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superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 Intent:
1.1.1 The intent of this guideline is to provide general

considerations for the development, verification, validation,
and documentation of high-level waste (HLW) tank simulants.
Due to the expense and hazards associated with obtaining and
working with actual wastes, especially radioactive wastes,
simulants are used in a wide variety of applications including
process and equipment development and testing, equipment
acceptance testing, and plant commissioning. This standard
guide facilitates a consistent methodology for development,
preparation, verification, validation, and documentation of
waste simulants.

1.2 This guideline provides direction on (1) defining simu-
lant use, (2) defining simulant-design requirements, (3) devel-
oping a simulant preparation procedure, (4) verifying and
validating that the simulant meets design requirements, and (5)
documenting simulant-development activities and simulant
preparation procedures.

1.3 Applicability:
1.3.1 This guide is intended for persons and organizations

tasked with developing HLW simulants to mimic certain
characteristics and properties of actual wastes. The process for
simulant development, verification, validation, and documen-
tation is shown schematically in Fig. 1. Specific approval
requirements for the simulants developed under this guideline
are not provided. This topic is left to the performing organi-
zation.

1.3.2 While this guide is directed at HLW simulants, much
of the guidance may also be applicable to other aqueous based
solutions and slurries.

1.3.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.4 User Caveats:

1.4.1 This guideline is not a substitute for sound chemistry
and chemical engineering skills, proven practices and experi-
ence. It is not intended to be prescriptive but rather to provide
considerations for the development and use of waste simulants.

1.4.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

C1109 Practice for Analysis of Aqueous Leachates from
Nuclear Waste Materials Using Inductively Coupled
Plasma-Atomic Emission Spectroscopy

C1111 Test Method for Determining Elements in Waste
Streams by Inductively Coupled Plasma-Atomic Emission
Spectroscopy

C1752 Guide for Measuring Physical and Rheological Prop-
erties of Radioactive Solutions, Slurries, and Sludges

D4129 Test Method for Total and Organic Carbon in Water
by High Temperature Oxidation and by Coulometric
Detection

2.2 Environmental Protection Agency SW-846 Methods:
Method 3010A Acid digestion of Aqueous Samples and

Extracts for total metals for Analysis by FLAA or ICP
Spectroscopy

Method 3050B Acid Digestion of Sediments, Sludges and
Soils

Method 3051A Microwave Assisted Acid Digestion of
Sediments, Sludges and Soils

Method 3052 Microwave Assisted Acid Digestion of Sili-
ceous and Organically Based Matricies

Method 6010C Inductively Coupled Plasma-Atomic Emis-
sion Spectrometry

Method 6020A Inductively Coupled Plasma-Mass Spec-
trometry

1 This specification is under the jurisdiction of ASTM Committee C26 on
Nuclear Fuel Cycle and is the direct responsibility of Subcommittee C26.13 on
Spent Fuel and High Level Waste.

Current edition approved June 1, 2011. Published September 2011. DOI:
10.1520/C1750-11.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

1

 

http://dx.doi.org/10.1520/C1109
http://dx.doi.org/10.1520/C1109
http://dx.doi.org/10.1520/C1109
http://dx.doi.org/10.1520/C1111
http://dx.doi.org/10.1520/C1111
http://dx.doi.org/10.1520/C1111
http://dx.doi.org/10.1520/C1752
http://dx.doi.org/10.1520/C1752
http://dx.doi.org/10.1520/D4129
http://dx.doi.org/10.1520/D4129
http://dx.doi.org/10.1520/D4129
http://www.astm.org/COMMIT/COMMITTEE/C26.htm
http://www.astm.org/COMMIT/SUBCOMMIT/C2613.htm


Method 9056A Determination of Inorganic Anions by Ion
Chromatography

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cognizant engineer, n—lead engineer responsible for

overall supervision and direction of simulant development.

3.1.2 simulant, n—a solution or slurry that mimics or
replicates selected chemical, physical or rheological properties,
or both, of an actual process or waste stream.

3.1.3 simulant development test plan, n—a document that
describes the simulant development process that results in a
simulant that meets the usage and design requirements identi-
fied in the simulant requirements specification.

3.1.4 simulant preparation procedure, n—a document that
specifies the step by step process of producing the simulant.

3.1.5 simulant requirements specification, n—a document
that specifies the simulant use and design requirements.

3.1.6 simulant validation, n—establishment of documented
evidence that confirms that behavior of the simulant adequately
mimics the targeted actual waste behavior. Simulant validation
can be expressed by the query, “Are you making the correct
simulant?” and refers back to the needs for which the simulant
is being developed.

3.1.7 simulant verification, n—establishment of documented
evidence which provides a high degree of assurance that the
simulant meets the predetermined design and quality require-
ments. Simulant verification can be expressed by the query,
“Are you making the simulant properly?”

3.2 Acronyms:
3.2.1 ASME—American Society of Mechanical Engineers

3.2.2 DI—Deionized Water

3.2.3 GFC—Glass Forming Chemicals

3.2.4 HLW—High-Level Waste

3.2.5 LAW—Low-Activity Waste

3.2.6 N/A—Not Applicable

3.2.7 NQA-1—Nuclear Quality Assurance

3.2.8 PSD—Particle Size Distribution

3.2.9 QA—Quality Assurance

3.2.10 QC—Quality Control

4. Summary of Guide

4.1 This guide provides general considerations on the
development, preparation, validation, verification, and docu-
mentation of HLW simulants.

4.2 The first step in the process is to define the purpose for
which the simulant will be used. This first step also includes
specifying the target values or range of values for the chemical
composition and physical and rheological properties of the
simulant. The quality assurance requirements are also defined
in the first step in accordance with the project requirements for
which the simulant is being developed.

4.3 The next step is to define the simulant design require-
ments. This involves determining the necessary and sufficient
simulant properties to be measured for each affected unit
operation. Key simulant properties and acceptance criteria are
developed with regard to the project requirements for which
the simulant is being developed. Standardized chemical, physi-
cal and rheological property measurements are referenced.
Topics to be considered during the development and scale-up
of the simulant preparation procedure are provided. A method-
ology for validation and verification of the simulant is dis-
cussed along with suggested documentation.

5. Significance and Use

5.1 The development and use of simulants is generally
dictated by the difficulty of working with actual radioactive or
hazardous wastes, or both, and process streams. These diffi-
culties include large costs associated with obtaining samples of
significant size as well as significant environmental, safety and
health issues.

5.2 Simulant-Development Scope Statement:
5.2.1 Simulant Use Definition:

FIG. 1 Simulant Development, Verification, Validation, and Documentation Flowsheet
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5.2.1.1 The first step should be to determine what the
simulant is to be used for. Simulants may be used in a wide
variety of applications including evaluation of process
performance, providing design input to equipment, facilities
and operations, acceptance testing of procured equipment or
systems, commissioning of equipment or facilities, or trouble-
shooting operations in existing equipment or facilities. A
simulant may be used for single or multiple unit operations.
Through the simulant-use definition, the characteristics of the
simulant required for development are determined. The char-
acteristics may include chemical, physical, rheological or a
combination of these properties. The effect of process chemical
additions and recycle streams must also be assessed.

5.2.1.2 The applicable quality assurance requirements
should be specified in accordance with the projects quality
assurance program. For example in the DOE complex, these
requirements often include a QA program that implements
ASME Nuclear Quality Assurance, NQA-1 (latest revision or
as specified by project) and its applicable portions of Part II,
Subpart 2.7 (latest revision or as specified by project) or Office
of Civilian Radioactive Waste Management Quality Assurance
Requirements Document: QARD DOE/RW 0333P (latest revi-
sion or as specified by project) QA requirements. Simulant-
development activities that support regulatory and environ-
mental compliance-related aspects of a waste-vitrification
program may need to be performed in accordance with project
quality-assurance requirements for generating environmental
regulatory data. The use of simulants for project testing that is
exploratory or scoping in nature may not need to comply with
specific QA requirements.

5.2.2 Simulant Composition Definition:
5.2.2.1 Approaches to simulant-composition development

will vary depending on the type of simulant required for
testing. Simulant compositions may be based on actual sample
characterization data, formulated for specific unit operations,
or used for bounding or testing the limits of a process or
specific piece of equipment. Key properties that are to be
simulated should be identified as it may be difficult and
unnecessary to develop simulants that exactly mimic all actual
process stream properties at once.

5.2.2.2 Compositions for simulants based on actual waste
samples should be defined using the available characterization
data as the starting point (see Fig. 2). The best available
source-term analytical data, including uncertainties, along with
a comparison against comparable inventory data, historical

process information, or feed vectors must be assessed. This
comparison should highlight analytical outlier values that will
need to be addressed for an analyte.

5.2.2.3 For simulant compositions that mimic flow sheet
streams later in the process (after the best available waste
source-term analytical information on the incoming waste
stream is defined), process flow sheet model runs may be
required to provide estimates of the additional stream compo-
sitions that incorporate recycle streams from other flow sheet
unit operations. Flow sheet runs should consider transient
behavior of the process in order to provide a range of
compositions such that bounding conditions can be deter-
mined. The compositional waste-stream source-term data
should be used as inputs to the process model. Any other
planned operations that could affect flow sheet compositions
being simulated (for example, adjustment of actual-waste-
composition data to reflect future waste-feed delivery activities
to arrive at the “best forecast composition range”) need to be
considered. If available, analytical data from actual waste
characterization and testing should be compared to waste-
stream-modeling results to validate the modeling results. The
assumptions and inputs to the process flow sheet used should
be described and discussed, and should be incorporated into the
simulant requirements specification. By this process, the best
forecast simulant composition range would be traceable to
actual waste-characterization data.

5.2.2.4 For simulant compositions formulated for specific
unit operations, the composition may be targeted to only the
chemical, physical, and rheological properties that are known
to affect specific key operating or processing parameters.

5.2.2.5 For a simulant intended to bound the limits of a
process or specific piece of equipment, a range of compositions
should be developed to define these operational limits. For
example, purely physical simulants may be used to determine
the rheological bounds between which a specific vessel is able
to meet a required process condition. For this approach,
multiple simulants may be required to test numerous param-
eters. A bounding simulant may consist of an existing simulant
spiked with specific compounds to test process performance
(for example, added organics to test destruction in a melter
system) or a purely physical simulant to test the acceptable
physical and rheological process limits of a system.

5.3 Simulant Design Requirements:

FIG. 2 Flowsheet for Simulant Composition Determinations Based Upon Actual Waste Sample Characterization Data
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5.3.1 The cognizant engineer should determine the neces-
sary and sufficient simulant properties to measure for each
affected unit operation, waste, or recycle stream. These should
be the same for both actual waste and simulant waste where the
simulant is based upon actual-waste characterization data.
Often trace amounts of polyvalent ions or organic constituents
can have a significant influence on physical and rheological
properties and must be carefully considered. Appendix X1
provides an example of chemical, physical, and rheological
properties-measurement matrices for several common unit
operations associated with tank waste treatment waste streams
that may be considered in developing simulant-design require-
ments. A similar chemical, physical, and rheological property-
measurement matrix should be developed for each specific
project or application.

5.3.2 The cognizant engineer should determine how close
each measured property must be to the target value for the
important analytes, physical and rheological properties. The
range of acceptable values may depend on the simulant use as
well as the accuracy of the analytical techniques used for
measuring the properties. The specified ranges should then
become the acceptance criteria for the simulant eventually
prepared, to verify the simulant-preparation procedure.

5.3.3 The following key properties may be discussed (as
applicable) and documented in the simulant requirements
specification:

5.3.3.1 Key Processing Properties—The key processing
properties to be determined using the simulant should be listed.
These may consist of the properties that are measured during
testing of a piece of equipment or unit operation. Examples
include filtrate flux, decontamination factors, fouling, scaling,
pressure drop, and sample homogeneity. The cognizant engi-
neer should consider plant process upset conditions in testing
requirements.

5.3.3.2 Key Chemical Properties—The chemical properties
of the simulant necessary to ensure preparation of a valid
simulant should be listed.

5.3.3.3 Key Physical Properties—The key physical proper-
ties of the simulant should be listed. Examples include density,
heat capacity, thermal conductivity, heat of vaporization, PSD,
settling rate, wt% settled and centrifuged solids, vol% settled
and centrifuged solids, wt% total dried solids, and wt% total
oxide.

5.3.3.4 Key Rheological Properties—The key rheological
properties of the simulant should be listed. These may include
yield stress (vane) and viscosity measurements.

5.3.3.5 Design-Basis Range—Key design assumptions used
at the particular point in the plant should also be listed. For
example, key design parameters for pumps, agitators, piping,
and vessels that would affect the simulant development should
be documented.

5.3.4 If simulant melter feeds are to be developed, the
cognizant engineer should ensure that the glass-former chemi-
cals (GFCs), used for testing, are consistent with project
requirements.

5.3.5 The key simulant properties and acceptance criteria
may be documented in the simulant requirements specification,
preferably in table format. An example for a LAW Melter Feed
is provided in X2.1. Each project is encouraged to develop a
similar list.

5.3.6 Standardized chemical, physical, and rheological
property measurements for work performed should be used
(see Section 2). Use of these property measurements is
essential to ensure standardized, comparable results between
all actual-waste and simulant-based tests.

5.4 Simulant Development Test Plan:
5.4.1 The person or organization assigned to perform the

simulant development work may prepare a simulant develop-
ment test plan that implements the simulant requirements
specification. The simulant development test plan describes the
proposed simulant development process and should indicate
what methodologies are planned to verify and validate
simulant-property data produced during preparation and testing
activities.

5.5 Develop Simulant Preparation Procedure:
5.5.1 Once the simulant requirements specification and the

development test plan (if required) have been completed, the
performer of the work may proceed with the simulant-
development activities in order to produce a standalone simu-
lant preparation procedure. The performer of the work should
make sure all simulant design requirements are met when
developing the simulant-preparation procedure, for example:

5.5.1.1 Specified ionic forms of waste components to be
used.

5.5.1.2 Charge balancing to be completed appropriately.
5.5.1.3 Appropriate substitutes to be used for radioactive

species, as required.
5.5.1.4 Matching of pertinent physical properties of solids

(for example, phase, morphology, size, and crystalline vs.
non-crystalline).

5.5.1.5 Sequence and rate of addition of simulant compo-
nents to avoid unwanted chemical reactions.

5.5.1.6 Extent of mixing and the need for temperature
control (heating/cooling).

5.5.1.7 Actual processing parameters of the simulant impor-
tant in developing a final simulant (for example, washing,
leaching, shearing of HLW solids or generation and sampling
of a submerged-bed-scrubber simulant) are stipulated.

5.5.2 Simulants may be developed following one of several
general approaches: attempt to replicate the process that
produced the waste, replicate key processes that produced the
waste, obtain individual components that mimic the key
properties of the actual waste when mixed together, or use
materials that are chemically different than the wastes, but
mimic the physical or rheological properties, or both, when
mixed together.

5.5.2.1 One approach is to attempt to replicate the process
that produced the actual waste. This is generally the most
difficult approach to implement, but has the greatest chance of
replicating a wide variety of waste properties. This approach
may be able to produce a simulant with specialized waste
properties and produce compounds and particulates that may
not be commercially available or may not have been identified
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during characterization of the actual wastes. It has the potential
to produce a simulant that is highly credible. Use of this
approach may be hampered by a lack of knowledge of process
conditions that produced the wastes or the wastes may have
been stored for decades and changed in unknown ways due to
aging effects. The processes are often complex, expensive and
time consuming to replicate. In practice it is often sufficient to
replicate the key processes that produced the waste. For
example, neutralizing an acidic solution containing soluble
components to form a slurry with insoluble precipitates.

5.5.2.2 Another approach is to mix individual commercially
available components together to approximate the simulant
properties. While this approach is relatively simple to imple-
ment it is often hampered by a lack of knowledge of the waste
components (speciation) and a lack of commercially available
materials. It is also difficult to replicate the particle morphol-
ogy produced by the originating processes using this approach.

5.5.2.3 Often the optimum approach is to use a combination
of the approaches in which some portions of the simulant are
produced by replicating the key processes that produced the
waste and then adding selected components that may be
fabricated separately or obtained from commercial sources.

5.5.2.4 For simulants that are developed to mimic only
physical or rheological properties, or both, it is often not
necessary to replicate the chemical composition of the waste.
For example, various kaolin/bentonite clays are often used to
mimic the rheological properties of slurries.

5.5.2.5 In many cases radioactive components have a neg-
ligible impact on the simulant properties and may be ignored.
This is due to the relatively low chemical concentration of most
radionuclides. Where the radioactive components are
important, chemical surrogates may be used. In some cases
there may be a stable isotope that may be used. More
commonly, an element with similar chemical properties may be
used. For example, rhenium is often used as a surrogate for
technetium. Rare earth elements are often used as surrogates
for the actinides. In general, it is best to use a component from
the same group in the periodic table since this will provide the
best match of the chemical properties.

5.5.2.6 Where simulants are representing wastes that have
been stored for many years and may have undergone signifi-
cant changes due to aging it may be possible to subject the
simulant to an accelerated aging protocol. For radioactive
wastes this may involve heating the simulant and perhaps
exposing it to radiation.

5.5.2.7 Aging and storage effects on the simulant properties
may be an important consideration during the simulant devel-
opment process. In many applications the simulant may not be
used immediately and will be stored for some time. In this case,
the effects of storage on the simulant properties should be
investigated in order to understand the changes and define
appropriate methods of storage. Effects on the simulant may
include precipitation of components from solution, dissolution
of solid components, changes to the solid phase morphology or
PSD, agglomeration of particulates, chemical reaction with air
and drying. It may be necessary for climate controlled storage
or the use of inert cover gases, or both, to store the simulant
prior to use. The addition of biocides may also be needed to

prevent the formation of algae and biological growth that can
impact the simulant behavior. The impact of the biocide
addition also needs to be assessed during simulant develop-
ment.

5.5.3 Considerations for Simulant Scale-up and Fabrica-
tion:

5.5.3.1 Development of the simulant fabrication procedure
is often conducted at the bench scale to minimize costs.
Depending on the quantity required for testing, scale-up of the
fabrication process may be required.

5.5.3.2 Since impurities present in the water and the chemi-
cals may impact the simulant composition and properties, it is
recommended that the water and chemicals used at the bench
scale should be the same as that planned for the production
batches.

5.5.3.3 Bench-scale work often involves the use of de-
ionized water while large scale production may use tap water
obtained from a local source. Since production of large
simulant batches may be subcontracted to a chemical supply
vendor it is not always known ahead of time what the exact
source of water will be. If the water source is expected to be an
issue, sufficient water from the same source used for the bench
scale work may be shipped to the chemical supply vendor or
the use of deionized water may be specified. It’s also quite
possible that the source of water used by the vendor may be
suitable but this should be demonstrated with a trial batch of
the simulant.

5.5.3.4 Bench-scale work often involves the use of reagent
grade chemicals while larger scale production may use a lesser
grade for cost reasons. Since lower grades of chemicals
typically have more impurities it is desirable to use the same
grade of chemical for the laboratory work that is planned for
the production batches. Since there may be variability between
manufacturers and even batches from the same manufacturer it
is best to use chemicals from the same batch from the same
manufacturer throughout the development process. This can be
especially important for components where a certain PSD or
solid surface properties are important. At minimum using
chemicals from the same batch helps eliminate process vari-
ables and questions that may arise during the scale-up and
production process.

5.5.3.5 The scale-up approach depends on the complexity of
the fabrication procedure. For example, simply mixing com-
mercially available solids components can be sufficient if
adequate mixing power is available to provide a well blended
mixture. More complicated procedures involving chemical
reactions need to be scaled using sound chemical engineering
principles. Variables that need to be considered include:
temperature for exothermic or endothermic reactions, order of
chemical addition, component solubility at various process
steps, rate of addition, and mixing energy. These more com-
plicated fabrication procedures may require one or more
intermediate scale-up size batches between the bench- and
full-scale fabrication processes.

5.5.3.6 Aqueous-phase-only simulants are relatively simple
to produce. The most important considerations are the concen-
trations of the cations and anions, charge balance and solubility
limits during fabrication. Due to analytical uncertainty and
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incomplete characterization of the actual waste, the charge
balance often does not close and adjustments will have to be
made to individual component concentrations. The solubility
limits during fabrication need to be considered since solids
may form which may be difficult to dissolve. This is especially
true for fabrication procedures in which the pH varies widely.

5.5.3.7 In some cases a small amount of a radioactive
isotope may be added as a tracer. For example, small amounts
of 137 Cs may be used to monitor the performance of ion
exchange processes.

5.5.3.8 Since equipment used for large production batches is
often used for a wide variety of other applications it is
important to make sure that the vessels are adequately cleaned
prior to the start of production. This may involve multiple
rinses of the equipment with water or cleaning agents as well
as analysis of the solutions to make sure that any significant
impurities are not present. Cleaning agents also need to be
thoroughly removed from all contacting surfaces prior to
addition of simulant components.

5.5.3.9 Another potential area of concern is that the process
vessels and equipment may introduce impurities due to corro-
sion. This risk can be minimized by proper selection of
materials for compatibility with the fabrication procedure.

5.5.4 Care should be taken to make sure that the method of
simulant transportation and the containers used to transport the
simulants do not impact the simulant properties. The container
materials of construction should be compatible with the simu-
lant composition so as to not add corrosion products or leach
contaminates into the simulant. Transportation may also sub-
ject the simulant to environmental conditions (for example,
heat, cold) that may need to be controlled to minimize the
impacts of evaporation or freezing.

5.6 Verify Simulant Meets Design Requirements:
5.6.1 The performer of the work may document that the

simulant has been verified. The documented simulant-
verification activities may include:

5.6.1.1 Simulant generated using an approved simulant-
preparation procedure,

5.6.1.2 Simulant necessary and sufficient properties were
measured and compared to acceptance criteria, and

5.6.1.3 All necessary and sufficient properties are within
acceptance criteria specifications.

5.6.2 If in the initial testing of the simulant, not all of the
necessary and sufficient properties are within the acceptance
criteria specified in the simulant requirements specification, the
performer of the work may work iteratively with cognizant
project personnel to choose a path forward which may include
a change to the acceptance criteria. All changes may be
documented and controlled by a modified simulant require-
ments specification or simulant test plan, or both, consistent
with project procedures.

5.6.3 All changes to testing may be documented and con-
trolled by a modified simulant requirements specification or
simulant development test plan, or both, consistent with project
procedures.

5.6.4 For simulants in which the chemical composition is
specified, the determination and reporting of the chemical
composition of the simulant may rely on both the mass-balance

and sample analyses together as a cross check. A batching
process/sheet may be written that specifies the following:

5.6.4.1 The technical purity or grade of the beginning
chemical constituents. This will require copies of each chemi-
cal’s purity certifications and may require a confirmation of
adsorbed water or waters-of-hydration;

5.6.4.2 The batching sequence and how and when to com-
bine various sub-batches as necessary;3

5.6.4.3 In-process sampling and analyses at key simulant-
preparation points, as necessary (for example, analyze a nitrate
solution before neutralizing and precipitating solids, or after a
precipitation and washing sequence to verify the target values
have been reached);

5.6.4.4 Review of completed batching sheet(s) by an
independent, qualified individual; and

5.6.4.5 Results of the simulant analyses to verify the final
batch composition for acceptance. The vendor or performer of
the work should supply the confirmatory analysis results to the
project in verification documentation.

5.6.4.6 Following preparation of the simulant, a confirma-
tory quantitative analysis may be performed on the simulant to
verify that all components and their amounts were added
correctly. This analysis is a final independent validation of the
simulant composition. If the analysis indicates that the amount
of an analyte component differs from its target amount by
significantly more than the analytical uncertainty for that
component, there is reason for concern that an error has
occurred with the simulant preparation. Using both the mass
balance (that is, batching sheets, chemical addition and weigh-
ing confirmation, and calculation verification) and actual
chemical composition analysis will increase the probability of
producing a simulant with an accurately known chemical
composition. This will allow for informed decision making on
whether to rely on the calculated or measured analyte value or
to re-analyze. For example, an adjustment would not necessar-
ily have to be made to a simulant-batch composition based
upon a single out-of-tolerance analytical result if the mass-
balance composition and batching sheets corroborated the
majority of the analytical results. Disagreement between the
measured analytical results and the mass balance or batching
sheets due to errors in simulant preparation, however, could
lead to a re-analysis and possible re-batching of the simulant.
Potential errors in simulant preparation may include (1) incor-
rect chemical quantities or incorrect chemicals being added, (2)
use of chemicals with poor quality or high levels of impurities,
(3) use of chemicals with elevated levels of waters-of-
hydration from excessive storage, or (4) use of starting
chemicals that were not reported.

5.6.4.7 The prepared simulant composition should be certi-
fied to the previously agreed-upon set of analyte values.
Typically, a graded range of analyte composition values is used
for simulant preparation work; the graded range should be
provided to the performer of the work in the simulant require-
ments specification before simulant-preparation work begins.
An example of a graded range of analyte composition values

3 For typical contaminants such as chloride, these ingredients should be added
after the amount already present from the other chemicals added is known.
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for preparation of a melter-feed simulant may be 65 % for
major constituents (defined as analytes with concentrations
> 0.5 wt% on an elemental basis) and 620 % for minor
constituents (defined as analytes with concentrations < 0.5
wt% on an elemental basis) known to not have an effect on the
melter testing parameters to be studied.

5.7 Documentation of Simulant Development, Verification,
Validation, and Preparation Activities:

5.7.1 Upon completion of the simulant development and
testing, the performer of the work may document the results
consistent with project requirements. The document may
address the following simulant-development activities (as ap-
plicable) in addition to any other testing performed using the
approved simulant.

5.7.2 Simulant designation.
5.7.3 Simulant waste-stream composition/unit operation

usage/requirements.
5.7.3.1 Characterization data determination,
5.7.3.2 Flow sheet operations for which simulant was

developed, and
5.7.3.3 Simulant design requirements and acceptance/

success criteria.
5.7.4 Actual step-wise simulant preparation procedure

specifying:
5.7.4.1 Chemicals used (for consistency)
5.7.4.2 Chemical addition order
5.7.4.3 Precautions
5.7.4.4 All other important considerations necessary for

correct preparation by independent users such as precipitation,
filtration, temperature control, scaling issues, and simulant
shelf-life.

5.7.5 Key characteristics and limitations of the simulant.
5.7.6 Discussion of verification-and-validation approach

and the results, considering for example:

5.7.6.1 Chemical composition,
5.7.6.2 Specified ionic forms of waste components used,
5.7.6.3 Charge-balancing completed appropriately,
5.7.6.4 Appropriate substitutes used for radioactive species,

as required,
5.7.6.5 Matching of pertinent physical properties of the

solid phases,
5.7.6.6 Pertinent physical properties,
5.7.6.7 Pertinent rheological properties,
5.7.6.8 Necessary and sufficient properties measured and

acceptance criteria met,
5.7.6.9 Baseline flow sheet design-basis criteria met,
5.7.6.10 Any other acceptance criteria met, and
5.7.6.11 All other important considerations required for

validation.
5.7.7 For all testing completed using simulants, compare the

results to any similar testing with actual waste. Summarize the
tests performed, the data collected and compare to expected
plant conditions, as applicable. Any necessary raw data may be
included.

5.7.8 The document may be reviewed for compliance with
the simulant requirements specification and simulant develop-
ment test plan by technically cognizant project staff, and by
each technical discipline affected by the simulant work. The
review comments should be resolved by the performer of the
work and the final test report should be approved per the
project requirements.4

6. Keywords

6.1 simulant development; waste simulants

APPENDIXES

(Nonmandatory Information)

X1. NECESSARY AND SUFFICIENT WASTE STREAMS CHEMICAL, PHYSICAL, AND RHEOLOGICAL PROPERTIES MA-
TRIX

See Table X1.1 and Table X1.2.

4 Simulant development, verification, validation, and documentation activities
(described in 5.2 through 5.7) have been summarized as a checklist in Appendix X3
to allow the cognizant engineer and reviewers a means to determine whether all
appropriate areas have been addressed in the associated project documentation.
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TABLE X1.1 Necessary and Sufficient Waste Streams Chemical, Physical, and Rheological Properties Matrix

Property Tank
Waste

Ultrafiltration
Feed

Ion
Exchange

Feed

Ion
Exchange
Effluents

Ion
Exchange
Eluants

Chemical
Composition

X X X X X

pH X X X X X
PSD X X
Particle
(size &
shape)

X X

Heat
Capacity

X X

Thermal
Conductivity

X

Bulk
Density

X X X

Supernatant
Liquid
Density

X X X X X

Vol %
Settled
Solids

X X

Settling
Rate

X

Centrifuged
Solids
Density

X

Vol %
Centrifuged
Solids

X

Wt %
Centrifuged
Solids

X

Wt %
Oven
Dried
Solids

X

Wt %
Total
Dried
Solids

X

Wt %
Undissolved
Solids

X X X X

Shear
Stress
Versus
Shear
Rate
Ambient
and
40°C

X X X X

Yield
Strength

X

Wt %
Total
Oxide

X X
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X2. EXAMPLE: PROPERTY-ACCEPTANCE CRITERIA FOR LOW-ACTIVITY WASTE MELTER FEED

X2.1 Example Only of Necessary and Sufficient Proper-
ties and Acceptance Criteria for Validation of LAW
Melter Feeds

X2.1.1 An example of property-acceptance criteria for low
activity waste melter feed is provided in Table X2.1.

X2.1.2 For chemical composition, the acceptance criteria
are 65 wt% for major constituents (defined as analytes with

concentrations > 0.5 wt% on an elemental basis) and 620 wt%
for minor constituents (defined as analytes with concentrations
< 0.5 wt% on an elemental basis) and known to not have an
affect on melter testing parameters to be studied.

TABLE X1.2 Necessary and Sufficient Waste Streams Chemical, Physical, and Rheological Properties Matrix

Property Treated
LAW

Evaporate

LAW
Pretreated

Waste

HLW
Pretreated

Waste

LAW
Melter
Feed

HLW
Melter
Feed

Chemical
Composition

X X X X X

pH X X X X X
PSD X X X
Particle
(size &
shape)
Heat
Capacity

X

Thermal
Conductivity

X

Bulk
Density

X X X X

Supernatant
Liquid
Density

X X X X X

Vol %
Settled
Solids

X X X X

Settling
Rate

X X X X

Centrifuged
Solids
Density

X X X X

Vol %
Centrifuged
Solids

X X X X

Wt %
Centrifuged
Solids

X X X X X

Wt %
Oven
Dried
Solids

X

Wt %
Total
Dried
Solids

X X X X X

Wt %
Undissolved
Solids

X X X X X

Shear
Stress
Versus
Shear
Rate
Ambient
and
40°C

X X X X X

Yield
Strength

X X X

Wt %
Total
Oxide

X X X X X
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X3. DOE-PROJECT SIMULANT DEVELOPMENT, VERIFICATION, VALIDATION, AND DOCUMENTATION CHECKLIST

See Fig. X3.1, Fig. X3.2, Fig. X3.3, and Fig. X3.4

TABLE X2.1 Example: Property-Acceptance Criteria for Low
Activity Waste Melter Feed

Property Acceptance Criteria
pH ±0.5 unit
PSD (D95) ±20 %
Particle Density ±0.2 g/mL
Density—Bulk Slrry ±5 %
Density—Centrifuged Solids ±10 %
Density—Supernatant ±5 %
Vol. % Settled Solids ±20 %
Vol. % Centrifuged Solids ±10 %
Wt % Total Dried Solids ±5 %
Wt % Centrifuged Solids ±5 %
Wt % Undissolved Solids ±5 %
Wt % Total Oxides ±5 %
Settling Rate ±20 %
Flow Curve

(maximum apparent viscosity
at low shear rates ('25s-1))

±200 %

Yield Stress
(settled solids at 40°C)

±50 %
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FIG. X3.1 Development of Simulant Requirements Specification
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FIG. X3.2 Development of Simulant Preparation Procedure from Administrative Hold
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FIG. X3.3 Verification and Validation of Simulant
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

FIG. X3.4 Simulant Documentation
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