSTS) as a mixture of sludge
and alkaline supematant liquid. Within a given@ the waste is frequently not uniform and contains
layers of sludge, saltcake, and supematant that are complex mixes of radioactive and chemical products.

In many of these &nks, the supematant is a highly basic (pH 10 to >14) solution of sodium
nitrate/nitrite salt of 1 to 10 M concentration with smaller quantities of other hydroxides, aluminate,
carbonate, sulfate, chloride, fluoride and phosphate anions. The saltcake was generated by extensive
evaporation of supematant solution, and it largely consists of nitrate, aluminate, nitrite, carbonate,
phosphate, hydroxide, and sulfate. The bulk of soluble radionuclides, such as 137Csand.WTc, are
contained in the dissolved saltcake and supematant solutions. The insoluble sludge fiction consists of
metal oxides/hydroxides and contains the bulk of ‘Sr and many of the transuranic (TRU) radionuclides.

The Tank Waste Remediation System (TWRS) has been established to retrieve, treat, immobilize,
and dispose of radioactive wastes stored in USTS at the Hanford Site. These wastes will be disposed of
either as high-level waste (HLW) in a deep geological repository or as low-activity waste (LAW) onsite
in a near-surface burial ground. Before being solidified for permanent disposal, the waste in SSTS and
DSTS will be retrieved using a water-jet based technology tid transferred to pretreatment facilities. The
first stage in the pretreatment process is to separate the supematant and dissolved saltcake from the
sludges. It is envisioned that cesi~ technetium and sulfates will be removed from the aqueous
solutions using ion exchange unit operations, and the decontaminated solutions will be immobilized as
LAW. The tank sludges, on the other han~ which contain the bulk of radionuclides, will be vitrified and
disposed of as HLW.

Recently, DOE elected to privatize several elements of the TWRS program. This privatization
has been divided into two phases. Phase 1 is a proof-of-concept/commercial demonstration phase and
will involve the pretreatment and LAW vitrification of approximately 6 to 13 percent of the total waste
volume using a pilot-scale system. Phase 1 also allows for immobilization of a fraction of the HLW
sludges. Ph&e 2 will be the full-scale production phase. Facilities will be sized so all of the remaining
waste from the 177 tanks can be processed and immobilized.

The British Nuclear Fuel Ltd., Jnc. (BNFL) has prepared a Development Requirement Document
for Part A of Phase 1 TWRS Privatization (TWRS-P) project. In Phase l-B, detailed prbcess verification
and product qualification tests will be conducted. Battelle is fimded by BNFL Inc. to conduct various
process testing for both simulated and actwd LAW and HLW tank waste samples.

1.2 Purpose of Document

A wide variety of waste simulants were developed over the past few yews to test various retrieval
pretreatment and waste immobilization technologies and unit operations. Tank waste simulants are often
used to test candidate waste retrieval, treatment, and immobilization processes when tests cannot be



feasibly conducted using actual radioactive waste. Experiments can be performed cost-effectively using
non-radioactive w~te simulants in open laboratories that significantly decrease development costs and
eliminate worker exposure associated with radioactive material. Use of simulants also allows large-scale
trials to be carried out at an acceptable cost, thus reducing the potential for scale-up problems that can be
experienced when full-scale process performance is extrapolated on the results of small-scale trials alone.

This document reviews the composition of many previously used waste simulants for remediation
of SST and DST wastes at the Hanford reservation. In this review, the sirnulants used in testing for the
retrieval, pretreatment, and vitrification processes are compiled, and the representative chemical and
physical characteristics of each simukmt ae specit3ed. The retrieval and transport simulants may be
useful for testing in-plant fluidic devices and in some cases for fdtration technologies. The pretreatment
simulants, which include simukuits for envelopes A, B, C, and D, will be useful for fdtration, SrLERU
removal, and ion exchange testing. The vitrification simulants will be useful for testing melter, melter
feed preparation technologies and for waste form evaluations.

This work k conducted at Ba~elle for BNFL. Inc. and k referenced in the Development
Requirements Document.

Finally, it is hoped that future simulant development efforts will benefit from the collection of
simulant compositions and properties provided in this report.

1.2



2.0 Simulant Classification

Given the complexity and radioactivity of actual tank wastes, simulants are designed to emulate .
specific types of chemical or physical behavior of actual radioactive wastes. In this context simulants
can be developed to exhibit only a limited set of important properties specific to a processor maybe
tailored to exhibit a broader range of physical, theological, and/or chemical properties of actual waste. In
all cases, an important part of simukmt development effort is the selection of the waste properties that are
applicable and should be matched to support the needs of a technology or a unit operation.

2.1 Chemical Versus Physical Simulants

Two general @pes of simukmts are used for testing: chemical and physical. Chemical simulants
are used when it is necessary to mimic certain chemical properties of the waste. These simulants are
usually prepared by following a series of chemical additions and procedures that approximate those used
to originally create the actual waste whh the exception that radioactive materials are not used. Chemical
simulants are needed to evaluate processes such as vitrification and certain separations. When the
chemishy of the waste governs process performance, chemical simulants are typically used. Chemical
simulants relative to physical simulants are expensive to produce and dispose OLan~ in most cases,
hazardous. Thus, they are used when other testing methods are inadequate.

Physical simulants are used when the waste’s chemical properties are of little or no relevance. In
such cases, it is the physical properties of the waste that must be matched by the simulant. It is true that
many physical properties depend on chemical properties, so it is important to know the waste’s physical
properties under the chemical conditions that are relevant to the process being tested. Physical properties,
such as the theological behavior, also can depend on the history of the waste, which can affect the size
distribution of agglomerates and the degree of compaction of agglomerates=- well as other factors.
Consequently, chemical simukints do not always (or even often) exhibit the appropriate range of physical
properties because the history of the tank waste and the chemical simukmts differs significantly (e.g., the
waste may have been aging in a tank for decades).

Despite the differences between chemical and physical simulants, they are designed and used in
the same way. The process to be tested is carefidly considered to decide which chemical and/or physical
properties must be matched between the simulant and the waste. This often requires an iterative approach “
in which experiments we used to identi& which properties are most relevant and which can be ignored.

2.2 Simulant Applications

As discussed before, simukmts are used to test or develop processes, &d testing needs must be
the basis for selecting simul~t properties. Based on this criterion, in this document all the waste
simulants used in the past for the Hanford tank wastes are classified into three major categories in the
TWRS mission. These are: simulants used for retieval and transport, simukmts used for pretreatment
processes, and simukmts used for melter feed preparation and vitrification applications.

The tank waste simulants for testing retrieval processes and slurry transport monitoring are
described in Section 3.0. Because most retrieval-operation tests are conducted at relatively large scales,
chemical simulants are undesirable. Thus, most of the simulants used for retrieval-system testing (i.e.,
those included in this report) are physical rather than chemical simukmts. Others have developed
chemical waste simulants (Elmore et al. 1992; LaFemina 1995c). .
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In Section 4.0 tank waste simukmts for various pretreatment unit operations are discussed. Over
the past few years, a large volume of simulant recipes were developed for a wide range of treatment
operations. In this section, only simulant specifications applicable to current planned pretreatment
technologies of solid-liquid separation, caustic leaching and sludge washfig, Sr!IRU removal, cesium
and technetium ion exchange, sulfate ion exchange, and evaporation are described. The majority of
simukmts presented in this section are chemically based simulants, and studies were conducted in
laboratory and bench scale operations.

The waste simulants for melter feed and vitrification applications are reviewed in Section 5.0.
The majority of simulant development efforts discussed in this section assumed that the tank waste slurry
was caustic leached and water washed before this treatment. Thus, simulants were formulated to make
waste compositions following sludge washing. Furthermore, some simulants presented in this section
were developed based on the chemical processing flow sheets used for producing of nuclear materials.

. I
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3.0 Simulant Description for Retrieval and Transport

Since the purpose of this,document is to review previous reports on simulant waste for the
Hanford site, the majority of the discussions presented in this section are extracted from the following
reports:

M.R. Powell, G. R. Golcar, J. G. H. Geeting. 1997b. Retrieval Process Development and Enhancement “
Waste simulants Compositions and Defensibility. PNNL-1 1685, Pacific Northwest National Laboratory,
Richland, Washington.

G. R. Golcar, J. R. Bontha, J. G. Darab, M. R. Powell, P. A. Smith, and J. Zhang. 1997. Retrieval
Process Development and Enhancements Project Fiscal Year 1995 Simulant Development Technology
Task Progress Report. PNNL-1 1103, Pacific Northwest National Laboratory, Richland, Washington.

As described in Section 2.0, an important part of simulant development for the retrieval processes
is to select of the waste physical properties that will be matched by the simulant. Selecting these
properties requires a careful consideration of the retrieval process to be tested. Different processes often
require that different simulants be used.

Physical simulants are prepared using relatively non-hazardous and inexpensive materials rather
than matching the chemical composition of the tank waste. Consequently, only some of the waste
properties are matched by the simulant. Deciding which properties need to be matched and which do not
requires a detailed knowledge of the physics of whatever process is to be tested using the simukmt.
Developing this knowledge requires reviews of available literature, consultation with experts, and
parametric tests. Once the relevant properties are identified, waste characterization data are reviewed to
establish the target ranges for each relevant property. Simukmts are then developed that possess the
desired ranges of properties. In Section 3.1, the simulant development strateag adopted for the retrieval
and transport processes and the sequence of steps needed to validate a simukmt are dkcussed.

3.1 Simulant Development Strategy

The methodology used to develop physical simulants for testing waste retrieval processes is.
illustrated in Figure 3.1 (Golcar et al. 1997). The first step is to identify the retrieval process or processes
for which the simukmt is to be developed. Because simulants are designed with a specific retrieval
process in mind, a simukmt that is appropriate for testing one process might be inappropriate for another.
For example, hard saltcake simulants prepared fkom potassium-magnesium sulfate were designed
specifically for the testing of high-pressure waterjet scarifies (Hatchell et al. 1996). The mechanical
strength and porosity of this simulant can be related to waste characterization data. Other properties such
as its dissolution rate, volubility, and thermal conductivity were not matched, so it is inappropriate to use
the potassium-magnesium sulfate simulants to test processes for which these other properties are relevant.

The second step is to identify the waste properties that are expected to determine the process
performance. A combination of literature reviews, consultation with experts, and reviews of existing test
data is used to understand of the mechanisms by which the process operates. An understanding of the
relevant mechanisms is needed to develop a list of expected key physical properties. If all the relevant
mechanisms have been identified and the associated key properties matched between the waste and the
simulant, then process tests using the simulant are expected to predict process performance against the
tank waste.
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An estimated range for the magnitude of each hypothesized key property is needed to establish
target ranges for the simukmt(s). Waste chamcterization data obtained from samples and in situ
measurements often can be used to establish the target ranges for certain properties (e.g., viscosity,
density, and shear strength). However, these data are not available for the waste in many tanks. Further,
available data are sometimes unreliable. In such instances, the waste process history, the measurements
that have been made on wastes thought to be similar, and any available qualitative descriptions of the
waste are examined. These data are used to select a suitably conservative range of values for each of the
postulated key waste properties.

Simulants are developed with properties that fall within the desired ranges for each key property.
Because it is not always practical to match all the key properties simultaneously, compromises are
sometimes required. Where possible, compromises are made such that the simulants yield conservative
test results. The sensitivity of the process to changes in each of the key properties is then determined
using tests designed to approximate specific aspects of the waste retrieval process. The data from these
tests provide an indication of the relative importance of each of the key properties. Simulants used for
process testing are then desi~ed to match only the most important key properties and not the less
important properties.

Process sensitivity testing involves testing the process (or a specific aspect of the process) against
a variety of dfierent simulant compositions. If the process performance against all the simukmts is
adequately correlated with the postulated key properties, then there is improved confidence that all of the
relevant properties have been identified. If it is not adequately correlated, then it is likely that additional
or alternative properties must be considered, and a re-examination of the postulated mechanism and
relevant properties is required. ,

“ Once the key properties have been identiled and verified through process-sensitivity tests, waste
simulants are developed for the purpose of predicting process performance. In some cases, no changes to
the simulant compositions are required, and the process-sensitivity testing data can be used directly to
predict process performance. In other cases, additional waste characterization data must be obtained and
revised simulant compositions developed before final testing of process performance. If the results of
these performance tests are consistent with the process-sensitivity tests, then confidence in the validity of
the simulants is increased. Alternatively, if the performance tests are not consistent with the sensitivity
tests, then the process mechanisms must be re-exarnined to identify any additional candidate key
properties. ,

The final step in the simulant development process is to compare the predicted process
performance based on simukmt testing with the actual process performance against tank waste. If the
predictions are verified, then confidence in the validlty of the simukmts is improved.
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3.2 Simulant Descriptions For The Retrieval Process

Tank waste can be divided into six general categories: sludge, hardpan, saltcake, supematant,
slurry, and miscellaneous. Many of the simulants that have been used for each waste type are described
in this section. Because of the large number of different waste simulant recipes that have been used for
vtu-ioustest programs, some waste simulant recipes are not included.

3.2.1 Sludge Simulants

The waste properties that are expected to have the greatest influence on the retrieval of sludge are
discussed in Section 3.2.1.1. This is followed in Section 3.2.1.2 by a listing of many of the sludge
sirnukmt compositions, that have previously been used and the justiilcation for each.

3.2.1.1 Relevant Properties for Sludge Retrieval

The sludge properties postulated to be relevant for deterrninin g the performance of various
candidate waste retrieval technologies are identitled in this section. The selection of these properties is
based on a combination of testing results and literature reviews. Additional or alternate relevant
properties may be selected, based on future testing results.

The key sludge properties for determining the performance of waterjet-based sludge-retrieval
methods is thought to be sludge shear strength, sensitivity, cohesiveness, density, and water-absorption
rate. Sludge shear strength provides a measure of the capability of the sludge to resist the impinging
waterjet. Sludge sensitivity is an indication of the effect of mechanical disruption on the sludge strength.
A sludge with a high sensitivity will undergo a drastic decrease ig shear strength upon disruption.
Cohesiveness* measures the tendency of the wet sludge to adhere to both itself and to pieces of process
equipment. The rate of water absorption affects the rate that the large pieces of dislodged waste
disintegrate and form a pumpable slurry. If the sludge contains an appreciable fraction of soluble solids,
the volubility and dissolution rate of these solids maybe important. In general, it is expected that soluble
sludge will be retrieved at a greater rate than insoluble. sludge, all other properties being equal. Sludge
density is important because it influences the rate at which the pieces of dislodged sludge settle either
within the tank or within the conveyance tie.

Tests using a varie~ of sinndants indicate that the sludge-mobilization performance of
dvnerged-jet-based retrieval methods (e.g., mixer pumps) is determined primarily by the sludge
cohesiveness (Powell et al. 1995). For many sludge-like materials, the maximum expected sludge
cohesiveness is a function of the shear strength. The submerged-jet tests also show the importance of
partial sludge volubility, but no significant dependence on sludge sensitivity has been found. Sludge

* Cohesivenessis the tendencyof a materialto stick to otherpieces of the same material.The kaolinsimulant, for
example,is cohesivebecauseseparatepiecesof kaolin readilystick togetier. Adhesivenessis the tendency of a
materialto stick to a differentmaterial. For a sludge wasteto stick to process equipmen~it must be both adhesive
and cohesive. If the wasteis onlyadhesive,then only a thin film would fom on the processequipment. If the waste
is only cohesive,then not evena film will form. The natureof both the wasteand the kaolin simulantmake them
tend to be both adhesiveand cohesive.
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sensitivity is expected to be more important for the non-submerged waterjet-retrieval methods.* Tests
using low-pressure (100-psi) water-in-air jets also imply a strong correlation between shear strength and
the jet pressure of incipient mobilization.

To investigate the relationship between low-pressure waterjet sludge mobilization and shear
strength, several different sludge simulants were subjected to an impinging water-in-air waterjet. With
the jet directed perpendicularly onto the flat sludge simulant surface, the jet flow rate was gradually
increased until continuous removal of sludge was observed. The jet flow and pressure required to
mobilize the sludge was then correlated with the sludge shear strength.

The data from these tests are plotted in Figure 3.2. The data show that shear stren=ti has a
significant effect on the required waterjet pressure. Further, it appears that dtierent simulants can follow
different, apparently linear, relationships. The kaolin and bentonite simulant data are reasonably well fit
by a line with a slope of 4.0. The kaolidplaster simulant, however, follows a different line, which has a
slope of about 1.2. The kaolirdplaster data are consistent with the results of previous sluicing pressure
tests using kaolirdplaster simulant (Powell 1996). The reason for the difference in behavior observed with
the kaolin/plaster simulant is not yet known. Regardless, the importance of matching the sludge shear
strength when designing sludge simulants is evident.

For high-pressure waterjet applications, the sIudge shear strenb~ is not thought to be important
for determining whether the waterjet will cause mobilization. The waterjet pressures are orders of
magnitude higher than the typical sludge strengths, so rapid penetration of the waterjet into the sludge is
expected regardless of sludge shear strength. However, waterjet cutting of hardpan materials, which are
thought to have shear strengths in excess of 10 kP~ is likely affected by the hardpan strength.

Shear strength is still thought to be important for high-pressure waterjet applications because the
transport of the cut sludge depends strongly on the ability of the waterjets to reduce the size of the
dislodged sludge. Stronger sludge resists the slurrying action of the waterjets more effectively than does
weaker sludge. For this reason, efforts are made to match the sludge shear strength when designing
simulants for retrieval processes that use high-pressure waterjets.

1 In mixer-pump-basedretrievalsystems(submergedwaterjet), the dislodgedpiecesof sludge are brokendowninto
a slurry throughthe combinedaction of the mixerpumpjet turbulenceand travelof the dislodgedpiecesthroughthe
mixer pump volute. The shearstresses imposedon the sludge pieces Witiln the mixerpump are Iiiely muchhigher
than either the disturbedor undisturbedsludgestrength. Thus, it is not expectedthat the decreasein strengthof a
disruptedsensitivesludgewill be of any consequence. In the non-submergedjet applicationsbeing considered(e.g.,
sluicing),the dislodgedsludgeis brokenup into slurryby the impacting sluice-jetturbulence. In this case, the
stresses impartedto the dislodgedsludgepiecesare likely to be much lower. Thedecreasein sludgestren=@hupon
disruptionmay then acceleratethe rate of slurryformation.
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Whether the list of postulated key sludge properties given above also applies to non-waterjet-
based retrieval techniques is not certain. The exact nature of the candidate retrieval technique must be
specified before such a determination can be made. It seems reasonable, however, that for techniques
using mechanical cutting/dislodging blades, the sludge shear strength, sensitivity, and cohesiveness would
be quite important. Dissolution effects are probably of reduced or negligible importance, depending on
the type of conveyance system employed.

With respect to designing a wet sludge-retrieval conveyance system, the greatest concern is..that
of conveyance-line plugging. Shear strength, cohesiveness, and water-absorption rate are all relevant for
ccmveyance systems. The justification for these key properties is described in Golcar et al. (1997).

The compositions and properties of many of the sludge simulants that have been used for retrieval
process testing are given in the following sections. The range of simulants discussed is not intended to
encompass all the sludge simulants that have been used at Hanford, but most of the principal physical-
property simulants are included.

3.2.1.2 Kaolin CIay Simulants

One of the sludge simulants used most often is a mixture of kaolin clay and tap water. Kaolin
clay is composed of the mineral kaolinite. Kaolinite forms plate-shaped particles with diameters in the
0.3 to 3 micron range and thickness in the 0.03 to 1 micron range (Lambe and Whitman 1969). The
specific surface area of kaolin clay is typically in the range of 10 to 20 p2/g.

There are several properties of kaolin that make it a reasonable simukmt for tank sludge.
Comparisons of waste properties with those of kaolinlwater mixtures are given below.

The particle-size distribution of EPK Pulverized kaolin clay has been measured using the same
instrument as is used for waste samples, and the results are similar (see Figures 3.3 and 3.4).1 Effects of
particle morphology are not addressed by such a comparison, but the plate-like shape of the kaolin
particles is expected to render the kaolin conservatively cohesive (i.e., more sticky and difficult to retieve
than the waste).

The kaolin clay shear strength and cohesiveness me thought to be reasonably similar to that of
wet tank sludge, based on hot-cell measurements of shear strength and particle-size as well as on
qualitative descriptions of waste behavior (e.g., “The solids were sticky...’’)2. Tank sludge is observed to
rinse off of hot-cell spatulas and glassware more readily than the kaolin sirnulant. This is further evidence
that the kaolin simulant is conservatively adhesive.
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*Theparticle-sizedistributiondata givenin Figure 3.3 weretakenfromW. J. Gray,M. E. Peterson,R. D. Scheele,
andJ. M. Tingey. 1990. Characten”zationof the Second Core Sample of NCAWfiom DST 101-AZ Letterreport
preparedforWestinghouseHanfordCompanyby PacificNorthwestLaboratory,Richland,Washington.

2J M Tingey,R D Scheele,M. E. Peterson,and M. R. Elmore. 1990. Characterization of Wastefiom Double-. . . .
Shell Tank 103-AW. Letter reportpreparedfor WestinghouseHanfordCompanyby PacificNorthwestLaboratory,
Richland,Washington.
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At a solids concentration of 66 wt% in water, the kaolin simulant shear strength is about
3.5 kPa. The shear strength of sludge samples from various Hanford waste tanks ranges horn zero to near
5.0 kl?a (Willingham 1994). This is shown in Figure 3.5 Stronger sludge is expected in tanks where the
waste has dried and/or reached high temperature~, but this waste type is addressed by the hardpan/dried-
sludge simulants in Section 3.2.2. The dependence of the shear strength of kaolirdwater mixtures on
weight percent solids is shown in Figure 3.6. Rheoloegydata (yield stress and plastic viscosity) are shown
for selected kaolin clay/water slurries in Figure 3.7.

The shear strength of sludge simulants is due to the combination of cohesive and fictional forces.
Cohesive forces arise from colloidal attractive forces and bonding between adjacent particles. Frictional
forces result when particles encounter each other when the simulant is deformed.

The shear strength of kaolin sludge simulants at relatively high solids fractions (i.e., above about
60 wt%) is principally due to frictional forces. Measurements indicate that roughly 7% of the shear
strength of a 68 wt% kaolin/water mixture is due to cohesive forces, and 93% is due to friction (Gibson
1953). Decreasing the clay/water ratio is expected to alter this split such that cohesive forces become
relatively more important because the iqcreased space between adjacent particles will decrease friction.
The cohesion of kaolin clay is primarily due to edge-to-face, electrostatic alignment of clay particles
rather thti to van der Waals attractive forces as is the case for bentonite. The total amount of cohesion
obtained from these edge-to-face bonds is expected to be linearly related to the total number of such
bonds per unit volume of clay. As the weight percent of clay is decreased, fewer particles are available
for bond formation, so the total cohesion decreases.

The sensitivity of the waste to disruption is known to be significant. That is, mechanical
disruption is known to decrease the shear strength of wet sludge. The amount of this decrease in strength
varies depending on the waste type. The kaolin clay simulant has a relatively low sensitivity to
disruption. This difference between waste and simulant may make the simukmt more difficult to retrieve
than the waste in some circumstances.
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Note: The data used to generate this plot were taken fkom Willingham (1994) except as noted by
superscripts &b, and C. The data for the supe~cnpted tanks are from

(a)

(b)

(c)

Tingey, J. M., R. D. Scheele, M. E. Peterson, and M. R. Elmore. 1990. Charact&ization of waste
j?om Double Shell Tank 103-AW. Letter report prepared by Westinghouse Hanford Comp&y by
Pactilc Northwest Laboratory, Richkmd, Washington.

Gary, W. J., M. E. Peterson, R. D. Scheele, and J. M. Tingey. 1991. Characterization of the First
Core Sample of iVCAWfiom DST 102-AZ. Letter report prepared by Westinghouse Hanford
Company by PacKlc Northwest Laboratory, Richland, Washington.

Gary, W. J., M. E. Peterson, R. D. Scheele, and J. M. Tingey. 1990. Characterization of the second
Core Sample of NCAWfiom DST 101-AZ Letter report prepared by Westinghouse Hanford
Company by Paciilc Northwest Laboratory, Richland, Washington.
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There are many factors that complicate simple comparisons of waste property data to simulant-
property data. For example, the disruption effects of core sampling may decrease the shear strength
measured in the hot cell considerably, depending on the properties of the waste. Similarly, the fact that
the particle-size distributions, as given by the Brinkmann Model 2010 Particle-size Analyzer, are similar
does not ntkessarily mean that the distributions actually are similar. The Brinkmann is not sensitive to
particles smaller than about 0.5 microns, so any differences in the concentrations of these small particles
will not be detected. It should be clear that some refinement to the waste simulants may be required as
more waste characterization data become available.

3.2.1.3 Bentonite Clay in Water

Bentonite clay is composed primarily of montmorillonite clay particles. The atomic
mineralogical structure of montmorillonite allows the formation of very small, very thin, plate-shaped
particles. Typical particles of bentonite clay range from 0.1 to 1 micron in diameter with thickness of
about 0.001 to 0.01 microns, which is smaller and thinner than kaolin clay (see Section 3.2.1.2).

Various mixtures of bentonite clay and water have been used to produce sludge simulants. “The
smaller particles of the bentonite give the bentonite-based simulants somewhat different properties than
the kaolidwater simulants. The shear strength, for example, is higher for a given weight percent solids.
A plot of shear strength versus weight percent solids is shown in Figure 3.8.

In many respects, bentonite-based sludge simulants behave similarly to the kaolin simulants,
provided that equal shear strengths are used for comparison. The bentonite simulants, however, have two
properties that make them distinct from kaolin simukmts. First, bentonite undergoes osmotic swelling
when exposed to water. Second, the bentonite clay simukmts are highly elastic and owe only a small
portion of their shear strength to interparticle friction. Each of these properties is discussed below.

The degree to which a clay will imbibe water due to osmotic swelling depends on the average
double-layer thickness compared to the distance between adjacent clay particles. Double-layer thickness
is determined by the clay’s surface charge density, which is a fimction of its mineralogical composition,
and by the ionic strength of the fluid surrounding the clay. The distance between clay particles is a
function of the weight fraction of clay in the clay/fluid mixture. White and Pichler (1959) studied the rate
of water absorption of several different clay types. Beyond the liquid limit of each clay, osmotic swelling
was small or nonexistent for illite clay, kaolin clay, and calcium-bentonite clay. Sodium-bentonite,
however, showed continuing osmotic swelling, even when the weight percent clay had fallen to about 12
wt%. The swelling of sodium-bentonite is expected to cease when the particles are so far apart that
double-layer repulsions are balanced by the attractive van der Waals and edge-to-face cross-linking forces
(van Olphen 1977). Calcium-bentonite does not show the same continuous swelling as the sodium-
bentonite due to the ability of the calcium cations to compress the double layers. Jn calcium-bentonite,
the weight percent at which the double layers cease to overlap is higher than for sodium-bentonite.
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Osmotic swelling up to about the liquid limit is commonly observed in concentrated dispersions
like clay pastes when colloidal effects principally govern the behavior of the particles. It has been
suggested that colloidal effects dominate behavior when the total surface area per unit mass of particles
exceeds about 25 p.2/g(Lambe and Whitman 1969). Osmotic swelling is not observed in dispersions of
large particles like sand because colloidal effects do not significantly affect sand particles.

Whether osmotic swelling is a potentially significant mechanism for retrieving of sludge is not
known. The permeability of the sludge and the osmotic-pressure driving force will determine the rate at
which any osmotic swelling could occur. The osmotic-pressure driving force will be a function of both
the specific surface area of the sludge and the difference in ionic strength between the eroding and
interstitial fluids. For osmotic swelling to be a significant effec~ the swelling rate of the sludge must be
high enough that an appreciable waste retrieval rate is obtained.

Bentonite sludge simulants exhibit considerable elasticity. The elasticity results from the house-
of-cards structure the bentonite particles form. This structure allows the bentonite suspensions to respond
elastically to much greater strain than can kaolin suspensions. Yiscoelastic characterization of bentonite
simulants confirms the high bentonite elasticity and relatively low kaolin elasticity (Powell et al. 1995).

The particle-size distribution of CS-50 Bentonite clay (from American Colloid Co.) was
measured using the Brinkmann Model 5050 particle-size analyzer. me data from this analysis are
presented in Figure 3.9. The bentonite particles are thin sheets rather than spheres, as is implicitly
assumed by the particle-size analyzer, so this particle-size distribution is not necessarily representative of
the actual particle-sizes. The B .rmkmann particle-size analyzer uses a laser-chopping technique to
determine the particle-size distribution. The sample is slurried with water and subjected to a rapidly
moving laser-beam. A sensor detects when the laser is blocked by a particle. Using the rate of laser beam
movement and an assumed particle geometry (e.g., spherical), the particle-size distribution can be
estimated based on the range of laser occlusion times.
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3.2.1.4 Bentonite/BaS04 Sludge Simulants

As discussed in Section 3.2.1.3, bentonite-based sludge simulants are highly cohesive and achieve
shear strengths similar to that of tank sludge at relatively low solids concentrations. As a result, the bulk
density of the bentonite/water simulants is typically lower than that of tank sludge. A 25 wt%
bentonite/water mixture, for example, has a shear strength of about 4000 Pa, but a density of only 1.18 ~
g/cm3.

To increase the density of bentonite-based sludge simulants, powdered barium sulfate can be
added. Barium sulfate, also known as barite, is a naturally occurring high density salt, which is used
extensively in the oil-well drilling industry as a slurry densifier. The particle density of barite is typically
between 4.25 and 4.5 g/cm3 (Brady and Clauser 1991). The natural barite crystals are polymorphous;
thus a range of densities is typically observed.

Bentonite/BaS04 sludge simulants were used as part of the waterjet-based end-effecter
development work at Hanford (Thompson et al. 1993).

3.2.1.5 Kaolin/Bentonite Sludge Simulants

Mixtures of kaolin and bentonite clays with water have been used as sludge simulants for the
scaled testing of jet mixer pumps (e.g., Powell et al. 1995a). For some applications, these simulants are
prefened to the kaolin/water and bentonite/water simulants.

Kaolin/bentonite sludge simulants have a higher density than the bentonite/water simulants for a given
shear strength. By adjusting the ratio of kaolin to bentonite and the total solids fraction in the mix, the
sludge density and shear strength can be varied independently over a range of values. The bulk density of
a kaolinhentonite simulant can be estimated using Equation 3.1 where x~ is taken to be the sum of the
kaolin and bentonite weight percentages. The particle density of kaolin clay or bentonite clay is about
2.65 g/cm3 (Lambe and Whitman 1969).

p (g/cm3) = 100

‘k ~ loo-xk
— ._
2.65 0.998

(3.1)

.-J

No easily used correlation of shear strength with kaolin/bentonite simulant composition has been
developed. The shear-strength data for several compositions are shown in Table 3.1.

Another advantage of the kaolin/bentonite simulant is that it has a negligible water absorption
rate, The kaolinhentonite simulants apparently owe most of their shear strengths to cohesive rather than
frictional forces. In this sense, the kaolidbentonite simulants are like the bentonite/water simulants.
However, as discussed in Section 3.2.1.3, the bentonite/water simulants absorb water. Water absorption
can be undesirable for some applications. In these cases, the kaolin/bentonite simulants offer high
cohesion along with minimal water absorption and independently adjustable density and shear strength.
The improved flexibility of the kaolinhentonite simulants allows the simukmt density and strength to
more closely match those of the waste.
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Table 3.1. Kaolin/13entonite Sludge-Simukmt Properties

3imulant Composition. “ I Kaolin tg
. ~o;. ”,. (Wt%) 13entonite,Ratio

1 18% bentonite
36’% kaolin --> 54T0solids 2.00
46% water

2 I 14.4% bentonite
28.9% kaolin --> 43.3% solids I 2.01
56.7% water

3 12.1% bentonite
24.890 kaolin -> 36.9qo solids
63.1$10water

4 1.33% bentonite
65.0% kaolin --> 66.370 solids
33.7% water

5 1.2770bentonite
62.0870 kaolin –> 63.4% solids
34.0% water

6 1.22% bentonite
59.87% kaolin –> 61.1% solids

2.05

48.9

48.9

49.1

1.50 I 6.64~5.5

1.37 2.44 ~ 1.6

1.30 0.63 &0.4

1.70 3.71 * 1.7

1.65 2.01 * 2.1

1.61 0.71 &0.7

3.2.1.6 KaoIin/P1aster Sludge Sinmkmts

Mixtures of kaolin clay and plaster of Paris have been used to create sludge simulants that obtain
their shear strengths via a different mechanism than either the kaolidwater or bentonite/water simulants.
Most of the shear strength for these simukmts results from the curing of the plaster of Paris; the kaolin
clay helps to absorb the excess water and to increase the bulk density. This is advantageous for two
reasons. First, the preparation of high-shear-strength sirnulants is made easier when the simulant can be
prepared as a pumpable slurry that subsequently cures. High-shear-strength kaolin and bentonite
simulants require a special mixer to prepare, and the simukmt is usually transported by hand.

Second, it is important to test candidate retrieval processes against simulants that obtain their
properties through a variety of different mechanisms. As was discussed in Section 3.1, these kinds of
tests will often reveal whether the retrieval process performance depends on sludge properties in addition
to (or instead of) those that have been selected as the “key properties.”

The kaolidpkister simulant has a shear stren=~ on the order of 25% to 50% of its cured strength
when it is first prepared (i.e., before significant curing takes place). This initial strength is due to the
combination of the kaolin clay cohesion and friction as well as the fictional contribution of the plaster

particles. As the plaster of Paris cures, the calcium sulfate hernihydrate (2CaSO~ H20) dissolves and
reprecipitates with additional complexed water molecules to form interlocking crystals of gypsum

(CaSOq - 2HZO). These crystals precipitate between and around the kaolin particles as they grow together
and interlock. The growth of interlocking crystals between insoluble sludge particles has been suggested
as a possible mechanism for strength development in some tank sludges. This is based on the observation
that the shear strength fkomHanford DST 101-SY decreased markedly as the temperature increased
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(Herting 1992a). The increase in temperature, it is postulated, causes some of the salts to dissolve,
thereby decreasing the degree of interlocking.

The kaolin/plaster sludge sinmkmts are not without drawbacks. The properties obtained once the
simulant cures can be quite sensitive to small variations in the simukmt preparation procedure. Under
some conditions, for example, mixing for 15 minutes instead of 10 minutes can result in a much lower
ultimate strength. The additional mixing breaks down the calcium sulfate dihydrate crystals that begin
forming once the plaster of Paris contacts water. Thus, careful attention to the sirnukmt preparation
procedure is needed to ensure that multiple batches of kaolin/plaster simulant have similar properties.

Physical properties for several kaolidplaster sirnukmts are given in Table 3.2. Again, the shear
strengths for the kaolin/plaster sinmkmts will vary depending on mixing time and temperature, so the
values given in Table 3.2 will not be obtained in some circumstances. Clearly, when using the
kaolirdplaster simulants, it is necessary to characterize each batch of sirmdant once it cures.

The bulk density of kaolin/pl&ter sludge simulants can be predicted based on the Icnom. densities .
of kaolin clay pmticles (2.65 g/cm3), water (0.998 g/cm3), calcium carbonate (2.83 g/cm3), and calcium
sulfate dihydrate (2.32 g/cm3). According to the manufacturer, the plaster of Paris contains 20%&5% by
weight of calcium carbonate as a nonreactive @ler.
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Table 3.2. Properties of Kaolin/Plaster Sludge Simuhmts

Coniposition Sheai St.rimgth Density
(Wt%) (kPa) (leg/m3)

50.0% kaolin
10.0% plaster of Paris 0.97 &0.09 1610 -
40.0% water
50.0% kaolin
12.0% plaster of Paris . 2.12& 0.22 1640
38.0% water
50.0% kaolin
13.0% plaster of Paris 2.9 ~ 0.4 1660
37.0% water
50.0% kaolin
14.0% plaster of Paris 4.() * ().7 1680
36.0% water I I
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3.2.1.7 Kaolin/Ludox@ Sludge Simulants

Mixtures of kaolin clay, water, salt, and Ludox have been used to simulate DST sludge for scaled
mixer-pump tests conducted in fiscal years 1988 and 1994 (see Powell et al. 1997a). Following a series
of fiscal year 1987 l/12-scale sludge mobilization tests using a silicahoda ash simulant, a series of
additional 1/12-scale tests were performed using a kaolin/Ludox sludge simulant. It was desired that
these mobilization tests be conducted using sludge simukmts with higher shear strengths than those
practically attainable using the silicakoda ash sludge simulant. To meet this”need, a new simulant was
developed. This simulant used the gelation of colloidal silica to create strength. The colloidal silica
chosen is sold under the trade name Ludox HS-30. Kaolin clay was added to give the gel the target
sludge density of 1.5 kg/L. This simukmt was convenient to use for the l/12-scale tests because it could
be mixed as a slurry and pumped into the tank where it cured to form a sludge. The shear strength of the
sludge and curing time are predictably controlled by the Ludox and salt concentrations used. “

The mechanism for stren@@.hdevelopment in the kaolitiudox sludge simukmt is similar in some
respects to bentonite clay, but different in others. The Ludox HS-30 is purchased in the form of a 30 wt%
mixture of very small amorphous silica particles (roughly 12 nm) in water. The particles are small
enough to be maintained in suspension by Brownian motion, and they do not flocculate because of their
high surface charge. Adding salt (sodium chloride) suppresses the interparticle electrostatic repulsions,
which allows the particles to aggregate and forma three-dimensional gel structure that gives the simukmt
strength. Similarly, bentonite/water mixtures obtain strength from the gel structure formed by the
colloidal bonded bentonite particles.

Where the kaolin/Ludox simukmt differs, however, is in the reversibility of the interparticle
bonds. The Ludox particles undergo a condensation reaction at the interparticle contact points that results
in a cheinical bond between the particles. These bonds form relatively slowly and can be broken by an
applied strain. Further, once broken, these bonds do not readily reform. Thus, kaolifludox sludge
simukmts lose their shear stren=@hwhen mixed after they have been allowed to cure. Bentonite sludge
simulan~, in the concentration range typically used lose comparatively little of their strength even upon
vigorous rnixing-

The kaolin in the kaolin/Ludox simulant mixture does not contribute appreciably to the shear
strength of the”cured simulant. The kaolin is included in the mixture primarily to increase the simulant
density and to absorb the free water inside the cured simulant.

Kaolin/Ludox simul&ts are highly elastic and have been described qualitatively as a cross
between thick mud and Jell-O@. Viscoelastic rheometry has not been performed on samples of
kaolin/Ludox, but it is expected that such samples would exhibit a very small loss tangent, which implies
that very little of its strength is due to interparticle friction. Viscoelastic characterization of bentonite
simukmts, which are similar in this respect, is described inGolcaretal.(1997).
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Table 3.3. Kaolin/Ludox Sludge Simukmt Properties

Target Measured Bulk
Composition Shear Strength Shear Stren@ Density

(kPa) (kPa) (kg/L)
*
48.6% kaolin
17.0% Ludox 10.0 8.0 &2.0 (24 h) 1.50
33.7% water 10.0 8.3 &lo4 (48 h)

0.71% NaCl
47.4% kaolin
25.0% Ludox 23 47.4 &2.3 (24 h) 1.50
26.9% water 30 64.2 &2.3 (48 h)

0.69% NaCl
47.1% kaolin
27.0% Ludox 30 75.8 &4.2 (24 h) 1.50
25.2% water 40 95.2 &5.3 (48 h)

0.69% NaCl

Shear-strength data for several kaolinlhdox compositions are shown in Table 3.3. For two of
the compositions shown in the table, the target shear strength differs significantly from the measured
shear strength. The reason for this difference is not known, but was likely due to a variation in the
simukmt preparation procedure i@/or variations in the quality of the Ludox used.1

3.2.2 Hardpan Waste Simulants,

Many Hanford tanks are known to contain a layer of sludge+ie material that has solidified.
Layers of hard sludge were encountered during past tad-sluicing campaigns. The sluice jets were found
to be largely ineffective at removing this layer of “hardpa.n”waste. In some cases, the hardpan layer
could be sluiced if .fiesh water was used as the sluice stream. It was hypothesized that some of the
hardpan layers were composed of insoluble sludge pmticles and crystals of sodium uranyl carbonate
(Rodenhizer 1987). In other tanks, the sludge has been allowed to dry and, in some cases, reach .
temperatures in excess of 100°C. Bonding reactions behveen adjacent sludge particles are accelerated at
hifier temperatures and when the sludge js dried. It is postulat&l that these reactions have resulted in the

,,

formation of very hard sludge in some tanks. No samples of high-strength sludge have yet been obtained
and characterized, so the extent to which these reactions may have affected the waste can only be
speculated.

3.2.2.1 Relevant Properties for Hardpan/Dried Sludge

Retrieval technologies are needed to recover the hardpan sludge wastes. Simukmts have been
developed so that candidate retrieval technologies can be evaluated against simulated hardpan wastes. ,.

The recipes for these test materials are given in Section 3.2.2.3. The hardpan/dried sludge properties that
control the performance of retrieval processes are not yet known.

It is hypothesized that waterjet-based and mechanicakutting-based retrieval approaches for
hardpan and dried sludge are most strongly dependent on the mechanical strength of the undisturbed
waste. The sensitivity to disruption and waste density is also judged to be importan6 as both affect

?Ludoxpropertiescan be significantlyaltered by exposureto freezingweather. It is not knownwhether the Ludox ,
used for theTable3.3 sampleshad been affected in this way. I

I
I

i
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settling and the rate of slurry formation. Salt dissolution may, also be important, but this effect cannot yet
be adequately predicted, so it has not been included in the hardpan simulants. The extent to which the
hardpan wastes are soluble is not known. Because it is possible that at least some of the hardpan wastes
are wholly insoluble, it was judged prudent to formulate nondissolving hardpan simulants. Retrieval rates
obtained from testing these simulants maybe lower than those that would be obtained from a partially
soluble hardpan simulant. Testing of these materials is needed to establish whether all the relevant
properties are addressed by the simulants.

3.2.2.2 Hardpan Simukmt and Waste Property Comparison

The development of defensible hardpan/dried-sludge simulants is hindered by the complete lack
of physical property data from hardpan waste samples. Some defensibility, however, can be obtained if
the waste simukmts are designed to develop strength through the same (or similar) mechanisms that
operate in the tank waste. For the purpose of the present and past simulant-development efforts, the
mechanisms operating in the hardpan and dried-sludge waste types were assumed to be the binding
together of insoluble sludge particles by interstitial salt crystals (hardpan) and chemical bonding of sludge
particles at their contact points.

The Icaolidplaster hardpan simulants described in Section 3.2.2.3 obtain mechanical strength via
the formation of interlocking hydrated calcium sulfate crystals in the voids between kaolin clay p&ticles.
Adjusting the plaster concentration in the initial mix controls the strength of the cured simulant. The
kaolin particles do not add significantly to the simulant strength, but instead serve to dilute the plaster
(thereby limiting its strength) and to absorb the water that remains following the completion of the
hydration reaction.

Because the interlocking salt crystals determine the strengths of the kaolin/plaster simulants,
mixing this simukmt (after it is cured) will greatly reduce its apparent strength. Mixing breaks down the
calcium sulfate dihydrate crystals into small, non-interlocking pieces. The simulant strength remaining
after extended mixing will be determined largely by the amount of free water that remains in the simulant
mixed with kaolin clay. The simulants specified here have a relatively high water content to facilitate
simulant preparation. As a resul~ the hardpan simukmt residual strength after disruption is quite low.
The residual strength can be increased by increasing the fraction of kaolin (or, equivalently, decreasing
the fraction of water) in the simulant recipe.

The tendency for the apparent viscosity of a fluid or paste to decrease with continued mixing is
called thixotropy. This type of theological behavior is common in slurries that obtain their shear
resistance via the formation of gel structures or the interlocking of particles and crystals. Sludge-like
materials that develop mechanical strength using these mechanisms are expected to be thixotropic.
Materials that develop strength exclusively via interparticle attractive forces (e.g., van der Waals
attraction) and interparticle friction are expected to not exhibit significant thixotropy.

The hardpan/dried sludge in the Hanford waste tanks is expected to develop its mechanical
strength via a combination of interpmticle attractions, fiction, interlocking salt crystals, and chemical
reactions at particle contact points. Mechanical disruption of this waste, then, should result in a decrease
in its strength. The tank hardpan/dried sludge should exhibit some degree of thixotropy. The extent to
which the strength is reduced by the disruption will depend on the fraction of the strength that is due to
disruptable forces (e.g., interlocking salt crystals and interparticle reactions). Since these relative
fractions are not yet known, the amount of thixotropy expected from tank waste is unknown.
Adjustments to the relative fractions of kaolin and water, which control the residual strength, maybe
required as hardpan characterization data become available.
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There are only two sources of semi-quantitative hardpan physical property data available. First it
has been noted that the Hanford sluicing jets used in the past were not capable of mobilizing the hardpan
wastes at a significant rate. Second, samples of the hardpan layer have been described as having the
“consistency of blackboard chalk” (Rodenhizer 1987).

Some Hanford sluicing campaigns in the past were conducted using a flow rate of 300 to 350
gpm out of a l-inch nozzle (Rodenhizer 1987). The nozzle pressure required to obtain this flow with
water is approximately 140 psig. It was found that the hardpan wastes in some tanks were capable of
resisting the mobilizing force of these sluice jets. Accurate congelationsbelnyeen sludge strength and the
jet pressure required to induce mobilization have not yet been developed. However, the tests descnbed’in
Section 3.2.2 imply that the threshold impact pressure for mobilization is on the order of the sludge shear
strength or perhaps a factor of4 higher. The data in Figure 3.2 show that the kaolidplaster hardpan
simulants require a waterjet impact pressure of about 1.2 times the shear stzength before significant
mobilization occurs. It is not yet known why the bentonite and kaolin clay simulants follow a different
relationship.

If the jet-impact pressure exceeds the threshold pressure for mobilization, it is expected that
mobilization will take place. Mobilization probably takes place at lower pressures as well, but it is not yet
known how much lower these pressures may be. The sluice jets lose some of their impact force as the jet
breaks up in the air before impacting the sludge. At a ~ical sluicing distance-of 30 fee$ for example, the
remaining maximum jet impact pressure is approximately 22’%0of the nozzle pressure.l Since the 140 psig
sluice jets were not capable of mobilizing the hardpan wastes, it seems reasonable that the minimum
penetration resistance of the hardpan is probably around (0.22)(140 psi) = 31 psi (214 kl?a). Assuming
the relationship shown in Figure 3.2 between the threshold waterjet impact pressure and shear strength
holds for the hardpan waste, the shear strength of the hardpan is estimated to be between (1/4)(31 psi)=
7.8 psi =53 kpa and (1/1.2)(31 psi)= 25.8 psi= 178 I@a.

A sample of the hardpan layer in Hanford SST 106-C was obtained via rotary mode core
sampling in 1986 (Weiss 1988). The bottom-most section of the core sample was a hard white material
that did not break up under the action of a plastic “masher” (i.e., a hand-held device used in the
preparation of mashed potitoes).

3.2.2.3 Kaolin/Plaster Hardpan Simulants

Only a single type.of simuhmt has been used to simulate the physical properties of hardpan
wastes for the testing of retrieval systems. Mixtures of kaolin clay and plaster of Paris are used to
simulate hardpan. The fraction of plaster of Paris used for the hardpan simulants is much higher than
those of the sludge simulants described in Section 3.2.1.5.

Two hardpan simukmt recipes have been used to test several different waste retrieval processes
(Bamberger et al. 1997). The compositions and properties of these simulants are given in Table 3.4.

1This is estimatedusing the empiricalrelationshipbetweenjet-impactpressureand standoffdistancegiven by
Summers(1995).
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Table 3.4. Kaolin/Plaster Hardpan Simulant Compositions and Properties

Material Concentration Shear Strength “ Bulk Density
(sw%) &Pa) (g/cms)

kaolin clay 30.0
plaster of Paris 27.5 32*6 1.56 &0.05
water 42.5
kaolin clay 40.0
plaster of Paris 22.5 150 &25 1.65 &0.05
water 37.5

The shear strengths given in Table 3.4 were measured after 24 hours of curing. As was noted in
Section 3.2.1.5, the shear strength of Icaolidplaster simukmts not only changes with time, but is sensitive
to variations in the preparation procedure and conditions. Further, even though the cured hardpan
simukmts are relatively hard (the stronger hardpan can be walked upon), their strength will decrease when
they are subjected to mixing or are otherwise disturbed. Consequently, insertion of a shear vane into the
cured simukmt can decrease the shear strength of the simukmt surrounding the vane, which will result in
the shear strength measurement being biased low. The preferred way to measure the shear strength of
kaolidplaster hardpan simulants is to insert the vane into the simukmt before it cures. This method
results in more reliable shear-strength data.

The kaolin clay appears to have the unintended effe@ of causing the simulant strength to reach a
peak and then decrease to a stable value. A plot of the 40% plaster hardpan simulant shear strength
versus time is shown in Figure 3.10. It is hypothesized that this behavior maybe due to a cation
exchange reaction between the plaster (calcium sulfate) and the naturally occurring sodium ions in the
clay. Alternatively, the strength decrease may be due to disruption of the simulant structure by
he small volume change that accompanies the hydration of plaster. While interesting, this tendency is not
expected to be relevant to the simukmt defensibility
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Figure 3.10. Shear Strength vs. Time for 40% Plaster Hardpan Simukmt

3.2.3 Saltcake Waste Simulants

The saltcake present in the Hanford tanks consists largely of sodium salts of nitmte, aluminate,
nitrite, carbonate, phosphate, hydroxide, and sulfate. The exact compositions vary according to which
process generated the waste and according to the subsequent history of waste in each tank. These
differences are expected to give rise to a wide variety of physical and chemical properties. The
mechanical strength of the saltcake, for example, is expected to vary over a range of perhaps 2 or more
orders of magnitude, depending on the saltcake composition and history.1 Several different techniques
have been proposed for saltcake retrieval at Hanford. These processes and the saltcake properties that
determine the performance of these processes are described in this section. Composition and property
data are also given for some of the saltcake simukmts that have been used at Hanford.

1Somechemicallysimulatedsaltcakehas been foundto have compressivestrengthsas high as 28 MPa (4000psi)
(Wanner1993). Samplesof hard saltcakehavenot beentaken from the tanks and analyzedto verify this estimated
strength. Samplesof soft sahcake,however,havebeendescribed as having a “snow-cone”consistency,which
would imply a very low compressivestrength (i.e.,e 10psi).
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3.2.3.1 Relevant Properties for Saltcake Retrieval

There are several saltcake properties known to influence the performance of saltcake retrieval
systems. Which properties are most important, of course, depends on the type of retrieval process being
considered. The performance of mechanical chopping techniques, for example, will be strongly
dependent on the shear, compressive, and tensile strengths of the saltcake, but insensitive to the rate of
saltcake dissolution. Waterjet-based techniques, however, are affected by saltcake dissolution rates as
well as by selected mechanical strength and saltcake structure properties. The saltcake properties
expected to have the ~~eatest influence on several different saltcake retrieval techniques are discussed
below.

A considerable effort has been made by EM-50 DOE to develop high-pressure, waterjet-based
saltcake retrieval techniques (Rinker et al. 1997). Small diameter jets of high-pressure water (between
1,000 and 60,000 psi) are used to cut the hard saltcake materials into small chunks roughly 1 cm in size.
The cuttings are gathered as they are produced by a vacuum-based air conveyance or jet-pump driven
pumping system. The conveyance system gathers both the cuttings and the water from the waterjets so
that significant amounts of water are not added to the waste. This is desired to minimize the chance that
tank waste could leak from the tanks during retrieval.

The rate at which the high-pressure waterjets cut hard saltcake is thought to be a finction
primarily of the salt-crystal grain size, bulk porosity, pore connectedness, and tensile strength. Other
factors that may be important include salt volubility,’ dissolution rate, and fracture toughness. This list of
physical and chemical properties was developed through consultation with waterjet cutting experts and a
consideration of the physics of waterjet cutting. A detailed discussion of the reasons for selecting each of
these properties is given in Golcar et al. (1997).

To better understand the relationship between saltcake properties and waterjet cutting, tests were
conducted in which a variety of hard saltcake simulants were subjected to high-pressure waterjets. This
work described in Powell et al. (1997b), is being used to establish correlations between waterjet cutting
and selected physical properties of saltcake simulants.

Lower-pressure, waterjet-based saltcake retrieval methods are also receiving attention. It is
currently planned that sluicing will retrieve the waste in many of the Hanford SSTS. The baseline sluicer
design uses a 2.5-cm (l-inch) diameter nozzle discharging liquid (either a dilute slurry or inhibited water)
at an exit velocity of about 46 m/s (150 ft/s). This high volumetric flow, low-pressure technique will rely
primarily on dissolution to effect the retrieval of hard saltcake. The impacting jet, in addition to
dissolving, may dislodge sofler saltcake wastes.

The retrieval rate of saltcake sluicing is expected to be a function primarily of the dissolution rate
of the saltcake. The dissolution rate will likely be increased if the sluice jet is powerful enough to

*Recenttestingat the University of Oklahomaimpliesthat the dissolutionof the K-Magsaltcakesimulantsmay be
significantduringhigh-pressure (1 to 5 lpi) waterjetcutting (Pe@rmance Analysis of Water-Jet Cutting
Technology on Saltcake Erosion as a Function of Temperature, Pressure, and Stand-off Distance. Baez%Scopel,
and GrerniHionof the University of Oklahom~December14, 1995). Increasingthe temperatureof the wateqet
fluid was foundto increase the rate of cutting. Whetherthis is due solely to enhancedK-Magdissolutionkineticsor
to other, less obviousfactors is not yet known. For example, the higher temperaturewaterjetfluid mayhavea
reducedinterracialtension (betweenthe saltcakeand the water)or decreasedviscosity,whichwill tend to improve
performanceby allowing @ewaterjet to penetrateinto the saltcakepores morereadily. It is not knownwhether
water temperatureeffects are significantfor>5 kpsi waterjets.
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overcome the mechanical strength of the sofi saltcake, but this is unlikely to occur for the hard saltcake.
The dissolution rate of saltcake-like materials is a function of the saltcake composition, porosity, grain
size, and grain shape, as well as the properties of the sluicing fluid (e.g., fluid composition, flow rate, and
temperature [Helgeson et al. 1984 Aagaard and Helgeson 1982]).

3.2.3.2 SaItcake Simuiant and Waste Property Comparison

Very little characterization of Hanford saltcake physical properties has been completed. Some
chemical composition data have been developed, based on a combination of measurement and process
flowsheet analyses (e.g., Kupfer 1981), but physical-property data are qualitative at best. No
measurements of saltcake tensile strength, compressive strength, porosity, or fracture toughness have
been made. However, the need to support retrieval-system testing with defensible saltcalcesimulants
remains. At present, only qualitative comparisons between simukmt and saltcake properties can be made
for most of the key properties discussed in Section 3.2.3.1. The quantitative and qualitative comparisons
that can be made are described below.

Mechanical Strength Properties

The physical properties of tank saltcake have not been measured, but it is suspected that there is
wide variation in those properties (Krieg 1992). In-tank photographs and operational experiences indicate
that some tanks contain relatively soft saltcake while others contain very hard saltcake. It has been
suggested that the soil saltcake waste was formed when solids-laden evaporator effluent slurry was
pumped into the tanks. Pumping and evaporation, leaving a loosely bound matrix of salt crystals,
subsequently removed the interstitial liquor. The hard saltcalcesupposedly formed via a slow, in-tank
crystallization that resulted as water evaporated from the liquid tank waste.

Much of the previous saltcake simulant work has been focused on the development of simukmts
for the hard saltcake wastes (Golcar et al. 1997). The potassium-magnesium sulfate (K-Mag) simulants
described in Section 3.2.3.3 were developed for testing I@h-pressure waterjet-based retrieval methods.
The retrieval systems being designed had to be robust enough to retrieve all waste ~es at the target
waste retrieval rate successfully. Because the hard saltcake was judged to represent the greatest challenge
to these high-pressure waterjet systems, an effort was made to develop a simulant for the hard saltcake. If
the waterjet systems could be designed to handle the hard saltcake sirnulan~ then it was expected that they .
would also be able to handle the other waste types (e.g., sludge, hardpan, and sofi saltcake).

To support the development of the high-pressure waterjet system, saltcalce sirnukmts similar to
the hard saltcake waste were needed. No samples of hard saltcake were available for characterization, so
the physical properties of some chemically based simukmts were measured (Warmer 1993). The
compressive strengths of these chemical simulants were used to establish the target compressive strengths
for the K-Mag saltcake simukmts. The chemical simulants could not be used directly because of the
hazards and associated disposal COSK.The 84% K-Mag simulant was developed to produce the target
hard saltcake compressive strength of about 21 MPa (3000 psi).*
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1Warner (1993)measuredthe compressivestrengths of both chemicalsaltcakesirnukmtsand severalK-Mag
simulantsamples. The K-Magstrengthsreportedby Wannerare considemblylowerthan those foundby more
recenttestingat PNNL. The discrepancyis due to differencesin the K-Magcuringprocedure. Wannerallowedthe
samplesto drywhilecuring,which decreasedthe extentof langbeinitehydration. Much lowercompressive
strengthsresulted.
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The 10 MPa (1500 psi) K-Mag simulants (88’%and 75% K-Mag in water) were developed to
allow testing of high-pressure waterjet-based retrieval methods on simulants with dfierent mechanical
stren=ds and porosities. The porosity of the 88% K-Mag saltcake is much greater than that of the 75%
saltcake (Golcar et al. 1997). Developing an understanding of the hard saltcake physical properties that
control high-pressure waterjet effects is an ongoing effort in the Retrieval Process Development and
Enhancements Project.

The simukmts made from rock salt and plaster of Paris were developed to provide test materials
expected to be similar to the soft saltcake. No quantitative sample-characterization data are available on
which to base the target mechanical strength of soft saltcake simulants. There are recent indications that
some of the soft saltcake may be sofi enough to allow the emplacement of in-tank probes with a minimal
amount of force. What this means in terms of measurable strength properties (e.g., compressive strength)
must be evaluated. However, there are qualitative descriptions indicating the soft saltcake is a very weak
material (“slushy snow cone” consistency; Wong 1990). This qualitative description was used as the
basis for selecting mechanical strength target values for the weak saltlplaster simulants.

Saltcake D~solution Rate

It must be stressed that the K-Mag simulants were not originally developed to model the
dissolution characteristics of hard saltcake. The dynamics of high-pressure waterjet cutting were thought
to be fast enough that dissolution would be of secondary importance compared to properties like tensile
strength, granularity, porosity, and fracture toughness.l K-Mag simulants, however, do dissolve slowly
and, therefore, may have some usefulness as simulants for high-volumetric-flow sluicing-based retrieval
methods that rely on waste dissolution. The dissolution rate of K-Mag, however, is considerably slower
than that of the sodium nitrate and nitrite salts that compose the bulk of the actual saltcake wastes.

Whether or not K-Mag simukmts can be used to model actual hard saltcake dissolution is not yet
known and requires further study. However, for retrieval methods that do not rely heavily on salt-
dissolution effects (e.g., high-pressure waterjets or mechanical choppers/cutters), the K-Mag simulants
are reasonable. Efforts are being made to identify materials that can be used to formulate representatively
soluble simukmts for hard saltcake. This effort is made more difficult by the requirement that the
simukmts not be too expensive to prepare and/or dispose of.

Porosity

The porosity of Hanford saltcake has not been measured, but estimates range between 10% and
50% (Krieg 1992). The porosity of the K-Mag saltcake simulants has been measured usirig a mercury
porosimeter. The K-Mag porosity is found to vary between about 10% and 20%, depending on the water
content in the initial mix. The porosity of the rock salt/plaster saltcake simulants (compositions 4 and 5)
is estimated to be approximately 40%, based on the known plaster, salt, and simulant densities. The K-
Mag saltcake simulants are near the lower end of estimated saltcake porosities, and the rock salt/plaster
simulants are near the upper end.

3.2.3.3 Hard Saltcake %mkmts (lK-Mag)

The hydration chemistry of potassium-magnesium sulfate (K-Mag) and its relationship to the physical
properties of the saltcake simukmts has been extensively studied as paxt of the EM-50 simulant

1The University of Oklahomastudy mentionedearlierprovidesevidencethat K-Magdissolutionmaybe significant
for high-pressurewaterjet-basedretrievaltechniques.
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development efforts. For a detailed discussion ‘ofthe chemical and physical properties of K-Mag saltc~e
simulants, see Golcar et al. (1997).”

Table 3.5 gives the physical properties of eight different K-Mag simulant compositions. The
compressive strength data are plotted versus water content in Figure 3.11, which shows that the peak
compressive strength occurs at around 86 WV%K-Mag. Porosity and average pore size data obtained by a. “
mercury intrusion method are plotted in Figures 3.12 and 3.13. The variations in compressive strength
and porosity with water content are discussed in Golcar et al. (1997).

Table 3.5. Hard Saltcake Simulant (K-Mag) Compositions and Properties

Composition Bulk Density Porosity Compressive Strength
Wt% ~cm? 96 MPa (psi)

10 water 2.08 17.2 9.8 (1420)
90 K-Mag
12 water 1.94 18.9 18.1 (2620)
88 K-Mag
14 water 2.22 10.5 29 (4140)
86 K-Mag
16 water 2.25 13.7 19 (2750)
84 K-Mag
18 water 2.19 14.8 15 (2190)
82 K-Mag
20 water 2.27 6.8 15 (2220)
80 K-Mag
25 water 2.56 12.5 13 (1840)
75 K-Mag
30 water 2.33 4.0 ‘ 12 (1720)
70 K-Mag

.
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Figure 3.11. Hard Saltcake Simulant (K-Mag) Compressive Strengths
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3.2.4 Supernatant Liquid and Slurry Simulants

Efforts have been made to develop simulants specifically for the purpose of studying the transport
of waste slurries in pipelines. Long-dktance waste transport is of concern at all the DOE waste sites, but
particularly so at Hanford where some wastes must be transported through a six-mile-long pipeline for
processing. Both chemical simulants (e.g., Fow et al. 1986a, 1986b; Carleson et al. 1987) and physical
simulants (Reynolds et al. 1996) have been formulated forrheological and pipe-loop testing.

For the development and testing of most waste retrieval methods, however, the properties of the
waste slurries and supematant liquids are of secondary importance. The greater challenge is usually the
initial mobilization and breakup of the waste soIids. Waste slurry properties can be important for
evaluating how readily the mobilized waste is transported to the inlet of a waste transfer pump, but this
problem is usually considered when designing the sludge and saltcake simukmts (see Section 3.2.1.1).
Because waste slurry properties are of reduced importance for retrieval system development and testing,
slurry and supemate simulants will not be discussed further in this document. Refer to Reynolds et al.
(1996) and Hudson (1996) for descriptions of slurry simulants and their relationship to tank waste.

1’1:,,

I

.

f

3.29 I

I
.-. .-.v -—- --— ~-... -—.=

-------- _.. .-.. .—f



. . ..-. ... . .. . . .. . . .
. .,—.- .-—— - ..: —---- - ..../--.— .. . . .’..’ ..

3.3 Simulant Preparation and Characterization

The simukmt recipes given in Section 3.2 will not always yield simulants with the expected
properties. The properties of some simulants are sensitive to variations in the preparation procedure,
while others are relatively insensitive. This variability can be reduced by strict adherence to the
recommended simulant-preparation procedures given in Section 3.3.1. Section 3.3.1.1 describes the
preparation of simulants that are relatively insensitive to variations in preparation conditions, and Section
3.3.1.2 addresses the simulants that are sensitive to preparation conditions.

The methods and standards used to characterize the waste simulants are described in Section 3.3.2. Brand
names and manufacturers for the simukmt materials are given in Section 3.3.3.

3.3.1 SimuIant Preparation Procedures

The procedures used to prepare the waste simulants described in Section 3.2 are given in this section.

3.3.1.1 Insensitive Simulants

Many of the waste simulants show relatively little sensitivity to changes in preparation procedure.
These “insensitive” simulants are

kaolin/water
bentonite/water
bentonite/BaSO~water
bentonite/kaolin/water.

These sirnulants are prepared simply by mixing together the desired quantities of materials until a
uniform mixture is obtained. No cure time is associated with these simulants, and they maybe used
immediately after preparation or weeks afterward without significant changes in their properties, provided
that no water evaporates horn the mixture.l

Any type of mixer that will result in a uniform product is acceptable for use with these simulants.
Simulants with relatively high shear strengths (> 1 kl?a) may require the use of special mixing equipment
designed for mixing pastes. PNNL uses a Littleford (Florence, Kentucl@ paste mixer to prepare 20-
gallon batches of high-shear-strength simulants.

3.3.1.2 Sensitive Simukmts

The properties of the simulants listed in this section are sensitive to changes in the simulant-
preparation proced~es.

The kaolin/plaster (both sludge and hmdpan) and rock salt/plaster simulants must not be mixed
any longer than necessary after being added to the plaster of Paris. Once the plaster of Paris comes in
contact with the water, the hydration reaction begins. Prolonged mixing can hinder the growth of the
gypsum crystals, and this will decrease the cured strength of the simulant. High-shear mixers should not
be used for preparing these simukmts. Rolling-drum concrete mixers have provided suitable mixing for
the kaolin/plaster, rock salt/plaster, and K-Mag <mulants.

1These simukmtsshould not be allowedto freezeas this will dramaticallyalter theirproperties. The simukmtswill
also be affectedby prolongedcontact with water or salt solutions.

. I
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Kaolin/plaster sludge and hardpan simulant should be prepared as follows. The required
quantities of kaolin and water are first mixed to form a uniform slurry. If large quantities are being
prepared or if the ambient temperature exceeds about 20°C, it is advisable to substitute ice for a portion of
the water in the mix. This will ensure that the kaolidwater slurry is cold before the plaster of Paris is
added. The plaster of Paris hydration reaction is greatly accelerated by elevated temperature, so
premature curing of the simulant can occur if the slurry temperature is too high. This is especially
problematic when large quantities of hardpan are being prepared. Once the kaolin/water slurry is
uniform, the plaster of Paris should be added as rapidly as possible while continuing to mix. Batches
should be sized so that the plaster of Paris is uniformly mixed tito the slurry, and the slurry is placed into
its curing mold no more than about 10 minutes after the plaster of Paris is added. Mixing for longer
periods can result in markedly lower strengths for the cured simukmt.

Rock salt/plaster saltcake sirnulant is prepared by first mixing the plaster of Paris and water to
form a uniform slurry and then adding the rock salt. Mixing should be continued only as long is
necessary to ensure that the rock salt particles are uniformly coated with plaster of Paris. This simulant
should not be prepared when the ambient temperature is high (i.e., greater than 25°C).

The remaining waste simulants can be prepared without undue regard for the ambient
temperature, and they have less sensitivity to -g time. Silica/soda ash, kaolin/Ludox, and the K-Mag
saltcake simukmts are prepared by mixing the components together until uniforq and then the resuhing
slurry is placed in a mold to cure.

All the waste simulants must be covered to prevent water loss during curing.

3.3.2 Characterization Procedures

The simulant characterization procedures are described in the sections below. ‘

3.3.2.1 Shear Strength

The shear strength of sludge and hardpan simulants is measured using a shem vane and a Haake
rheometer. This technique is a standard method for measuring shear strength. It is most often used to
characterize soils. ASTM standard D4648-94 describes the proper use of shear vanes for measuring
shear-strength.

The Haake rheometer M5 allows the vane torque to be accurately measured as the vane is rotated
at a constant, slow rate equal to or less than 0.3 rpm. For field measurements, a hand-held shear vane
(Model CL-612 from ELE International, Inc.) is used. The hand-held vane spring is calibrated to
accurately read the vane torque, but it is difllcult to maintain a steadily increasing torque and maintain the
vane perfectly vertical. For this reason, the Haake system is preferred when shear strenatis must be
accurately measured. ~

3.3.2.2 Compressive Strength

The compressive strength of the saltcake simulants is measured using the ASTM C39
specifications for the compressive strength testing of concrete cyIinders. It is preferred that samples for
compressive and tensile strength testing be removed from the simulant bed using a core drill, but when
this is not practical, cylindrical test molds are ffled at the time of simulant prepamtion.
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3.3.3 Simulant Material Suppliers

Simukmt properties will vary from those listed in this report if alternative sources for simulant
components are used. The properties of kaolin clay, for example, vary considerably depending on where
the clay was mined. The brand names of each of the simulant components used for the waste simulants
described in Section 3.2 are given in Table 3.6 below.

Table 3.6. Simulant Material

Simulant Material Manufacturer

kaolin clay Feldspar Corporation
Edgar, Florida

bentonite clay American Colloid, Inc.
Upton, Wyoming

plaster of Paris DAP, hiC.
Dayton, Ohio

K-Mag Western Ag-Minerals Co.
Houston, Texas

rock salt (NaCl) Morton International, Inc.
Chicago, Illinois

Ludox@ DuPont Specialty Chemic&
colloidal silica Wilmington, Delaware
silica powder U.S. Silica

Pacific, Missouri

Specifications

!Roduct Name

EPK pulverized Kaolin Clay

CS-50 bentonite clay

Plaster Wall Patch - Long Working Time
Plaster of Paris
Feed GracleDynarnate
uotassium-mmmesium sulfate
Extra Coarse White Crystal
solar salt
Ludox@HS-30

Min-u-sil@ 30
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4.0 Simulants for Pretreatment Processes

Pretreatment strategies include using processes and equipment to separate and/or destroy waste
components to minimize treated waste volumes and to produce waste fractions compatible with final
waste forms and their disposal criteria. Because of tie difficulties in obtaining and working with actual
tank wastes, many pretreatment studies performed to date have used simulated wastes developed to mimic
the critical chemical and, in some instances, physical properties that affect individual pretreatment.
processes. This section relates simulated wastes to different pretreatment unit operations and provides
available information for preparing the sirmdants.

Following are important caveats for working with sirnulants that are best mentioned up fronti

c While simulant names in many cases refer to specific tank wastes, the chemical and physical
behaviors observed for these simulants may not necessarily be representative of the specified wastes.

“ Simulant solutions that contain only selected organic constituents may not necessarily be
representative of actual supematant wastes that contain organic complexes.

. h spite of careful preparation, solids may precipitate from simukmt solutions. As a resul~ solution
compositions may not reflect compositions provided with the recipes.

Jn general, simulants can play a valuable role when they are characterized as to their own
chemical and physical properdes and then wed to evaluate a range of processing parameters andor
conditions.

4.1 Background

In 1990,the primary mission at the Hanford Site changed horn plutonium production to
environmental restoration. The baseline pretreatment scenario for the treatment and disposal of Hanford
wastes involved partitioning the wastes into a small volume of HLW and a relatively large volume of
LAW. Removal of radionuclides from the LAW stream was intended to minbize leaching of these
constituents from the low-level final waste form into the surrounding environment. Separation of the
TRUS from sludge mr$erials was anticipated to reduce the bulk of the sludge that would be vitrified as
HLW. Initially, one of the options for reducing HLW volumes was acidic dissolution of the sludge and
extraction of the TRUS from dissolved sludge solutions using the TRUEX process.

Under the Underground Storage Tank Integrated Demonstration (USTID) pro-a chemical
sirnulant was developed in 1992 to evaluate pretreatment equipment and processes, including acid
dissolution, for sludge me wastes. This simulant was extensively characterize& and the results from
these analyses were compared with analytical results for two actual wastes fi-omSSTS 241-B-11O and
241-U-1 10 @more et al. 1992). While the elemental composition of this simukmt compared favorably
with actual waste sample compositions, only a few of the chemical phases in the simukmt were similar to
those observed in analyzed wastes. Subsequent acid dissolution studies performed in 1992 with B-11O
and U-110 wastes (Lumetta et al. 1993) demonstrated how wastes with different chemical phases can
exhibit very different dissolution behaviors. Specifically, the bulk of the solids in B-1 10 sludge readily
dissolved in nitric aci~ while the bulk of the solids in U-110 sludge did not dissolve with the same
treatment.

.
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In 1994, the pretreatment scheme for reducing HLW volumes began transitioning from acid-
based to alkaline-based processing. The alkaline-side pretreatment plan included washing tank sludges
with retieval solutions, followed by at least one caustic or caustic permanganate wash to remove
aluminm phosphorous, and chromium. This separation scheme relied on separating bulk components
based on theh dissolution behaviors. Because results from earlier studies showed that different chemical
phases exhibited very different dissolution behaviors, tank-specific sludge washing and alkaline leaching
studies have been performed with actual Hanford tank wades. Refer to Table 4.1. A few studies at
Temessee Technology University used the USTID benchmark simulant to investigate conditions, i.e.,
time, temperature, and NaOH concentration, for aluminum and metal removal by w washing.

TabIe 4.1. Data Sources for Washing/Leaching Studies

T&&, - Refe$xxie ‘

B-101 Lumetta et al. (1998)

B-104 Temer and Villarreal (1996)

B-106 Temer and Villameal (1997)

B-11O Lumetta and Rapko (1994)

B-Ill Rapko et al. (1995)
Rapko et al. (1996)

B-201 I Lumetta and Rapko (1994) I
B-202 Temer and Villarreal (1995)

BX-103 Terrier and Villarreal (1997)

BX-112 I Lumetta et al. (1998> I

C-102 I Lurnetta et al. (1998) I
C-103 ! RaDko et al. (1995) I

C-104 Spencer et al. (1998)
Temer and Villarreal (1997)

C-105 Spencer et al. (1998)
Temer and Villarreal (1997)

C-106 Brooks et al. (1997)

C-107 Spencer et al. (1997)
Temer and Villarreal (1995)
Lumetta and Rapko (1996)

C-108 Temer and Villarreal (1995)

Continue I
.
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Tank Refefe~ce

C-109 Lumetta and Rapko (1994)

C-112 Lumetta and I&tpko (1994)

S-lol Spencer et al. (1998)
Lurnetta et al. (1997)

~Lumetta et al. (1998)

S-104 Spencer et al. (1998)
Lumetta et al. (1997)
Temer and VilIarreal (1995)
Rapko et al. (1995)

S-107 Brooks, et al. (1998)
Rapko et al. (1997)
Lumetta et al. (1996)

S-ill . Lumetta et al. (1997)

SX-108 Rapko et al. (1997)
Lumetta et al. (1996)

SX-113 Spencer et al. (1998)
Temer and Villameal (1997)

T-104 Temer and Vilkwreal (1995)
Rapko et al. (1995)

T-107 Temer and Villarreal (1995) ~

T-ill Rapko et al. (1995)

TY-104 Temer and Villarreal (1995)

U-no Lumetta and Rapko (1994)

During 1994 and 1995, activities under the Tank Waste Treatment Science task (TWRS
‘Pretreatment Technology Development Project) focused on identifying the major solid phases in sludge-
type wastes, both before and after alkaline leaching, and on determiningg how colloidal interactions in tank
waste impact solid-liquid separations and filtration. Based on results from the phase studies, early colloid
studies used colloidal suspensions of boehmite (AIOOH) and gibbsite [AI(OH)3]. AIuminum phases were
deemed important from a processing standpoint because of the large aluminum inventory. Later studies
investigated suspensions containing iron hydroxide @?e(OH)3]and also a simple physicallchemical
simulant (C-103). The results from settling and fil&ation studies performed with these one- and two-
component suspensions and with the simple C-103 simulant are given in LaFemina et al. (1995% 1995b,
1995c). After 1995, the last year for the science task phase studies continued as part of the
washing/leaching studies. h 1995 and 1996, the washinglleaching studies also looked at settling rates for
the washedlleached solids.

While processing scenarios airned at reducing HLW volumes have changed substantially over the
past years, pretreatment schemes for removing contaminants from LAW streams have not. These
schemes generally have focused on using processes or materials to remove contaminants from alkaline
supematant wastes. Studies to evaluate these processes and materials have used alkaline supematant
simulants that attempt to replicate inorganic cation and anion concentrations and solution pH and
densities determined for actual supematants or diluted supematants. Selected organic components have

f,
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been added to these simulant solutions in varying concentrations. While-knowledge of organic
constituents in actual tank wastes has improved over the years, many organic constituents have not yet
been characterized.

4.2 Applications

The currently envisioned baseline pretreatment strategy is depicted schematically in Figure 4.1.
This strategy includes solidlliquid separation, contaminant removal (e.g., Cs and Tc ion exchtige, etc.),
washing and leaching, filtration, and evaporation unit operations. Simulants previously used in studies to
evaluate these different types of unit operations are listed in Table 4.2. Most of these sirnukmts attempt to
replicate supematant or diluted versions of supematant wastes, while a few attempt to mimic mixtures of
poorly soluble metal compounds, salts, and liquids. Only one simulant (C-103) is designed with regard to
controlling physical properties.

In Table 4.2, solution simukmts are categorized by applicable unit operation and by waste
envelope specification (soluble ii-action). The remainin g simulants are categorized only by the unit
operation that was studied with that particular simulant. Corresponding studies performed with actual
tank wastes also are referenced.

1------- --,

1 1

~ Retrieve ~
i“
-;-------J Contaminant Removal and Filtration

I

Figure 4.1. Schematic of Generic Pretreatment Unit Operations

4.3 Recipes

Recipes for preparing individual simulants are provided on the following pages. Where possible,
each shmdant is referenced to a document that contains results from the study performed with that
particular simulant. Available background information for individual simukmts is also provided. Recipes
for the notorious “burping” ~ SY-101, are provided first for two reasons: 1) to show variations among
simukmts for a particular tank waste and 2) to introduce useful guidelines for preparing simukmts that
may be applicable to other recipes that are not described in as much detail.
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Supematant simulants are categorized fist by waste type, e.g., CC, DSSF, etc., and then by the
specific tank waste the simulant composition attempts to replicate. While a simtdant name infers a
composition for a specific tank waste, the chemical and physical behaviors observed for that pa~”cular
simuhnt may not necessarily re~ect specific waste behaviors; to do so, the simulant would need to
contain identical chemical and physical propeti”es as thk specified waste. In general, simulants are most
valuable when they are characterized u-to ~heir own them-ical and physical properties and then used to
evaluate a range of processing paranwters anaYor conditions.

Table 4.2. Simulated Wastes for Pretreatment Unit Operations

~
~z %. s z.~ $ g- ~ g z
w04 .Q 2 3

%2 &l~~ 2 2 ~ c)

W< d & $ =
Simukmt Reference w

4.3.1. CC-SY-101 Simulated Wastes – provided for information. These simulants were used in early
studies related to tank safety concerns, e.g., gas generation studies.

Simulated Solutions (Chemical)

4.3.2. CC SY-101 (SY1-SIM-93A) A,C – A,B A O, E

4.3.3. CC SY-101 Diluted, Treated Solutions A O, E, TRU

4.3.4. CC SY-101 Solution (5M Na) “ A,C . A,B A O, E

4.3.5. CC AN-102 Stock Solution (10~ Na) . A,C – >C A, 0, E

4.3.6. CC AN-102 Solution (5M Na) A,C - A,B A O, E

4.3.7. CC AN-102 Diluted, Treated Solutions A O, E, TRU

4.3.8. CC AN-107 Solution (5M Na) A,C - A,B A E

4.3.9. CC SY-103 Solution (5M Na) A,C . A,B A O, E

4.3.10. DSSF-7 Solution (7M Na) A,C - A E

4.3.11. DSSF-7 Solution with Radiotracers A,C A E

4.3.12. DSSF A-101 Solution (5M Na) B O, E, TRU

4.3.13. DSSF AW-101 Solution (5M Na) A,C – A,B A O, E
4.3.14. Composite Supematant Solution

(AN-102, -104,-105, 107) E

4.3.15. NCAW Stock Solution CA,c
to >B –

B E

4.3.16. NCAW AZ-102 Solution (5M Na) A,C – B E

4.3.17. NCAW AZ-102 Solution (~ Na with A,C B E, TRU
Radiotracers)

4.3.18. PFP SY-102 Solutions

Simulated Slurries and Sludges (Chemical)

4.3.19. NCAW Slurry Simukmt S/L Separation

4.3.20. SST BY-104 Chemical Sirnulrmt developed for FeCN Destruction

4.3.21. SST C-106 Chemical Simulant [1] SIL Sepaation; Alkr&ne Leach

4.3.22. SST C-1 12 Chemical Simulant developed for FeCN Destruction

4.5
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4.3.23 SST Variable Chemical Composite All&line Leach
4.3.24. Calcined Composite Simulated Waste developed for Calcination Studies

4.3.25. PUllEX Acidified Sludge (SYM-PAS-95) developed for Energetic Studies

Simulated Sludge (Simple Chemical/Physical)

4.3.26. SST “C-103” Chemical/Physical Simulant [2] I S/L Separation
Key
[1] Brookes, et al. (1997)
[2] Rapko et al. (1995) and Lumetta et al. (1996) contain settling rates for d&ferent tank wastes,

although no rates&e reported for C-103
A Meets Envelope A Specification (soluble fraction)
B Meets Envelope B Specification (soluble fraction)
c Meets Envelope C Specification (soluble fraction)
o Contains organic compounds

TRU Contains spiked concentrations of transuranic elements,

.
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4.3.1 Complex Concentrate SY-101Chemical Simulants

Reference: Bryan, S. A. and L. R. Pederson. 1994. Composition, Preparation, and Gas Generation
Resultsjl-ont Simulated Wastes of Tank 241-SY-101, PNL-1OO75, Pacific Northwest
Laboratory, Richkmd, Washington.

4.3.1.1 SY1-SIM-91A

Purpose: Previously used to evaluate fl~able gas generation and crust growth phenomena
(Delegard, 1980).

This simukmt contains all the major inorganic chemicals contained in Tank 241-SY-101, which
are sodium hydroxide, sodium nitrate, sodium nitrite, sodium aluminate, and sodium carbonate. A single
compound generally represents organic components.

Preparation Guidelines: The simulant is prepared by evaporating (under reduced pressure) excess water
from a dilute feedstock solution.

Feed Solution
1.

2.

3.
4.

5.

6.

7.

8.

9.

For lL solution in a 2-L beaker, start with about 500mL water. A round Teflon stir bar works better
than the standard cigar-shaped stir bar for stirring thick slurries.
Heat the water to about 90°C and add the sodium aluminate. Stir and heat mti the solution is _
clem, waiting too long results in precipitation of aluminum hydroxide.
Turn off heat and SLOWLY (to avoid boil-over) add NaOH pellets.
Add the sodium carbonate and stir until dissolved. Solution may need to be cooled somewhat to get
al the carbonate into solution. If all carbonate doesn’t go into solution at this point, don’t panic. (See
step 8).
Turn heat back on and add remainin g ingredients in any order (see step 6 regarding organic addition),
stirring to dissolve solids and keeping solution hot.
Always add the organic as the fully deprotonated sodium salt if possible (sodium salts are more
readily soluble that the free acids and no hydroxide correction is needed). With EDTA and HEDTA, .
volubility is not a problem however, for others, addition of the organic earlier than last in the order of
addition may help with complete dissolution.
Add water at any point during solids additions that seems appropriat~ however try to end up with
close to 900mL total volume. Filter solution while hot (around 50”C) through a medium glass-fit
falter funnel. While ffltering hot caustic through glass frit is not an ideal course of action, paper filters
dissolve, and Teflon filters require solvent wetting. Filtration is -1OXfaster with hot solution than a .
cool one.
If significant solids remain in the filter, transfer the solids to a 150mL beaker and add water until the
total volume is a little under 100mL. Transfer shiny back to the filter.
Cool solution to room temperatur~ then transfer to a volumetric flask and dilute to lL. Mix well and
recheck volume; dilute again if necessary.

10. Analyze final solution.

Slurrv Premration
1. Prepare appropriate solution.
2. Setup a vacuum still that can be controlled to a constant pressure of 60 Torr. Evaporate 100 mL of

feed solution at a constant 60 Torr until volume of slurry remai&g is 70mL. The solution nucleates
not long before the end of the volume reduction and is more pronounced when organics are present.
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Note: Standard TD (to deliver) pipettes are not reliable for concentrated solutions. When calibrated with
concentrated solutions, air displacement pipettes provide reproducible results.

Table 4.3. SY1-SIM-91A Component Concentrations and Composition

Concentrated
Coinponent Feed Solution ~. ,Soli@on ~ :Yi?t%

NaOH 1.61 2.3 5.9

NaAl(OH)~ 1.54 2.2 16.3

NaNO~ 2.59 3.7 20.3

NaNOz 2.24 3.2 14.3

Na2CO~ 0.42 0.6 4.1

Organica 0.21 0.3 7.4

HZO 31.7

Total 100.0

4.3.1.2 SY1-SIM-91 B

Purpose: Previously used for experiments requiring homogeneous solution.

Preparation: With the exception of NaOH, concentrations are the same as the feed solution used to
prepare -91A. Refer to preparation guidelines under SY1-SIM-91A.

Table 4.4. SY1-SIM-91B Component Concentrations /Composition
,!
.Col’yponent C.once.ntration(M-J -Wt%

NaOH 2.00 6.4

NaAl(OH)q 1.54 14.2

NaNO~ 2.59 17.7

NaNOz 2.24 12.4

Na2C03 0.42 3.6

Organica 0.21 6.4

H20 39.4

Total 100.0
aAddedas HEDTA.

4.3.1.3 SY1-SIM-91 C

Purpose Homogeneous solution used to study gas generation.

. I

Gas generation work performed at ANL focused on evaluating radiolytic yield (G) values and
mechanisms for generating gases within SY-101 waste. Homogeneous solutions were required to avoid
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the complications of solids interfering with gas release from solution. Measuring gas release was used to
quantify radiolytic and radiolytically-induced generation of gases

o Differences between this simulant and -91B are few: the sodium aluminate concentration is “
approximately half that in -91B, and no sodium carbonate is added to this simulaht. Atypical formulation
involved sequential addition of each ingredient at room temperature. Organics are added at various levels
as required. Care must be taken to add the sodium aluminate after adding sodium hydroxide to prevent
precipitation of aluminum hydroxide.

Preparation: Refer to preparation guidelines under SY1-NM-91A.

Table 4.5. SY1-SIM-91C Component Concentrations /Composition

Component Concentration ~ Wt%

NaOH 2.3 8.6

NaAIOZ ‘ 0.86 . 9.2

NaN03 2.8 22.2

NaNOZ 2.2 14.2 ,
HZO 45.8

Total 100.0

[L
I

4.3.1.4 SYI-SIM-92A
.,

Purpose: Chemical simulant attempting to match inorganic components and concentrations present
in actual waste (Strachan and Schulz, 1993).

Based on Window C core sampling and analysis (Herting et al., 1992a), this simuhuit contains all
the major inorganic components plus many of the minor constituents at chemically significant levels.
When this simulant was developed, the inorganic components were reasonably well understood; however,
the same could not be said about the organic components.

Preparation: This simulant is made by adding each ingredient in the order given in Table 4.6 and by
adding one organic comporient at approximately the TOC concentration of actual waste.’ First, the
required amount of water (except what was needed to dissolve transition metal salts) is added to the
mixing container. Transition metal salts are dissoIved in a minimal amount of water before adding them
to the formulation. Vigorously and continuously mix the ingredients by mechanical stirring. Batches
shouId be stirred at room temperature for several days prior to use. Use of glass containers and all glass
surfaces should be avoided.

4.9
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Table 4.6. SY1-SIM-92A Component Concentrations/Composition

Co,inEonent - (A)
Na~C&,O,.2H~0 (citrate)’ 99.99--- .

NaCl 30.74

Najl?0412Hz0 68.04

NaAIOz.0.21NaOH. 1.33HZ0 235.75

NaN02 272.55

NaNOq 186.98t
NazC03 ! 42.4

NaF 4.20

NaOH 98.00

Cr(NO&9Hz0 42.06

cl.l(No3)z2.5H@ 0.05

Fe(NO&.9.Hz0 2.99

Ni(N03)Y6H20 0.61

Na2SOa 4.55

CaClz 0.92

KCI 10.89

~~onceniration ~ Wt%

0.340 4.99

0.526 I 1.97 [.
I

0.179 I 4.36 I
I

2.05 I 15.1 1
J

3.95 17.45

2.20 11.97

0.400 2.71

0.100 0.27

2.45 6.28

0.105 2.69

0.00021 0.003

0.0074 0.19

0.0021 0.04

0.032 0.29

0.0083 0.06

0.146 0.69

HZO 483.00 30.5

Total 1583.71 100

aNa@DTA
Na&EDTA
%ensity = 1.58g/mL

4.3.1.5 SY1-SIM-93B

Purpose: Homogeneous waste simulant developed for round-robin type testing among research
groups.

A homogeneous waste was needed to ensure each site had identical sinmkmts that could be
simply prepared and reproduced. Eliminating the solid phase greatly simplifies this task, therefore, this
simukmt contains only the major inorganic components found in SY-101, but at lower concentrations than
in the actual waste.

This simulant contains carbonate, and nitrate and nitrite concentrations are close to Window C
and E analyses. This simulant differs from earlier simulants mostly in the replacement of sodium
aluminate with aluminum nitrate [Al(N03)~]. The relative ease of dissolution and the ability to procure a
certified grade of aluminum nitrate made this source of aluminum advantageous compared with sodium
aluminate. Large quantities of sodium aluminate tend to be sold as technical grade and have to be
analyzed prior to use.

Preparation: The Al(N03)~ is added after adding NaOH to prevent precipitation of aluminum hydroxide.

4.10



Table 4.8. SY1-SIM-94B Component Concentrations/Composition

Component Concentration (NJ Wt%

Na4EDTA 0.1 2.24
Hexadecanoic acid 0.1

.
1.43

Na3CitrataHz0 0.092 1.59
Tributyl phosphate ‘0.1 1.57
Dibutyl phosphate 0.1 1.24
Hexone , 0.1 1.0
NPH “ 0.1 1.0
NaqP0412Hz0 0.1078 2.41

NaNOZ 3.6517 14.83
NaN03 2.4563 12.29
NazC03 0.8399 5.24
Na2S04 0.0666 0.56
NaCl 0.3555 1.22
NaF 0.0253 0.06

Ce(N03)3.6Hz0 0.0031 0.08
Ca(NOs)24Hz0 0.0092 0.13

KN03 0.1334 0.79

Znc12 0.0005 0.004
CSN03 0.0002 0.002

4.11

Table 4.7. SY1-SIM-93B Component Concentrations/Composition

Component Concentration (IMJ VW%

Na3HEDTA 0.21 6.04
Al(N03)3”9Hz0 0.43 12.49
NaNOz 2.0 10.69
NaN03 0.4 2.63

,.
NazCO~ 0.2 1.64
NaOH 3.4 ‘ 10.53
HZO 55.98

Total 100.0

4.3.1.6 SY1-SIM-94A and SYlklM-94B

Purpose: Previously used in waste aging studies.

Simulant SY1-SIM-94A was prepared by adding trace noble and transition metals to the base
SY1-SIM-93A simulant composition. This simulant was replaced by a modified composition designated
SY1-SIM-94B.
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.C!ornponent .Concentration ~ Wt%

Sr(NO~)~ 0.00001 0.0002

NaOH 2.35 5.53

Cr(NO&”9Hz0 0.1262 2.97

Fe(NOq)3.9H20 0.008 0.19

Ni(N03)Y6H20 0.0041 0.07
RUC4.5H20 0.0001 0.002
Rh(N@.H@ 0.0001 0.002
Mn(No& 0.01 0.11
Pb(N03)2 0.01 0.19

Zr Citrate 0.008 0.13
Pd(N03)z 0.0001 0.001
NaA10Z021NaOH.1 .33HZ0 1.9098 12.93
HZO 30.58

Total 1(-MIA
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4.3.2 Complex Concentrate SY-10l(SYl-SIM-93A), 3:1 DiIution

Reference: Hold, T. M. 1993. Synthetic Waste Fomzwlations for Representing Hanford Tank Waste,
WHC-SD-VJM-TI-549, Rev. O,Westinghouse Hanford Company, Richhmd, Washington.

Purpose: mS benchmark simukmt for evaluating equipment and processes.

This simulant was developed by WHC for the TWRS program as a benchmark simulant so
laboratories within the program could baseline performance tests with the same formulation. Baseline
performance tests included Sr and TRU removal tests via hydrothermal treatment and via metal
cation/chefical oxidant addition (Orth et al., 1995% Orth et al., 1995b).

This simuhmt is based on ‘Window E“ analyses of core samples taken during December 1991
(Herting, 1992b). Cesium and strontium concentrations are based on *37CSand ‘Sr analyzed
concentrations adjusted to include their common isotopes, *35CS,133Cs,and 88Sr. Based on ORIGEN2
model data and 35 years”of decay, the *37CSand ‘Sr concentrations were multiplied by factors of 4.01 and
2.46, respectively, to establish the total cesium and strontium in the waste.

.,

A Window E-based formulation developed by Delegard (1993) was modified to include cesium
and strontium nitrates and EDTA in its sodium salt form as the source of TOC. Delegard’s formulation
also was modified by diluting the simukmt with three parts water by volume (the accepted estimate of the
dilution ratio for this waste after retrieval). The diluted EDTA sinmkmt (SY1-SIM-93A) is the baseline
composition for testing, other organic sodium salts, e.g., HEDTA, citrate, oxalate, acetate, and formate,
may be substituted for EDTA in tests for other purposes.

I

I

I
i

,

,

Table 4.9. Tank 241-SY-101 Waste Compositions

Component SY-lOI= Wt% sY-lolb Wt%

TOC 1.58 1.53
Na 20.5 20.7

Al 3.5 3.2

Cr 0.37 0.41

Fe 0.03 0.03

Ni 0.01 ‘ 0.02

Ca 0.02 0.02

K 0.37 0.03

cl- 1.5 0.79

P04> 1.1 0.64

NOZ- 11.5 10.5

N03- 10.0 11.7

co3- 1.6 3.15

F 0.1 0.03

OH 3.1 2.47

so42- 0.19 0.4

H20 38.0 35.5

Total 100.9 91.1
8

aCalculatedfromHertinget al. (1992a)and Reynolds(1992).
bCalculatedfromHertinget al. (1992b). ~

/,
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Preparation: The formulation presented below is for 3.8L of diluted 101-SY simulant (based on 1.OLof
undiluted simulant). For larger quantities, refer to Appendix A of Hole 1993.

1. Tare a 4L stainless steel or plastic beaker with a large Teflon-covered stir bar.

2. Add 1000mL HZOto the beaker and begin stirring.

3. Add 156.55g of NaA102 in the form of a commercially available solution and stir. Determine
how much NaOH was added to the commercial solution, and while stirring, slowly add additional
NaOH to bring the total NaOH added to 110.16g. (Caution: Addition of NaOH will cause the
solution to heat up).

4. In a separate conher, add 200 mL H20. Then, with stirring, slowly add the following metal
salts in the order shown:

50.5og Cr(N03)3.9H20
2.17g Ca(NOs)Z4Hz0
3.23g Fe(NOJ)s.9Hz0

13.49g KNos
1.19g Ni(N03)~6Hz0
0.068g Znc12
o.0331g CSN03
o.oo23g Sr(NO&

When the salts are dissolved, slowly add the metal salt solution to the NaAIOz/NaOH solution.
(Caution: the heat of neutralization causes the solution to heat up).

5. While stirring, slowly add the following salts to the solution in the order shown:

208.77g NaNO~
251.95g NaN02

89.02g Na2C03
40.98g Na&O~12H20

9.46g Na2SOA
20.78g NaCl

1.06g NaF

While stirring, add one of the following organic compounds, depeding on the test to be
performed:

84.83g
77.5og
99.9og

136.55g
83.60g

138.61g

W13SOdiUIII EDTA (baS&@ NEL%CIOH12N208”ZH20 @fWd15.zO)

tisodium HEDTA Na3ClJ31~20T.2H20 (MW=380.24)
trisodium citrate Na~CJIs07.2H20 (MW=294.1O)
disodium oxalate Na2CzOq(MW=134.00)
sodium acetate NaC2Hs02 (MW=82.03)
sodium formate NaCH02 (MW=68.01)

6. While stirring, add H20 to aid dissolution described in Step 6 until 4600g total chemical weight
has been attained. This amount is based on the assumption that the density of undiluted simulant
is 1.60 g/mL and the dilution factor is 3 parts water to 1 part waste. With these assumptions, a
liter of waste would have a mass of 1600g and 3 liters of water would have a mass of 3000g. The
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simulant maybe stored at ambient temperature in the beaker or transferred to polyethylene,
polypropylene, or polyvinyl chloride (PVC) bottles.. Use the stirrer or agitator to homogenize ~
samples before and during transfer.

Table 4.10. Composition of SY1-SIM-93A

Weight percent Weight percent Concentration ~
Componenta undihtedb SY1-SIM-93A SY-SIM-93A

Na 20.7 7.05 3.69

Al 3.2 1.12 0.50

Crc 0.41 0.14 0.033

Ca 0.023 0.0080 0.0024

Fe 0.028 0.0097 0.0021

K 0.326 0.11 0.035

Ni 0.015 0.0052 0.0011

“Zn 0.002 0.00071 0.00013

Cs o.oo145d 0.00049 0.000044

I Sr I 0.000058d 0.000021 0.0000029

I N03 ‘ I li.7 4.07 0.79

NOZ 10.5 3.65 0.96

oI-r 2.47 1.02 0.72

TIcf 0.63 0.22 0.22

Pod 0.64 .0.22 0.028

sod 0.40 0.14 0.017

c1 0.79 0.27 0.093

F 0.030 0.010 0.0067

[
TOCf 1.53 0.53 0.53

I HZO 35.5 78.46

*Non-sodiummetals added* nitratesalts (exceptZnCl~. Anions added as sodium salts.
bBasedoninformationin WHC-SD-WM-DTR-026,Rev. O,Table5-4.
‘ Cr(VI)is smallcomparedto total Cr and is not added.
dConcentrationsof Cs and Sr are basedon data from WHC-SD-WM-DTR-026,Rev. O,Tables5-7 and 5-8. These
concentrationswere adjustedto add in themore stable forms of these two elements. Basedon 0RIGEN2 model
data and35 yearsof decay,the 137CSand‘Sr concentrationsweremultiplied by factorsof 4.01 and 2.46,
respectivelyto arrive at total Cs and Sr.
cTo neutralizeacidichydrolyzablemetalsalts of Cr, C%Fe, Ni, Zn, Cs and SC 0.443M “extra”NaOHadded per
liter of undilutedsimukmt.
fTIC,TOCwt%reportedas C. Carbonateis used for TIC. TOC is made up using EDTA,the baseliie organic.
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Table 4.11. Physical and ChemicaI Properties of SY1-SIM-93A

Property .Acc.eprjableRange

Density (ghnL) 1.20* 0.03, at 20”*1”

Moisture (wt%) 76.0 + 4.0

OH 1.02 + 0.2i-

1 TOC (wt%) 0.53+ 0.2 I

I ICP Na (wt%) 7.05 + 0.70

Al (w%) 1.12+0.11

I Cr (wt%) 0.14 * 0.014 I

I Ca (wt%) 0.008 + 0.0008

Fe (wt%) 0.010 * 0.0010

I K (wt%) 0.11 *0.011 I
Ni (wt%) 0.0052 A 0.0005

a (Wt%) 0.00071 * 0.00007

Sr (wt%) 0.000021 * 0.000002

Cs (Wt%) 0.00049 * 0.00007

nitrate by IC (wt%) 4.07 + 0.41

nitrite (wt%) 3.65 * 0.37
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Company, Richland, Washington.
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4.3.3 Complex Concentrate SY-101Diluted and Treated Solutions

Reference: Marsh, S. F., Z. V. Svitr~ S. M. Bowen. 1995. E#ects of Soluble Organic Complexants
and l%eir Degradation Products on.the Removal of Selected Radionuclidesfiom High-
Level Waste, Part II: Distributions of Sq Cs, Tc, andAnz onto 32 Absorbersfiom Four
Variations of Hanford Tank 101-SY Simulant Solution, Los Alamos National Laboratory,
Los Alarnos, New Mexico.

Purpose: Used for measuring sorption in the presence of organic complexants and their
degradation products.

This simulant was used at LANL to measure sorption (distribution coefficients, Kd) of Sr, Cs, Tc,
and Am onto 32absorbers in the presence of organic compIexants and their degradation products. These
studies used four variations of 101-SY simulated solution 1) 3:1 dilution with E’DTA,2) 3:1 dilution
with EDTA with y-irradiation to 34Mrads; 3) unirradiated simukmt after treatment with a hydrothermal
organic destruction process; and 4) irradiated simukmt after treatment with a hydrothermal organic
destruction process. Because gamma spectrometq was used to measure Kd values, appropriate quantities
of radiotracers for strontium, cesiu~ technetiu~ and americium were added to each simulant.

Preparation:

Unirradiatedhmtreated
Follow procedure for SY1-SIM-93A (Refer to 4.3.2). Degradation of the initial EDTA into other organic
compounds is to be expected if there are many months between simukmt preparation and experimental
testing.

Irradiated/untreated
@rradiate SY1-SIM-93A while exposed to air, at 1.35 Mrads/h to a total of 34Mrads with ‘Co.
Irradiation is knowi to degrade most organic compounds into simpler compounds and C02, which forms
carbonate in alkaline solutions. Moreover, the solution heating that occurs during they-irradiation also
may contribute to organic degradation.

Unirradiated/hydrothermal-treated
SY1-SIM-93A treated with hydrothermal organicdestruction processing. The small-scale hydrothermal
unit used to process the solution in the LANL studies consisted of a 5-ft reactor that operated at 450”C
and 15,000 psi. The typical residence time of solution passing through the reactor was approximately 25
seconds.

Irradiatedhvdrothermal-treated
Irradiated SY1-SIM-93A treated with hydrothermal organicdestruction processing. Each simulant
solution is passed through an Acrodiscm LC13 PVDF 0.45-pm falter to remove any insoluble materials,
and the four radiotracers are then added. The sirnulant and radiotracers are stirred thoroughly and left
undisturbed for at least one week to allow adequate time for soluble complexes or insoluble compounds to
form. The variations of the simukmt solution differ significantly in appearance-the unirradiated solution
appears green; the y-irradiated portion appeam more yellow, and hydrothemial-treated solutions are bright
yellow.
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Table 4.12. Composition of Four Variations of SY-101 Simulant

Concentration .(_l@

Unirradiatedl - Irradiated/ Unix-radiated Imadiated/
Constituent untr~ted .ugtreated hydrothermal hydrothermal

Na 3.45 3.82 3.85 3.69

K 0.035 0.035 0.041 0.037

Rb 5E-07 3E-07 5E-07 4E-07

Cs 9E-05 9.8E-05 9.8E-05 9.8E-05

Al 0.37 0.48 0.48 0.37

I Ca I 0.001 I 0.001 I 0.001 I 0.001

I Cr I 0.0062 I 0.0035 I 0.0083 I 0.0042

I Fe 2.7E-04 1.OE-04 4.5E-05 ~ 3.8E-05

I Sr 3.lE-06 1.5E-06 7E-08 lE-07

IFI -- I I I --

I c1 0.096 0.091 0.089 0.091

I N03 0.67 0.67 0.55 0.54

NOZ 0.89 1.03 0.48 0.59

P04 0.027 0.028 0.023 0.023

Soh 0.016 0.016 0.015 0.015

C03 1.64 1.63 2.03 2.18

oxalate @La 0.005 -@La CDLa

TOC 0.71 0.59 0.13 0.16

pH 13.7 13.7 13.6 13.5

Radiotracer y-Energy (MeV) Estimated Concentrations
85Sr 0.514 3 yg/L
137CS 0.662 6pg/L “
95TC 0.204 2 pgrL
‘lAm 0.0595 3 jLj?jLto 30 pg/L

aLess than detection limit

.
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4.3.4 Complex Concentrate SY-1OISolution (5hJNa)

Reference: Not available

Purpose: Batch distribution and column experiments.

This simulant represents a complex concentrate supemataht diluted to 5~ Na. The composition
approximates diluted waste from Tank 241-SY-101.

Preparation: Add components in the order listed below while continuously stirring. For batch
distributions and column experiments, spike the final solution with 1 pL ‘37CStracer per liter, and stir for
four hours. This simulant should be soluble at room temperature.

Table 4.13. SY~lOl 5~ Na Solution

Component
HzO 400 rnL 1600 mL

Ni(NO&6Hz0 290.80 2.49E-04 0.07 0.289
Ca(NO&.4Hz0 236.16 4.20E-03 0.99 3.967
Zn(NOJ26Hz0 297.50 5.00E-04 0.15 0.595
Mo03 143.94 4.20E-04 0.06 0.242
Fe(N03)3.9Hz0 404.02 1.96E-04 0.08 0.317
CSN03 194.92 4.19E-05 8.18E-03 3.27E-02
RbNOg 147.47 4.20E-06 6.19E-04 2.48E-03
Sr(NO& 211.63 2.86E-07 6.06E-05 2.42E-04
Na.&DTA 380.20 5.00E-03 1.90 7.604
Na3HEDTA.2Hz0 344.20 3.75E-03 1.29 5.163
NagED3A 300.10 3.75E-03 1.13 4.502
Citric acid.HzO 210.16 5.00E-03 1.05 4.203

Nitrilotriacetate 257.10 ‘ 2.50E-04 0.06 0.257
(Na3NTA)

Irninodiacetic acid 133.10 3.05E-02 4.06 16.238
(JDA)

Sodium gluconate 218.14 1.25E-02 2.73 10.907
Nad30A 142.05 4.75E-03 0.67 2.699
Na2HOP~7HZ0 268.07 2.04E-02 5.46 21.848
NaOH 40.00 3.78E+O0 151.13 604.507
NaN03 85.00 0.00E+OO 0.00 0.0000
KF 58.10 3.38E-02 1.96 7.844 ‘
Al(NOq)3.9Hz0 375.15 4.15E-01 155.69 622.749
NazCOg 105.99 3.75E-02 3.97 15.899
NaF 4L99 5.80E-02 2.44 9.742
NaNO, 69.00 1.09E+O0 75.04 300.150

,’

,,

)’
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Table 4.14. SY-101 Simulant Composition
Compared with Actual SY-101 Compositions

Conc,ent&ion ‘(M)
Siniulailt I Actual SY-101 Diluted’w/

Specks, TotaI SY-101 2.~ NaOH
Na 5.05E+O0 1.23E+01 5.00E+OO

s.38E-02 1.35E-01 3.38E-02
Rb I 4.20E-06 NA 4.20E-06

Sr

f .- .-—- .
1.96E-04 7.84E-04

Cs 4.19E-05 1.68E-04 4.19E-05
Ca 4.20E-03 1.68E-02 4.20E-03

2.86E-07 1.15E-06 2.86E-07
Al 4.15E-01 1.66E+O0 4.15E-01
Ni 2.49E-04 9.95?%04 2.49E-04
Fe , .- .— 1.961304

4.20E-04
Zn 5.00E-04 2.00E-03 5.00E-04

C03 3.75E-02 1.50E-01 3.75E-02
F 9.18E-02 3.67E-01 Ql$

Mo I 4.20E-04 1.68E-03

=

NOZ
NOq

OH (added)
OH (free)

1.09E+O0
1.29E+O0
3.78E+O0
2.~Jl-.AA

1J2+UU I A.4A2+UU.

Theoretical DH I 1-47E+(I’

PO. I 2.04E-02 I 8.15E-02
TOC (~)

,
3.42E+O0 1.37E+O;

Na/Cs Ratio: 1.20E+05 7.33E+04 J..J..

‘1, —...— .- 1 1.4Yn+u 1
* I , AAl_..tl, 1.43E+01

S04 4.75E-03” 1.90E-02 4.75E-03
2.04E-02
3.42E+O0
1 19E+05

WCS Ratio: I
1 7fa2Ln7 I I n712, n7 I 1 7.ct2 . n~

8.05E+02 I 8.05E+02 I 8:OSE+02
Na/Sr Ratio: I . . . vti~u, I L.ultil-ul I J..l JG-rlJI
K/Sr Ratio: 1-18E+05 1.1fm.+05 1 1RF.+(M

I

. I
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4.3.5 Complex Concentrate AN-102Stock Solution (10~ Na)

Reference:

Purpose:

Bray, L. A., K. J. Carson, R. J. Elovich, D. E. Kurath. 1992. Equilibrium Datafor
Cesium Ion Exchange of Hanford CC and NCA W Tank Waste, TWRSPP-92-020, Pacific
Northwest Laboratory, Richland, Washington.

Kurath, D. E., L. A. Bray, K. P. Brooks, G. N. Brown, S. A. Bryan, C. D. Carlson, K. J.
Carson, J. R. DesChane, R. J. Elovich, A. Y. Kim. 1994. Experimental Data and
Analysis to Suppoti the Design of an Ion Exchange Process for the Treatment of Hanford
Tank Waste Supematant Liquids, TWRSPP-94-094, Pacific Northwest Laboratory,
Richland, Washington.

High sodium waste containing organic complexants for ion-exchange studies.

Preparation: Add components in the order listed in Table 4.15 while continuously stirring. This
simulant should be soluble at room temperature. For batch distribution and column experiments, spike
the final solution with lp.L ‘37CStracer per liter, and stir.for four hours.

TabIe 4.15. CC Stock Solution

Component Fw, g I M I I
NaN03 ‘ 85 “ 2.74 232.9

NazSOd 142.05 0.1 14.2

KNos 101.11 0.05 5.0

NazC03.Hz0 lM.O 0.64 79.4

NaNOz 69.0 1.5 103.5

NaJ31?O&7Hz0 268.07 0.03 8.0

AI(N03)3.9HZ0 “ 375.15 0.5 188

Ca@03)x4Hz0 236.16 0.02 4.7

NaF 42.0 0.15 6.3
I

NaCl 58.45 0.1 5.85

NaOH (0.5~ free) 40.0 3:46 138.5

Fe(N03)g.9Hz0 404.02 0.06 24.2

La(N03)s.6Hz0 371.0 0.001 0.37

Mg(NO~)Z6Hz0 256.4 0.01 2.6

MII(N03)z, 50% 8.64~ 0.02 2.3mL

M003 169.43 0.005 0.85

Ni(NO&6Hz0 290.8 0.01 2.9

SiOz 60.08 0.005 0.3

Sr(NOJz 211.63 0.0007 0.15

zn(No3)2.xH~o 297.5 0.002 0.59

ZrO(NOJZ2Hz0 267 0.002 0.53

‘NqEDTA 292.24 0.03 8.8

4.21
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Component m, ‘g - ~ “g5

Citric Acid 210.14 0.064 13.5
NasHEDTA.2Hz0 344 0.038 13.1
Na~A 191.1 0.0074 1.41

Na Gluconate 218 0.30 65.4

Iminodiacetic 133.1 0.23 30.6
The stock solution is spiked with nonradioactive cesium (133Cs)so that
the Na/Cs mole ratio ranges from 500 to 50000. Trace amounts of 137CS
was added for analytical purposes.

Table 4.16. Composition for CC Stock Solution

!3xhp.one,nt &

Al 0.5

Ca 0.02

I Cs a I
I Fe 0.06 I

I “K 0.05 I

I La 0.001 I

I Mg 0.01 I

I Mn 0.02 I

I Mo 0.005 I
Na 10.00

Ni 0.01

I Si 0.005 I

I Sr 0.0007 I
Zn 0.002

Zr 0.002

C03 0.64

F 0.15

cl 0.10

NOZ 1.50

NOS 4.62

P04 0.03

OH (free) 0.5

TOC 46 giL

aNa/Cs ratios 500,5000,50000

.
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4.3.6 Complex Concentrate AN-102Solution (5FJNa)

Reference: Not available

Purpose: Ion exchange batch distribution and column experiments.

This simulant represents a complex concentrate supematant diluted to 5~ Na. The composition ‘
approximates Tank 241-AN-102.

Preparation: Add components in the order listed in Table 4.17 while continuously stirring. This
simukmt should be soluble at room temperature. For batch distribution and column experiments, spike
the final solution with lpL *37CStracer per liter, aud stir for four hours.

Table 4.17. AN-1025~ Na Solution

H2,0 400 mL 1600 mL
Mn(No3)2, 50% 8.46 M 6.57E-03 2.175 mL 8.70 mL
La(N03)s.6H20 433.06 4.07E-04 0.18 0.705
M003 143.94 3.20E-03 0.46 1.840
Mg(NOg)z6Hz0 256.40 1.28E-04 0.03 0.131
Ni(N03)Z6Hz0 290.80 2.30E-03 0.67 2.671
Ca(NO&4H20 236.16 4.39E-03 1.04 4.150
zn(No3)2.6H20 297.50 1.51E-04 “0.04 0.179
Zr0(NO&2H20 267.28 6.18E-04 0.17 ‘ 0.661
Fe(NO&9H20 404.02 6.43E-04 0.26 1.039
CSNOS 194.92 3.1OE-O5 6.04E-03 2.41E-02
RbNOs 147.47 3.1OE-O6 4.57E-04 1.83E-03
Sr(NO& 211.63 1.77E-05 3.75E-03 1.50E-02
N@DTA 380.20 1.12E-02 4.26 17.055
NaqHEDTA.2HZ0 344.20 1.34E-02 4.61 18.439
NagED3A 300.10 6.39E-03 1.92 7.674
Citric acid.HzO 210.16 2.30E-02 4.83 19.335
Nitrilotriacetate (Na@l’I’A) 257.10 2.62E-03 0.67 2.692
Iminodiacetic acid (IDA) 133.10 6.71E-02 8.94 35.747
Sodium Gluconate 218.14 6.96E-02 15.19 60.768
Na$O~ 142.05 4.07E-02 5.78 23.134
NazHPOr7Hz0 268.07 1.69E-02 4.53 18.114
NaOH 40.00 2.26E+O0 90.37 361.499
NaN03 “ 85.00 1.35E+II0 114.75 459.000
KF “ 58.10 1.90E-02 1.10 4.407
Al(N03)3.9Hz0 375.15 1.92E-01 71.95 287.794
NazCOs 105.99 3.00E-01 31.80 127.188

,
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Component . ‘ .“ ~.I Fw>g : I “~ { ;g/4,0 L I
NaF 41.99 2.32E-02 0.97 3.893
NaNOz 69.00. 4.71E-01 32.53 130.114

HzO (up to volume)

Table 4.18. AN-102 Si&.dant Composition
Compared with Actual AN-102 Compositions

“Concentration @
lSirnuk@ ‘Aetqal .Diiuteil w/

pecies, Total A.IW102 AN-102 2~ I?aOH

Na 5.00E+OO 1.04E+01 5.00E+OO
K 1.90E-02 5.31E-02 1.90E-02

Rb 3.1OE-O6 8.67E-06 3.1OE-O6

Cs 3.1OE-O5 8.67E-05 3.1OE-O5

Mg 1.28E-04 3.57E-04 1.28E-04
Ca 4.39E-03 1.23E-02 4.39E-03

Sr 1.77E-05 4.96E-05 1.77E-05

Al 1.92E-01 5.37E-01 1.92E-01
Fe 6.43E-04 1.80E-03 6.43E-04
La 4.07E-04 1.14E-03 4.07E-04
Mn 6.57E-03 1.84E-02 6.57E-03
Mo 3.20E-03 8.95E-03 3.20E-03

Ni 2.30E-03 6.43E-03 2.30E-03

Zn 1.51E-04 4.22E-04 1.51E-04

22 6.18E-04 1.73E-03 6.18E-04
Cos 3.00E-01 8.40E-01 3.00E-01

F 4.21E-02 1.18E-01 4.21E-02

NOZ 4.71E-01 1.32E+O0 4.71E-01

NOS 1.96E+O0 3.61E+O0 1.29E+O0

OH (added) 2.26E+O0 NA NA
OH (free) 1.36E+O0 2.OIE-01 1.36E+O0

Theoretical pH 1.43E+01 1.33E+01 1.41E+01
sod 4.07E-02 1.14E-01 4.07E-02

Pod 1.69E-02 4.73E-02 1.69E-02
TOC (g/L) 11.20E+01 3.37E+01 1.20E+01

Na/Cs RzItiO: 1.62E+05 1.20E+05 1.61E+05

WCS Ratio: 6.12E+02 6.12E+02 6.12E+02

Na/Sr Ratio: 2.83E+05 2.1OE+O5 2.82E+05

K/Sr Ratio: 1.07E+03 1.07E+03 1.07E+03

.
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Table 4.19. Composition of AN-102 Simukmt Compared with
Actual AN-102 Waste under Various Dilution Conditions

Concentration (l@

Simukmt Actual Dilution Dilution Dilution
species, Total AN-102 AN-102 w/.Water w/lIVJNaOH w12NJNaOH “

Na&DTA 1.12E-02 3.14E-02 1.51E-02 1.34E-02 1.12E-02
Na3HEDTA -2 HZO 1.34E-02 3.75E-02 1.80E-02 1.60E-02 1.34E-02

Na3ED3A 6.39E-03 1.79E-02 8.61E-03 7.62E-03 6.39E-03 [
}

Citric acid -1 HZO 2.30E-02 6.44E-02 3.1OE-O2 2.74E-02 2.30E-02 I

Nitrilotriacetate 2.62E-03 7.33E-03 3.52E-03 3.12E-03 2.62E-03 t
Irninodiacetic acid 6.71E-02 1.88E-01 9.04E-02 8.00E-02 6.71E-02
Sodium Gluconate 6.96E-02 1.95E-01 9.38E-02 8.30E-02 6.96E-02 I

Na 5.00E+OO 1.04E+01 5.00E+OO 5.00E+OO 5.00E+OO I

K 1.90E-02 5.31E-02 2.55E-02 2.26E-02 1.90E-02
Rb 3.1OE-O6 8.67E-06 4.17E-06 3.69E-06 3.1OE-O6
Cs 3.1OE-O5 8.67E-05 4.17E-05 3.69E-05 3.1OE-O5
Mg 1.28E-04 3.57E-04 1.72E-04 1.52E-04 1.28E-04
Ca 4.39E-03 . 1.23E-02 5.91E-03 5.23E-03 4.39E-03

,

Sr 1.77E-05 4.96E-05 2.38E-05 2.llE-05 1.77E-05
Al 1.92E-01 5.37E-01 2.58E-01 2.29E-01 1.92E-01
Fe 6.43E-04 . 1.80E-03 8.65E-04 7.66E-04 6.43E-04
La 4.07E-04 1.14E-03 5.48E-04 4.85E-04 4.07E-04
Mn 6.57E-03 1.84E-02 8.85E-03 7.83E-03 6.57E-03
Mo 3.20E-03 8.95E-03 4.30E-03 ~ 3.81E-03 3.20E-03
Ni 2.30E-03 6.43E-03 3.09E-03 2.74E-03 2.30E-03
Zn 1.51E-04 4.22E-04 2.03E-04 1.80E-04 1.51E-04
Zr 6.18E-04

.,
1.73E-03 8.32E-04 7.36E-04 . 6.18E-04

C03 3.00E-01 8.40E-01 4.04E-01 3.57E-01 3.00E-01
,,

F 4.21E-02 1.18E-01 5.67E-02 5.02E-02 4.21E-02
N02 4.71E-01 1.32E+O0 6.35E-01 5.62E-01 4.71E-01
NOS 1.29E+O0 3.61E+O0 1.74E+O0 1.54E+O0 1.29E+O0

OH (added) NA NA ~ NA NA NA
OH (free) 1.36E+O0 2.OIE-01 9.66E-02 6.60E-01 1.36E+O0

Theoretical pH “1.41E+01 1.33E+01 1.30E+01 1.38E+01 1.41E+01
Soq 4.07E-02 1.14E-01 5.48E-02 4.85E-02 4.07E-02
Poq 1.69E-02 4.73E-02 2.27E-02 2.OIE-02 1.69E-02

TOC (g/L) 1.20E+01 3.37E+01 1.62E+01 1.43E+01 1.20E+01
Na/Cs Ratio: 1.61E+05 1.20E+05 1.20E+05 1.36E+05 1.61E+05
WCS Ratio: 6.12E+02 6.12E+02 6.12E+02 6.12E+02 6.12E+02
Na/Sr Ratio: 2.82E+05 2.1OE+O5 2.1OE+O5 2.37E+05 2.82E+05 ,,

K/Sr Ratio: 1.07E+03
1,

1.07E+03 1.07E+03 1.07E+03 1.07E+03 ~<
I
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4.3.7 “ Complex Concentrate AN-102 DiIuted and Treated Solutions

Reference: Marsh, S. F., Z. V. Svi~ S. M. Bowen. 1995. Effects of Soluble Organic Complexants
and Their Degradation Products on the Removal of Selected Radionuclidesfiom High-
Level Waste. Part III: Dis~”butionsfiom Four Variations of a 3:1 Dilution of Hanford
Complexant Concentrate (CC) Simulant Solution. Part IV: The Effects of Varying
Dilti”on Ratios on the Distributions of Sr, Cs, Tc, Ph, andAm onto 12 Absorbersfiom
Hanford Complexant Concentrate (CC) Simzdant Solutions. LA-13000, Los Alamos
National .Laboratory, Los Alamos, New Mexico.

Purpose: Batch distribution and column experiment

Studies performed at LANL measured the distribution of strontium cesiu~ technetium,
plutonium and americium onto selected absorbers. These studies used four variations of generic CC
simuhmt solution: 1) 3:1 dilution of CC simulant solution described above in 4.3.5; 2) 3:1 dilution with y-
irradiation to 34Mrads; 3) 3:1 unirradiated simulant after treatment with a hydrothermal organic
destruction process; and 4)3: 1 irradiated simuhmt after treatment with a hydrothermal organic destruction
process. Because gamma spectrometry was used to measure Kd values, appropriate quantities of
radiotracers for strontiu~ cesium, technetium plutonium and americium were added to each simulant.

Preparation:

Unirradiated/untreated
Use 3:1 dilution of standard composition (refer to 4.3.5). Preparation procedures are the same as
described for making SY1-SIM-93A (refer to 4.3.2). Degradation of the initial EDTA into other organic
compounds is to be expected if there are many months between simulant preparation and experimental
testing.

Irradiated/untreated
y-irradiate 3:1 CC simulant while exposed to air, at 1.35 Mrads/h to a total of 34Mrads with ‘Co.
Irradiation is known to degrade most organic compounds into simpler compounds and COZ,which forms
carbonate in alkaline solutions. Moreover, the solution heating that occurs during they-irradiation also
may contribute to organic degradation.

Unirradiated/hwlrothermal-treated
3:1 CC simulant treated with hydrothermal organic-destruction processing. The small-scale hydrothermal
unit used to process the solution in the LANL studies consisted of a 5-ft reactor that operated at 45(YC
and 15,000 psi. The typical residence time of solution passing through the reactor was approximately 25
seconds.

Irradiatedhwlrothermal-treated
Irradiated 3:1 CC simulant treated with hydrothermal organic-destruction processing. Each simulant
solution is passed through an Acrodisc~ LC13 PVDF 0.45-~ falter to remove any insoluble materials,
and the five radiotracers are then added. The sirnulant and radiotracers are stirred thoroughly and left
undisturbed for at least one week to allow adequate time for soluble complexes or insoluble compounds to
form. The variations of the simulant solution differ significantly in appearance – the unirradiated solution
appears light tan; the y-irradiated portion appears darker, and hydrothermal-treated solutions are nearly
colorless.

. I
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Table 4.20. Composition of Four Vzuiations of Diluted CC Simulant Solutions

Concentration ~

Unirradiated/ Irradiated/ tJnirradiated/ Irradiated/
Constituent untreated untreated hydrothermal hydrothermal

Na 2.2 2.1 1.9 ‘ 1.6
K 0.009 0.009 0.013 0.014

Rb 1.3E-05 1.2E-05 9E-06 1.OE-05
Cs 1.4E-04 1.3E-04 1.OE-04 1.3E-04
Al 0.16 0.16 0.024 0.012
Ca 0.002 0.002 0.0001 0.0001
Fe 0.003 0.005 6E-05 7E-05
Sr 1.3E-04 1.3E-04 3E-05 3E-05
cl 0.04 0.012 0.012 0.013

NOS 0.9 ‘ 0.9 0.5 ‘ 0.7
N02 .0.3 0.3 0.1 0.1
P04 0.009 0.009 cDLa cDLa
S04 0.006 0.007 0.003 0.003
Cos 0.19 0.23 0.49 0.62
TOC 1.0 0.9 0.13 . 0.14 .
pH 13.2 13.2 11.9 12.1

Radiotracer y-Energy (MeV) Estimated Concentrations
85Sr 0.514 3 pglL
137CS 0.662 6 pg/L
:~hc 0.204 2 pg/L

0.152 10 mglL
‘lAm 0.0595 30P*

aLess than detection limit
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4.3.8 Complex Concentrate AN-107Solution (5NJINa)

Reference: Not available

Purpose: For batch distributions and column experiments.

This simulant represents a complex concentrate supematant diluted to 5~ Na. The composition
approximates Tank 241-AN-107.

Preparation: Add components in the order listed in Table 4.21 while continuously stirring. This
simulant should be soluble at room temperature. For batch distribution and column experiments, spike
the final solution with lpL 137CStracer per liter, and stir for four hours.,

Table 4.21. AN-107 5~ Na Solution

;omponent .,.

HzO 400 mL 1600 mL

MIl(N03)z 50% 8.46 M 2.30E-03 2.175 mL 8.70 mL

La(N03)3.6Hz0 433.06 9.89E-05 0.04 0.171

MoOS 143.94 2.22E-04 0.03 0.128

Mg(N03)z6H20 256.40 3.71E-04 0.10 0.381

Ni(NOJz6H20 290.80 3. 14E-03 0.91 3.656

Ca(N03)~4Hz0 236.16 6.18E-03 1.46 5.837

ZI@JOJx6H20 297.50 2.23E-04 0.07 0.265

z@(NO&2H@ 267.28 2.85E-04 0.08 0.305

Fe(N03)3.9Hz0 404.02 1.18E-02 4.78 19.104

CSN03 194.92 4.49E-05 8.76E-03 3.50E-02

RbNO, . 147.47 4.49E-06 6.63E-04 2.65E-03

Sr(NOs)z 211.63 2.llE-05 4.47E-03 1.79E-02

Na&DTA 380.20 - 1.12E-02 4.26 17.055

Na@3DTA.2H20 344.20 1.34E-02 4.61 18.439

Na&D3A 300.10 6.39E-03 1.92 7.674

Citric acid.H20 210.16 2.30E-02 4.83 19.335

Nitrilotriacetate (Na3NTA) 257.10 2.62E-03 0.67 2.692

Iminodiacetic acid (IDA) 133.10 6.71E-02 8.94 35.747

Sodium Gluconate 218.14 7.14E-02 15.58 62.326

Na2SOq 142.05 . 2.26E-02 3.21 12.845

Na2HPO&7Hz0 268.07 8.32E-03 2.23 8.923

NaOH 40.00 1.74E+O0 69.41 277.622

NaN03 85.00 1.75E+O0 148.75 595.000

KF 58.10 1.57E-02 0.91 3.644

~(NO~)y9H@ 375.15 7.07E-02 26.53 106.114

NazC03 105.99 4.54E-01 48.07 192.296

Nil? I 41.991 6.36E-021 2.67! 10.683

.
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Component’ FW,g ~

NaNOZ 69.00 2.96E-01 20.43 81.716
HzO (up to voIume)

Table 4.22. AN-107 Simulant Composition
Compared with Actual AN-107 Compositions

Concentration ~
Simulant Actual Diluted w/

Species, Total AN-107 AN-107 2&f NaOH

Na 5.00E+O0 1.OIE+O1 5.00E+OO
K 1.57E-02 4.39E-02 1.57E-02

Rb 4.49E-06 1.26E-05 4.49E-06
Cs 4.49E-05 1.26E-04 4.49E-05
Mg 3.71E-04 1.04E-03 3.71E-04
Ca 6.18E-03 1.73E-02 6.18E-03
Sr 2.1 lE-05 5.92E-05 2.1 lE-05
Al 7.07E-02 1.98E-01 . 7.02E-02
Fe 1.18E-02 3.31E-02 1.18E-02
La 9.89-05 2.77E-04 9.89E-05
Mn 2.30E-03 6.44E:03 2.30E-03
Mo 2.22E-04 6.21E-04 2.22E-04

. Ni 3.14E-03 8.80E-03 3.14E-03
a 2.23E-04 6.23E-04 2.23E-04
Zr 2.85E01 7.98E-04 2.85E-04

Cos 4.54E-01 1.27E+O0 4S4E-01 .
F 7.93E-02 2;22E-01 7.39E-02

NOZ 2.96E-01 8.92E-01 2.96E-01,
N03 2.02E+O0. 3.54E+O0 1.26E+O0

OH (added) 1.74E+O0 NA NA
OH (free) 1.30E+O0 4.00E-02 . 1.30E+O0

Theoretical.pH 1.43E+01 1.26E+01 1.41E+01
S04 2.26E-02 6.33E-02 2.26E-02
P04 8.32E-03 2.33E-02 8.32E-03

TOC (g/L) 1.22E+01 4.43E+01 1.58E+01
Na/Cs Ratio: 1.11E+05 8.03E+0 1.11E+05
K/Cs Ratio: 3.49E+02 3.49E+02 3.49E+021
NalSr Ratio: 2.37E+05 1.71E+05 2.37E+05
K/Sr Ratio: 7.42E+02 7.42E+02 7.42E+02

I
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4.3.9 Complex Concentrate SY-103 Solution, (5NJNa)

Reference: Not available

Purpose: Batch distribution and column experiments.

This simulant represents a complex concentrate supematant diluted to 5~ Na. The composition
approximates Tank 241-SY-103.

Preparation: Add components in the order listed below while continuously stirring. For batch
distributions and column experiments, spike the final solution with 1 pL 137Cstracer per liter, and stir for
four hours. This simulant should be soluble at room temperature.

Table 4.23. SY-1035~ Na Solution

Component Fw,g M
Ni(NO&6Hz0 290.80 3.95E-04
Ca(NOs)Z4Hz0 236.16
Z@V03)z6H20 297.50
Xa.fi 1 A+ fiA

i=

g/4.O L
0.459 +

3.16E-03 0.75 2.983
6.32E-04 0.19 . . 0.752

1V1UU3 I 142.Y4 I 3.95E-04 0.06 0.227
I 404.02 I 2.48E-04 0.10 0.400

5 1.03E-02 4.13E-02 .

‘Fe(NC-,z ——-.
CSN03 194.92 5.30E-O!
RhNn. 14747 ‘5%)E-()(5 7.81E-04 3.13E-03

~.ldE-07 1.93EX4 7.70E-04
9.47E-03 3.60 14.408

-.w. .-= . . . . . .

Sr(NOs)z 211.63 ‘“:;
Na.&DTA 380.20
NasHEDTA_2 HzO 344.20
Na3ED3A 300.10 6.32E-03 1.90 7.581
~itric acid_H20 210.16 1.58E-02 3.32 13.273
“L’ ‘tiacetate (Na3NTA) 257.10 3.16E-04 0.08 0.325

w.,ati”r.~&AMl A\ 122 In 2.53E-02 3.36 13.450

c
—kllou

6.32E-03 I 2.17 I 8.696 I

$-uz I 2.11 I AJ.433 I

Iminodi.””.. . ...-. L, A4J. .V —..—— -— , ---

Sodium Gluconate 218.14 2.87E-02 I 6.27 ~ 25.075
Na2SOa 142.05 3.60Enn’ . ‘“”

-- “CC

N~.lTPC). 7w.n 7.6R (-)7 C247E-03 2.54 10.158
IE+OO 147.05 588.186
‘lE-02 6.80 27.200

. ----- -+_. ..~- -v --- ,

NaOH 40.00 3.6S‘.”.
NaN03 85.00 8.OC– _- -.--
KF 58.10 2.84E-02 1.65 6.60s
~(NO&_9H@ 375.15 4.74E-01 177.70 710.811
NazC03 105.99 2.08E-01 22.90 88.362
Nti 41.99 5.68E-02 2.39 9.547
NaNo2 69.00 6.76E-01 46.63 186.518
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Table 4.24. SY-103 Simulant Composition
Compared with Actual SY-103 Compositions

I Concentration (M)
I sililuIantsY-lo3 I ActuaI SY-103 DiIuted w/

Na 5.00E+OO 1.15E+01 5.00E+OO
K 2.84E-02 9.00E-02 2.84E-02
Rb 5.30E-06 NA 5.30E-06
Cs 5.30E-05 1.68E-04 5.30E-05
Ca 3.16E-03 1.00E-02 3.16E-03

----- .- ----- “ , .

t
—.

I ----

-. --

1
I —.-.

‘F“ 8.53E-02 I

I ‘Pod 9.47E-03 ]- 3.00E-02 I /.7

I Na/Cs Ratio: I 9.43E+04 I 6.8!
K/es Ratio: 5.36E+02 5.36E+02 5.36E+02
Na/Sr Ratio: 5.49E+06 3.99E+06 5.49E+06
K/Sr Ratio: 3.12E+04 3.12E+04 3.12E+04

I
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4.3.10 Double Shell Slurry Feed (DSSF-7)

Reference Carson, C. D., S. R. Adami, L. A. Bray, G. N. Brown, S. A. Bryan, K. J. Carson, J. R.
DesChane, R. J. Elovich, M. R. Telander. 1994. Supemataizt Treatment Technology
Development, TWRSPP-94-O06, Pacific Northwest Laboratory, Richland, Washington.

Kurath, D. E., L. A. Bray, K. P. Brooks, G. N. Brown, S. A. Bryan, C. D. Carlson, K. J.
Carson, J. R. DesChane, R. J. Elovich, A. Y. Kim. 1994. Experimental Data and
Analysis to Suppoti the Design of an Ion Zkchange Process for the Treatment of Hanford
Tank Waste Supematant Liqui& TWRSPP-94-094, PacKlc Northwest Laboratory,
Richland, Washington.

Purpose: Challenging simukmt for ion-exchange studies.

This simulant is based on the analytical results from all of the DSS tank wastes and, but most
closely simulates waste from 241-AW-101. It contains the highest Na/Cs ratio (105) and the lowest Na/K
ratio found in DSS tanks. Because anticipated plant operations are at temperatures less than the 40”C
waste, the sinndant is prepared at 50”C and diluted with water to the extent that all of the compounds
present remain in solution at slightly lower than room temperature.

Several difficulties that may be important to the overalI cesium ion exchange removal process
were encountered while formulating the DSSF simukmts. These problems related to the aluminum
volubility, the actual meaning of the OH analytical dat~ and the specific gravity of the DSSF solution.
Initially, the hydroxide result from the tank analysis was used as the total hydroxid~ this lead to the initial
preparation of a simulant that had a pH of 13.75. Upon dilution, the pH dropped to a value where
Al(OH)3 (gibbsite) was formed. As a compromise, a second sirnulant was formulated with a higher
hydroxide content.

Preparation: The simukmt is prepared at 50”C and diluted with water to the extent that all of the
compounds present remain in solution at slightly lower than room temperature.

I
Table 425. Target Composition for DSSF-7

M

Na 7.0
K“ 0.945

Cs 7.OE-05

Al 0.721

S04 0.008

OH(total), OH(fiee) 4.63,1.75

Cos 0.147

cl 0.10

P04 0.014

NOZ 1.51

NOS 3.52
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Mole Ratio
Na/Cs: 1.05E+05
NalJC 7
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4.3.11 DSSF Solution (DSSF-7’)with Radiotracers

Reference: Marsh, S. F. Z. V. Svitraj S. M. Bowen. 1994. Dim”butions of 15 Elements on 58
Absorbersfiom Simulated Hanford Double-Shell Slurry Feed (DSSF), LA-12863, Los
Alanms National Laboratory, Los Alamos, New Mexico.

Purpose: Used to evaluate absorber materials for their ability to recover selected elements.

Preparation: DSSF-7 (refer to Table 4.26) is passed through a 0.45-pm filter to remove any suspended
solids and then filtered again after adding radiotracers to remove any portion not truly in solution. Each
portion of pre-contacted and post-contacted simulant solution is again passed through a 0.45-~m filter
before y-spectrometric assay.

Table 4.26. Composition of DSSF-7
Solution with Radiotracers

Constituent ‘Concentration (M)

Na 7.0

K 0.945

Cs 7.OE-05

Al 0.721

cl 0.102

N03 3.52

NOZ 1.51

P04 0.014

S04 0.008

C03 0.147

OH(total), OH(free) 4.63, 1.75

pH 14.0

Radiotracer ‘y-Energ (MeV) Est.. Cone.
241Am 0.0595 30 yg/L
141Ce 0.145 50 pg/L
237 0.208 20 mglL
‘%: . 0.158 60 pfl

95TC 0.204 2 pgtL

51Cr 0.320 0.3 p.g/L

Sszr 0.394 50 pg/L
85Sr 0.514 3 pg/L
137CS 0.662 6 Pg/L

0.835 3 pg/L
8*Y 0.898 50 pg/L
4V 0.983 80 pf@
‘Ze 1.099 20 pg/L
65zn 1.115 6 /.@L
‘co 1.173 2 @’L
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4.3.12 Double Shell Slurry Feed A-101Solution (5MNa)

Reference: Not available

Purpose: Previously used in salt-splitting studies.

This simulant represents a Double Shell Slurry Feed supernatant diluted to 5~ Na. The
composition approximates TarI 241-A-101.

Preparation: Weigh and tare feed container and fill with about 2/3 volume of distilled water. Add the
components listed below in order while stirring. Add all components relatively quickly “tith the
exception of KOH and NaOH. The components will cause the solution to heat up. Monitor the
temperature so that it doesn’t boil and splash. After adding the Al(OH)3, heat the solution and maintain
the temperature at 95°C until sofids dissolve. (No mention is made as to whether the solution is
maintained hot or subsequently cooled).

Table 4.27. A-101 5&4Na Solution

Component Fw,g Molaritj g for 10L
NaNOs 85.00 9.20E-01 78.20 782.000
KOH 56.11 3.70E-02 2.08 20.761
NaOH 40.00 1.56E+O0 62.40 624.000
Al(oH)3 78.00 4.23E-01 ~ 32.99 329.940
Na2COs 105.99 6.50E-01 68.89 - 688.935
Na2SOd 142.05 1.30E-01 18.47 184.665
NaJ3POW7HZ0 268.07 2.20E-02 5.90 58.975
NaCl 58.45 5.60E-02 3.27 32.732

I 41.99 2.06E-02 0.86 8.650
292.24 9.00)3-03 2.630 26.302

I “ 210.14 9.00E-03 1.891 18.913
136.00 9.00E-03 1.224 .12.240

P —“ . 572.700!NaNO, I 69.00 I 8.30E-01 I 57.27
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Table 4.28. A-101 Simulant Composition Compared with
Actual A-101 Composition (Diluted to 5~ Na)

Species, Total
Na+
r

Al(oH)&

so:-

OH
OH- (free)

Theoretical pH
cl-

co32-
NOz-
NOs-

F
P04>

EDTA
Citrate
oxalate

TOC (g/L)

Simulant
A-101

5.OIE+OO
3.70E-02
4.23S01
1.30E-01
1.60E+O0
1.09E+O0
1.41E+01
5.60E-02
6.50E-01
8.30E-01
9.20E-01
2.06E-02
2.20E-02
9.00E-03
9.00E-03
9.00E-03
1.94E+O0

Concentrate
Actual A-101

Diluted
5.OIE+OO
3.70E-02
4.23E-01
1.30E-01
1.60E+O0
1.09E+O0
1.41E+01
5.60E-02
6.50E-01
8.30E-01
9.20E-01
2.06E-02
2.20E-02
9.00E-03
9.00E-03
9.00E-03
1.94E+O0

Target
5.00E+OO
3.70E-02
4.23E-01
1.30E-01

1.1OE+OO
1.41E+01
5.60E-02
6.50E-01
8.30E-01
9.20E-01
2.06E-02
2.20E-02

8.60E-03
1.97E+O0
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4.3.13 Double Shell Slurry Feed AW-101 Solution

Reference: Not available

Purpose: Previously used in salt-splitting studies.

This simulant represents a Double Shell Slurry Feed supematant diluted to 5~ Na. The
composition approximates Tank 241-AW-101.

Preparation: Weigh and tare feed container and fill with about 2/3 volume of distilled water. Add the
components Iisted below in order while stirring. Add all components relatively quicldy with the
exception of KOH and NaOH. These components will cause the solution to heat up; try not exceed
temperature >70°C if using a poly container.

Table 4.29. AW-1015~ Na Solution

Component Fw,g Molari@ g for 10L
EDTA 292.24 3.70E-03 1.081 10.813
Citric Acid 210.14 3.70E-03 0.778 7.775
Na3HEDTA.2Hz0 344.00 3.70E-03 1.273 12.728
Na3NTA 257.10 3.70E-03 0.951 9.513
Na Gluconate 218.00 3.70E-03 0.807 8.066
Na21minodiacetic 177.07 3.70E-03 0.655 6.552
Cd(NOJ&HzO 308.00 ~ 0.00E+OO . 0.00E+OO 0.000
Fe(NO&.9Hz0 404.02 5.00E-05 2.02E-02 0.202
Mg(NOJz6HZ0 256.40 1.50E-03 0.385 3.846
MIl(N03)z, 50% 8.46 6.63E-05 0.561 niL 5.609 mL
MoO. 143.95 2.86E-04 4.12E-02 0.412

)z6Hz0 290.80 1.33E-04 . 3.87E-02 0.387
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Ni(NOi
SiOz I 60.08
BaNOa

“ 2.93E-03 0.176 1.760
261.38 1.33E-04 3.48E-02 0.348

1 -.--—. -- I ., .-., I

101.11 0.00E+OO 0.00 0.000 _KN03
LiN03 69.00 I 5.51E-04 I (-).(-)4 I f-.W-l —- .- -— ---- -.---
KOH 56.11 4.30E-01 24.13 241.273
NaOH 40.00 3.89E+O0 155.60 1556.000
Al@Oq)y9H@ 375.15 5.06E-01 189.83 1898.259
NazC03 105.99 1.00E-01 10.60 105.990
NaJ304 142.05 2.36S03 0.34 3.352
NaJ3P047Hz0 268.07 1.73E-03 0.46 4.638 ‘
NaCl 58.45 6.93E-02 4.05 40.506
NaF 41.99 L1OE-O2 0-46 4.619
NaNO, t 69.00 I 7.90E-01 I 54.51 ‘1 545.100
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Table 4.30. AW-101 Simulant Composition Compared with
Actual AW-101 Composition (Diluted to 5~ Na)

.Concentriition (MM
Sirnukint ‘Actual AW-101 -

Species, Total AJV-101 . Diluted Target
Na 5.00E+OO 5.00E+OO 5.00E+OO

I K I 4.30E-01 I 4.30E-01 I 4.30E-01 I
Li 5.51E-04 5.51E-04 5.51E-04
Rb 1.00E-05 1.00E-05 1.00E-05
Cs 6.40E-05 6.40E-05 6.40E-05
Ba 1.33E-04 1.33E-04 1.33E-04
Ca 4.13E-04 4.13E-04 4.13E-04

I Cd I 0.00E+OO I 0.00E+OO I ‘- 5.40E-06 I
I Fe I 5.00E-05 I 5.00E-05 I 5.00E-05 ‘-1

Mg 1.50E-03 1.50E-03 1.50E-03
Mn 6.63E-05 6.63E-05 6.63E-05
Mo 2.861M4 2.86E-04 2.86E-04
Ni 1.33E-04 1.33E-04 1.33E-04

I Si I 2.93E-03 I 2.93E-03 I 2.93E-03 I
1.30E-05 1.30E-05 1.30E-05

A&I)” 5.06E-01 5.06E-01 5.06E-01
so42- 2.36E-03 2.36E-03 2.36E-03
OH 4.32E+O0 4.32E+O0 4.32E+O0

OK (free) 2.27E+O0 2.27E+O0 2.30E+O0
‘l%eoretici-dpH 1.48E+01 1.48E+01 1.48E+01

cl- 6.93E-02 6.93E-02 6.93E-02
co32- 1.00E-01 1.00E-01 1.00E-01
NOI 7.90E-01 7.90E-01 9.45E-01
NOa- 1.52E+O0 1.52E+O0 1.06E+O0

F I 1.1OE-O2 1.1OE-O2 I 1.1OE-O2 I
Pod> 1.73E-03 1./sE-usI , “t-l n. 1.73E-03
EDTA 3.70E-03 3.70E-03
Citrate 3.70E-03 3.70E-03

HEDTA 3.70E-03 3.70E-03
I NTA I 3.70E-03 I 3.70E-03 I I

Gluconate 3.70E-03 3.70E-03
Iminodiacetate 3.70E-03 3.70E-03

TOC (g/L) 1.86E+O0 1.86E+O0 1.97E+O0

4.38



4.3.14 ‘Composite Supernatant (102-AN,104-AN,105-AN,and 107-AN)

Reference: TWRSPP-94-072, Letter Report from L. K. Holton to K. A. Gasper

Purpose: A mixture of supematant from Tanks AN-102, -104,-105, and -107 for Organic
Destruction Technology Development testing.

In order to develop this simulant composition, all available sample data were obtained on each
tank, An average weight concentration of each constituent was determined except for TOC, Cs, Sr, Am,
and Pu, where maximum concentrations were used to establish a high concentration case. Engineering,
safety, and productivity considerations for developing this simukmt included: 1) the method of
preparation must be applicable to making large quantities, e.g., 100 gallons, and 2) preparation should not
generate seconday waste.

The approach uses sodium for anionic species and nitrate for cationic species. As a result, there
is an excess of N03 in the simulant; however, this was not expected to cause problems for organic “
destruction testing purposes. Although the use of dissolved solids may not accurately simulate
parameters such as particle sizes, shapes, and morphologies, this approach simulates relevant analyte
concentrations, is reproducible, and mhimizes secondary waste generation.
.

Europium nitrate was selected as a surrogate for americiti and plutonium (Norton, 1993). To
simulate aluminum hydroxide, a mixture of 10% boehmite and 90% gibbsite (Colton, et al. 1993) was
assumed. To simulate the particle size.distribution of the gibbsite, a 1:1 weight ratio of 1~ and 7.5pm
diameter particles. For TOC makeup, a 21 molar ratio of EDTA and HEDTA was determined based on
the recipe developed by Delegard et al. (1993). 137CSand ‘Sr values were multiplied by factors of 4.01
and 2.46, respectively, to simulate the total concentrations of Cs and Sr (Hohl, 1993).

Preparation: Although this simulant has not been prepmed in a lab, the recipe is very similar to other
simukmts, using essentially the same compounds in varying concentrations. Before using this simulant, it
is recommended that ICP, IC, and particle size distribution tests be performed and results compared to
actual tank waste data. It should also be noted that the OH concentration was used to determine the
amount of NaOH to add, rather than pH. pH should be monitored while preparing the simulan~ but
unless the pH value varies significantly from the expected values of 12 – 13, the added amount should be
sufficient. In preparing this simulant, glasswme should be avoided due to caustic leaching and dissolution
of chemical species from glass.

1: Container A To 100 mL HZO,add:”

2.32g Fe(N03)3.9H20; stir until dissolved
62.36g NaOH, stir
4.38g AIO(OH) (boehmite); stir

51.25g l-~m &Oy3HZ0 (gibbsite); Stir
51.25g 7.5-Pm &OY3H@ (gibbsite); stir .,

2. Container B: “To100 mL H20, add:
I

2.32g Fe(.NO&9HzO; stir until dissolved (I
5.67g Na3PO~12H20; stir

4.39
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3.

4.

5.

Add the contents of Container B to Container A, stir, and then add

1.290g Ca(NO&4HZ0 0.180g fi(NO&5Hz0
0.650g Mn(NO&4Hz0 8.700g KNos
o.490g Ni(N03)~6HZ0 o.039g CSNOS
o.040g Ba(N03)z 0.006g Sr(NO&
2.120g Cr(N03)3”9Hz0 o.032g EU(N03)y6H20

Container C: To 45mL H20, add one-by-one and stir (heat gently) until dissolved before adding the
next component:

107.16g Nz@DTA)”2H20 7.29g NazSOa
48.67g Na~(HEDTA).2H20 49.47g NazC03
84.llg NaNOz o.35g NaF

263.15g NaNOs 7.02g NaCl

Add contents of Container C to Container A, stir.

Table 431. Composite Supematant (Molar and Mass Concentrations)

.Constituent . ~’ “& Constituent M

Na4(EDTA).2H20 0.255 107.16 Ca(NO&4Hz0 0.0055 1.29

Na3(HEDTA).2H20 0.127 48.67 NaCl 0.1201 7.02

NaNOZ 1.219 84.11 Cr(NO&9Hz0 0.0053 2.12

NaNOs 2.568 263.15 NaF 0.0084 0.345

NaOH 1.559 62.36 Fe(NOs)3”9Hz0 0.0057 2.32

Na$?O~12Hz0 0.015 5.67 KN03 0.0860 8.70

Na2SOa 0.051 7.29 MIl(NOS)~4H@ 0.0026 0.65

NazCOs 0.306 49.47 Ni(NO&6Hz0 0.0017 0.49

Alo(oH) 0.073 4.38 ~@iO&5H@ 0.0004 0.18

l-~ &Oy3H@ 0.329 51.25 CSN03 0.0002 0.039

7.5-Pm &OS-3H@ 0.329 51.25 EU(N03)3.6H20 ,7.13e-05 0.032

Ba(N03)z 0.0001 0.04 Sr(NO& 2.93e-05 0.006

References Cited in Section 43.lLk

Colton, N. G., G. J. Lumet@ A. R. Felmy, J. A. Franz. 1993. ESPIP Alkaline Tank Sludge Treatment:
Fiscal Year 1993 Annual Report (unpublished), Pacific Northwest Laboratory, Richland, Washington.

Delegard, C. H., A.M. Stubbs, and S. D. Boiling. 1993. Laboratory Testing of Ozone Oxidation of
Hanford Site Wastefiom Tank 24I-SY-101, WHC-EP-0701, Westinghouse Hanford Company,
Richland, Washington.
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Hohl, T. M.. 1993. Synthetic Waste Formulations for Representing Hanford Tank Wiz.we,WHC-SD-WM-
TI-549,Rev. O,Westinghouse Hanford Company, Richkmd, Washington.”

Norton, M. V. 1994. Selective Separation of Eu3+ Using Polymer-Enhanced Ultrafiltration, PNL-9339,
Pacific Northwest Laboratory, Richkmd, Washington.
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4.3.15 Neutralized Current Acid Waste (NCAW)Stock Solution

Reference: Bray, L. A., K. J. Carson, R. J. Elovich, D. E. Kurath. 1992. Equilibrium Datafor
Cesium Ion Ekchange of Hanford CC and NCAW Tank Waste, TWRSPP-92-020, Pacific
Northwest Laboratory, Richland, Washington.

Purpose: Represent a high sodium waste containing a low organic content for ion-exchange
studies.

Table 4.32. NCAW Stock Solution

Coinponept F*, g M ‘, #g& .,
NaNOs 85 0.310 26.3

Na2SOQ 142.05 0.18 25.7

KNos 101.11 0.14 14.3

RbNO, 147.47 1.3E-04 0.02

NazC03.H20 124.0 0.24 29.7

NaNO, 69.0 0.52 35.8

Na2HP04-7Hz0 268.07 0.03 8

Al(N@y9H@ 375.15 0.52 196.3

NaF I 42.0 I 0.107 I 4.48 I
NaOH I 40.0 I 4.08 I 163,
The stock solution is spiked with tracer quantities of l“Cs so that the

Na/Cs mole ratio &nges from 50 to 5000.

Table 4.33. Composition of NCAW Stock Solution

Component ‘~

Na 5.92

K 0.14

Rb 1.3E-04

Cs a

Al 0.52

S04 0.18

OH (free) 2.0

co. 0.24

I F I 0.107 I

N03 1.87
aNa/C!s ratios 50.500.5000

I
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4.3.16 Neutralized Current Acid Waste AZ-102 Solution (511JNa)

Reference: Kurath, D. E., L. A. Bray, K. P. Brooks, G. N. Brown, S. A. Bryan, C. D. Carlson, K. J.
Carson, J. R. DesChane, R. J. Elovich, A. Y. Kim. 1994. Experimental Data and
Analysis to Suppoti the Design of an Ion &change Processor the Treatment of Hanford
Tank Waste Supematant Liquids, TWRSPP-94-094, Pacific Northwest Laboratory,
Richland, Washington.

Purpose: Ion exchange studies.

This simulant represents a Neutralized Current Acid supematant diluted to 5~ Na and should be
soluble at room temperature. The composition approximates Tank 241-AZ-102.

preparation: Weigh and tare feed container ad fill with about 1/2 volume of distilled water. Add the
components listed below in order while stirring. Add all components relatively quickly with the
exception of KOH and NaOH. These components will cause the solution to heat up; try not exceed
temperature >70”C if using poly container.

Table 4.34. AZ-102 5~ Na Solution

Cornp.onent ~,u ~ u CY5L

NaNOq 85.00 0.258 21.93 109.650

KN03 iol.11 0.120 12.13 60.666

KOH 56.11 0.000 0.00 0.000

NaOH 40.00 3.400 136.00 680.000

,AKN03)3.9H20 375.15 0.430 161.31 806.573

NazCOs 105.99 0.230 24.38 121.889

NaJ304 142.05 0.150 21.31 106.538

Na@P047H20 268.07 0.025 6.70 33.509

NaF 41.99 0.089 3.74 18.686

NaN02 69.00 0.430 29.67 148.350

RbN03 (from O.lM) 147.47 5.00E-05 0.50 mL 2.50 mL

CsNO~ (from O.1.M) 194.92 5.00E-04 5.00 mL 25.00 mL

‘,

)

,

1

,,

,,

13

)’

~,
!

t

~
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Table 4.35. AZ-102 Simulant Composition Compared with
Actual AZ-102 Composition (Diluted to 5~ Na)

. .COgc@~ation (M)
~.~oz I Actual A?Z-1’02

Species, Xotal ,.,si.tilulant ~lluted
Na 4.987 ‘4.90
K 0.120 0.12

tRb 5.00E-05 I
Cs 5.00E-04 6.00E-04
Al 0.430 0.48
S04 0.150 0.15
OH 3.400
OH (free) 1.680 1.10
Theoretical pH 14.52
Cos 0.230 0.21
NO, 0.430 0.44

K/es Ratio 2.40E+02
OH/Cs Ratio 6.80E+03
Na/K Ratio 4.16E+01
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4.3.17 Neutralized Current Acid Waste AZ-102Solution (5MNa)
with Radiotracers

Reference: Svitrq Z. V., S. F. Marsh, S. M. Bowen. 1994. Distributions of 12 Elements on 64 “ “
Absorbersjj-om Simulated Hanford Neutralized Current Acid Waste (NCAW), LA-12889,
Los Alamos National Laboratory, Los Alamos, New Mexico.

Purpose: For measuring the distribution coefficients.

Preparation. Neutralized Current Acid Waste AZ-102 5~ Na solution is passed through a 0.45-ym
fflter to remove any suspended solids and then refiltered after adding radiotracers to remove any portion
not truly in solution. Each portion of precontacted and postcontact simukmt solution is again passed
through a 0.45-pm filter before y-spectrometric assay.

TabIe 4.36. Composition of 5~ Na AZ-102 Solution

—— -.. r

Constituent Concentration ~

Na 4.987
K, 0.120

Rb 5.OE-05
Cs 5.OE-04
Al 0.43
F 0.089

NOS 1.669
NOZ ‘ 0.43 “
P04 0.025
sod 0.15
Cos 0.23

OK(total) 3.4

OH(free) 1.68

pH 14.2

Radiotracer y-Energ (MeV) Est. Cone.

‘hi 0.158 60 pg/L
95TC 0.204 2 pg/L
51Cr 0.320 0.3 pg/L

88zr 0.394 50 pg/L

85Sr 0.514 3 pg/L
137CS 0.662 6 wg/L

0.835 3 pg/L
8*Y 0.898 50 yg/L
4V 0.983 80pm
‘??e ‘ 1.099 . 20 pg/L
65% 1.115 6 pg/L
‘Co 1.173 2 pg/L

4.45
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4.3.18 Plutonium Finishing Plant SY-102 Solutions

Reference: Marsh, S. F., Z. V. Svi~ S. M. Bowen. 1994. Distributions of 14 Elements on 63
Absorbersfiom Three Simukznt Solutions (Acid-Dissolved Sludge, Acidijied Supematant,
and Alkaline Supernatant) for Hanford HLW Tank 102-SY, LA-12654, Rev., Los Alarnos
National Laboratory, Los Akunos, New Mexico.

Purpose: Previously used to evaluate absorber materials.

The compositions of these simulant solutions were based on consultation with and
recommendations from WHC and PNNL personnel. Assumptions about tank contents were checked
against composition data obtained by reconstructing the tank contents from all available records for
transfers into and out of each tank during its entire operating history.

The sludge composition was based on the assumption that soluble components had been leached
out during thorough mixing with the supematant solutions. These soluble components were subtracted
horn the best estimate of the initial sludge composition. The alkaline supematant and acidified
supematant solutions are similar in their initial composition, but the alkaline supematant solution contains
substantially more hydroxide and generates much more precipitate.

Preparation: Dissolve the components assumed to remain in the sludge in a minimum quantity of nitric
acid and filter to remove insoluble residue. To ensure the alkaline supematant solution is truly saturated
with relatively insoluble salts, dilute the initial liter of solutionholids with another three liters of water
and heat until the diluted solution reduced to the initial one liter. Separate bulk solids by centrifugation,
and remove any rernaining suspended solids by passing the alkaline supematant solution through a 0.45-
f..lrnfalter.

Table 4.37. Compositions of SY-102 Sirnulant Solutions

Acid-Dissolved Acidified Alkaline
Constituent S@dge (IxIJ Supsqa,tant (NJ Supernatant @

Na 0.65 1.4 2.2

Mg 0.060 0.032 none

Al 0.43 0.44 0.16

Si 0.125 0.29 0.0024

Ca 0.044 0.028 0.0069

Cr~ 0.33 0.072 none

Cr(Vl) none 0.007 0.0051

Mn 0.143 0.043 none

Fe 0.36 0.101 0.0061

Ni 0.010 cDLa d3La

Cu 0.016 cDLa -dlLa

Se 0.027 d3La ~La

Sr 0.0009 cDLa OLa

Pb 0.012 cDLa OLa

Th 0.027 CDL= d3La
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Continued

0.023 cDLa OLa

“k 3zlL OLa

“8PU 60 mglL 60 mg/L none

F 0.027 0.024 0.21

cl 0.006 0.021 0.102

N03 5.24 , 1.95 1.31

pOA 0.006 <0.002 0.061

S04 0.009 0.015 0.022
pH 0.58 3.5 .13.85

calculated ~ 0.5

Calculated OK — 0.7
aLess than detectionlimit.

4.47
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4.3.19 Neutralized Current Acid Waste Slurry Simulant

Reference: Norton, M. V. and F. Torres-Ayala. 1994. Laboratory Testing In-Tank Sludge Washing,
PNL-10153, Paciilc Northwest Laboratory, Richland, Washington.

Purpose: Previously used to study waste settling behavior.

This simulant was originally made by WHC and stored for several years. Simulant composition
and particle size data were comparable with data obtained from Tank 241-AZ-101 core samples. The
recipe provided below is the original recipe for the simulant (Elmore and Smith, 1990).

Preparation:

1. Addto30gal(-115L) of water and mix until dissolved

5.33kg NaNOs 1.82kg Cr(NOs)g.9HZ0
90.89kg Al(NO&9Hz0 0.19kg SiOz
12.40kg Fe(NOs)s.9Hz0 7.04kg Ni(N03)Z6Hz0
8.99kg F@SO&9H@ 0.46kg Z10(N03)Z

2. Add: 12.05L HN03 (70% solution)
2.57L H2SOQ(98.6% solution)
1.72L HP (50% solution)

3. Over an 8-hr perio~ starting at -92°C to 95°C, slowly meter in 25L of sucrose solution (6.64 kg
sucrose and 48g NaOH in 23.54L H20).

4. Add makeup H20 to maintain level of 66 gal (-250L); digest at a minimum temperature of -50”C to
60”C; then “neutmlize” to pH-13 with 19~ NaOH caustic solution.

5. Add 3.15kg K2C03. Add H20 as needed to bring mixture to 100 gal (-380L). Boil for 5 days; then
store at -40”C.

Table 438. Composition of Simulated NCAW Slurry and Actual NCAW AZ-101 Slurry

$&mdated IWAW Slumy. ., Actual AZ-lol $Mlrry
Component Stipernattiiw ‘ ‘ ~upematant

.’ (m&oI/g) ~ (imnollg) Solids (rnmollg)
Al 0.19 2.81 0.33 1.46
Cr 0.006 0.047 0.013 0.055
Fe 0.0001 1.15 0.0002 1.50
K 0.103 <0.001 0.088 <0.27
Na 3.89 7.92 3.76 3.42
N03 2.05 1.04
S04 0.16 0.13
Specific Gravity (g/r&) 1.24 1.2

.
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Reference Cited in Section 4.3.19:

Elmore, M. R. and H. D. Smith. 1990. Erosion-Corrosion of Carbon Steel in Simulated Neutralized
Current Acid Waste Slurry, (unpublished) Pacific Northwest Laborato~, Richkmd, Washington.

1

I
I
1
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4.3.20 Single-Shell Tank BY-104 Chemical Simulant

Reference: Not available.

Purpose: Developed to demonstrate ferrocyanide destruction with ozone.

This simulated waste composition is based on a 1976 analysis of BY-104 waste and assumes
-30% sludge. Waste ingredients believed to affect ozonation of ferrocy”~ide include transition metals,
nitrite, and carbonate. A small quantity of simukmt was prepared. Initially, the brown solution produced
-30% fine-grained solid:. A 2-mm crust formed over the top of the wide mouth beaker. After two
weeks, white crystals grew up and over the beaker edge. The top crust thickened to 1 cm, and the rest of
the waste was thick brown goo with the consistency of toothpaste.

Preparation:

1. Dissolve the following chemicals into 974mL of 8~ HNOS

199.3g NaAIOS 3.945g NiSO~6Hz0
8.34g FeSOw7Hz0 5.106g NaJ3POWHz0
4.72g Ca(N03)Z4Hz0 26.13g NazSi03-9Hz0
2.676g Mg(CIO& o.212g Sr(NOs)2
0.783g Mn02 0.84g Cscl

2. While blending the solution, slowly add 1~ NaOH to pH 12.

3. Add the following chemicals to the solution:

30.74g Na2CO~
29.4g Na2NiFe(CN)c

113.85g NaNOz

Note: The ferrocyanide was made based upon the Sloat Flowsheet.

4. Blend the solution at 90”C.

5. Place solution into a 200”C oven and boil down to lL.

6. Cover and let cool.

Table 4.39. Composition of BY-104 Chemical Simulant

Coils.tituent . groom Constituent grnon

N03 7.79 Mn 0.009

N02 1.65 Ni 0.015

C03 0.29 P04 0.037

OH 0.01 Si 0.092

Al 2.43 N~iFe(cN)c 0.100

Fe 0.03 Sr 0.001

Ca 0.02 Cs 0.005

Mg 0.012 Na (not provided)
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4.3.21 Single-Shell Tank C-106 Chemical Simulant

Reference: Hyatt, M. G., M. V. Norton, F. Torres-Ayal~ K. A. Zaniboni. 1995. Laboratory Testing
In-Tank sludge Washing/Settling ik?ixer Pump Simulations with NCA WSimulant,
TWRSPP-94-108, Pacif3c Northwest Laboratory, Richland, Washington.

Purpose: Waste settling studies.

Settling investigations, similar to those performed earlier with NCAW, were conducted using
C-106 simukmt. Alkaline leach tests ‘hlsowere performed using this particular simukmt. The following

I
I

recipe was based on tank composition data assuming a 3X-volume dilution. ,
i

Preparation: i

1. Start with 7.7L deionized water. Add the following compounds slowly in order. After each addition,
stir the solution until all compounds are dissolved.

i
,

Table 4.40. SST C-106 Chemical Simukmt (40L)

Compound Mass added (g) Required Ion Required (pg/g)

A1203(gibbsite) 997.49 @
“ AIOOH (boehmite)

9738
110.62

Fe(NO&9HZ0 4171.89 Fe(lJI)* 14230

Ba(N03)2 85.60 Ba2+ 1110
Ca(NO~)z4H20 727.64 Ca2+ 3048

La(NO&”6HZ0 350.04 Law 2771

Mg(NO)3”6H20 409.66 Mg2+ 958

M@Os)z 551.74 Mn2+ 2089

Sr(N03)2 4.10 s? 42

Cr(NO~)3,9H20 174.11 Cr@J)M 558

NazSOv10H20 544.51 so42- 5324

2.

3.

4.

5.

Neutralize the solution to pH 7 with NaOH pellets. Take care to add the Na0Z2 slowly to prevent gel
formatiiin, or use a 50/50 Na03/water weight percent solution. Continue to stir for several hours.

Add 1223.16g Na&P04 (P04* concentration of 30450 pg/g). Stir the solution for 24 hours.
Continue with NaOH addition to a pH around 10. Then add:
#

NazC03 620.09

NaN03 338.47

NazSiOs.9Hz0 4705.50

co~- 13041
Na+ 65675
NO; 36969
Si& 49220

Continue with NaOH addition to a pH around 12. When the solution has reached a pH of 12, add
sufilcient deionized water to 40L.

Stir the solution for 24 hours and then allow it to settle. For settling tests, stir the solution adequately
to suspend all particles.

I

4.51

1
_\.——- ,- -,—-,~—..—,=-....... .. .,—...-—- ..—- — . ... .-———.



,.....—- - ,... .“ “a.———
., , ... . . .. .. ..._.. :.. _~, .-. ___---- —.. . .

4.3.22 Single-Shell Tank C-112 Chemical Simulant

Reference: Memo from N. G. Colton to A. J. Schmidt (February, 1994)
Milestone 60505A, Subtask 0604, “Simulant Development and Documentation”

Purpose For evaluating the suitability of organic destruction technologies for destroying
ferrocyanide compounds.

An estimated composition for C-112 sludge is given in Table 4.41. This composition shows that
approximately 8 wet wt% (13 dry wt%) of the actual tank sludge is calcium uranium @) oxide
compound. Using this estimated composition as a guideline, a recipe was developed and a preliminary
simulant was prepared. Uranium compounds were not included because of no known suitable substitute
for ~; addition of depleted uranium was not an option as it defeated the purpose of non radioactive
testing. (Depleted uranium is viewed at the Hanford Site in the same light as uranium).

A sample of the,simulant was evaluated using transmission electron microscopy techniques that
also were being used at that time to evaluate samples of C-1 12 sludge. While chemical phases may have
been similar, particle sizes, shapes, and morphologies definitely were not. In addition, the waste
minimization consideration of not generating a secondary waste was not achieved because the calcium
pyrophosphate species in the simulant was prepared by a precipitation method that required the precipitate
to be washed to remove excess sodium nitrate. (Note that scientists have since questioned whether
phosphate associated with calcium would/could be in the pyrophosphate form that was proposed
following XRD analyses of C-1 12).

Again using the estimated composition for C-112 as a guideline and excluding the uranium
compounds, a second recipe was prepared. While this method of preparation meets the considerations
listed above, the simukmt has certain shortcomings. Since the sinmlant is prepared mostly by adding dry
solids (without grinding) to water, particle sizes are larger that in the preliminary simulant. As a result,
larger particles settle out rapidly and are then followed by smaller species prepared by precipitation.
Colton recommended that before spending addition funds to chemically and physically characterize the
simukmt, e.g., ICP, IC, and particle size, the organic destruction task provide input as to whether testing
with a chemical simukmt that had few physical characteristics of actual C-112 sludge would effectively
verify organic destruction technologies.

Table 4.41. Estimated Composition of 241-C-112 (Composite Cores 34,35, 36; pH 11 – 12.3’)

Constituent Weight % Constituent ~ Weight%

NaNO~ 9.8 CaUzOT 7.9

NaN02 8.1 FeOOH 2.5

Na&O~b 5.6 FePOQc 1.5

NazCO~ 5.3 Mg2P207 0.3

NaF 0.1 Ni(OH)2 1.4

NaCl 0.2 Alz(OH)QSizOsd 0.3

NaA102 0.2 AI(OH)3 5.7

Na2S04 2.0 USiOQ 0.7

Na2NiFe(CN)~CsNiFe(CN)G 2.8 SiOz 0.2

N~Si@* 0.4 CazPzOTe 5.8

Ormnic Salts I 0.9 I H90 I -38
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‘ pH of lg sludge in 100mL HZO= 9.0 – 10.3; pH of supematant in tank June, 1975 was 11.7– 12.1.
Therefore pH of sludge estimated to be 11.0 – 12.3.

b Sodium phosphate species is pH dependent. If the pH of the sludge is less than 12.3, Na2HPOQmost
likely would be present.

cAn iron phosphate phase was tentatively identified in C-1 12 by TEM techniques. Investigation of C-1 12
is continuing to verify that this phase is present, and if so, in what form.

dAn aluminum silicate (1:1) species was identified with SEM. While cancrinite has been identified in U-
110 and C-109 using XRD, none was identified in C-112. Therefore, kaolin is being assumed for this
estimated composition.

‘This compound may exist as Ca3@?04);however, since the magnesium phosphate compound was
identified by XRD as a pyrophosphate, calcium is assumed to be in the same form for this estimated
composition.

Preparation: Method for preparing 250g of 3:1 diluted (by volume) C-112 chemical sixnulant.

1.

2.

3.

4.

5.

6.

7.

Tare Container A. ‘
Container A: To 10g H20, add: ~

11.31g Fe(NO&.9HzO; stir until dksolved
8.4 mL 10~ NaOH stir until gelatinous mass flows freely.

Add the following compounds one-by-one to Container A while stirring
5.71g ~@y3H@ (gibbsite; paItiCle SiZe 0.32g Mg*P2~

50/50 mix of lpm and 7.5pm particles) 0.26g lhOliIl
5.78g Ca2P207 2.00g 30wt% colloidal Si02 in HZO

To container B: To -45g H20, add one-by-one and stir (heat gently) until dissolved before adding the
next component:

i3.05g NasPO~12Hz0 5.15g Na2CO~ -
8.12g , NaNOz o.15g NaF
o.45g Na&DTA 0.18g NaCl =
o.53g Na3Citrate 0.16g NaAIOz (may form precipitate)
2.05g NazSOb

Add Container B to & stir.
.

Container C: To 5g H~O,”add3.94g Fe(N03)~.9H20; stir untiI dissolved...-

Container D: Dissolve 3.71g Na&0412Hz0 in -lOg H20. Add Container C to D; stir until tan
colored gelatinous mass flows freely. Then add contents of Container D to & stir. .

Add to Container A 2.94g NazNiFe(cN)s. The Na2Niie(cN)Gused in this recipe was supplied by
WHC to Mike Lilga for the Ferrocyanide Project. The compound was apparently prepared offsite
using sulfate salts and was washed at WHC. The material consisted of black glass-type chunks that
were ground with a mortar and pestle to a powder. Particle sizes remained large enough so that these
solids are the fwst to settle out.

Add H20 to 145g total (approximate 1:1 dilution by volume). Stir and let solids settle overnight. I
Take pH of supematan~ pH should be around 10.8. If a pH >10.8 is required, pH may be adjusted
with NaOH at this time. ~:

I
Add HzO to 250g total mass (approximate 3:1 dilution by volume). \

,’

4.53
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4.3.23 Single-Shell Tank Variable Chemical Composite

Reference: Ehnore, M. R., N. G. Colton, and E. O. Jones. 1992. “Development ofSimulated Tank
Wastes for the U.S. Depa-ent of Energy’s Underground Storage Tank Integrated
Dernorzstration~’ Spectmm ’92 International Topical Meeting, Nuclear& Hazardous
Waste Management, August 23-27, 1992, Boise, Idaho (Published Proceedings).

Purpose: USTID benchmark simulant for evaluating equipment and processes.

At the time this simulant was developed, the waste pretreatment scenario at the Hanford site for
sludge-type wastes included acid dissolution followed by radionuclide removal with the TRUEX process.
This simulant was Developed by PNL for the Underground Storage Tank Integrated Demonstration
(USTID) program as a benchmark simulant for evaluating equipment and processes e.g., acid dissolution;
sensor technologies; fiber optics for in-situ chemical analyses; steam reforming for organic destmction;
magnetic separation for actinide removal horn wastes. When the pretreatment scenario switched from
acid dissolution to alkaline leaching, actual tank wastes were used for the most part to investigate waste
chemical and physical properties. However, this simulant was used at Tennessee Technology University
to investigate optimum conditions, i:e., time, temperature, and”NaOH concentration, for aluminum and
metal removal”by alkali washing (Callahan, et al., 199A Ensor, et al., 1994).

Procedures for preparing the waste were derived from Kupfer (1981) and the mean concentrations
of 18 analyzed SST sludge wastes. A thermally aged simulant, prepared by refluxing the simukmt at
105”C for 5 days, was prepared and compared with an unaged simulant to determine what effect thermal
aging had on speciation. Chemical properties of the simulant were characterized using ICP, IC, and XRD
techniques. XRD analyses indicated the major crystalline phases in the aged and unaged samples were
sodium nitrate and bismuth phosphate. These phases are present in the two wastes, B-110 and U-110,
used for comparison. A sodium aluminum silicate phase, which is present in B-110 was present in the
thermally aged simulant sample. Waste in Tank 241-B-110 originated from second decontamination cycle
Bismuth Phosphate waste streams, and waste in Tank 241-U-110, from first decontamination cycle
Bismuth Phosphate and REDOX waste streams.

Procedure: In this procedure, metal oxide/hydroxide/phosphate and sodium salt simulants are
prepared individually and then mixed together at varying ratios depending on the specific tank waste to be
&rnulated or on the test being conducted. Note that a lot of secon.dmy waste is generated with this
procedure unless the wash solution is analyzed dried and the salts reused in other simulant batches.

Metal oxide7hwlroxide (without uhosphate)
1. Solution 1: To a 4-L beaker ftied with 600mL water, add while stirring

143.35g Al(NOq)s.9Hz0

Continue stirring and add

2.31g
o.3og
0.80g
o.04g
o.14g

Ca(NOs)z4Hz0
Pb(N03)2
Mg(N03)z6HZ0
AgNOs
zn(No3)T6H20

o.09g
0.36g

14.73g
o.95g

Zr(0)(NOs)72Hz0
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2. Solution 2: To 100mL water, dissolve while stirring.
O.zlg KMno4
o.2og MIl(N03)2 dissolved in 2mL water

3. Add well-stirred Solution 2 to Solution 1. Stir 1 hour and adjust pH to -9.5.

Metal oxide/hvdroxide (with phosphate)
4. Solution 3: To a 1-L beaker ftied with 400~ water, add whale stirring

13.6g Fe(N03)s.9H20
1.48g Cr(N03)3.9Hz0
0.98g La(NOS)S06HZ0

Dissolve 0.21g Mn(N03)2 in 2mL water. Add to above solution while stirring. Mix”10 minutes.
Continue to stir and add 3.45g 85% HsPOQ. Stir until dissolved.

Add 7.82g Bi(N03)s”5Hz0 (precipitate will form). Mix 10 minutes. While stirring, add

lo.09g Na3POa12Hz0
2.07g Ce(N03)3.6H20
o.49g Zr(0)(NOS)ZZHZO

Adjust pH to -10 with 25% NaOH. While stirring add

0.38g Ni(N03)z.6Hz0
o.09g Sr(NOs)z

Stir 1 houq adjust to pH 10.

5. Add contents of Container C to Container A.

6. Wash: Add pH 10 water to the 3.5L rnar~ mix. Let settle overnigh~ pump off clear liquid. Repeat
wash two more times. Add

o.17g NriF
1.42g KZS04

27.99g 30% Si02 Solution
0.62g EDTA (MW=372.2)
o.53g Citric Acid

Mix welj. Mixture maybe dried if particle size is unimportant or maybe maintained wet. Dry yield
equivalent is 62g metal oxide/hydroxide/phosphate simulant.

7. Sodium Salt Mixture
Dry VW%

NaN03 75.2
NaNOZ 4.8
Na2S04 2.4
Na2C03 4.3
NaAIOZ 4.3
Na3POA 4.6 .
NaOH 4.4

I

I

;,
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7. Composite simulated Waste= (x) metal oxide/hydroxide/phosphate + (1–x)salt mixture

where x is dry weight equivalent. For example, adding 5lg dried sodium salt mixture to the metal
oxide/hydroxide/phosphate mixture (62g dry equivalent) results in a composite 55% metal
oxide/hydroxide/phosphate:45% sodium salt simulated waste.

Table 4.42. Summary of ICI?and IC Results (Dry Weight%) for a Composite Simulated Waste (55%
metal oxide/hydroxide/phosphate45% sodium salts) and Two Actual Tank Wastes

Element Aged Sirnulant Unaged Simul@ B-lJO$JaSte U-I1O Waste

Al 8.2 8.5 0.29 20.6

Ag 0.02 0.01 0.005 N-R

Ba 0.003 0.006

Bi 3.1 3.1 4.3 NR

B -- d3L 0.02

Ca 0.35 0.35 0.21 0.10

Cr 0.25 0.25 0.20 0.10

Cu 0.02 0.02 -d)L 0.005

Fe 3.4 3.3 4.8 2.6

I La 0.28 0.27 0.01 NR I

I Pb 0.16 0.15 -0.28 NR I
I Mg 0.07 0.06 0.05 0.08

Mn 0.14 0.14 0.02 . 0.64

Ni 0.06 0.05 NR 0.02

P 2.5 2.6 4.0 m

K @L -OL NR NR

Si 3.3 3.5 2.3 9.1

Na 17.9 17.5 23.8 13.2

Sr ‘ 0.03 0.02 0.05 0.08

Zn 0.03 0.03 0.02 0.03

Zr 0.004
. ~L._

-d3L 0.01

. NOs- 27.2 “ 28.6 39.7 8.1

N02- 1.5 1.6 2.4 0.007

TOC 0.18 0.18 0.10 0.17

P04> 1.4 3.0 6.2 7.1

so:- 0.73 0.89 2.6 2.0

I u — 0.06 1.1 I
Ce 0.65 0.64 NR NR

F 0.34 0.34 0.40 1.5

cl- 0.005 0.005 0.13 0.16
DL Detection Limit
Nlk No data reported
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4.3.24 Caicined Composite Simulated Waste

Reference: Knight, R.C. 1993. Calcite Residue Treatment Summary Repoti, WHC-SD-WNl-PE-
052, Westinghouse Hanford Company, Richland, Washington.

Purpose: For calcinationklksolution studies.

The composition for this composite Hanford simulated waste was developed from a
comprehensive literature review of all existing tank waste chemistries performed by the chemistry
development subtask for this project. Small quantities of bismuth, strontium cenum, and manganese
were included in this composition to act as surrogates for radionuclides. A 35g sample reduces to -lg
insoluble residue following calcination and aqueous dissolution.

Procedure:

Table 4.43. Calcined Composite High-Level Simulated Waste

Compound Formula wt. ~ Mole Fraciion I Mass, g 1
Al(oll’)s 78 0.0553 4.313

F%03 159.6 0.0049 0.782

KOH 56.1 0.0098 0.550

NaOH 40 0.8170 32.680

SiOz 60.09 0.0060 0.360

NaCl 58.44 0.0041 0.240

NazC03 106 0.0370 4.922

NaF 42 0.0193 0.830

Naz0412Hz0 380 0.0314 11.932

NazSO.4 138 0.0070 0.966

Ce02 172 0.0010 0.172

SIClZ6H20 266.5 0.0010 0.267

Ni(OH)z 93 0.0010 0.093

NaBiO. 280 0.0010 0.280

Mno, I 87 I 0.0010 I 0.087 I

Zro, I 123.2 I 0.0010 I 0.123 ~

Na2Cr044H20 234 0.0010 0.234

CaCOs 100 0.0010 0.100

Total Sample Weight 58.93g
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4.3.25 PUREXAcidified Sludge (SYM-PAS-95)

Reference: Carlson, C. D. and H. Babad. 1996. Test Plan for Fauske and Associates to Pe~orm
Tube Propagation fiperiments with Simulated Hanford Tank Wastes, PNNL-1097O, .
Rev. 1, Pacific Northwest National Laboratory, Richkmd, Washington.

Purpose: Previously used to test reactivity and energetic.

This simulant is a modified PUREX Acidified Sludge (PAS) simulant with added transition
metals. Various organic species can be added to simulate ti-ose fo~d in waste tanks.
organic constitutes are based on estimated inventories added during operations.

The ratios of the

Table 4.44. Modified SYM-PAS-95 (no organic added)

Component Concentration ~

NaOH 3.5500

NaN02 1.2650

Fe(NOs)~.9Hz0 0.0720.’

I Cr(NOq)~.9Hz0 0.0013 I
Ni(N03)Z6Hz0 0.0026

Mn(No3)2 0.0019t
KN03 0.0038

Pd(NOs)z 5.OE-051
RUC~.5H20 5.OE-05

RMJVOJY2HZ0 5.OE-05

Ce(N03)3.6H20 0.0041

Bi(N03)Y5H20 0.0031

NazSi03.9H20 0.0031

NaNO~ 2.200

Pb(N03)z 0.0079

Na2S04 0.0081

NazOr12Hz0 0.0081

AI(N03)3.9HZ0 0.0850

NaF 0.1036 “

Preparation:

1. Make sure all chemicals are ACS Reagent grade.

2. To make a 1-L batch, add 500mL deionized water to a 1.5L (or larger) beaker with an appropriate
stirrer.
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3.

4.

5.

6.

7.

8.

Add:
142g NaOH
31.89g Al(NO~)~.9Hz0

0.88g Na2SiO~.9Hz0
186.98g NaNO~

4.35g NaF
1.15g NaJ30d
3.08g Na~P04.12Hz0

Each compound should dissolve completely before the next compound is added.

Add: 29.09g Fe(NO~)s.9H20

Addition will cause a dark red precipitate to form. Stir solution for two hours before adding:

87.29g NaN02

Failure to stir in between these additions will result in evolution of N204, a red gas. Evolution of
WQ indicates destruction of N09- , and the solution needs to be remade.

Dissolve remaining metal nitrates in 50mL of deionized wate~

0.38233g KNos 0.01601g RUC14-5H20
0.52g Cr(NO~)3.9Hz0 o.o1557g Rh(NOq)Y2Hz0
0.76g , Ni(N03)~6Hz0 1.79469g Ce(N03)3.6H20
o.34g MIl(N03)z 1.49287g Bi(N03)3.5Hz0
o.ol153g Pd(N03)z 2.62g Pb(N@z

Add 50mL solution-to beaker.

Add remaining water to bring the solution up to lL.

Place in 50”C vacuum oven and dry to a constant weigh~ which should be around 1225g.

After drying, grind and homogenize the sample to less than 100 mesh.

Procedure for Addimz Ommnic to Modified SYM-PAS-95
1.

2.

3.

4.

5.

Weigh 20g modified SYM-PAS-95 into a 150mL beaker with a stirring apparatus. Add 100mL
deionized water.

Mix the following components togetheq grind to less than 50 mesh; then add to solution.

29.34g Na3HEDTA 33.59g Na3citrat&Hz0
7.41g Na.@DTA 29.66g Na-glycolate

Stir and heat solution (40°C) until free liquid is removed.

Place mixture in a 50°C vacuum oven and dry to constant weight.

Homogenize and grind to less than 100 mesh.
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4.3.26 Single-Shell Tank C-103 Chemical/Physical Simulant

Names: C-103-4;c-lo3-@ C-103-7

Reference: LaFemina, J. P. (Task Leader) et al. 1995. Tank Waste Treatment Science Task .
Quarterly Report for January - Z14arch1995, PNL-10763, Pacific Northwest Laboratory,
Richkmd, Washington.

Purpose: Investigating how slurries behave as a function of particle types and soIution conditions,
e.g., sedimentation, viscosity, agglomeration.

Simple chemical simulants for C-103, developed in the IPM SoIid-Liquid Separations Simulant
Development TaslG were used in sedimentation and agglomeration studies. These simulants were
prepmed using commercial colloidal phases. Components include Fe(OH)s, Si02, Al(OH)~, AIOOH, and
Ca5(P04)30H (apatite). The presence or absence of apatite has a significant impact on the colloidal
behavior of mixed systems. The constituents were added in ratios similar to those indicated in the
chemical analysis of actual C-103 sludge. Phases present in C-103 were not know at the time, so the
phases present in the simulant may not represent the phases present in the actual waste.

Preparation:

Materials
. NaNOs
s NaOH
. Fe(OH)g, primary particle size O.lpm (e.g., Iron(III) Hydroxide, 13% slurry, code #18863, NOAH

Tech Corporation)
. Colloidal Si02, primary particle size O.lp,rn (e.g., Nyacol Silica Sol 9950, 50wt%)
. Al(OH)3 (gibbsite), primary particle size 0.25pm (e.g., Alcoa Space Rite S-11)
. AIOOH (boehmite), primary particle size 20nm (e.g., boehmite, Vista Catapal D)
. CalO(OH)@OA)G,(hydroxyapatite or HAP), primary particle size O.lpm (e.g., tribasic calcium

phosphate, Aldrich Chemicals or GFS Chemicals)
. HNos

Table 4.45. Es~ted Compositions for Simulants C-103-4, C-103-6, and C-103-7

,
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I PriWPticle I C-103-4 I C-103-6 I C-103-7
Constituent I Siti (m) I (Wt%) I (Wt%) I (Wt%)

Fe(OH)s 10 3.5 3.0 2.6
SiOz 60 3.5 3.0 2.6
Al(oH)3 250 0.75 0.65 0.57

AIOOH 20 0.23 0.2 . 0.17

Ca10(OH)@04)~ 50 0 1.2 2.1

Total Solid 7.9 8.0 8.0
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Instructions for three variants of C-103 Simulant

1.

2.

3.

4.

5.

Add B* of 50 VW%SiOz to A* of 13 wt% Fe(O13)~slurry; stir.

Add C* of NaN03; Stir.

Add D* of A.I(OH)3,E* of AIOOH, and F* of Cal@H)@04)G; stir.

Add 5~ NaOH slowly with stiming until pH 12. Stir vigorously for 24 hours.

Add 5~ HNO~ slowly with stirring until pH 10. Add deionized water until the total volume is 200L.
Stir for 3 hours. -

.

*The amount to add depends on which simulant is being synthesized. Refer to Table 4.46for values.

Table 4.46. Variants of C-103 Simulant

- “S~l” Piu-dcle Sizk “’Medium”Particle Size
‘Constituent” ‘‘ Variailt variant

A. Fe(OH)3 158.66 kg (8.7 wt%) 135.33 kg (7.5 wt%)

B. SiOz 41.29 kg (8.7 wt%) 35.19 kg “(7.5wt%)

C. NaN03 17.00 kg (1.0~ 17.00 kg (1.0~
D. Al(OH)3 4.39 kg (1.9 w%) 3.78 kg (1.6 wt%)

E. AIOOH 1.36 kg (0.6 wt%) . 1.18 kg (0.5 wt%)
F. Ca@H)@04)G o 7.03 kg (0.3 wt%)
Estimated total 20 Wt% 20 w%
solids loading

Estimated slurry 1.1 to 1.2 1.1 to 1.2
density (g/cm3)

‘,’L~g#~articlesi~
variant

117.28 kg (6.5 wt%)

30.40 kg [6.5 wt%>

17.00 kg (1.OM

3.32 k= (1.4 wt%>

1.00 kg (0.4 wt%)

12.31 k= (5.2 wt%>

20 Wt%

1.1 to 1.2
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5.0 Simulant Description for Vitrification

In vitrification operations, it is assumed that the waste is taken from holding tanks, either in the
form of solutions or slurry precipitates of metal hydroxides, mixed with glass precursor material (e.g.,
HsBOS,SiOz, CaCO~, etc.) or with glass fit, and then fed to a melter. Depending on the melter design and
final processing steps, the feed can be introduced directly into “tiemelter, dried first, then melted or dried,
calcined, and melted. Section 5.1 discusses parameters in developing simukmts for pretreated slurry,
melter feed slurry and vitrification operations. Sections 5.2 and 5.3 describe simukmts for HLW and
LAW, respectively. The vitrification simulants are elaborated in section 5.4. Note that the following
processes are often interrelated and there is not a clear distinction.

5.1 Parameters in Simulant Development for Vitrification Testing

In the following sections, the important aspects of actual waste properties appropriate in
designing simulants for each sequence of the vitrification process step are explained. The general features
of simulants and the important chemical and physical parameters applicable for developing tank waste
simulants for various, steps of vitrification processes are presented in three categories: 1) slurry simulants,
2) melter feed simulants, and 3) vitrification simulants.

5.1.1 Slurry Simulants

Regardless of the final vitrification unit operations to be employed, the constituents of the
solution or slurry will be subjected to elevated temperatures while it is still in the liquid stage. A critical
issue in designing these simukmts is to accurately mimic the necessary chemical activity of the actual
waste. The importance of including nitrate/nitrite, catalytic metal speciei and organic reductants as well
as using the correct particle size distribution and mineralogical phase distributions of the precipitates are
often critical to properly investigating the sludge packing factor, redox, volatility, and foaming issues
encountered in the vitrification process. Emulation of chemical activity, as opposed to chemical
composition, ofien allows researchers to substitute non-radioactive, less expensive, or less complex
species as surrogates for the myriad of constituents that aie present in the actual waste. For example, for
the series of lanthanide ions present in some actual wastes, which in their entirety may complicate the
experimental results, a single lanthanide ion can be used to represent the activity of all lanthanide ions
present. Note that this approach does not exclude using the chemical composition of a given .waste as a
basis for designing simulants.

The importance of adequately simulating the activity of actual waste is illustrated by the
following example. Hydrogen generation during the formating of Htiord Waste Vitrification Plant feed
was fust observed using a simulant that contained noble metals (Wiemers et al. 1993). Also, melter
evaluations using insufficiently validated simulants can result in poor melter selection or design, or melter
operation flaws such as those experienced by the PAMELA melter (Powell et al. 1995b). The real waste
melt contained noble metals and had a higher viscosity and Iiquidus temperature. The resulting flow
dynamics allowed the noble metals to settle in the flat-bottomed melter and shorted it out.

5.1.2 Melter Feed Simulants

Sirnulants for mimicing melter-feed at this stage require inclusion of glass precursor compounds or
glass flit to the slurry simukmts discussed in Section 5.1.1 or ones related to them. One of the issues in
this case relates to the theological properties encountered in transporting actual melter feed in pipelines.
The important slurry transport properties are the mean particle size, particle size distribution, density of
particles, concentration of solid particles, density of the carrier solution, the yield stiess and viscosity of
the slurry, and the effect of temperature on the viscosity/rheology. A combination of these properties will
affect the transport velocity and the pressure drop across the pipeline. For example, in slurry transport a

5.1 .
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robust turbulence is desired to keep all paticle sizes suspended, or at a rninimu~ a moving bed of
sediment in the lower portion of the pipeline should be maintained. Assuming fully suspended transport,
the pressure drop across the transfer pipeline depends on the apparent viscosity of transported slurry.
This slurry viscosity depends primarily on the carrier liquid viscosity and the slurry solids loading.

Another issue is properly allowing for the reactions that occur between waste species and glass
precursor compounds or fit. These reactions dictate the sequence of melting events that occur during
vitrification, which in turn determine how the feed material transforms to a molten phase. For example,
the sodium nitrate and nitrite that occur in some dried meltei feeds will melt at temperatures near 300 “C
and later decompose to form nitrogen oxide gaseous compounds, such as NO and NOZ, and sodium
oxides, which then react with silicates to form sodium silicates and oxygen gas. The generation of offgas
from these reactions and the presence of lower melting sodium silicates produce an increase in the melt
volume, which is an important process parameter that needs to be considered. If a proper simulant is not
used in these evaluations, such issues can not be taken into account.

5.1.3 Vitrification Simulants

The vitrification simulants are used to make laboratory crucible melt feeds for the purpose of
preparing glass for waste form evaluations. At this stage, duplicating the target elemental composition of
the glass derived from the actual waste with simple oxides, carbonates, and other salts with appropriate
substitutions of radioisotopes (if required) will give an appropriate glass. This is because when all the
feed reactions and offgas events described in Section 5.1.2 are completed and the oxide melt is collapsed
into a dense liquid, memory of the starting materials is lost. Simulants at this stage are designed to
expedite the glass preparation process so that the effects of final glass composition on chemical durability,
volubility limits, melt viscosity, etc. can be studied extensively. Using these simulants, the volati@y of
components can also be studied in many cases; however, caution must be used because the volatility of
certain components (e.g., technetiu~ iodine, etc.) is dictated by what occurs in the melter feed at much
lower temperatures.

5.2 HLWProcessing

The HLW simukmts were prepared by either using an anticipated “reference” composition of a
blend of tank wastes or using the elemental composition of a pretreated actual waste core sample. For
example, a HLW blend simulant for use in vitilcation tests was based on estimates of the pretreated
HLW sludge composition for tanks AZ-101, AZ-102, C-106 and AY-102 (Russell and Smith 1996).
These simulants were a slumy precipitate of metal hydroxides, which in some cases were mixed with
glass pre-cursor material (e.g., H@O~, SiOz, CaCO~, etc.) or with glass frit. In most of the simulants
discussed below, the acutely toxic and radioactive species were either replaced by appropriate surrogates
or eliminated from the waste composition.

5.2.1 Slurry Simulant

The critical issues in designing slurry simulants were discussed in Section 5.1.1. The waste slurry
simulants presented in the following sections were prepared by emulating historical chemical processing
flow sheets used for producing neutralized current acid waste (NCAW) at the Hanford site. This method
was used to prepare NCAW simulant (Wiemers et al. 1993). The procedure involved the addition of
sodium hydroxide to metal nitrate solutions to form precipitates and to adjust the concentration of other
components by directly adding the oxides, hydroxides, fluorides, and sulfates of those elements to match
the chemical composition of the NCAW waste. Similar procedures were used to prepare double shell
tank/single shell tank waste blend (Tracy et al. 1995) and request for proposal blend @?P) (Russell and
Smith 1996). In the following sections, the simulant specification for these three types of HLW slurry
waste simulants is presented.

5.2



5.2.1.1 NCAW Slurry Simulant

The NCAW simulant was designed to mimic the elemen~ composition of a target NCAW waste
that was subjected to washing and pretreatment steps. The basic procedure to prepare NCAW simulant
slurry was coprecipitating an oxyhydroxide stock slurry by adding sodium hydroxide to a nitrate solution
containing major waste oxide elements (Fe, Ni, Zr, and Mn). The aluminum hydroxide was prepared by
adding an Al(N03)~ solution to a sodium hydroxide solution and adding tie resulting slurry to the stock
slurry. The soluble/slightly soluble salts (halides, hydroxides, nitrates, nitrites, sulfates, berates,
phosphates, oxides, and oxalate) were added dry to the major oxide slurry. Two other slurries were added ‘
to the major oxides and soluble/slightly soluble slurry: 1) minor components of oxides and fluorides as an
insoluble compound slurry, and 20 precipitated nitrates of noble metals @h, Pd, Ru) either added directly
to the stock slurry simulant or coprecipitated in a separate step. Excess nitrate and sodium were removed
by washing. These anions and cations were added in various concentrations with other elements, and the
volume was reduced or water was added during various stages of simukint preparation to obtain an
appropriate concentration. A schematic of the NCAW simukmt preparation flowsheet is presented in
Figure 5.1.

The reference composition for NCAW simukmt was a target pretreated NCAW feed,composition
defined in FY 1991. In Table 5.1 (Wiemers et al. 1993) the anticipated composition of the NCAW
simulant is compared with the composition of FY 1991 pretreated NCAW. Also, in this Table, the
composition of the NCAW feed and NCAW simukmt are presented as an equivalent of 125 grams of
waste oxides per liter of slurry before adding the glass precursor material to the slurry. Note that the FY
1991 pretreated NCAW feed composition assumes a sludge washing factor for actual NCAW waste
during the pretreatment processes and represent an anticipated composition.

. There are several aspects of the NCAW sinndant described that make it a reasonable HLW
sirnukmt for vitrification unit operations. Comparisons of actual AZ-101 and AZ-102 core sample
properties with those of NCAW slurry simukmt in the context of similar processing schemes were
investigated extensively by Morrey et al. (1996). These studies are summmked below. .

The chemical composition of washed-solids slurries from the three core samples (AZ-101 Core 1,
A%101 Core 2, and AZ-102 Core 1) and two NCAW slurry simulants indicated that the composition of
the actual NCAW waste is accurately emulated. With a few exceptions (e.g., Ag and Cr) the NCAW
sirnulant accurately represented the chemical composition of the washed solids actual NCAW waste
(Morrey et al. 1996). Issues such as the effects of volatility, redox chemistry, and hazardous offgas
generation from various components of the actual NCAW slurry on the vitrification process can be
accurately addressed using the NCAW simukmt. ..

The physical properties of the core samples and the simukmts were partially characterized. The
oxide basis concentration in the two NCAW simukmts fell within the range of the core samples.
Centigation studies showed that when the slurry sampIes at similar solids loading (14 to 18 wt%) were
centrifuged, the NCAW simulant had a significantly lower centrifuged solids density than the core
samples (Money et al. 1996). These results indicate that the NCAW simulant soilds experience less
compaction than the actual waste under the same conditions. Thus, the NCAW simuhmt forin a greater
height, lower density solids layer compared to actual NCAW core samples. A lower compaction of
simukmt suggest that at the same conditions the solids content in the centrifuged layer of actual waste
slurrjdsludge is underestimated using a NCAW simulant. The compaction characteristics of the solids are
important for filter processing and for sludge buddup and suspension in the slurry transport line.
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Figure 5.1. Schematic of the NCAW Simulant Preparation
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Table 5.1. NCAW HLW Reference and Simulant Composition

. FY 1991 NCAW Simulant
FY 1991 Reference NCAW Composition T~get Composition@) .

hfol Element/ Mo1 b] ernent/
Component L Fixxi Substitution/ Component L Feed

Component (Wt%) (125 gWO/L) Deletion (Wt%) (125 gWO/L)

AS203
B,O,
BaO
BeO
Br
CaO
CdO
CeOz
C0203
CrzO~
CS20
Cuo
DyzOa
ErzO,
Eu,O,
F
F~03
GdzO,
GeOz
HgO
HozO,
1.
InzO~
K,O “
L~O~
Li20
MgO
Mn02
MoO,
N~o
Nb203
NdzO,
NiO
Npo2
P205

1.20E-01
9.04E-+00
7.22E-02
4.25E-05
5.75E-03
1.76E-01
1.OIE-01 ~

7.91E-01
3.02E+O0
6.05E-01

2.62E-01
6.05E-01
2.4$E41
1.04E-04
3.08E-06
2.02E-02
9.70E-02
2.82E-I-01
3.70E-03
1.57E-04

5.32E-06
4.50E-06

1.96E-01
6.53E-01
1.84E-04
2.02E-01
2.14E-!-00
5.59E-01
2.14E+01
1.OIE-02
5.78E-01
2.30E+O0

8.72E-01

1.29E-03
2.22E-01
5.38E-07

“3.41E-04
2.06E-04
1.43E-03
5.04E-03

1.76E-02
2.94E-02
4.39E43

4.30E-03
5.32E-03
3.85E-03
6.98E-07
2.02E-08
1.42E414
6.38E-03
4.42E-01
2.57E-05
1.82E-06

3.52E-08
4.36E-08

5.21E-03
5.OIE-03
5.92E-06
6.25E-03
3.08E42
4.85E-03
8.64E-01
1.08E-04
4.29E-03
3.85E-02

--

1.53E-02

DEL
DEL

SUB Mg
NIA

5.5

SUB Nd
SUB Nd
SUB Nd

SUB Nd

NIA
I SUB Nd

NIA

1.22E-01
9.25E+O0

--
—

5.86E-03
1.79E-01

—

8.06E-01
3.08E-FOO
6.56E-01

2.67E-01
6.12E-01
2.50E-01

9.90E-02
2.88E-I-01

1.56E-04

._

4.60E-06

2.00E-01
6.67E-01
7.23E-05
3;72E-01
2.19E-I-00
5.70E-01

. 2.19E-!-01
1.03E-02
3.56E+-00
2.35E+O0

8.87E-01

1.32E-03
2.27E-01

--

2.1OE-O4
1.46E-03

1.80E-02
3.00E-02
4.77E-03

4.39E43
5.43E-03
3.93E-03 “

6.52E-03
4.51E-01

1.86E46
.._

4.:3E48

5.32E-03
5.12E-03
6.05E-06
1. 15E-02
3.15E-02
4.95E-03
8.82E41
1.1OE-O4
2.64E-02
3.93E-02

1.56E-02

.

I
I

1
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Table 5.1. NCAW HLW Reference and Simulant Composition (contd)

FY 1991 NCAW Simulant
FY 1991 Reference NCAW Composition Target Composition@). .

h401k] emeriti Mol Memeriti
Component L Feed Substitution/ Component

Component (Wt%) (125 gWO/L) Deletion (Wt%)

Pb02
PdO
Pm203
Pr203
PU02
Rb203
Rq07
Rh~o~
RU203
SOS
Sb203
Se02
Si02
Sm203
SnO
SrO
Ta205
qo~
Tq07
Te02
l-ilo~
Ti02
Tm203
u~o*
Y203
ZnO
Zr02

Sum

7.00E-01
1.20E-01
4.60E-02
1.53E-01
6.00E-02
5.75E-02

--

1.04E-01
3.80E-01
6.55E-01
5.88E4.3
1.59E-02
4.03E+O0
7.50E-02”
1.08E-02
1.19E-01
3.33E-03
2.26E-04
1.52E-01
1.07E-01

--

6.52E-01
1.68E-10
4.74E+O0
7.99E-02
3.34E-01
1.51E+01

1.00E+02
—

3.66E-03
1.23E-03
3.32E-04
1.16E-03
2.77E-04
6.56E-04

1.02E-03
3.77E-03
1.02E-02
5.00E-05
1.78E-04
8.38E-02
5.42E-04
9.78E-05
1.43E-03
1.88E45
1.54E-06
1.23E-03
7.77E-04

1.02E-02
1.09E-12
2.1 lE-02
8.85E-04
5.13E-03
1.53E-01

2.02E-I-00

7.15E-01
1.23E-01

SUB Nd -
1.56E-01

SUB Ce --
5.87E-02

1.06E-01
3.87E-01
6.69E-01
5.95E-03
1.61E-02
4.llE+OO
7.72E-02
1.08E-02
1.21E-01
3.39E-03

SUB Nd –
—

1.OIE-01
SUB Zr –

6.66E-01
SUB Nd -
SUB Nd -

8. 17E-02
3.41E-01
1.54E+01

i.ooE+02

L Feed
(125 gWO/L)

3.74E-03
1.26E-03

1. 18E-03

6.7(3$-W

1.04E-03
3.85E-03
1.04E-02
5.1 lE-05
1.82E-W
8.56E-02
5.54E-04
9.99E-05
1.46E-03
1.92E-05

--

7.94E-04

1.04E-02
.-

9.04E-04
- 5.!+4E-03

1.56E-01

2.06E+O0

,
(a) Smith, R. A. 1991. “Revision of Pretreated Neutralized Current Acid Waste Composition for

FY 1991 Pilot Testing—Errata Correction.” Letter to J. M. Crexx #915051. -
(b) Actual test slurry composition with substitutions made.

5.6

.



Table 5.1. NCAW HLW Reference and Simulant Composition (contd)

FY.1991 P@rcatd NCYSWF%esl
Composition “ .

zl~ ~~ gmolca
Anioria Omgti ~ ElcmenUL “

NO; 5.76E+O0
- N()~ ~ 1.60E-I-01

cl- “ 3.00Ei)l
OH- ~ .’ -
“SO(2 7.86E-01

‘ ‘ P@ 7.84E-02
Cojz 6.ooE-i-oo
F- ~9i70E32
Toc- 1.34E-01
I- ., 4.50E!-06

1S6E-01
‘“ 4,35E-01

1.06E-02

1.02E-02
1.03E-03
1.25E-01
6,38E-03
1.39E-02
4,36E-08

1016E-O1
4.35E-01 ~~
1.06E-02..

1.03E’W “

Ltiwi
6.42E-03
1.39E-02
4.46E-08

. .
‘J1.16E~i ‘ ~
‘ 4,35E-01

1.06E-02 ‘ , ,.. . .

1.03i& “
1.56E-02 ‘ “
c1.25E~l ~~ ‘: “
6:42E-03 ‘“
1.39E-02 ‘
4.46E-08 .

. .. .

. .

.

‘ ..

.,

(a)

‘($

. gd

(f)
04)
00

NCAW ~ct compositionsupplicd by WHC for FY 1991 “&sting (Smith, R. A. 1991. lldrion qfFretre@d
Neutralized (XW Acid U&Yte (%mpositionfir FY 1991 Pilot ?Wng-Enuta :+nvction. H to J. M. Crecr.
#915051).
Mjusted target composition based on (a). ,
Turget composition for IV 1992Baso Caso #l, E&l to (b) excqt for irIcrea&d Pd, I/h, fid Ru concentrations to ‘
match actual FY 1991 base casosixnulwtwknpodtion.
Moactive. “ .
.Toxic. ~~
None in rcfmce &cd composition.
Expensive. , “
Addition of 0,25 gI/L of M is nccegsary io mce4 ~e @I chromatograph’s detection limit for.the ,dysis of
volatiked iodine. . .

* ~ New addition to airntkn~
Note: All substitutions are based on the addition of the”cquivalcnt amount of mole element/L,

—— . .. . . . ._. —.. _..—_ .. . . ..-. .- ---- -. ”..-....—...” ..-. ...
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5.2.1.2 Scaled NCAW Slurry Simulant

The NCAW slurry simulant was prepared for various scales of process development testing for
the Hanford Waste Vitrification plant @WVP) project. Depending on the scale of testing, the outlined
procedure was simplified or modified to meet specific HWVP testing objectives. The flowsheet for
preparing laboratory scale simulant (see Figure 5.1) was used to make up to 50 liters of simulant. Similar
procedures were used to prepare simulants for the research scale melter (RSM) and slurry integrated
performance testing (SJJ?T).

Several hundred gallon batches of NCAW sluny simulant were prepared for the RSM testing.
Since at this scale, the production of major components of the stock slurry would generate a lot of waste
wash solution (sevexzdthousand gallons), the Optima Chemical Company was contracted to fabricate
mixed hydroxide slurry in a slightly dduted form using a similar procedure as the laboratory scale
flowsheet. Thus, the waste disposal problem was diminished. The addition of the rest of the components,
including the solubkdslightly soluble components, noble metals, and minor components (Cooper et al.
1993) is similar to the laboratory scale procedure. The sirnukmt preparation was carried out with one
large mixing tank. The RSM simulant preparation flowsheet is presented in Figure 5.2.

I Ag,Cd, Cr,-. —.- 1 7-!J-sao~ Soluble/
Slightly

Soluble”””

Wi~/
Mix Tank ...

CSN03
.

Nal

~

Mix Tank Adjust H20
Ce (NOJ3 06 H20 RbN03
hlg (N03)2 c6 H20 SnSO~
Nd (N03)3 .6 H20 KoH 1..
Pr (N03)3 ● 6 H20 Ndl”02
Sm (N0.J3 ● 6 H20 Na2S04
Y (oH), NCIC1

CUS04 ● 5H20 L
.. H3B03 Mix Tank
G002 Na3P04

LaF3 Ba(OH)2 . 8H20

La(ON)3 t6a2c204
Nb205 hloo~
NdF3 sr(NoJ~
Si02 Ca(OH)2

Ta205 Sb203

T002 tlaN03

t/aOH

Figure 5.2. Research Scale Melter Waste Simulant Preparation Flowsheet
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The procedure TP92-SIPT-1OO(Kronschnabel 1992) was written to make 3900 gallons of NCAW
slurry simukmt at a time for SIPT testing activities. This procedure is similar to RSM procedure;
however, at this scale, the chemicals were purchased in bulk quantities, which required additional
composition adjustments and analyses to offset the lower chemical purity of the bulk materials. Also, the
difference between the particle size of bulk materials and the laborato~ grade minerals introduced
grinding, pre-sh.urying, pre dissolving steps to reach similar solids loading and composition as the RSM
or laboratory scale simulants. In summary, additional preparation steps and analyses were required to
qualify the SIPT simulant properties, and simukmt preparation at this scale become more approximate.

5.2.1.3 Double Shell Tank/Single Shell Tank Waste Blend simulant

The double shell tanldsingle shell tank waste blend (waste blend) simulant (Tracy et al. 1995) was
developed to emulate an anticipated composition of HLW feed representing a blend of the waste from 177
single shell and double shell tanks. The waste blend composition shown in TabIe 5.2 was based on the
normalized Track Radionuclide Components (TWIC) inventory, historical tank da~ and assumptions on
the pretreatment of the waste. The waste simukmt speciilcation was written to prepare 1000 L of waste
simulant. The procedure to prepare waste-blend simukmt is included in Appendix A.

The waste blend simulant spedlcation uses a procedure similar to that used for preparing the
NCAW simulant. However, the elements Bi, W, Co, Np, Re, Th, ‘II, Hg, V, and Cm and the anion CN,
which are present in the waste blend composition are not included in NCAW simulant composition. As
with the NCAW, the organic component of the waste bIend simulant was added as oxalate.

The waste blend prep~tion differs from the NCAW simulant preparation in that mineral phases
such as boehmite, cancrinite, sodium silicate, and silica were used as sources of Al and Si. Also, Cyanide
(CIT) addition as NaZNi.Fe(CN)cwasproposed. Because of uncontrollable exothermic reactions of
NaZN@e(cN)cin the presence of sodium nitrate it was suggested that the use of NazNiFe(CN)c in
simulants should be employed only to meet specific testing objectives and its necessity should be
carefully considered (Tracy et al. 1995).

Note that the chemical and physical properties of the waste blend simukmt have not been
measured due to discontinuation of the project. Thus, the application of this simulant for actual waste
slurry has not yet been evaluated. However, this work formed the basis for future simulant development
(e.g., RFP simukmt) which not only accurately simulates elemental composition, but also the distribution
of elements within different mineral ph~es.
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Table 5.2. HLW Blend Reference and Simulant Composition

ReferenceComposition(”) SimulantComposition
Moles Element/ MolesElementi

Oxide Wt% L Fed SubstJ L Feed Wt% SourceChemical ~

Oxide (125we/L) ‘ Delo) (125g wo/Jj Oxide
Ag20 4.50E-05 4.78E~5 4.43E-03

A1Z03

4.17E-03

1.30E+01

4.23E-04

8.18E-03

7.54E-02

2.17E-02

2.42E-04

1.95E+O0

2.06E+O0

9.07E-02

2.73E+O0

3.26E-02

2.43E-07

1.02E-02

4,52E-01

1.21E-02

9.06E-03

1.28E-05

3:80E-07

2.49E-03

5.55E-01

1.1OE+O1

4.56E-04
1.94E-05
8.28E53

6.57E-07
2.22E-01
4.28E-01
6.90E-04
7.65Eti

1.82E+O0
7.35E-02

2.53E+01
8.13E-09
7.13E-02

2.27E+00

3.19E41 3.39E-01

1.98E-05

.1.03E-04
2.70E-03
1.77E-04

1.21E-05
1.05E-02
4.59E-02
8.83E-04
1.98E-02
1.15E-03

1.12E-09
1.54E-04
7.43E-03
1.07E-04
1.42E-04”

8.58E-08

2.48E49

1.77E-05 .
3.65E-02

1.72E-01

3.14E-06
2.32E-07
4.78E-05

4.35E-09
5.89E-03
3.28E-03
5.77E-05
2.37Eti
2.62E-02
6.38E-04

1.02E+O0
8.69E-11
5.30E-04
3.80E-02

Del(c)

Del(o —

.2.86E413

1.88E-04

SubMg(a
1.llE-02
4.88E4t2
9.38E01
2. IIE-02
1.22E-03

Del(e)

1.63E-04
7.90E-03
1.14E-M
1.51E-04

SubNd(’)

SubNd(=)

SubNd(c) —

3.88E-02

1.83E-01

SubNd(e) —

2.46E-07
5.08E-05

SubNd(’)
6.26E-03
3.49E-03
6.13E-05
2.53E-03
2.78E-02
6.78E-04

1.08E+O0
9.23E-11
6.83E-C12
4.WE-02

1.38E+OI

—

8.OIE-02
2.30E-02

—
2.07E-i-Ot)
2.19E-i-00

9.63E-02
2.90E+O0

3.46E-02

1.08E-02
4.80E-01
3.29E-02
9.62E+X3

—

—

—
5.89E-01

I.lm.+ol
—

2.05E-05
8.79E43

—
2.36E-01
4.55E-01
7.33E-04
8.17E-02

1.93E+N3
7.81E@.

2.69E+OI
8.64E4M

9.19E+O0
‘2.41E+03

AgNO,
N~Al@i@U(N03>
AI(OOH)

deleted

deletui
HJ303
Ba(O-~x8Hz0

subst.MgO
Bi([?33~x 5HZ0 ~
Ca(N03~x4H20
cd(N()~~XAH20

C!C(N03)>6H20.
NaC1

delete
co(No3)2x6H~o
Cr(NOJq9Hz0
CSN03
CuSO~HaO

subiit. Nd203
~

subst.Nd203

subst. Nd203
NriF(seeLaF3&NdF3)
Fe(NOJ@HzO

subst. Nd203
Ge02
HgO

subst. Nd203
KOH “
La(O~ andL@
LizO ~

Mg(N03~x6Hz0
Mn(N03~andKMn04
M003
NaOH
hlqo~
Nd(N03~6Hz0 andNdI
h’i(N03>x6H20
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Table 5.2. HLW Blend Reference and Simulant Composition (contd)

ReferenceComposition(’)
MolesElement/

SimulantComrmsition
Mole-sElement/

Oxide Wt% L Feed . Substi L Feed w;% SourceChemicrd
Oxide (125we/L) Del (125g wofL) Oxide

Np02
‘P205
“1%02
PdO

PmzOs
PQ03

PU02
R~03

eR~03
Rhz03
RU203
sb203
SQ .
SiOz
SmZOs
SnO
so,
Sro
Te205

Tb303 “

TQ07
TeOz

Thoz
Ti02

TIz03

Tm203

U,O*

v~os
W03
Yz03
ZnO
zro~

‘ 8.56E-04
4.71E+W

3.21E-01
1.48E-02

5.68E-03
1.89E-02

5S7E-03
7.09E-03
4.12E-04
1.28E-02
4.69EQ
2.06E-C12
2.44E-02

1.00E+OI
3.51E-04
1.57E-04
3.41E41
4.14E-01
4.1IE-04

2.78E-05

2.1OE4E
2.92E-03

1.46E-01
6.95E-03’

5.52E-02

2.07E-I1

1.43E+OI

6.53E-04
1.74E-01
9.87E-03
1.74E-02

7.08E+O0

3.98E-06
8.30E-02
1.68E-03
1.51E-04

4:20E-05
1.43E-04

2.52E-05
8.1OE-O5
2.45E-06
1.26E-04
4.69E-04
1.77E-04
2.75E-04
2.08E-01
2.52E-06
1.46E-06
5.32E-03
4.99E-03
2.33E-06

1.tiE-07

1.70E-04
2.29E-b5

6.91E-04
1.09E-04

3.02E-04

1.34E-13

6.37E-02

8.98E-06
9.38E-04
1.09E-04
2.67E-04
7.18E-~

..—.—,,. . . ..

SubZr(’)

SubNd(’)

SubG(C)

SubNd(”) -
Del(c)

SubZr(’)

I@

SubNfi)

SubNd(’)

Del(o

5.11

8.81E-02
1.78E-03
1.61E-04

‘—

1.52E-04
—

8.60E-05
2.60E-06
1.34E-04
4.98E-04
1.88E-04
2.92E-04
2.21E-01
2.67E-06
1.55E-06
5.6$E43
5.30E-03
2.47E-06

2.43E-05

1.16E-04
—

—

—

—

9.96E-04
1.16E-04
2.84E-04
7.70E-02

—

5.00E+OO
3.41E-01
1.57E-02

—
2.OIE-02

—

7.53E-03
4.38E-04
1.36E-02
4.98E-02
2.19E-02
2.59E-02

1.06E+01
3.73E-04
1.67E-04
3.62E-01
4.40E-01
4.37E-04

—

—
3.1OE-O3

—
7.38E-03

—

—

—
1.85E-01
1.05E-02
1.85E-02

7.59E+00

.,. , ,Tr ,q—-r.=. ,.., . ,,, ,, .,,>.,, ,. . ,.7.. T.- -

subst. Zr02
“Na3P04
Pb(No3)2
Pd@103>

subst. Nd203
Pr@103~6Hz0

aubstCe02
RbN03
Rq07
Rh(No~)2
RuNO(NOS>
sb203 “ . “
s+
Na#i03 andSi02 (quartz)
srn(No3~6H~o
SnC12x2H20
Na2SOt . .
Sr(N03~
Ta20s

subst. Nd203

delete
TeOz

subst. Zr02
TiOz

“deleted

su.bst.Nd203

subst. Nd203

deleti
Na2WO@H20
Y@O~~X6H20
Zn(N03~x6H20
zro(No~)2
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Table 5.2. HLW Blend Reference and Simulant Composition (contd)

VolatilcsComponentsof the HLWBlend
ReferenceComposition ‘ SimuIantComposition .

gll Oog glloog “
Species Total gmoleElmt/L Total g Anio~ Source

Oxide(o Oxide(o (125g oxidtiL) “ Chemical

NO;

NO~

OH

co3-

r
TOC

“C

CN’

(a)

- (0

(c)
(0
(e)
(f)

2.63E+01

1.39E+O0

1.82E+OI

1.71Ei-00

3.16E-05
3.29E-01

1.23E-07

2.24E+O0

5.30E-01

3.78E-02

1.34E-I-00

3.56E-02

3. IIE-07
3.42E-02

1.IOE-08

1.08E-01

2.79E+OI

1.48E+O0

1.93E+01

1.82E+O0

3.36E-05
3.49E-01

1.31E-07

2.38E+O0

R.W. Powell. May 1994. .‘DoubIe-ShellTank/SingI*ShellTankWaste
Bknd Compositionfor I%gh-LevelWask VitrificationProcessTesting,mLetter
to J.M. Creer. #9452712.

The additionalamountsof Nd, Zr, Ce, andMg due to substitutionsare included
in the simulantcomposition
Radioactive
Acutelyioxic
Expensive
Targetcompositiondiffers’fromreferen= imposition becauseof substitution
of lighter simulantoxidesfor referenceoxides.

- 3.29E+01

1.74E+O0

2.28E+OI

“2.14E+O0

3.95E-05
4.1lE-01

2.80E-J-00

NaN03

NaNo~

NaOH .

NazC03

Nd03
NazC@4

delete

Na2NlFe(CN)6

.
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5.2.1.4 Request for Proposal Blend

. This feed specification describes a method for preparing a waste simulant which corresponds to
the high level waste (lILV/) slurry composition provided in the privatization draft request for proposal
@FP). The simukmt composition emulates the elemental composition of a calculated pretreated waste
blend from tanks 101-AZ, 102-AZ, 106-C and 102-AY. The composition of this simulant is reported in
Russell and Smith 1996. The blended waste simukmt specification is written to prepare 1000 L of
simulant slurry at 100 g waste oxide/L.

The RFP simulant composition in terms of batching chemicals and oxide compounds is shown in
Table 5.3. Jn Table 5.4 the anionic composition,of the RFP slurry simulant is presented. The procedure
to prepare this simulant is described in detail in Appendix B. In this specification, boehmite (AIOOH)
was used as a source of aluminum hydroxide precipitate. The boehmite phase has been identified in some
actuid HLW sludges. For example, it is reported that most (>5070) of the crystalline phase in actual
sludge sample from tank S-104 is boehrnite phase (LaFemina 1995c).

Other minerals such as cancrinite {N~(~SiC)4)&HC03)2} can be added to the RFP sirnulant
composition as another source for Al and Si. Some aluminosilicate phases are reported to remain in HLW
sludges even after caustic leaching processes (LaFemina 1995c) and the zeolite-lilce feature of cancrinite
make it to be a reasonable aluminosilicates phase that resist dissolution in tank sludges. The procedure to
prepare cancrinite is described in detail in Appendix A for waste-blend simukmt specification. As more
knowledge is gained about the mineral phases that are present in the actual waste, more appropriate
simulants can be developed in the future.

.
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Table 5.3. REPSimulant Composition at 100 g oxide/L

Elernerit
?

Batch”ix3 Source Chemical Foriiiula Wt. Cixide Factor Cheiiicals giL
Oxide Wt% (incl. water) (1OQg oxide)

Ao 0.060 AgNO~
Al 17.870 Al(

II B I 0.139 I H3B03

169.87 0.682 0.088
(OOH) 59.98 0.850 21.024

II As I 0.000 I deleted 0.000 0.000 0.000
61.83 0.563 0.247

11 Ba I 0.610 I Ba(OH)T8HZ0 315.48 0.486 1.255
0.480 0.125

1[~-iU37Z+nzw L>o.lw 0.237 8.439
MIW,h 4H.0 308.47 0.416 3.101

434.23 0.378 0.315

II bl I U.VYU I LwaGl 58.44 0.590 0.153

II Bi I 0.060 I Bi(N03)3.5H20 I‘- 485.07 I
Ca 2.000 (=afi,n \ A,, n n-7L 4<

Cd 1.290 Cd\- ._=,= .--A_
Ce 0.119 Ce(N03)~6HZ0
/-n n nnn XT- -T

Cr I 0.328 I Cr(N03)3.9HZ0 I 400.15 I 0.190 I 1.726 I
Cs 0.617 1CSNOS

F 0.090 NdF3
Fe 24.626 Fe(N03)y 91
K 0.430 ~c--

194.91 0.723 0.853
II Cu I 0.070 I CUSOA.5H,0 249.68 0.319 0.219

201.24. 0.283 0.318
320 404.00 0.198 124.374

JH

II
56.11 0.839 0.513

La I 0.507 I La(NOq)y5H20 414.91 0.393 1.290
iH~O 256.41 0.157 7.60511 Mg I 1.194 I Mg(NOJ2. t

I III Mo 0.010 I ;002

11Mn I 0.770 I MIl(N03)z - 178.95 0.950
1KMno4 158.04 0.560

143.95 1.000

II

0.010
Na I 23.820 I NaOH 40.00 0.775 30.735

438.35 0.384 2.656
H2U 290.81 0.257 4.008

Nd 1.020 Nd(NOJ3. 6H20
Ni 1.030 Ni(N03)z 61--
P 1.040 Na,PC).

II Ph i ‘--”-
, - .-=- -+ I 163.94 I 0.433 I 2.402

n ‘34(-I I Ph(NO.L ml cm n 67A n mA I--- .- -4 ..-” “.” , T “.-” r

ii 0.020 ;2$G); 230.41 0.531 0.038
Pu 0.000 deleted 0.00 0.000 0.000
Re 0.570 ReOq 218.21 1.000 0.570
Rh 0.050 Rh(NoJ~ 288.92 0.439 0.114
Ru 0.060 RuNO(N03)3 317.09 0.395 0.152

291.50 1.000 0.150
Se 0.200 Se02 110.96 1.000 0.200
Si 16.120 Si02 (quartz) 60.09 1.000 16.120
Sr O.o?n “-m’n ‘ 211.63 0.490 0.163

II
I ----- - ------

‘Tc I 0.000 i Suu.. ~n, ~
II S03 I (-).470 I NAY’). I 142.04 I 0.564 I 0.833

IUSL lyve04 484.40 1.000 I 0.000
II Te I 0.140 I Tc
It T: I n ncm

, -302 I 159.60 I 1.000 I 0.140
‘ ‘:0, 79.90 1.000 0.060 II

bs; Nd~03)Y 6H20 438:35
4

0.384 0.000
03)3.6H20 438.35 0.384 0.000

!.”*”U 0.00 0.000 0.000
Zn 0.040 Zn(N03)26H20 297.47 0.274 0.146
Zr 3.910 2k0(NOJz 2HZ0 267.26 0.533 7.336

Total 100.000 “

.
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Table 5.4. Nitrogen and Carbon Components of the RFP Simukmt

component @loo g w~ ‘Source Anion I Source Chemical
Chemical Equivalent I.

Wg g/loog Wo
NO; 2.588 “ NaNOz 0.667 3.880
NOi 1.540 NaNO~ 0.729 2.112
TOC 0.732 NazC204 0.179 4.089 as carbon
TIC 5.988 NazCOs 0.566 10.580

5.2.2 HLWVitrification Step Simulant

Seesection 5.4 for a combined discussion on ~W and LAW vitrification step simukmts.

5.3 LAWProcessing

The Hanford Site LAW is chruacterized by high nitrate, nitrite, and hydroxide concentrations.
Nitrogen-containing offgas products will naturally be of concern during the LAW processing. For
example, NOXis environmentally damaging and can affect the volatility of certain radionuclides via gas-
phase entrainment at elevated temperatures.

The LAW simulants are solutions that may contain a residual amount of suspended solids. These
simulants are developed to emulate the chemical composition of the LAW waste. In contrast to the
HLW simulant development, the LAW simukmt efforts are considerably less complex due to the lack of
issues encountered with emulating the correct particle size distribution, mineralogical phase distributions
of the precipitates, or mimicing the catalytic characteristics of metals in slurry systems. The chemical
composition of LAW simukmts is defined as an overall “volume-weighted” average composition based
on a combination of waste tank analysis and process knowledge.

5.3.1 Supernatant Slurry

In the frost phase of developing LAW vitrification simukmt development for evaluating LAW
melter technology evaluation, two waste stream compositions were used. The first waste simulant was
based on the analyses of six tanks of DSSF waste and the projected composition of the LAW waste
exiting the pretreatment unit operations. The chemical composition of this simukmt was normalized to 6
M sodium to mimic an anticipated chemical composition after initial ion exchange and solid-liquid
separation. The same simulant at 10 M sodium was prepared to represent the chemical composition of ,
DSSF waste that was concentrated by evaporation to reduce the overall volume. The second LAW
simulant, referred to as the remaining inventory (RI), encompassed the entire inventory of tank wastes
except for that included in the DSSF waste stream discussed above. In Table 5.5, the chemical
composition of these three LAW simulant soIutions and the chemical compound used in these
formulations are presented. Detailed preparation procedures for laboratory scale and large scales of
approximately 13,000 liters are described in Lokken (1995).

The DSSF simulant is intended to be a surrogate for the DST wastes. Excluding the ~dionuclide
components, comparison between the DSSF at 10 M sodium and the actual supematant composition of
the Hanford DST Tank AW-101 (which is already at 10 M sodium concentration) shows reasonable
agreement (within a factor of 2) of nearly all the components at 10 M sodium listed in Table 5.5. The RI
supemakmt is intended to simulate the larger volume of SST supematants. The chemical composition
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variability analyses using the tank inventory data files indicated that the concentration of @nor
com orient Cl- and F in the DST sources was higher than the DSSF surrogate, and the concentration of

P
S04- and POQ4was above those of RI supematant (Lokken 1996). The concentration of these minor

Table 5.5. Composition of LAW Tank Waste Simukmts Tested During Phase 1. (from Lokken 1995)

DSSF 6 ~ Nd DSS~10 ~ Na ,’ .’. % Compound Used in

Compon~nt .
(moles/L) (mole.VL) (moles~) Formulation,.. .’

A1(OH)4 0.61 1.0 0.16 Al(No3)3.9H~o

Ca2+ 0.00063 0.0010 0.0004 Ca(NOs)*.4Hz0

Cr(OH)4 0.0052 0.0087 0.0042 Cr(N03)3.9H20

Fe3+ 0.00046 0.00077 0.00024 Fe(N03)3.9Hz0

K+ 0.30 0.50 0.0058 KOH

Mg2+ 0.00062 0.0010 0.0000011 Mg(NO~)2.6H20

Mn2+ 0.00025 0.00042 0.001 Mn(NO~)2

M004 “ 0.01 0.017 0.01 NaMoo4.H20

Na+ 6.0 10.0 6.0 NaN03

Sr2+ 0.01 0.017 0.01 S2C12

Cs+ 0.01 0.017 0.01 CSN03

P043 0.026 0.043 0.11 NaHz-P04.HaO

1033- 0.01 0.017 0.01 Na103

co32- 0.16 0.27 0.05 Na2C03

cl- 0.096 0.16 0.0092 NaCl

F 0.15 0.25 0.13 NaF

S042- “ 0.026 0.043 0.038 Na2SOA

N03- 1.9 3.1 3.5 NaN03

N02- 1.0 1.7 0.26 NaNOz

oH- 2.3 3.8 1.5 NaOH

TOC 0.81 1.4 0.11 Na4EDTA.2H20

5.16
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components in the glass (typically as S03 and P205) strongly influence the glass durabili~ (Li et al.
1995~b). Therefore, matching the composition of these components to that of the actual waste should be <
carefully considered while designing the LAW simulants.

,.

5.3.2 LAW Melter Feed Step

!rI LAW melter feed slurry, glass precursor material (e.g., Si02, H3B03, etc.) or ii-it is added to
the LAW solution to bring the final glass composition to waste form specification. For example, one of
the proposed final waste glass compositions “LD6-5412” is based on 26.7 wt% oxide equivalent loading
of DSSF LAW feed (e.g., K+, S04%,F, etc., ions in the LAW are converted to K20, S03, F, etc., in the
final glass). The glass precursor material or frit is combined with LAW (e.g., DSSF) to form a slurry, ,
which is then vitritled.

One particular concern, which also helps illustrate the need for developing proper sinudants,
\

during LAW vitriilcation is the volatilization of minor components, such as technetium and iodine. For /
example, it is still not clear how much and in what form technetium is in the Hanford tank wastes; thus, it I

is not yet fully known how much of the technetium needs to be removed from the waste stream during
pretreatment. Furthermore, we mechanism of technetium removal (in both pertechnetate and non- 1
pertechnetate form) is not yet clear, e.g., ion-exchange for pertechnetate removal in conjunction with I
deliberate volatilization and collection for non-pertechnetate (DOE Technetium Workshop 1997). i

For this latter scenario, emulating the chemical behavior of technetium in potential LAW i
h

simulants will thus be an important issue for evaluating volatility. In many instances, the chemistry of
I
I

technetium and rhenium compounds are similar enough that rhenium can be successfully used as a non-
radioactive surrogate for technetium (since there are no non-radioactive isotopes of Tc) (Darab 1996). !

It is not only important to emulate the chemical activity of technetium and o~er troublesome
minor”components, but also the major components, SUCHas sodium. In evaluating the volatility of
technetium and rhenium from dried LAW streams during vitrification, the simulant composition, and
hence chemistry, becomes an important consideration. For a desired simulated waste glass composition,
the final material can be derived using a variety of chemical reagents, A glass composition having a
certain fraction of Na20, for example, can be made from simukmts containing Na2C03 or NaN03. ,*

The composition of the initial liquid and the temperature at which it forms during vitrification -
will depend on the compounds that are used to make up the simuknt. This, in turn, will govern how the
simukmt densifies from a collection of liquid-coated glass precursor particles having open porosity,
through which volatilized and/or entrained species can readily escape through the melt to a consolidated
form in which volatility will most typically be controlled by diffusion through the melt. For example,
attempts to evaluate technetiumkhenium volatility using LAW simulants derived from higher melting
oxides, carbonates, sulfates, phosphates, and halides yield unrealistically greater volatility results
compared to those obtained using simulants more akin to the actwd waste (i.e., containing nitrates,
nitrites, hydroxides, phosphates, sulfates, and halides along with glass precursors) (D~b 1996).

5.3.3 LAWVitrification Step Simulant

Seesection 5.4 for a combined discussion on HLW and LAW vitrification step simulants. I
I

5.4 HLWand LAWVitrification
I
I

Processing a chemically complex melter feed simukm~ whether it is a HLW or LAW sirnulant, t
I

containing water, metal cations, nitrates, nitrites, hydroxides, etc. to sui%ciently high temperatures will t1
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eventually yield a dense molten oxide phase that would be essentially the same as one prepared from
simple oxides, carbonates, and other salts processed at similar temperatures. This is because the melting
process essentially wipes out material memory of how it was batched. At this stage of processing, the
important parameters include such aspects as melt viscosity, component volubility, settling of @soluble
components, crystallization, and chemical durability of the final waste form. Simukmts readily made
from simple oxides, carbonates, sulfates, phosphates, and halides will usually suffice (Hrma et al. 1994,
Li et al., 1995a, Li et al., 1995b).

For example, to investigate the chemical durability of LAW glasses, containing a high
concentration of minor components (Cl, F, PZ05, S03 and Cr203) Li et al. (1995b) prepared a simple
LAW simulant. This simulant was prepared by using L6-5412 baseline @ss (with 26 wt~o waste

loading) composed of SiOz (0.568), B20~ (0.05), Na20(0.2), CaO (0.04), A1Z03(0.12) andothers (0.022)
based on a mass fraction. Others were a sum of Biz03, Cl, Crz03, F, Fe203, K20, MnO, Ndz03, PzO~,
SOS,and Zr02. Glass batch materials were made using chemical regents: oxides, boric acid, carbonates,
and sodium-containing salts (Li et al. 1995a).

.

Using these simulants the volatility of components can also be studied in many cases (Li et al.
1995b), however, a discussed above, caution must be used as certain components (e.g., technetium) have
their volatility dictated by what occurs in the melter feed at much lower temperatures (Darab 1996).
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Appendix A

Feed Specification for the Double-Shell Tank/Single Shell Tank Waste
Blend for High-Level Waste Vitrification Process and Melter Testing :

Extracted from Tracy, E. M., M. D. Merz, G. K Patello, and K. D. Wiemers. 1996. Feed

Specification for the Double Shell TanIdSingle Shell Tank Waste Blend for High-Level Waste

Vitrification Process and Melter Testing. PNNL10988,Pacific Northwest Laboratory, Richland, ~
Washington.
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Appendix A: Feed Specification for the Double-Shell Tank/Single Shell
Tank Waste Blend for High-Level Waste Vitrification Process and
Melter Testing

This feed specification represents a procedure to prepare a high level waste (HLW) slurry for
vitilcation processes. The simulant composition emulate a blend of the Hanford tank waste from 177
single shell and doubIe shell tanks. The composition of this simukmt is reported in Tracy et al. (1996).
The simulant specification is written to prepare 1000 L of sinudant slurry at 117.8g waste oxide/L.
Figure A.1 is a flowchart of the simulant preparation steps.

A.1. HLW Blend Simulant Preparation Procedure
Chemicals added as solids are to be in the form of fine powders to ensure that complete

dispersion and homogeneity will occur. This may require some chemicals to be ground or crushed prior
to addition. The use of a grinder pump or other shearing device to make sure that solids are broken down
is acceptable. Highly toxic and carcinogenic materials are indicated in the tables by shading. These .

materials should be handled in well ventilated areas with appropriate persomel protection.

The vessels used in this procedure should be equipped with cooling capabilities, an agitating
impeller, and tank ventilation. During the preparation, slurry temperatures should be maintained below
40°C to control exothermic reactions during the hydroxide precipitation steps. Agitation times should be
sufficient to ensure complete dkpersion and homogeneity of the slurries. The user or producer
determines the appropriate agitation times.

The capacity of the tanks used will determine the number of washing steps required to remove
excess sodium nitrate. Analysis steps me to be used only to verify that all the chemicals were added in
the correct amounts. Uncertainties in the analytical data should be considered before using these
measurements for chemical adjustments.

Centrifugation is recommended for all the solids separation steps. Primary constraints in the

selection of solids sepzuation methods include retention of solids to meet total quantity requirements and
prevention of conditions that will alter physical properties and/or chemical species of components.
Results of previous work at PNNL have shown that the chemical species of iron and zirconium can be
affected on exposure to air. For this reason, separation methodi should be chosen to limit the solids
concentration of the slurries to a maximum of 30 wt% during intermediate processing step. Using a
settle/decant separation method is not recommended due to the potential formation of a suspension that ~
gels and requires large quantities of dilution water and extended settling times.

!

i

Quantities,of the components used to prepare the simukmt are identified in the following procedure by
lXl, where X is A, B, C, etc. VaIues of A, B, C, etc. can be found in tables. Highly toxic or carcinogenic
components are shaded and no radioactive constituents are added.

1,



E2
Dissolve
Mn(NOJz

in Vessel 1

}{

Add Fe, Nd, Ni, Neutralize Separate . Add Slightly

Blend’
and Zr nitrates w/20 M NaOH Solids/ Soluble Chem.

and H20 pH=10-11 HZOWash
(Table 2)

(Table 3)
/ \

‘ ‘cl

Slurry
Analysis # 2

n.Dissolve
KMnOd

9
Slurry

Analysis # 3 .9””Adjust to
Specifications

-

v

Neutrahze
4

Separate Solids/
Components w/10 M NaOH Wash I Adjust to

Specifications
Blend

(Table 4) in pH = 10-11 w/ O.lld NaOH . b

I

Slurry
Analysis #4

4

Mix Noble NeutraIlze Separate solids/ CONTINUED
Metals

Adjust to “
w/10 M NaOH Wash Blend ON

(Table 5) in W/ H20
Specifications

Vessel 3
pH = 7.5

)
+ PAGE A.3 . ‘“

4 \

P 1

Figure Al. HLW Blend Simulant Preparation Flowsheet.

I

,



—.— -....——

rCONTINUED
FROM

PAGEA.2

\
Prepare

Mineral Slurry Blend

Vessel 4 ,
*

‘

I

c1SIuny .
Analysis # 5 1“

r+3!iEl+:=e’~‘>‘~:;:;:n
Adjust Cations

md NO~, and N02-
to Specifications

%

LCompleted
Batch

Figure Al. HLW Blend $imulant Preparation Flowsheet.(cent) “

———.—.. . - .- - -.. —-— .. .- ..-—_________ .... “.....__
.

-----.



,,..... .. . . .. .... . . . . . . . _.J -. -L.-_A. .’. .. . ..——-------------- -----—

A.2. Preparation of Major Component Slurry
This part of the procedure provides instructions to precipitate Mn02 and neutralize, precipitate,

and wash the major component hydroxide slurry. Quantities of the components can be found in Table
Al.

A. Fill vessel 1 with [A] L of water.

B. Add @3]g of manganese titrate {M@J03)2} solution while continuously stirring.
Maintaining the temperature between 35°C and 40°C will hasten M@03)2 dissolution.

Table Al. Major Component’

Item ‘ Component Utit Quantity

[A] Dilution Water L 100

ml Mn(N03)2 g 3.62x103

[c] KMno4 g 9.31X102

PI Dilution Water L 100

PI Dilution Water L 300

Da Fe(NOs)s”9HzO(2) g 6.23x104

[G] ~~03)2 ~ 1.68X104

?’;.+:.-:.’@::::+ ;:”~>:‘?%.:; :Ni”@@3}3%2qtj)’:;-::!<:;:’:;.’.,g;:::: $;.~~5;8?@?’;:;: 1:
.,.. -.

... .:j::.,---- ; .:-. >’,:.>.... .~. .-.., -’..<...:.--.,.. . .. .. ,.,..., . .:.:.-..’..::..:.- ....~,------ .-’: :.+.,-:,,,, .,.’ . . .......
... .=-=- .. s ....... ... ., ., .,. .. . .. .... . .. . . . ... .: ..- : ,.,9 ;.’<,:.:’., ,... ’...&. .,-..:-,....,.,,.: ,,...

m Nd(NOs)y6Hz0 g 2.79x103

[J] 20 M NaOH L 100

[K] Wash water L 700

‘ Highlytoxic or carcinogenic componentsare shaded.

2 If sodiumnickel ferrocyanideis omittedor if the amountis decreasedhorn the value givenin sectionA.7, the
amountof iron should be increasedto accountfor the iron that would have been addedwiththe sodiumnickel
ferrocyanide.

A.4

.

3 If sodium nickel ferrocyanide is omitted or if the amount is decreased from the value given in section A.7, the
amount of iron should be increased to account for the iron that would have been added with the sodium nickel
ferrocyanide.



c. In a separate vessel, blend [C] g of potassium permanganate {KMn04} with ~] L of water under
constant agitation. Adjust the temperature to between 35°C and 40”C to assure the pe~ganate
will filly dissolve.

D. Pump the permanganate solution (prepared in step C) into vessel 1 containing the
MIl(N03)2(prepared in step B) at a rate such that the temperature of the slurry does not
increase above 40°C. During this step, insoluble MIIOZwill form.

E. With continued agitation, add ~] L of water, ~ g of ferric nitrate nonahydrate {Fe(NO~)~.
9H@}, [G] g of zirconium nitrate pentahydrate {Zr(N0s)4 5H20}, ~] g of nickel nitrate
hexahydrate {Ni(NOS)~ 6H20}, and ~ g of neodymium nitrate hexahydrate {Nd(NOs)x 6H20}
to vessel 1.

F. Agitate until the nitrates are completely dissolved. Note that precipitated Mn02will not dissolve
during this step.

G. In a separate vessel, prepare 20 M NaOH solution of approximate volume [Jl L.

H. Stirring constantly, slowly add approximately [J] L of 20 M NaOH solution to the solution in
vessel 1 until the pH is 10 to 11 and stable (a variation of not more than A 0.2 pH units over 10
minutes). Control NaOH addition rate and provide cooling if necessary during NaOH addition to
maintain the temperature of the slurry below 40°C.

I. Continue to mix the slurry for 1 hour. If the pH has dropped below 10 after l-hr mixing period,
add additional NaOH to return the pH to between 10 and 11. “

J. Perform a washholids-separation sequence (using a centrifuge and leaving a final volume such
that the weight percent solids of the slurry is less than 20 wt%) to lower the total amount of
soluble nitrate to less than 15 g for every liter of final total volume (i.e. 1000L). Past preparation
indicate that 2 to 3 equivalent volumes, a total of [K] L of wash solution, will be needed to reduce
the nitrate level below the maximum alIowable limit. SOLIDS CONCENTRATION MUST BE
MAINTAINED BELOW 30 wt% DURJNG THE SEPARATION PROCESS so that Z and Fe
species are not exposed to air.

K. Agitate the contents in vessel 1 and collect a representative sample for analysis. Analyze the
sample (slurry analysis 1) and determine the amount of nitrate and cations retained in the slurry to
‘Zonfirmthat washing was sufficient to decrease the nitrate and the major cationic species have
not been lost (except for sodium). Major cations, excluding N% should be within A1O%of target
values listed in Table Al. The amount of nitrate retained should be less than 15 g for every liter
of the final total volume (i.e. 1000 L).

A.3. Addition of Soluble and Slightly Soluble Components
This part of the procedure provides instructions to add the soluble and slightly soluble

components to the major hydroxide slurry. Quantities of the components can be found in Table A.2.

A. While continuously mixing the slurry in vessel 1, add the soluble and slightly soluble components
to the vessel in the order and amounts shown in Table A.2. 27zecarcinogenic and highly ton-c
components should be pre-slurried with water in a ventilation hood using the appropn.ate
respiratory precautions and then poured into vessel 1.
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B. Mix the vessel contents and collect a representative sample for analysis. Analyze the sample
(slurry analysis 2) to confirm the amount of components in the slurry. Major cations should be
within A1O%of target values listed in Table A.1 and the soluble/slightly soluble components
should be within 545% of the values specified in Table A.2.

Table A.2. Soluble and Slightly Soluble Components’

I , [A]

E
P]

ml

m

[G]

Iml

m
[J]

[K]

b-
[Ql

Component . ~

NaCl

NaI03

“SnCl~ 2Hz0

KOH

NazSOA

H3B03

Na31?OA

Na2C03

NazCzOd

‘na @y)-r8H2Q-;’;“~,.:.
. -..-.’ ,.. . .,,, . . . ;.’ .4 .-. .,, ., :-’, , ..; ,,,: .:” ‘-

. . . . ~. : -.-k’x-., ,. , .“~,.‘. ~:.

Mo03

,i;’,,s$Q3,?;i:2 ;-:,”,........<:.-:......:....—‘ ,....~.:--,.:,~_;..,.;.-..:..?: ; ‘ ;’. .:.-..
Re207

CSN03

unit I Quantity
g 6.7OX1O’

g 3.09X102

g 6.20x10-2

g 3.29x10-I

g 3.31X1O’

g 7.36x102

+-l-+=
3==

g I 2.09x10]

g I 1.06x103

.

1 Highly toxic or carcinogenic comporients are shaded.
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A.4. Preparation and Addition of Minor and Insoluble
Components Slurry

‘*Thispart of the procedure provides instructions to neutralize, precipitate, and wash a mixture of
minor components and insoluble chemicals. Quantities of the components are found in Table A.3.

A.

B.

c.

D.

E.

F.

G.

H.

To a second vessel (vessel 2) add approximately [A] L of water. Add components ~] through
~ from Table A.3 in the order and amount shown. Any insoluble components should be ground
to a maximum diameter of 0.1 mm.

In a separate vessel, prepare 10 M NaOH solution of approximate volume [Zl L.

Stirring constantly, slowly add approximately [Zl L of 10 M NaOH solution to the solution in
vessel 2 until the pH is in the range of 10 to 11 and stable (a variation of not more than.~ 0.2 pH
units over 10 minutes). Control NaOH addition rate and provide cooling if necessary during
NaOH addition to maintain the temperature of the slurry below 40”C.

Continue to mix the slurry for 1 hour. If the pH has dropped below 10, add additional NaOH to
return the pH to between 10 and 11. ,.

In a separate vessel, prepare a 0.1 M NaOH solution of approximate [AA] L. ,,

Perform a wash/solids-separation sequence (using a centrifuge and leaving a final volume such I
that the weight percent solids of the slurry is less than 20 wt%) to lower the total amount of
soluble nitrate to less than 5 g for every liter of final total volume (i.e. 1000L). Use a 0.1 M
NaOH wash solution to presewe the high pH of the solution. Past preparations indicate that 2 to
3 equivalent volumes, a total of [~] L of wash solution, will be needed to reduce the amount of
nitrate below the maximum allowable limit..

1

Agitate the vessel contents thoroughly and collect a representative sample for analysis. Analyze I

the sample (slurry analysis 3) and determine the amount of nitrate and cations retained in the
slurry to coniirm sufficient washing has occurred to decrease the nitrate and that cationic species
(except sodium) have notbeen lost. The amount of nitrate retained should be less than 5 g for
every liter of the final total volume (i.e. 1000 L). The minor and insoluble components should be
within H570 of the values specified in Table A.3..-

Transfer the washed slurry to the blend in vessel 1 as shown in Figure Al.

,

I

A.7
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Table A.3. Minor Component Nitrates and Insoluble’

Minor Components Insoluble

Item Compound unit Quantity Item Compound Unit Quantity

[A] Dilution Water L 355 PI GeOz g 2.24x10-2

El Cd(NOs)T 4H@ g 2.72x102 [Q] HgO g 1.04X10]

[c] Cr(N03)3. 9HZ0 g 2.98x103 RI LaF3 /3 6.43x102

ml Ce(N03)s. 6H20 g 8.62x1O’ [s] Li20 g 8.63x10-’ “

ml CO(N03)Z 6H20 g 4.47X101 [Tl NaF g 1.04X103

m Ca(N03)~ 4H@ g 1.08x104 I?Jl Nb20s g 1.16x10-5

[G] Mg@J03)T 6H20 g 6.12x102 M Ndl?s g 1.19X102

m Bi(N03). 5H20 g 5.07X103 m, Ta205 g 5.15X1O-’

,m P@I03) y 6H20 g 6.23x101 m Te02 g 3.65x10°

[J] Sm(N03) 3. 6H20 g 1.12xlo0 M TiOz g 8.69x10°

[K] Y(N03)3. 6H20 g 4.19X101 [?l 10 M NaOH L 50

L] ZI@S03)r 6H20 g 7.95X101 [AA] 0.1 M NaOH L 200

ml AgN03 g 7.64xlo0

N RbN03 g 1.19X101

[0] Pb(N03)2 g 5.56x102

1 Highly toxic or carcinogenic components are shaded.



A.5. Preparation and Addition of Noble Metals
This part of the procedure provides instructions to neutralize, precipitate, and wash a mixture of

noble metals (Ru, Pd, and Rh). Quantities of the components can be found in Table A.4.

A.

B.

c.

D.

E.

F.

Prepare the noble-metal solution in vessel 3 by placing [A] g of Rh(N03)3, P] g of RuN0(N03)3,
and [C] g of Pd(NOs)z in ~] L of 4 M HN03.

,Add approximately ~] L of 10 M NaOH to the noble-metal slurry until the pH reaches 7.5 &
0.5. A brown precipitate w~ form around a pH 6.

Boil the slurry for 10 minutes or until the supematant becomes clear.

Perform a washkolids-separation sequence (using a centrii%ge and leaving a final volume such
that the weight percent solids of the slurry is less than 20 wt%) to lower the total amount of
soluble nitrate to less than 5 g for every liter of final total volume (i.e. 1000L). The wash solution
is to be deionized water. Past preparations indicate that 2 to 3 equivalent volumes, a total of ~ L
of wash solution, will be needed to bring the amount of nitrate below the maximum allowable
limit.

Agitate the vessel contents thoroughly and collect a representative sample for analysis. Analyze
the sample (slurry analysis 4) for retained nitrate and cations to confirm that washing was

‘ adequate and that cationic species have not been lost. The amount of nitrate retained should be
less than 5 g for every liter of the final totaI volume (i.e. 1000 L). The concentrations “ofnoble

-metal components should be within A15% of the values specified in Table A.4. Document the
composition of the product slurry. -

Transfer the washed slurry to the blend in vessel 1 as shown in Figure Al.

Table A.4. Noble Metals Slurry Components’

Item Component unit Amount

[A] WN03)3 f? 3,64X1O’

.:: -’~]:: . 1.49X1RuNO(N03)3 .. .“&’ - :.*:.. ..-. -,. ,, .

[c] - ‘-” Pd~03)z” g: 3.48x101
i I I

P] 4 M HN03 L 25 I
El 10 M NaOH ~ L 5

, 1 I

ml’ Wash Water L 25

1 Highly toxic or carcinogeniccomponentsae shaded.
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A.6. Preparation and Addition of Minerals
(i.e. Cancrinite and Boehmite)

This part of the procedure provides instructions to prepare a mineral slurry. Quantities of the
components can be found in Table A.5.

A.

B.

c.

D.

E.

F.

Add approximately [A] L A12SizO~(OH)Qin a furnace and heat to 650”C. Hold at that
temperature for 3 to 4 hours and cool.

To a fourth vessel (vessel 4), add [B] L deio~d water. Add [C] g of NaNOS and I@]g of
NaOH and stir continuously.

Add 1.03x104 g of the calcined AlzSizO~(OH)qwhile stirring. Digest at 80”C for 5 hours with
slow stirring.

Agitate the vessel contents and collect a representative sample for analysis. Analyze the sample
(slurry analysis 5) and verify that cancrinite {N~GOx(NOS)7 6HZO} was made. Document the
composition of the product slurry.

Add approximately ~] L of water. Add components ~ and ~ from Table A.5 in the order and
amount shown. This slurry should be prepared in a hood and personnel should wear respiratory
protection mask because Si02is carcinogenic. Any insoluble components should be ground to a
maximum diameter of 0.1 mm before being introduced into the tanks.

Transfer the slurry to the blend in vessel 1 ‘mshown in Figure Al.
.

Table A.5. Sodium Nickel Ferrocyanide Slurry Components]

Item Compound unit Amount

[A] AlzSizOs(OH)A g 1.20X104

ml Dilution Water L 4.00X104

[c] NriNOs g 1.36x104

ml NaOH g 6.40x103

El Dilution Water L 250

Ill AIOOH (boehrnite) g 1.43X104

[G] NaSi03

‘- ,.,.:’” @--: ::; ’’:2s-’
.,.,.,.,

g 9.40X103
.:,----- ?.-.-T-,e ..., :’~z$::::-:sioi:::;;<:“;:’::; ::.:g;: ::,:- ‘~.09@oj- ; : “.’. .; .. - .:.’..’’.-,’ ..; ;- ......~.....<. ..-:. ,,-..! . ...,. . .. . . .:.’...;. .’.. .... . .. . .... ,--- ----

1 Highly toxic or carcinogenic components are shaded.
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A,

B.

c.

D.

E.

F.

G.

To a ffi vessel (vessel 5),add [A] L of 4 M Na NOS solution. Add ~] g of N@e(CN)6 while
stirring continuously.

In a separate vessel dissolve [C] g of Ni(NOs)z in deionized water. Stirring constantly, S1OW1Y
add the dissolved Ni(N03)2 to vessel 5.

Add approximately [D] L of 10 M NaOH solution slowly to the solution in vessel 5 until the pH
is in the range of 9 to 10 and stable (a variation of not more than& 0.2 pH units over 10 minutes).

, After a pH between 9 and 10 is reached, a~tate the slurry for 1 hour at 70”C. If the pH dropped
below 9 after 1 hour of mixing period, add additional NaOH to return the pH to pH between 9 and
10. Turn heat off, and continue to stir for 12 hours or more.

Perform a washholids-separation sequence (using a centrifuge and leaving a final volume such
that the weight percent solids of the slurry is less than 20 wt%) to lower the total amount of
soluble nitrate to less than 5 g for every liter of final total volume (i.e. 1000L). The wash solution
is to be deionized water. Past preparations indicate that 2 to 3 equivalent volumes, a total of ~]
L of wash solution, will be needed to bring the amount of nitrate below the maximum allowable
limit.

Agitate the vessel contents and collect a representative sample for analysis. Analyze the sample

(slurry analysis 6) by drying in the vacuum oven at 60°C overnight and perform XRD analysis to
venfi the formation of sodium nickel ferrocyanide.

Transfer the washed slurry to the blend in vessel 1 ‘mshown in Figure Al.

Table A.6. Sodium Nickel Ferrocyanide Slurry Components’

Item Compound , unit Amount

“[A] 4 M NaN03 L 15

ml N@e(cN)c g 5.47X103

[c] Ni(N03)z g’ 3.29x103

ml 10 M NaOH . L 8

PI Wash Water L 50

A.7. Preparation and Addition of Sodium Nickel Ferrocyanide 1
This part of the procedure provides instructions to prepare NazNiFe(CN)c (Tracy et al. 1996).

Quantities of the components are listed in Table A.6.
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‘ This procedure produces a form of cyanide equivalent to the form of cyanide in the tanks (verified by XRD
analysis).

2 This procedure produces a form of cyanide equivalent to the form of cyanide in the tanks (verified by XRD
analysis).
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A.8. Final Blend Adjustment
This part of the procedure provides instructions to make the final.concentration adjustments and

lists the final requirements of the blended waste simulant.

A. Agitate the vessel and collect a representative slurry sample of the final blend. Analyze the
sample (slurry analysis 7) to determine the concentration of the components. Major oxides,
excluding sodium, should be within MO% of the values listed in Table A.1. All other
components should be within *15% of the values sp~ified in Tables A.2 through A.7. The
weight percent solids should be between 15% and 20%.

B. Adjust the nitrate, hhrite, and sodium concentrations to the values specified in Table A.7. Nitrite
should not be added until just before use because the nitrite degrades in the slurry. Sodium as
NaOH should be added last because sodium will have been added with the nitrate and nitrite.

c. The chemical composition and the physical properties of the slurry will constitute part of the ●

acceptance documentation. The specifications required for acceptance are outlined in Section
A.9.

Table A.7. Final Nitrate, Nitrite, and Sodium Ion Concentrations

I Item Ion Source I Target Concentration I
(g ion/L)

[A] NO< NaNOs” 3.29x101
I I I

ml NO~ NaNOz . 1.74xlo0
I I I

[c] I Na+ I NaOH ~ 2.51x101

A.12



A.9. Requirements and Specifications

1.
●

●

●

●

2.

The value of the following physical propedjes must be reported.
Weight percent solids
pH
gwo/L
Density

Meeting the following specflcations for the chemical composition is recommended:

Weight Percent Solids 15 to 20 Wt%

Major Oxides (excluding Na): & 1070of v~ues in Table A-l

Other Oxides A 15% of values in Tables A.2, A.3, A.4, and A.5 ‘

Anions (excluding (NOZ3 and & ~590of values in Tables A.2 and A.3

Total Organic Carbon
Sodium (before final adjustment): <0.4 glL

Nitrite (before final adjustment): < 1.7&

Nitrate (before final adjustment): <32.9 g/L

3. Feed-stock chemicals should be technical grade quality. Certification by the vendor of such
(i.e. copies of supplier certification) is recommended, and copies should be included with the
shipping documentation.

4. When storing the blended waste simulant, care should be taken to prevent the slurry from Iosing
water content and drying out because the chemical species of iron and zirconium can be affected on
exposure to air. To prevent this, store the simukmt in a sealed container.

A.1O. Reference

Tracy, E. M., M. D. Merz, G. K. Patello, and K D. Wiemers. 1996. F’eed Specification for the

Double-Shell TanlYSingle Shell Tank Waste Bledfor lIigh-Level Waste Vitrification Process

and ik?elter Testing. PNNL-10988,Pacific Northwest Laboratory, Richland, Washington.
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Appendix B

Simulant Specification for the Blended Privatization Tank Waste for
the High-Level Waste Vitrification Process Specified in the RFP ~

.

Extracted from R. L Russell, H. D. Smith. 1996. Simulation and Characterization of a Hanford

High-Level Waste Slurry. PNNL-1 1293, Paciilc Northwest NationaI Laboratory, Richkmd,
Washington.
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Appendix B: Simulant Specification for the Blended Privatization
Tank Waste for the High-Level Waste Vitrification Process Specified in
the RFP

This feed specflcation describes a method for preparing a waste simulant which corresponds to
the high level waste (HLW) slurry composition provided in the privatization draft request for proposal
(RR?). The simulant composition emulates the elemental composition of a calculated pretreated waste
blend from tanks 101-AZ, 102-AZ, 106-C and 102-AY. The composition of this simulant is reported in
Russell and Smith 1996. The blended waste simukmt specification is written to prepare 1000 L of
simukmt slurry at 100 g waste oxide/L. Figure B.1 is a flowchart of the simulant preparation steps.

B.1. Blended Waste Simulant Preparation Procedure

Chemicals added as insoluble solids are to be in the form of fine powders (< -325 mesh) so that
complete dispersion and homogeneity will occur. The use of a grinder pump or other shearing device to
make sure that solids are finely divided is acceptable. Highly toxic and carcinogenic materials (see
appropriate MSDS) are indicated in the tables by shading. These materials should be handled in well “
ventilated areas with appropriate personnel protection.

The vessels used in this procedure should be equipped with cooling capabilities, a mixing
o impeller, and tank ventilation. During the preparation, slurry temperatures should be maintained below

40°C to control exothermic reactions during the hy@oxide precipitation steps. Mixing times should be
sufficient to ensure complete dispersion and homogeneity of the slurries. The user or producer
determines the appropriate agitation times.

The capacity of the tanks used to prepare a 1OOO-Lbatch will determine the number of washing
steps required removing excess sodium nitrate. Analysis steps are to be used only to veri@ that all the
chemicals were added in the correct amounts. Uncertainties in the analytical data should be considered
before basing chemical adjustments on the analytical measurements.

Primary constraints in the selection of solids separation methods include retention of solids to

meet total quantity requirements and prevention of conditions that will alter physical properties and/or

chemical species of components. A settle/decant separation step should be used with caution because 1)
the suspension may gel and 2) the method requires large quantities of dilution water and extended settling
times. If possible, centrifugation is recommended. The use of a basic nitrite wash solution may facilitate
the settling of the simulant by preventing suspensions from forming.

Quantities of the components used to prepare the simuhmt are identified in the following procedure by

~, where X is A, B, C, etc. Values of A, B, C, etc. can be found in TablesB.1-B.6. Highly toxic or

carcinogenic components (see appropriate MSDS) are shaded and no radioactive constituents are added.
Feedstock chemicals should be technical grade quality or higher.

B.1
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B.2. Preparation of Major Component Slurry

This part of the procedure provides instructions to precipitate Mn02 and neutralize, precipitate,
and wash the major component hydroxide slurry. Quantities of the components can be found in Table
B.1.

A.

B.

c.

Fill vessel 1 with [A] L of water.

Add ~] g of 50% manganese nitrate {Mn(N03)2} solution while continuously stirring.
Maintaining the temperature between 35°C and 40°C will hasten MII(N03)2dissolution.

In a separate vessel, blend [C] g of potassium perrnanganate {KMn04} with ~] L of “
water under constant agitation. Adjust the temperature to between 35°C and 40”C to
make sure the permanganate will fully dissolve.

Table B.1. Major Component*

Item Component Unit Quantity

[A] Dilution Water L 100

PI Mn(N03)2 (50% solution) g 1.90X103

[c] KMU04 g 5.60x102

[D] Dilution Water L 100

El Dilution Water L 300

m Fe(N03)q.9Hz0 g 1.24X105

[G] ZKI(N03)Z g 7.34X103

/
:13$3::;:;:::3*::~:;:~:@@jXjH;Q “::>C::.-:“’”%+‘ $““401X1O?: “‘ ‘:’‘., .. . . --’

. ,.,
..’,.,.”;” - - ,—
.... . .. . ... ... .-. ,-R,.. ,’ —“, ,

., . . ..’. -; >-,. ..,, .. . :, -. .:..
. ._ ,,, .-, :.. ._,’,:’; : ~ -., ...-. .—. , , ,,::.. -.;--.,.,,, , .,., ,, . ..-7 ,..$ -...; X-L - .- .:.- ,.. ,:. .:_ ,,, .-..,

‘P-1“‘- ‘“2--’‘-NWN&@W “g 2.66x103

[J] 20 M NaOH L 100

[K] Wash Solution G) L 700

. I

1 Highly toxic or carcinogenic components are shaded.

2 Wash with O.OIMNaOH solution with 0.69 g/L NaN02 addedto maintain the ionic strength of the solution and to
maintain the basicity so that the nitrite does not decompose.
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D.

E.

F.

G.

H.

.

I.

J.

K.

Pump the permanganate solution (prepared in step C) into vessel 1 containing the
Mn(NO~)z (prepared in step B). During this step, insoluble MnOZwill form.

With continued mixing, add ~] L of water, ~ g of ferric nitrate nonahydrate {Fe(N03)s” 9H@},
[G] g of zirconium nitrate pentahydrate {Zr(NOs)+ 5HzO}, ~ g of nickel nitrate hexahydrate
{Ni(NOs)~ 6H20}, and [II g of neodymium nitrate hexahydrate {Nd(NOs)Z 6H20} to vessel 1.

Mix until the nitrates are completely dissolved. Precipitated MnOz will not ~ssolve during this
step. When the nitrates are completely dissolved, the solution will be clear with fine black specks
of MnOz floating throughout.

In a separate vessel, prepare approximately [J] L of a 20 M NaOH solution by dissolving 800 g of
NaOH per liter of water.

Stirring constantly, slowly add approximately [J] L of 20 M NaOH solution to the solution in
vessel 1 until the pH is 10 to 11 and stable (a variation of not more than& 0.2 pH units over 10
minutes). Control NaOH addition rate and provide cooling if necessary during NaOH addition to
maintain the temperature,of the slurry below 40”C.

Continue to mix the slurry for 1 hour. If the pH has dropped below 10 after l-hr mixing period,
add additional NaOH to return the pH to between 10 and 11.

Perform a washholids-separation sequence (settle/decant step) and leave final volume so that
solids are less than 20 wt% and total soluble nitrate is less than 0.97 g per liter of final total
volume (1OOOL).Past preparation indicate that 2 to 3 equivalent volumes, a total of ~] L of
wash solution, will be needed to bring the nitrate level below the maximum allowable limit.
SOLIDS CONCENTRATION MUST BE MAINTAINED BELOW 30 wt% DURING THE
SEPARATION PROCESS so that fi and Fe species are not exposed to air.

Mix the contents in vessel 1 and colIect a representative sample for analysis. Analyze the sample
(slurry analysis 1) and determine the amount of nitrate aud cations ret&ed in the slurry to .-
confinn that washing was sufficient to decrease the nitrate and the major cationic species have
not been lost (except for sodium). Major cations, excluding N% should be within MO% of target
values listed in Table B. 1. The amount of nitrate retained should be less than 0.97 g for every
liter of the fial total volume (i.e. 1000 L).

‘B.3. Addition of Soluble and Slightly Soluble Components

This part of the procedure provides instructions to add the soluble and slightly soluble
components to the major hydroxide slurry. Quantities of the components can be found in Table B.2.

A. While continuously mixing the slurry in vessel 1, add the soluble and slightly soluble components
to the vessel in the order and amounts shown in Table B.2. 27zecarcinogenic and highly toxi”c
components should be pre-sh.mied with water in a ventilation hood using.the appropn”ate
respirato~ precautions and then poured into vessel 1.

B. Based on the analytical results from Section B.2 for potassium add KOH to adjust the potassium
level of the simulant to 1.37x10-2mol/L.

c. ‘Mix the vessel contents and collect a representative sample for analysis. Analyze the sample
(slurry analysis 2) to confirm the amount of components in the slurry. Major cations should be

B.5
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within A1O%of target values listed in Table B. 1 and the soluble/slightly soluble components
should be within *15’%of the values specified in Table B.2.

Table B.2. Soluble and Slightly Soluble Components

Item Component unit Quantity
I I I

[A] NaCl ~ 1.53X102

ml NazSOq g 8.33x102

[c] CUS0405H20 f? 2.19x102

ml H3B03 g 2.47x102

ml NasPOq g 2.40x103

m“ NazCOs g 1.06x104

[G] NazCzOQ g 4.09X103

.:..-...-’ :
. . . ,.

-, ~,::,,;.::. .: .; --.,,,,, Ba(o@$, 8H20;>:.. “ “::$&..: ~;. :L126x103:.‘;:.’,.-..’.- .. . .. . :’.-:’..., .. -, ..: .. -.:.-;: - .... ,.:-..,.::,._../,-... .. . .-,:s.,;.,:,~. :. <,:... . . :. “.. .,. ,. ... ,,,. ..L.,....4.. ....”.;.:.:..,,.... ,,,..-,.. .: ..-. .. ... ......:-,-..- ,... ,_, ..

m “’ CSN03 “ g 8.53x1$

[J] Mo03 g l.OOXIO1

..<,...
... ,,,~:,, :~KJ;>”,”-’

_,,,
- sti.io3.--:‘&j’:,>;{.;::;g[,,:;‘.,. . ...-. .~-.,~,. .

-.-: ,~:5~fio2...: ,

., ...:,.% . . . . . . ., .,,- -+, ,.: ,,, ,,.’ ..,-, -.. ., ..,,-,,,. .,----

.“. - -:--- ‘,,.,:.. - _ .. . --.. ,- .. . .. .... .. - . -. .. . :,,,, ..: ..- ,-: ;-, . . .’, -,.,
-— . . . . . .. .. . . ,+--’.” .<. . . ---- .. . ... .. . ---....”– ..._ .-: .,, .-.,.. .,

L] ~ ReOz 1% 5.70X102
, I

t
ml Sr(NOs)z g 1.63x102

B.4. Preparation and Addition of Minor
and Insoluble Components Slurry

.

This part of the procedure provides instructions to neutralize, precipitate, and wash a mixture of
minor components and insoluble chemicals. Quantities of the components are found in Table B.3.

A. To a second vessel (vessel 2) add approximately [A] L of water. Add components ~] through
m from Table B.3 in the order and amount shown. Any insoluble components should be ground
to a maximum diameter of 0.1 mm.

‘ Highly toxic or carcinogenic components are shaded.
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B. In a separate vessel, prepare approximately [0] L of a 10 M NaOH solution by adding 400 g
NaOH per liter of water.,

c. Stirring constantly, slowly add approximately [0] L of 10 M NaOH solution to the solution in
vessel 2 until the pH is in the range of 10 to 11 and stable (a variation of not more than A 0.2 pH
units over 10 minutes). Control NaOH addition rate and provide cooling if necessary during
NaOH addition to maintain the temperature of the slurry below 40°C.

D. Continue to mix the slurry for 1 hour. If the pH has dropped below 10, add additional NaOH to
return the pH to between 10 and 11.

Table B.3. Minor Components Nitrates and Insoluble*

Item

[A]

PI

[c]

[G]

Ml

m.

Minor Components Ihsolubles

Compound Unit Quantity Item Compound unit Quantity

Dilution Water L 355 [J] La(.N03)s. g 1.29x103 !’

Cd(NOs)~ 4H@ ,g 3.1OX1O3 [K] NdF3 g 3.18x102 1
1

Cr(N03)~. 9HZ0 g 1.73X103 L] Te02 g 1.4OX1O2
,,~

Ce(N03)3. 6H20 g 3.15x102 M Ti02 g 6.OOX1O1
;,

Ca(N03)~ 4H@ g 8.44x103
,.

N AgN03 t3 8.8OX1O1 I

Mg(NO~)76H20 g 7.61x103 [0] 10 M NaOH L 50 “,:

zn(No3)2. 6H20 g 1.46x102 l?] 0.1 M NaOH L 200 4
,

Bi(N03). 5H@ g 1.25x102 i
)

Pb(N03)z g 5.O4X1O2 .,
1
!

E. In a separate vessel, prepare approximately ~] L of 0.1 M NaOH by adding 4 g NaOH per liter of Ii<
water. i

i’

F. Perform the wash/solids-separation sequence (settle/decant step) and leave final volume so that

solids are less than 20 wt% and total soluble nitrate is less than 0.97 g per liter of final total
volume (1000 L). Use a 0.1 M NaOH wash solution to preserve the high pH of the solution. Past
preparations indicate that 2 to 3 equivalent volumes, a total of ~] L of wash solution, will be
needed to bring the amount of nitrate below the maximum allowable limit.

1 Highly toxic or carcinogenic components are shaded. “
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G. Mix the vessel contents thoroughly and collect a representative sample for analysis. Amlyze the
sample (slurry analysis 3) and determine the amount of nitrate and cations retained in the slurry to
confirm sufficient washing has occurred to decrease the nitrate and that cationic species (except
sodium) have not been lost. The amount of nitrate retained should be less than 0.97 g for every
liter of the final total volume (i.e. 1000 L). The minor and insoluble components should be
within 515% of the values specified in Table B.3.

H. Transfer the washed slurry to the blend in vessel 1 as shown in Figure B.1.

B.5. Preparation and Addition of Noble Metals (OPTIONAL)
This part of the procedure provides instructions to neutralize, precipitate, and wash a mixture of

noble metals (Ru, Pd, and Rh). Quantities of the components can be found in Table B.4.

A.

B.

c.

D.

E.

F.

Prepare the noble-metal solution in vessel 3 by placing [A] g of Rh(NOs)s, ill] g of RuN0(N03)3,
and [C] g of Pd(NOs)z in ~] L of 4 M HN03.

Add approximately ~] L of 10 M NaOH to the noble-metal slurry until the pH reaches 7.5 A
0.5. A brown precipitate will form around a pH 6.

Boil the slurry for 10 minutes or until the supematant becomes clear.

Perform awash/solids separation sequence (settle/decant step) and leave 13nalvolume so that
solids are less than 20 wt% and total soluble nitrate is less than 1 g per liter of final total volume
(1OOOL).Use a 0.1 M NaOH wash solution to preserve the high pH of the solution. Past
preparations indicate that 2 to 3 equivalent volumes, a total of ~ L of wash solution, will be
needed to bring the amount of nitrate below the maximum allowable limit.

Mix the vessel contents thoroughly and collect a representative sample for analysis. Analyze the
sample (slurry analysis 4) for retained nitrate and cations to confirm that washing was adequate
and that cationic species have not been lost. The amount of nitrate reked should be less than 1
g for every liter of the final total volume (i.e. 1000 L). The concentrations of noble metal
components should be within &15% of the values specified in Table B.4. Document the
composition of the product slurry.

Transfer the washed slurry to the blend in vessel 1 as shown in Figure B.1.
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Table B.4. Noble Metals Slurry Components

Item Component Unit Amount

[A] Rh(No3)3 f? 1.14X102

. ,. @]’.... ~ -:R-0(NQ4]3-” g- .’. l~~%?o:-.-,.. . . --- ..”, -.-,
[c] Pdfi03)z g 3.80x101

P] 4 M HN03 L 25

El 10 M NaOH L 5

m Wash Solution L 25 .

B.6. Preparation and Addition of Minerals

This part of the procedure provides instructions to prepare a mineral slurry. Quantities of the
components can be found in Table B.5.

A. Add approximately [A] L of water. Add components ~] and [C] horn TabIe B.5 in the order and
amount shown. This slurry should be prepared in a hood fid personnel should wear respiratory
protection mask because SiOzis carcinogenic. Any insoluble components should be ground to a

~ maximum diameter of 0.1 mm before being introduced into the tanks.

B. Transfer the slurry to the blend in vessel 1 as shown in Figure B.1.

Table B.5. MineralPhase Components’

Item Compound . unit Amount
I 1 I

[A] Dilution Water ‘L 250
I I I

I
PI AIOOH (boehmite) g 2.10X104

. [c] :-’,’.“ ., sio~. ‘ ~ :. g “ :.. 1.61x104 ‘2),.. - ,. . . .

B.7. Final BIend Adjustment
I
~I

This pmt of the procedure provides instructions to make the final concentration adjustments and
lists the final requirements of the blended waste simulant.

I
~
I!

* Highly toxic or carcinogeniccomponentsare shaded. 1
I

2Value assumes 100%of oxide is suppliedby the phase. Fine silica is the first choicematerial. 1

~“
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A. Mix the vessel contents thoroughly and collect a representative slurry sample of the final blend.

Analyze the sample (slurry analysis 5) to determine the concentration of the components in the
blended waste simulant. Major oxides, excluding sodiu~ should be within &O% of the values
listed in Table B.1. All other components should be within &15% of the values specified in
Tables B.2 through B.S. The weight percent solids should be between 15% and 20%.

B. Adjust the nitrate, nitrite, and sodium concentrations to the values specified in Table B.6. Nitrite
should not be added until just before use because the nitrite degrades in the slurry. Sodium as
NaOH should be added last because sodium will have been added with the nitrate and nitrite.

c. Adjust the wt% solids by adding or evaporating water as appropriate.

D. The chemical composition and the physical properties of the slumy will constitute part of the
acceptance documentation. The specifications required for acceptance are outlined in Section
B.8.

Table B.6. Final Nitrate, Nitrite, and Sodium Ion Concentrations

Item Ion Source Target Concentration
(g ion/L)

[A] NO; NaNOs “ 2.112

ml NO~ NaNOZ 3.880

[c] Na+ NaOH 17.673

. I
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B.8. Requirements and Specifications

1. Meeting the following specifications for the chemical composition is recommended:

Weight Percent Solids 15 to 20 w%

Major Oxides (excluding Na): & 10~0of v~ues ~ Table B.1

Other Oxides ~ 1s% of values in Tables B.2, B.3, B.4, and B.5

Anions (excluding (N02V md ~ 15~0of v~ues in TabIes B.2 ~d B.3
Total Organic Carbon
Sodium (before final adjustment): <17.67 glL

Nitrite (before final adjustment): < 3.88@

Nitrate (before final adjustment): <2.11 g/L

2. Feed-stock chemicals should be technical grade quality. Certification by the vendor of such
(i.e. copies of supplier certification) is recommended, and copies should be included with the
shipping documentation.

3. When storing the blended waste simulan~ care should be taken to prevent the slurry from losing
water content and drying out because the chemical species of iron and zirconium can be affected on
exposure to air. To prevent this, store the simulant in a sealed container.

B.9. Reference

I&L Russell, H. D. Smith. 1996. Simulation and Characterization of a Hanford High-Level
Waste Slurry. PNNL-1 1293, Pacific Northwest National Laboratory, Richkmd, Washington.
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