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INTERNATIONAL

Standard Guide for
Characterization of Radioactive and/or Hazardous Wastes
for Thermal Treatment

This standard is issued under the fixed designation C 1571; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.2 This guide is applicable to radioactive and/or hazardous

1.1 This guide identifies methods to determine the physicavastes including but not limited to, high-level wasteew-
and chemical characteristics of radioactive and/or hazardoU§ve! wastes, transuranic (TRU) wastes, hazardous wastes,
wastes before a waste is processed at high temperatures, f8fxed (hazardous and radioactive) wastes, heavy metal con-
example, vitrification into a homogeneous glass ,glass-ceramié@minated wastes, and naturally occurring or accelerator pro-
or ceramic waste form. This includes waste forms produced b§fuced radioactive material (NARM or NORM) wastes. These
ex-situ vitrification (ESV), in-situ vitrification (ISV), slagging, Wastes can be in the physical form of wet sludges, dried
plasma-arc, hot-isostatic pressing (HIP) and/or coId-pressinﬁ'UqgeSv spent waste water fllter aI.dS, waste water filter cakes,
and sintering technologies. Note that this guide does noficinerator ashes (wet or dry), incinerator blowdown (wet or
specifically address high temperature waste treatment by ifl"y), wastewaters, asbestos, resins, zeolites, soils, unset or
cineration but several of the analyses described in this guidgnsatisfactory cementitious wastes forms in need of remedia-
may be useful diagnostic methods to determine incineratofion. lead paint wastes, etc. and combinations of the above.
off-gas composition and concentrations. Thls_gwde may not be apphca_bl_e to piping, duct work, rubble,
The characterization of the waste(s) recommended in thi§€bris waste or wastes containing these components.
guide can be used td) choose and develop the appropriate 1.3 This guide refgrences applicable test me.thod.s that can
thermal treatment methodology2)(determine if waste pre- be used to characterize hazardous wastes, radioactive wastes,
treatment is needed prior to thermal treatmes), &id in and heavy metal contaminated process wastes, waste forms,
development of thermal treatment process cont®ldévelop NARM or NORM wastes, and soils. _
surrogate waste formulations)(perform treatability studies, 1.4 These test methods must be performed in accordance
(6) determine processing regions (envelopes) of acceptabl@'th all quality assurance requirements for acceptance of the
waste form composition,7] perform pilot scale testing with data. ) ) .
actual or surrogate waste, and/8y determine the composition 1.5 This standard may involve hazardous materials, opera-
and concentrations of off-gas species for regulatory complifions, and equipment. This standard does not purport to
ance. address all of the safety concerns, if any, associated with its
The analyses discussed in this standard can be performed By€- It is the responsibility of the user of this standard to
a variety of techniques depending on equipment availabilityeStablish appropriate safety and health practices and deter-
For example, Gas Chromatograph Mass Spectrometry (Gcine the applicability of regulatory limitations prior to use.
MS) can be used to measure Fhe amount and type of off—gaf Referenced Documents
species present. However, this standard assumes that such
sophisticated equipment is unavailable for radioactive or haz- 2-1 ASTM Standards: ,
ardous waste service due to potential contamination of the C 92 Test Methods for Sieve Analysis and Water Content of
equipment. The analyses recommended are, therefore, the Refractory Materiaf

simplest and least costly analyses that can be performed andC 146 Test Methods for Chemical Analysis of Glass Sand
still be considered adequate C 162 Terminology of Glass and Glass Prodficts

2 High level waste (HLW) is used as a generic term that includes high level liquid

* This guide is under the jurisdiction of ASTM Committee C26 on Nuclear Fuel waste (HLLW) and high level radioactive waste (HRW).

3 ) . . -
Cycle and is the direct responsibility of Subcommittee C26.07 on Waste Materials. Low level waste (LLW) IS ”S9d as a generic term that mchdgs low level liquid
Current edition approved July 10, 2003. Published September 2003. waste (LLLW), low level radioactive waste (LLRW) and low activity waste (LAW).
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C 169 Methods for Chemical Analysis of Soda-Lime and 3.1.4 debris waste-solid material exceeding a 60mm par-

Borosilicate Glass ticle size that is intended for disposal and that is: a manufac-
C 242 Terminology of Ceramic Whitewares and Relatedtured object; or plant or animal matter; or natural geologic
Producté material®
C 859 Terminology Relating to Nuclear Materials 3.1.5 devitrification—crystallization of glass. C 162

C 1109 Test Methods for Analysis of Aqueous Leachates 3.1.6 drying—removal by evaporation, of uncombined wa-
from Nuclear Waste Materials using Inductively Coupledter or other volatile substances from a ceramic raw material or

Plasma-Atomic Emission Spectrométry product, usually expedited by low-temperature heating.
C 1111 TestMethod for Determining Elements in Waste C 242
Streams by Inductively Coupled Plasma-Atomic Emission 3.1.7 geologic mill tailings—common rock leftover from
Spectroscopy mining or oil well drilling operations that may contain hazard-
C 1168 Practice for Preparation and Dissolution of Pluto-ous or radioactive constituents, can include natural occurring
nium Materials for Analysis radioactive material (NORM).
C 1317 Practice for Dissolution of Silicate or Acid- 3.1.8 glass ceramie-solid material, partly crystalline and
Resistant Matrix Samplés partly glass. C 162

C 1463 Practice for Dissolving Glass Containing Radioac- 3.1.9 hazardous waste-(a) in a broad sense, any substance
tive and Mixed Waste for Chemical and Radiochemicalor mixture of substances having properties capable of produc-

Analysis ing adverse effects on the health or safety of a human (see also
D 1129 Terminology Relating to Wafer RCRA hazardous waste)b)( any waste that is “listed” in
D 4327 Test Method for Anions in Water by lon Chroma- 40CFR Parts 261.31-261.33 or exhibits one or more of the
tography characteristics identified in 40CFR Parts 261.20-261.24, is a
2.2 Other Documents: mixture of hazardous and nonhazardous waste, or is deter-
US EPA Standard SW846, Test Methods for Evaluatingmined to be hazardous waste by the generator.
Solid Waste 3.1.10 heavy metal contaminated wasta common haz-
Resource Conservation and Recovery Act (RCRA), 40CFRardous waste; can damage organisms at low concentrations and
240-271, November 21, 1976 tends to accumulate in the food chain. Examples are lead,

DOE Methods for Evaluating Environmental and Wastechromium, cadmium, and mercury.
Management Samples, March, 1993, DOE.EM-0089T, 3.1.11 high-level liquid waste (HLLW)-the radioactive
Rev. 1 aqueous waste resulting from the operation of the first cycle
Radioanalytical Technology for 10 CFR Part 61 and Otherextraction system, or equivalent concentrated wastes from
Selected Radionuclides, Literature Review, C. W. Tho-subsequent extraction cycles, or equivalent wastes from a
mas, V. W. Thomas, and D. E. Robertson, PNNL-9444 process not using solvent extraction, in a facility for processing

March, 1996 irradiated reactor fuels.
) 3.1.12 high-level radioactive waste (HLRW or HLWa)
3. Terminology the highly radioactive material resulting from the reprocessing
3.1 Definitions: of spent nuclear fuel, including liquid waste produced directly

3.1.1 analysis (physical or chemicah}the determination of in reprocessing and any solid material derived from such liquid

physical or chemical properties or composition of a materialwaste that contains fission products (U.S. Code Title 42,
C 859  Section 10101);k) liquid wastes resulting from the operation

3.1.2 byproduct material-the tailings or wastes produced of the first cycle solvent extraction system, or equivalent, and
by the extraction or concentration of uranium or thorium fromthe concentrated wastes from subsequent extraction cycles, or
any ore processsed primarily for its source material contengquivalent, in a facility for reprocessing irradiated reactor fuel.
including discrete surface wastes, resulting from uranium 3.1.13 homogeneous glass(l) an inorganic product of
solution extraction processes. Underground ore bodies ddusion that has cooled to a rigid condition without crystallizing
pleted by such solution extraction operations do not constitutésee Terminology C 162);2f a noncrystalline solid or an
“byproduct material.” 10 CFR Part40  amorphous solid.

Note 1—A supplementary definition can be found in 10 CFR Part 20; 3.1.14 incidental WaSte_WaStes that are not classified as
any radioactive material (except special nuclear material) yielded in, or“-W' NRC has defined three criteria that must be met for a

made radioactive by, exposure to the process of producing or utilizingvaste to be Ca”?d incidental wasté) (vastes that have been.
special nuclear material. processed (or will be further processed) to remove key radio-

3.1.3 calcine—to fire or heat a granular or particulate solid Nuclides to the maximum extent that is technically and eco-

at less than, fusion temperature but sufficient to remove most diomically practical; ) wastes that will be incorporated in a
its chemically combined volatile matter (for example,Q4 solid physical form at a concentration that does not exceed the

CO,) and otherwise to develop the desired properties for'use @PPlicable concentrations for Class C low-level waste; @d (

5 Annual Book of ASTM Standardgol 12.01. & Code of Federal Regulations Title 4%olume 19, Part 268.
® Annual Book of ASTM Standardgol 11.01. °Varshneya, A. K., “Fundamentals of Inorganic Glasses,” Academic Press,
” Perkins, W. W., (Ed.)Ceramic GlossaryThe American Ceramic Society, 1984. Boston, MA, 1994.
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wastes that are to be managed pursuant of the Atomic Enerdyg the Atomic Energy Act (AEA) of 1954! The “radioactive
Act, so that safety requirements comparable to the performanammponent” refers only to the actual radionuclides dispersed or
objectives set out in 10 CFR Part 61, Subpart C are satisfieduspended in the waste substatice.

3.1.15 infrared incinerator—any enclosed device that uses 3.1.22 mixed waste glassa glass comprised of glass form-
electric powered resistance heaters as a source of radiant héag additives and hazardous waste that contains radioactive
followed by an afterburner using controlled flame combustionconstituents.
and which is not listed as an industrial furnace EPA 40 3.1.23 natural accelerator produced radioactive materials

CFR 260.10 (NARM}—radioactive materials not covered under the Atomic

3.1.16 incineration—(1) controlled flame combustion and Energy Act of 1954 that are naturally occurring or produced by
neither meets the criteria for classification as a boiler, sludgan accelerator. Accelerators are used in sub-atomic particle
dryer, or carbon regeneration unit, nor is listed as an industrighhysics research. These materials have been traditionally
furnace; or ) meets the definition of infrared incinerator or regulated by States. NARM waste with more than 2 nCifg%f
plasma arc incinerator EPA 40 CFR 260.10 Ra or equivalent is commonly referred to as discrete NARM

3.1.17 Joule heating—heating of glass by passing an elec- waste; below this threshold, the waste is referred to as diffuse
tric current through it, the powerful stirring effect of the NARM waste. NARM waste is not covered under the Atomic
convection currents created by electric heating causes unifoEnergy Act, it is not a form of LLW, and it is not regulated by
mity of temperature throughout the body of glass and makes iNuclear Regulatory Commission.
physically homogeneous. 3.1.24 naturally occurring radioactive materials

3.1.18 loss-on-heating (LOH)}-the percent loss in weight (NORM}-NORM refers to materials not covered under the
of a material at a constant temperater£05°C , and for atime Atomic Energy Act whose radioactivity has been enhanced
long enough, to achieve constant weight, expressed as (sadionuclide concentrations are either increased or redistrib-
percent of the initial weight of the dry material; The fractional uted where they are more likely to cause exposure to man)
or percentage weight loss of a material on heating in air fronusually by mineral extraction or processing activities. Ex-
an initial defined state (usually, dried) to a specified temperaamples are exploration and production wastes from the oil and
ture, such as 1000°C, and holding there for a specified perioghatural gas industry and phosphate slag piles from the phos-
such as 1 hour. Fixed procedures are designed, usually, suphate mining industry. This term is not used to describe or
that LOH represents the loss of combinegCH CO,, certain  discuss the natural radioactivity of rocks and soils, or back-
other volatile inorganics, and combustible organic mdtter.  ground radiation, but instead refers to materials whose radio-

3.1.19 low-activity waste—the low-activity portion of activity is technologically enhanced by controllable practices.
HLLW that is separated from the HLLW so that it can be Note this definition is sometimes called technically enhanced
classified as LLW and be disposed of as “incidental waste.” NORM or TENORM.

3.1.20 low-level radioactive waste (LLRW or LLWYa) 3.1.25 plasma arc incinerater-any enclosed device using a
LLRW is waste that satisfies the definition of LLRW in the high intensity electrical discharge or arc as a source of heat
Radioactive Waste Policy Amendments Act of 1985; radioacfollowed by an afterburner using controlled flame combustion
tive material that is not high-level radioactive waste, spentand which is not listed as an industrial furnace. EPA 40
nuclear fuel, or byproduct material as given in the Atomic CFR 260.10
Energy Act of 1954; If) Low level wastes are also not  3.1.26 radioactive—of or exhibiting radioactivity*® a ma-
transuranic wastes as given in the Low Level Radioactiveerial giving or capable of giving off, radiant energy in the form
Waste policy Amendments Act and 10 CFR Part @);,waste  of particles or rays, as alpha, beta, and gamma rays, by the
that @) is not high-level radioactive waste, spent nuclear fuel disintegration of atomic nuclei; said of certain elements, such
or byproduct material (as defined in section Ile(2) of theas radium, thorium, and uranium, and their proddtts.

Atomic Energy Act of 1954, (42 U.S.C. 2014(e)(2))); and 3.1.27 radioactivity—spontaneous nuclear disintegration
waste that Z) the NRC, consistent with existing law and in with emission of corpuscular or electromagnetic radiation, or
accordance with paragraph (a), classifies as low-level radioadoth. D 1129

tive waste. Low-level radioactive waste (LLW) is a general 3.1.28 radioactive waste-solid, liquid, and gaseous mate-
term for a wide range of wastes. Industries, hospitals andials from nuclear operations that are radioactive or become
medical, educational, or research institutions; private or govradioactive and for which there is no further use. Wastes are
ernment laboratories; and nuclear fuel cycle facilities (forgenerally classified as high-level (having radioactivity concen-
example, nuclear power reactors and fuel fabrication plantdyations of thousands of curies per gallon or cubic foot),
using radioactive materials generate low-level wastes as part tdw-level (on the order of 1 microcurie per gallon or cubic
their normal operations. These wastes are generated in maifgot), or intermediate level (between these extremes). 10
physical and chemical forms and levels of contaminatidf CFR Parts 60 and 61

CFR Part 61
3.1.21 mixed waste-waste that contains both hazardous

waste and source special nuclear or byproduct material subject* Federal Facilities Compliance Act992, (RCRA Section 1004 (41,42,USC
6903)41)).
12DOE Order 5400.3
—_— 13 The American Heritage Dictionayydoughton Mifflin, 2nd Edition, The World
19 Meigh, E., “Electric Melting in the Glass Industry,” Chapter 7, A.G. Pincus Publishing Co., New York, 1973.
and G.M. Kiken, Books for Industry, New York, NY, 1976. 4 Webster's New Twentieth Century Dictionaf®73.
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3.1.29 residual radioactive material-(1) waste(which the 3.1.38 uranium milling—any activity that results in the
secretary of energy determines to be radioactive) in the form gbroduction of byproduct material.
tailings resulting from the processing of ores for the extraction 3.1.39 uranium mill tailings—see byproduct material
of uranium and other valuable constituents of the ore; &)d ( and/orresidual radioactive material
other waste (which the secretary of energy determines to be 3.1.40 vitrification—the process of fusing waste or simu-
radioactive) at the processing site which relates to suckated waste with glass making chemicals at elevated tempera-
processing, including any residual stock of unprocessed ores tures to form a waste glass or a simulated waste glass.
low grade-materials. This term is used only with respect to C 162
materials at sites subject to remediation under Title | of the 3.1.41 waste—any residue containing radioactive or hazard-
Uranium Mill Tailings Radiation Control Act of 1978, as ous materials not currently considered useful or economically
amended. 10 CFR Part40  recoverable. C 859

3.1.30 RCRA hazardous wastea solid waste that exhibitsa ~ 3-1.42 waste characterizatior-sampling, monitoring, and
characteristic of a hazardous waste or is, or contains a liste@halysis activities to determine the extent and nature of a

hazardous waste. A RCRA solid waste may be a solid, liquidVaste- _
or gas. 40 CFR Part 261.3 3.1.43 waste form-the waste materials and any encapsu-

3.1.31 RCRA listed waste-a solid waste that has been listed lating or stabilizing matrix/materials.

- : . i 3.1.44 weight percent solids-the percent weight remaining
by EPA by virtue of its toxicity characteristics or because of the 4 . . o
industrial process from which it is derived. 40 CFR Part after a material has been dried (see aleging) at 105°C, for

26111 @ time long enough, to achieve constant weight, expressed as a

) . percent of the initial weight of the material, for example, the
3.1.32 simulated waste glassa glass comprised of glass jnjtial weight of the material minus the amount of water or
forming additives with simulants of, and/or actual chemicalyiner volatiles lost upon drying at 105°C.

species in radioactive wastes, mixed wastes, or heavy metal
wastes. 4. Significance and Use

3.1.33 slag—glass that contains crystalline material includ- 4.1 This guide identifies methods to determine the physical
ing metal inclusions upon exiting a thermal treatment unit (se@nd chemical characteristics of a variety of hazardous and/or
alsoglass-ceramig radioactive wastes including heavy metal contaminated wastes.

3.1.34 sludge—any solid, semi-solid, or liquid waste gen- These wastes can be in the physical form of sludges (wet or
erated from a municipal, commercial, or industrial waste wateflry). spent waste water filter aids, waste water filter cakes,
treatment plant, water supply treatment plant, or air pollutiorfncinerator ashes (wet or dry), incinerator blowdown (wet or

control facility exclusive of the treated effluent from a waste-dry), asbestos, resins, zeolites, soils, unset or unsatisfactory
water treatment plant. 40 CFR 260.10 Cementitious waste forms in need of remediation, lead paint

wastes, radioactively or non-radioactively contaminated asbes-

3.1.35 speciatior—a calculation of the chemical species A .
(for example, oxides, hydroxides carbonates, sulfates in wt% ps, geologic mill tailings (_also known as byproduct maten_als)
' ' j d other naturally occurring or accelerator produced radioac-

present in a waste based upon the elemental analyses of a wa . T
(in wt%) in order to predict the fractionation of each species ve materials (NOR.M and NARM), etc. find comb|nel_t|ons of
the above. This guide may not be applicable to piping, duct

into the final wasteform or into the off-gas. . o
- : i work, rubble, debris waste or wastes containing these compo-
3.1.36 treatability study—a study in which a hazardous [gnts.

waste is subjected to a treatment process to determipe (47 1 This guide identifies the physical and chemical char-
whether the waste is amenable to the treatment proc2ps, (yceristics useful for developing high temperature thermal
what pretreatment is required)(optimal process conditions, reaiment methodologies for a variety of hazardous and/or
(4) efficiency of a treatment process, aifjl ¢haracteristics and  5gjoactive process wastes and soils including heavy metal
volumes of residuals. 40 CFR 260.10  contaminated wastes. The waste characteristics can be used to
3.1.37 TRU waste-waste containing more than 100 nano- (1) choose and develop the thermal treatment methodol@yy, (
curies of alpha-emitting transuranic isotopes, with half-livesdetermine if waste pretreatment is need@l,aid in develop-
greater than twenty years, per gram of waste, excepttpr ( ment of thermal treatment process contrd), develop surro-
high-level radioactive waste2) wastes that DOE has deter- gate waste formulations5) perform treatability studies,6)f
mined, with the concurrence of EPA, do not need the degree afetermine processing regions (envelopes) of acceptable waste
isolation required by EPA’s high level waste rule (40 CFRform composition, and/or7j perform pilot scale testing with
191); or @) has approved for disposal on a case-by-case baskctual or surrogate waste, and/8y determine the composition
in accordance with NRC's radioactive land disposal regulatiorand concentrations of off-gas species for regulatory compli-
(10 CFR Part 61). TRU is not generally found outside the DOEance.
complex and is mainly produced from the reprocessing of spent 4.2 This guide identifies applicable test methods that can be
nuclear fuel, nuclear weapons production, and reactor fualsed to measure the desired characteristics of the hazardous
assembly. TRU wastes mainly emit alpha particles as thegnd/or radioactive wastes described in 4.1. The analyses
break-down. DOE categorizes TRU as either Contact Handlediscussed in this standard can be performed by a variety of
(CH) or Remote Handled (RH) with RH being the more techniques depending on equipment availability. For example,
radioactive of the two. Gas Chromatograph Mass Spectrometry (GC/MS) can be used
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to measure the amount and type of off-gas species present.6.1 Waste analysis Method A uses wastes that have been
However, this standard assumes that such sophisticated equigried at 105+ 2°C. The waste analysis strategy for Method A
ment is unavailable for radioactive or hazardous waste servidg given in Fig. 2. Method A provides analysis of the weight
due to potential contamination of the equipment. The analysesercent solids, identification of the constituents and their
recommended are, therefore, the simplest and least costioncentrations that will vaporize during thermal treatment,
analyses that can be performed and still considered adequatgentification of problematic anions that can attack materials of
Not every characteristic given in this guide is necessary fogonstruction and/or form hazardous molten salt layers, and
every waste (see Fig. 1). Cation analysis is necessary for evepyentification of the waste constituents and their concentrations

waste in order to determine whether the final waste form willihat will be incorporated into the final glass, glass-ceramic, or
be a homogeneous glass, a glass-ceramic, or a slag (S§I%1g.

Appendix X1). . . . :

4.2.1 Waste Analysis Method A is applicable when it is 6'.2 We|ghF Percent Sollds/Loss—on-Heatn 9“?"9*‘ empty
desired to know the amount and type of volatiles to be expecteﬁruc'blg' Weigh W%Ste plgs crucible beforg dry]ng. DTV waste
during thermal treatment and their compatibility with the " cruc!ble at 105 _C until a constaont welght Is achieved to
thermal treatment and off-gas unit materials of con.'structiorg‘ater_m'ne the weight percent (Wt%6) _SOl'ds and Loss-On-

Heating (wt% LOH) of water, if any, at this temperature. X-ray

and design capacity. These methods may be used to determin : ! : :
incinerator off-gas composition and concentrations. diffraction (XRD) analysis of the dried waste determines what

4.2.2 Waste analysis Method A is applicable when it isphas§§ are present. If h_ydroxidt_e and/or carbonate_ species are
necessary to know the amount of organics in the wastédentified in XRD analysis, addltlonal Loss-on-Heating analy-
independently of the amount of other volatile constituentsSes at 300°C and 1000°C will be necessary (see 6.8 and 6.9).
present for safety concerns. These methods may be used &iculate the wt% solids and wt% LOH at 105°C by the
determine incinerator off-gas composition and concentrationgollowing:

4.2.3 Waste analysis Method A is applicable when it is Wt% solids= {(W; — Wy),g5ec/ (W, — W)} - 100 (1)
necessary to know if molten salt formation and accumulation in _
a thermal treatment unit in the presence of water vapor may p&"1% LOMosic = {(Wp = Wl = (Ws = Walsos:t /{(Wp = Wa)y} - 100
a safety concern. wt% solids+ (Wt% LOH);gs.c = 100 %

4.2.4 Waste Analysis Methods B and C are applicable Wher\/vhere:
it is desired to only know the amount of volatiles to be W, = weight of the crucible,
expected during thermal treatment, for example, when speciay, weight of crucible and waste prior to drying, and
tion of the volatiles and potential molten salt formation is not weight of crucible and waste after drying at 105°C.
of concern. These methods may be used to determine the total6 2.1 The weight % solids and the wt% (LOJ-c should
concentration of incinerator off-gases. surﬁ t.o 100 % c

4.3 Data from these tests may form part of the larger body o ) ) ) ) i
of data that are necessary in the logical approach to develop- &-3 Cation Analyses-Dissolution using fuming perchloric
ment of high temperature treatment and/or pretreatment metfdcid as used in the commercial glass industry (see Methods
odologies for a variety of hazardous and/or radioactive wastes 169) is not recommended for radioactive samples as the

as described in 4.1. fumes can cause radioactive species to become airborne and
present inhalation and radionuclide uptake hazards to the user.
5. Summary of Waste Characteristics Alternative dissolution methodologies are given in 6.3.1-6.3.5.

5.1 Table 1 lists the waste characteristics that should be 6-3-1 HF/HNO; Microwave Dissolution (ASTM C 1463)
considered before a waste is processed in a high temperatuf8is methodology may be used to dissolve waste(s) but the
thermal treatment apparatus. Table 1 describes the rationale fgf€r is cautioned that this dissolution methodology must be
considering each characteristic. coupled with other dissolution methologies in order for a

5.2 Test Method A provides analysis of the weight percenpomplete analysis to be achieved. The HF in this dissolution
solids, identification of the constituents and their concentramethodology compromises analysis of elements such as Si
tions that will vaporize during thermal treatment, identificationwhich form SiF, colloids which precipitate from the dissolu-
of problematic anions that can attack materials of constructiotion extract before Inductively Coupled Plasma Atomic Emis-
and/or form hazardous molten salt layers, and identification o$ion Spectroscopy (ICP-AES), Atomic Absorption (AA) Spec-
the waste constituents and their concentrations that will bé&roscopy, Atomic Emission (AE) spectroscopy, and/or ICP
incorporated into the final glass, glass-ceramic, or slag. Mass Spectroscopy (ICP-MS) analysis can be completed.

5.3 Test Methods B and C can be used to determine total §.3.2 Na,0, or KOH Fusion/HCI Dissolution (ASTM

wt% LOH but not the LOH SpeCiation. Test Methods B and CC 1317 and C 1463)_Th|s dissolution method0|ogy may be
will also not provide organic analyses, anion analyses, angised to dissolve waste(s) but the user is cautioned that these

reduction/oxidation analyses. methods cannot be used for analysis of"NK* and other
alkalis that may be major components or impurities in the
6. Test Method A starting NgO, or KOH. The sample is fused with N@, or
NoTe 2—Note Method C should be used rather than Method B whenKOH at elevated temperature and the fused residue dissolved
the waste is very refractory. in water and then acidified with HCI. Dissolutions with HCI
5
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Waste
(wet or dry)

y

Particle size acceptable
to feed system
and/or process?

Sieve (wet or dry)

Y

Remediate ““out of
+ Yes range” particles by

Representative thermal

treatment feed Crush “out of range”
* particles and homogenize with]
remainder of waste

Need to know organic
content of waste?

Need to know speciation of
off-gas
generated?

Need to know minor constituents,e.g. F, S;
that can cause materials
or safety concerns?

No
Yes + _ +
Waste Analysis Waste Analysis Waste Analysis
Method A . Method B i Method C
(waste dried at IOSOCJ waste dried at 105°and 1000°¢) @waste dried at 105°and 1000°

FIG. 1 Choice of Test Methods

uptake give excellent reproducible extracts that can be ana-
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TABLE 1 Waste Characteristics to be Considered Prior to High Temperature Thermal Treatment

Waste Attribute Rationale

Particle Size Determination of adequacy of feed system, mixing system, and
homogeneity of final waste form, for example, large (= 2.5 cm)
dense particles like pebbles may not vitrify. See Test Methods
c92

Homogeneity Determination of number of replicate waste analyses that need to be
performed; to design process control system to handle waste
variability; determination of whether additional process vessels for
homogenization of waste are necessary

Total Loss-On- Heating (LOH) at Sizing of off-gas system to handle total volume of volatiles, for

Treatment Temperature in wt% example, steam (H,O, OH"), CO,, SO,, NO,, that are generated
during thermal processing, for example, can range from 1 to 98 %
or evaluation of potential waste loading.

LOH speciation Adequacy of off-gas system components and materials of
construction to handle the types of off-gas anticipated, for
example, acid gasses (NO, as HNO; vapor, SO, as H,SO,
vapor), F, Cl, etc.; design adequate filtration.

Total Radioactivity Hazards analysis, for example, shielding and safety concerns;
design of adequate filtration to achieve desired decontamination
factors (DF's) before off-gas is quenched and/or released to the

atmosphere.
Radionuclide or Hazardous Choice of thermal treatment temperature, for example, radionuclides
Constituent Speciation as Cs-137 and Tc-99 are volatile at =1150°C , to ensure that
radionuclides are retained in the vitrified waste form
Volatile Constituent Speciation Choice of thermal treatment temperature for minimization or

elimination of volatilization (secondary waste generation) of
hazardous components such as Se , As, Tc-99, Cs-137.
Determination of whether SO, will be liberated as SO5, SO, or S,
depending on treatment temperature and oxidation state of the
waste, for example, at 1150°C ~50 % SO,~ is volatilized while at
~1500°C about 90 % is volatilized.

Organics (TC = Total Carbon and Safety concerns, >5 wt% organics can cause safety concerns in
TOC = Total Organic Carbon) certain types of thermal treatment units; design pretreatment
in wt% methods to limit organics to <5 wt%.

Anions (in wt%) wt% LOH speciation, for example, SO,, NO,, F, and Cl specifically;

needed to know potential for molten salt (for example,
(K,Na,Cs)Cl, (K, Na,Cs)F, (K,Na, Cs),S0O,) as a secondary phase
in the vitrified waste form, for example, molten salt layers can
cause steam explosions in certain types of thermal treatment
units; needed to know for potential attack on materials of
construction of thermal treatment unit, for example, electrodes and
refractories; needed to know if velocity in off-gas line is adequate
to prevent pluggage from molten salt accumulations.”

Cations (in wt%) Determination of glass forming or slagging system of choice (see
Appendix X1); to maximize waste loading; choice of glass
additives; potential attack on materials of construction of thermal
treatment unit, for example, electrodes and refractories

Reduction/Oxidation (REDOX) Choice of pretreatment; addition of oxidizers as glass formers to

Potential prevent formation of metallic and/or sulfide phases which can
cause certain thermal treatment units with metallic electrodes to
short and/or attack materials of construction; design of
pretreatment.

A Jantzen, C. M., Choi, A.S., Randall, C. T., “Glass Melter Off-gas System Pluggages: Cause, Significance, and Remediation,” Proceedings of the 5th International
Symposium on Ceramics in Nuclear Waste Management, G. G. Wicks, D. F. Bickford, and R. Bunnell (Eds.), American Ceramic Society, Westerville, OH, 621-630 (1991);
Jantzen, C. M., “Characterization of Off-Gas System Pluggages, Significance for DWPF and Suggested Remediation,” U.S. DOE Report WSRC-TR-90-205, 1991, p. 72;
Jantzen, C. M., Choi, A. S., and Randall, C. T., “Remediation of Off-Gas System Deposits in a Radioactive Waste Glass Melter,” High Level Radioactive Waste and Spent
Fuel Management, Vol 2, S. C. Slate, L. C. Oyen, K. J. Lee, and W. Z. Oh (Eds.), Korean Nuclear Society, Seoul, Korea, 1991, pp. 21-32.

lyzed by Inductively Coupled Plasma Atomic Emission Spec-Plasma Atomic Emission Spectroscopy (ICP-AES), Atomic
troscopy (ICP-AES), Atomic Absorption (AA) Spectroscopy, Absorption (AA)Spectroscopy, and/or ICP Mass Spectroscopy
and/or ICP Mass Spectroscopy (ICP-MS) for most element§lCP-MS).
including Si, Al, B, and radionuclides. 6.3.4 Alkali Metaborate Dissolution (ASTM C 1468)-
6.3.3 Aqua Regia Dissolutiofi— This dissolution method- This dissolution methodology may be used to dissolve waste(s)
ology may be used to dissolve waste(s) and is extremelgnd is extremely aggressive. The sample is fused with LiBO
aggressive to minor hazardous and heavy metal constituentst NaBO, at elevated temperature (900°C) for 15 min in a
The analytic extract can be analyzed by Inductively Coupledglatinum crucible. The user is cautioned that this method

e Crow, R. F., and Connolly, J. D., “Atomic Absorption Analysis of Portland
15 Coleman, C. J., “Aqua Regia Dissolution of Sludge for Elemental Analysis,” Cement and Raw Mix Using Lithium Metaborate Fusiadgur. Test. Evaluation,
WSRC-RP-90-3711990. 1973, pp. 382-393.
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confirm all OH phases destroyed

Q00
Ay

Representative thermal
treatment feed
Determine wt% solids at LOH si
. gives wt% HO to
105°C be vaporized during thermal
v treatment
XRD dried waste to determine
phases present
Dissolve and Analyze for cations All NOy is considered
dried waste volatile, >1% Cl, F should be
* considered volatile, some SO4
Is volatile (see Figure 3)
Dissolve anfl Analyze for anions > dependi.ng on waste' ?ed.uaion/ ——
dried waste oxidation equilibria
Analyze for TC and TOC - p»| All organic components are | — ]
considered volatile
Does XRD of waste dried2 No Mass bala.nce. cation's and jmions
105°C show hydrated, S L phases indicated in 105°C
ated, or carbonate phase XRD:; all other cations speciate <«
as oxides; sum H;0, oxides,
XRD phases, TC, and remaining
Xes non-speciated anions
Dry waste at 300°C and determine v oxides and
wt% LOH; use Section 6.7 to phases =

Does sum equa

100+5 wt%?

ry waste at 1000°C and determine
% LOH, use Section 6.8 to analyze for
volatile anions; confirm all carbonate

Mass balance cations and anions as
phases indicated in 105°C XRD; all
bther cations speciate as oxides; sum
H:0, oxides, XRD phases, TC,
remaining non-speciated anions,
carbonate and OH"

Does sum equal
100+5 wt%?

glass formers;

Sum of all LOH,

volatile anions,
and TC =

off-gas speciation

Done - oxides and
phases =
glass formers;
Sum of all LOH,
volatile anions,
TC, OH" and CO;

FIG. 2 Waste Analysis Method A

off-gas speciation

prohibits analysis of B®> and Nd or Li* depending on which all other cations and radionuclides. The bottom of the crucible
alkali metaborate is chosen as a fusion flux. However, if wastés quenched in water and the fused material is dissolved in 4 %
is known not to contain Lior B*® this method can be used for HNO, and diluted as necessary. The analytic extract can be
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analyzed by Inductively Coupled Plasma Atomic Emissionto be the simplist to perform remotely on highly radioactive
Spectroscopy (ICP-AES), Atomic Absorption (AA)Spectros-wastes'® the waste dried at 105°C is dissolved by3®,/HF
copy, and/or ICP Mass Spectroscopy (ICP-MS). in the presence of Nj¥O and the amount of Féis measured
6.3.5 EPA SW-846 Method 3050 DissolutieiThis meth-  colorimetrically. All of the iron is reduced to the Festate by
odology may be used to dissolve waste(s) for analysis but thascorbic acid and the total irorxFe) measured. From these
user is cautioned that this dissolution is primarily an extract otwo measurements either the'B&e" or Fe"%/>Fe ratios can
elements which are soluble in nitric acid from the waste matrixbe calculated. Alternatively, Test Methods C 146 can be used
This methodology, and other wet digestions that either do notvhen the iron concentrations are expected to be less than ~1
incorporate HF, or do not fuse the sludge or soil in a flux beforent% (Test Methods C 146). The iron redox ratios serve as an
dissolution, may not lead to dissolution of the metals incorpo4indicator of the oxidation/reduction equilibria expected in the
rated into aluminosilicate matrices (for example, soils, sedithermal treatment unit and in the final vitrified product.
ment, ashes, sludges, asbestos, etc.) and thus may underektiowr?? electro-motive-forces (EMF) can be used to deter-
mate constituents of potential interest (for example, Si) to thenine the oxidation state of other species, S versug $0ce
application of a given treatment technolddy® The leachate the indicator iron redox ratios are known.
can be analyzed by Inductively Coupled Plasma Atomic 6.8 Calculation of OH Content of the WasteWeigh empty
Emission Spectroscopy (ICP-AES), Atomic Absorption (AA) crucible. Weigh waste plus crucible before drying. Dry waste at
Spectroscopy, and/or ICP Mass Spectroscopy (ICP-MS).  ~300°C until a constant weight is achieved to determine the
6.4 Anion Analysis Loss-on-Heating at 300°C. Perform phase analysis by x-ray
6.4.1 Na,O, Fusion/H,O Dissolution (ASTM C 131AA diffraction on the dried sample. Examine the XRD pattern to
sample of waste is fused with Ba, or KOH at elevated determine if the hydroxide phases identified in 6.2 have been
temperature and the fused residue dissolved in water. Thaestroyed by the 300°C heat treatment. Calculate the wt%
residue is NOT dissolved in HCI per Practice C 1317. Disso1.OH at 300°C by the following:
lutions with H,O provide analytic extracts which can be . _ _ _ _ _ i
analyzed by lon Chromotography (IC) see Test Method D 423770 HOMaoore = HiWe = Wk = (Wo = Wakaoord | (W = Wa) 1?20)
or lon Selective Electrode (ISE) for wt% anions of concern.
6.5 Radiochemical Analysisor radionuclides which are Where: _
not dissolved by the above methodologies, and cannot b&Vs = weight of the crucible, _ .
measured by ICP-AES or ICP-MS consult “DOE Methods for Wz = weight of crucible and waste prior to heating, and
Evaluating Environmental and Waste Management Samples¥Vs = Weight of crucible and waste after drying at 300°C.
(March, 1993, DOE.EM-0089T, Rev. 1), and/or EPA Swg4e, 6-8.1 The difference between the (wt% LQEY.c and the
and/or Radioanalytical Technology for 10 CFR Part 61 andW{% LOH)z00c iS @ good approximation of the sum of the
Other Selected Radionuclides, Literature Review, C. W. ThoWeight percent of structurally bound Ok the waste species,
mas, V. W. Thomas, and D. E. Robertson, PNNL-9444 (MarchfOr €xample, Al(OH}, Fe(OH), etc. and the Total Organic
1996), and/or Practice C 1168. Carbon (TOC). L
6.6 Carbon Analysis-Typically knowledge of the amounts 6.8.2 Calculate the OHcontribution of the waste by the
of Total Carbon (TC) and Total Inorganic Carbon (TIC) is following:
sufficient for determination of the appropriate thermal treat- OH™ (Wt%) ~ (Wt% LOH)z050c — (W% LOH);0s:c — TOC  (3)
ment option. Total Organic Carbon (TOC) is determined as the ; = o
difference between TC and TIC (refer to EPA SW846). IflTl'ﬂf'9 Calculation of CQ Content (wi%) of the Waste

detailed speciation of organics is deemed necessary cons eally, the amount of CE can be measured by Gas Chro-
h M MS). H f
“DOE Methods for Evaluating Environmental and Waste atography and Mass Spectrometry (GC/MS). However, for

lications where a GC/MS is not available and/or the wast
Management Samples” (March, 1993, DOE.EM-0089T, Rev_FP; catons Where & 1 NOL avaliabie ancior te Waste

is highly variable, the following estimations on a larger bulk
1),6a7ndF/gr2/|E:Pé SV\??’SEF Analvsis—F ¢ taini sample are sufficient to determine if a waste is a candidate for
) €-orre eAnalysSiIs—-or wastes containing  thaymga| treatment, the approximate volume reduction that will

large con;:entrations Of, iron the colorimentric analysis bybe achieved, and the needed capacity for the off-gas treatment.
Bauman#® or Goldmar?® or Mossbauer Spectroscopy are the 6.9.1 Weigh empty crucible. Weigh waste plus crucible

preferred methodologies. In the Baumann methodology, Showﬂefore drying. Dry waste at ~1000°C until a constant weight is

achieved to determine the Loss-on-Heating at 1000°C. Perform
phase analysis by x-ray diffraction on the dried sample.
" Gao, D., and Silox, G. D., “The Effect of Treatment Temperature on Metal Examine the XRD pattern to determine if any carbonate phases

Recovery from a Porous Silica Sorbent by EPA Method 3050 and by an HF-Base e ; o
Methodology,"Air & Waste 43, 1993, p. 1004, fHentified in 6.2 have been destroyed by the 1000°C heat

18 Bostick, W. D., Hoffmann, D. P., Stevenson, R. J., Richmond, A. A., and treatment.
Bickford, D. F., “Surrogate Formulations for Thermal Treatment of Low-Level ~ 6.9.2 Calculate the wt% LOH at 1000°C by the following:
Mixed Waste, Part IV: Wastewater Treatment Sludgé$3. DOE Report DOE/
MWIP-18 Martin Marietta Energy Systems, Inc., January, 1994. (W% I-OH)lOOO"CZ (4)
°E. W. Baumann, “Colorimetric Determination of Iron (Il) and Iron (lll) in
Glass,”Analyst Vol 117, 1992, pp. 913-916. —_—
29Goldman, D. S., “Investigation of Potential Analytical Methods for Redox 21 Schreiber, H. D., and Hockman, A. L., “Redox Chemistry in Candidate
Control of the Vitrification Process,USDOE Report PNL-5581Battelle-Pacific Glasses for Nuclear Waste Immobilizatiord,” Am. Ceram. Soc70[8], 1987, pp.
Northwest Laboratory, Richland, WA, November 1985. 591-594,
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{(Wz - Wl)n - (W3 - W1)1000°(} / {(Wz - Wl)n} - 100

where:

W, = weight of the crucible,

W, = weight of crucible and waste at room temperature
(rt), and

W,; = weight of crucible and waste after drying at 1000°C.

6.9.3 The difference between the (wt% LQhH.c and the
(Wt% LOH);000-c IS @ good approximation of the weight
percent CQ in the waste species, for example, Cagénd
the nitrate (Wt% NQ@) and nitrite (wt% NQ°) content. Since
the nitrate (Wt% NQ) and nitrite (wt% NQ) content have
been measured in 6.4, the €Qwt% contribution of the waste
can be calculated by the following:

CO;~ (Wt%) ~ (5)
(Wt% LOH)1900°c = (W% LOH)z00:c — (W% NO, ) — (Wt% NO; ")

6.9.4 CQ~ wit% can also be obtained from the Total
Inorganic Carbon (wt% TIC) as defined in 6.6.
6.10 Complete Waste Analysis After Drying at 10520

71-03

6.10.1.1 ICP (see Test Methods C 1109 and/or Test Method
C 1111)—Typically cations such as Al, Ca, Fe, Mg, Mn, Si, Cr,
Ni, Na, Zr, Sr, Ti, P, Ba, Pb, Mo, Zn, Cu, U are obtained. See
6.5 for radiochemical analyses of concern.

6.10.1.2 AA—Typically cations such as Ni, Na, K, Si are
obtained. Note that this is one of the few methods available for
the determination of potassium (K).

6.10.2 Dissolution by N#D, fusion with an HCI uptake:

6.10.2.1 ICP (see Test Methods C 1109 and/or Test Method
C 1111)—Typically cations such as Al, B, Ca, Fe, Mg, Mn, Si,
Cr, Li, Sr, Ti, P, Ba, Pb, Mo, Zn, Cu, U are obtained. Na cannot
be determined with this method. If a zirconia crucible is used
for the fusion, then Zr cannot be determined by this method. If
a nickel crucible is used for the fusion, then Ni cannot be
determined by this method. See 6.5 for radiochemical analyses
of concern.

6.10.3 Dissolution by N, with a H,O uptake:

6.10.3.1 IC for S@, NOs-, NO,, PO,~

6.10.3.2 ISE for Cland F

order to obtain a complete waste analysis, waste should be 6.10.4 Loss-On-Heating up to ~1000°C:

dried at 105°C and dissolved by more than one of the methods 6.10.4.12~0H + (CO;57) + (NO,) + (NO3) + TOC

given in 6.3 and 6.4: no one dissolution methodology gives all 6.11 Analysis Accuracy by Mass Balance for Methad A

of the major cations of concern. Combinations of the dissolu- 6.11.1 Cations—All of the cation element weight percents

tion methodologies and analytic methodologies given aboveetermined in 6.3 should be converted to equivalent oxide

need to be employed as in the following example: concentrations in weight percent since thermally treated waste
6.10.1 Dissolution by LiBQ fusion with an HNQ uptake: forms are primarily oxide based (Table 2). The relative

TABLE 2 Method A Analysis of a Sludge After Drying at 105°C to Remove Water and the Conversion of the Sludge Analysis to a
Calcine or Oxide Forming Basis

Waste Analysis

Major Components to be Considered for

Cations and (Element Wt%) Oxides and Waste Form Development (Wt%)
Anions Anions
Replicate A Replicate B Replicate A Replicate B Average

Al 3.66 3.69 Al,O4 6.92 6.97 6.94
B <0.01 <0.01 B,O5 - -
Ba <0.01 <0.01 BaO -—-
Ca 5.00 5.02 CaO 7.00 7.02 7.01
Cd 0.107 0.109 CdO 0.12 0.12 0.12
Cr <0.07 <0.07 Cr,04
Cu 141 1.42 Cu,O 0.79 0.80 0.80

-—- - CuO 0.88 0.89 0.89
Fe 13.9 14.1 Fe,05 18.78 19.05 18.92

FeO 0.98 0.99 0.99
K <0.15 <0.15 K,0 - -
Li 0.012 0.017 Li,O 0.03 0.04 0.03
Mg 3.14 2.99 MgO 5.21 4.96 5.08
Mn 955 9.58 MnO 12.33 12.37 12.35
Mo <0.01 <0.01 MoO -—- -—-
Na 0.182 0.183 Na,O 0.25 0.25 0.25
Ni <0.02 <0.02 NiO - -
PO, <0.1 <0.1 P,05
Pb <0.06 <0.06 PbO
Sb <0.03 <0.033 Sb,04 0.04 0.04 0.04
Si 4.04 3.94 SiO, 8.64 8.43 8.54
Sr <0.01 <0.01 SrO
Ti <0.01 <0.01 TiO, - -
Zn 20.5 20.7 ZnO 25.52 25.77 25.64
Zr <0.02 <0.02 ZrO,
SO,~ 4.84 4.74 SO, 4.84 4.74 4.79
F 0.342 0.322 F 0.342 0.322 0332
CI 0.696 0.791 CI 0.696 0.791 0.744
NO,” <0.01 <0.01 NO,"
NO3” 0.486 0.505 NO3” 0.486 0.505 0.496

LOHA, 1o5ec 2.2 2.2 2.2
SUMS 96.05 96.26 96.16

AWt% LOH.1050c = OH™ and CO, and TOC = 1.5 + 0.8 - (44/60) + 0 = 2.09

10
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amounts of FeO and E®; shown in Table 2 are derived from water vapor, and the reduction/oxidation equilibria in the
the redox analyes. All of the Mn will be present as MnO if thermal treatment unit. This will be discussed in more detail in
there is any FeO or F& component in the waste. 6.13.

6.11.2 Volatile Anions—For the purpose of mass balance, 6.11.4 Total Mass Balance-The cations converted to a
the wt% NG, and wt% NQ anionic species need not be wt% oxide basis, plus the individual anions’ (€I, SO,,
associated with their respective cations, for example, NaNO NO3, and NQ), plus the volatile OHand CQ determined in
since the wt% NaN@component is broken down in the mass 6.8 and 6.9, plus the TOC should sum to 1806 wt%. The
balance calculation to wt% N@ in the waste form and wt% summation of all of these species serves as an accurate
NO; + wt% NO, in the off-gas. Nitrates may enter the off-gas assessment of the overall measured composition using Method
as NQ, species, Nor HNO; depending on temperature, redox, A.
and the presence of water vapor. For the purpose of mass6.12 Calculation of Waste Loading and Treatment Basis
balance calculations, speciation as wt% JNénd wt% NQ  is 6.12.1 Calculation of the Calcined Oxide BasisThe treat-
sufficient. The wt% CQ@" anionic species should be calculated ment basis and waste loading are defined on an oxide or calcine
as wt% CQ since waste species such as Ca@Jepresented basis. The calcine basis is normally taken to be ~1000°C so that
in the mass balance as wt% CaO in the waste form plus wt%ll the water (steam) plus volatile species (wt% OBO,,

CGO; in the off-gas by the following relationship: NO,) have been vaporized. Then the amount of the semi-
- volatile anions being vaporized, or alternatively, the amount of
W% CO, gas= COy (wtdh) - 44/60 © the semi-volatiles being retained in the waste form, at a
where the ratio of 44/60 is the ratio of the molecular weightsparticular thermal treatment temperature can be determined. In
of CO,/CO;™. the example shown in Table 2, the wt% QBQ,, TOC, NO,,

6.11.3 Semi-Volatile Anions-For the purpose of mass bal- and NQ would completely volatilize at treatment tempera-
ance, fluoride, chloride and sulfate can be associated as thgres=1000°C while partial volatilization of CIF, and SQ~
alkali species present in the waste, for example, (Na,Cs,K)fdepends on the treatment temperature, the amount of the
CaR,, (Na,Cs,K)Cl, (Na,Cs,KB0, (if known), since they may  species present, the form that it is present in the waste, and the
be semi-volatile as NaF, NaCl, B8O, depending on the oxidation state of the melt. For example, if a treatment
thermal treatment temperature, the waste form compositionemperature of 1150°C is used, theri @d F can be retained
and the off-gas line temperature (see Table 1 and footnote Ajn the waste form up to a few wt% as NaF or NaCl. Under
At thermal treatment temperatures &f1150°C and small oxidizing melt conditions at the treatment temperature of
concentrations+1 wt%)?*?* NaF, NaCl, and NgSO, may be  1150°C, about 37 % of the SDis vaporized according to the
retained in the vitrified waste form. At temperatures >1150°Cyelationship between SO vaporization and thermal treatment
NaF and NaCl will speciate as ba in the waste form andf  temperature given in Fig. % Therefore, 37 % of the SQ is
Cl,, HF, or HCl vapors in the off-gas:,Fand CL will form if ~ removed from the analysis in Table 2 as well, and the entire
dry waste is being processed and HF or HCI will form if water table is renormalized to an oxide or calcine basis. If the thermal
vapor is present. Sulfates such as (Na,Cs5K), are favored if  treatment conditions are reducing, for example, when large
oxidized conditions exist in the thermal treatment unit. For theconcentrations of organics are present, and/or if a thick cold
example given in Table 1 with high ZnO content, the sulfatecap of feed blankets the melt pool in the thermal treatment unit,
species may well be ZnSO Reducing conditions in the then varying amounts of SOcan be retained other than those
thermal treatment unit will favor decomposition of SO indicated by Fig. 3. This provides the calcine basis for
anionic species to SOgas and/or SP gas and/or BSO,  determining the glass forming potential of the waste (see
generation depending on the absence or presence of watgppendix X1) and the waste loading (see 6.12.2).
vapor. Highly reduced conditions will favor,®r H,S genera- ~ 6.12.2 The calcine oxide analysis in Table 4 can be used to
tion, the latter of which is highly toxic. Since the anion determine the glass or ceramic forming potential of the waste
analyses are done on wastes dried only to 105°C, the semjia phase diagrams such as those given in the examples in
volatile anions are included in the analysis. In order to simplifyAppendix X1. Alternatively, the glass or ceramic forming
the mass balance calculation, it is convenient to express thgotential of a waste may be limited by certain hard to stabilize
fluoride, chloride and sulfate as anions that may vaporize upogonstituents that can degrade the performance of the waste
thermal treatment, for example;, €I and SQ7, recognizing  form. For example, if a Joule heated melter is being slurry fed,
that these anions partition to the off-gas depending on thermagrmation of a molten salt layer composed of 88, that
treatment temperature, waste form composition, presence @lbats on the melt pool could cause steam accumulations under

the salt layer and pose a safety hazard. If operating at a melt
temperature of 1150°C under oxidizing conditions with a waste
of the composition similar to Table 4, the amount of sulfate

22 n; ita. . .
Bickford, D. F., Applewhite-Ramsey, A., Jantzen, C. M., and Brown, K. G., 4 15\yaple in the waste form would be ~0.7 $@equivalent to

“Control of Radioactive Waste Glass Melters: I, Preliminary General Limits at
Savannah River,J. Am. Ceram. So&3 [10], 1990, pp. 2896-2902.

22Cozzi, A. D., Jantzen, C. M., Brown, K. G., and Cicero-Herman, C. A.,
“Process Control for Simultaneous Vitrification of Two Mixed Waste Streams in the
Transportable Vitrification System (TVS)Environmental Issues and Waste Man- 24 Jantzen, C. M., Schumacher, R. F., and Pickett, J. B., “Mining Industry Waste
agement Technologies in the Ceramic and Nuclear Industkies IV, Ceramic Remediated for Recycle by VitrificationEnvironmental Issues and Waste Man-
Transactions, v. 93, J. Marra and D. K. Peeler (Eds.), American Ceramic Societggement Technologies MD. R. Spearing, G. L. Smith, and R. L. Putnam (Eds.),
Westerville, OH, 1999, pp. 97-105. American Ceramic Society, Westerville, OH, 2001, pp. 65-74.
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on-Heating at the Anticipated Thermal Treatment Temperature

TABLE 3 Method A—Analysis of a Sludge After Drying at

Various Temperatures

4= Vaporization to Melt Temperature Under Oxidizing Conditions where wt% LOH is the Loss-

TABLE 4 Conversion of the Waste Analysis in Table 2 to a

Calcine or Oxide Forming Basis

Drying W% Wt%

Major Phases

Waste Analysis

Waste Analysis

Temperature . Anlanit Present by Oxides from Table 2 Accounting
(°C) Solids Loss-On-ignition X-Ray Diffraction and for Vaporization at the frc():mlT_abIe 2 ona
Anions Thermal Treatment acine Bafls
105 133 86.7 CaCo, Temperature (Oxide Wt%) (Oxide Wt%%)
AI(OH),
ZnFeCrO, AlLO5 6.94 7.57
300 11.8 88.2 CaCO,4 CaO 7.01 7.65
ZnMnO, cdo 0.12 0.13
1000 10.5 89.5 ZnMnOg Cu,O 0.80 0.87
CuO 0.89 0.97
Fe,0, 18.92 20.63
FeO 0.99 1.08
1 wt% NaSQ,).24 Therefore, waste loading could be limitedto L0 0.03 0.03
(3.29/0.7) - 100 = 21 wt% for safety considerations unless a 119 oo o
reductant were used to enhance,S@aporization, or higher Na,O 0.25 0.27
temperatures were used to enhance, 8&porization, or the 2%03 g-gj g-gg
: i0, . .
waste contained no water to create steam. 70 25 64 2797
6.12.3 Waste loading is defined as: S0,° 3.02 3.29
. F 0.74 0.81
Waste loadingwt%) = @) cr 0.33 0.36
SUMS 91.69 100.00

{Wt of calcing..;ooq} / {Wt Of calcing..;gooc) + Wt Glass Formeis

6.13 Estimation and Identification of Off-Gases for Thermal
Treatment—Ideally, the types and volumes of off-gas speciesused as a starting point, for example, 86.7 wt%, and the
liberated from a given waste upon thermal treatment can bseasured wt% TOC. The wt% OHand CQ content are
measured by gas chromatography and mass spectrometglculated from the wt% LOH data at 300°C and 1000°C (see
(GCMS). However, for applications where a GCMS is not6.8 and 6.9) as follows:

available and/or the waste is highly variable, estimations USi”QOH*(wt%) ~
the data determined in 6.2 through 6.10 are sufficient to
determine if a waste is a candidate for thermal treatment, the
approximate volume reduction that will be achieved, and th
needed capacity for the off-gas treatment.

6.13.1 Tables 2 and 3 give an example of analytic data for

= 1.5wt%

= 0.59wt%

a waste-water treatment sludge dried at 105°C and analyzed . 3 o~
using the steps outlined in 6.2 through 6.10. In order to 6-13.2 The total wt% LOH between 105°C and ~1000°C is:

calculate the Loss-on-Heating (wt% LOH) at a given thermal
treatment temperature, the wt% LOH at 105°C from Table 3 is

12

W% LOH)sgg:c — (Wt% LOH),gs0c — Wt% TOC~ 88.2
—86.7— 0 wt%

®)

O,Wt%) ~ {(Wt% LOH) 0500 — (W% LOH)ag0c — (W% NO,")
— (W% NO; )} - (44/60 ~ {89.5— 88.2— 0 — 0.5} - (44/60

Wt% LOH, 000 105:c = OH™ + CO, + NO,” + NO;~ + TOC
=15+ 0.59+0+ 0.5+ 0
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= 2.59wWt% (9)  to determine the Loss-On-Heating (wt% LOH) at this tempera-
6.13.3 While the wt% LOH released from the wet sludge atture. Calculate the wt% LOH at1000°C by the following:
room temperature to the off-gas (up to a temperature of (Wt% LOH)_1900°c = (14)
~1000°C) is: (W — W) — (W5 — Wa)sonc/ (W — W)} - 100
Wi% LOH;500-25:c = (10)
_ _ ~ where:
H,O(steam + OH™ + CO, + NO,” + NO;~ + TOC = W, = weight of the crucible,
86.7+ 1.5+ 0.59+0 + 0.5+ 0 = 89.3wt% W, = weight of crucible and waste at room temperature
6.13.4 The total wt% LOH to the off-gas system must (), and

include these species that volatilize completely (100 %) plusWs = Weight of crucible and waste after drying at
any contributions from C| F, and SQ~ which partially =1000°C. _

volatilize. The volatility of Cl, F, and SQ~ is a function of 7.3.1 The (Wt% LOH).;000-c gives the total amount of
thermal treatment temperature, waste form composition, pred0latiles to be expected in the off-gas in weight percent.
ence of water vapor, and the reduction/oxidation equilibria in_ -+ Cation Analyses-Calcine a few grams of waste at
the thermal treatment unit (see 6.11.3). At an 1150°C thermar1000°C and follow the dissolution methods outlined in 6.3.

treatment temperature the total wt% LOH to the off-gas per 100 /-2 Anion Analyses-Calcine a few grams of waste at
Ib of waste processed can be calculated as: =1000°C and follow the dissolution methods outlined in 6.4.

Speciation of volatile anions such as CONO;, and NO~
will not be possible as this method gives the total volatiles
H,0O vapor+ OH™ + CO, + NO,” + NO;~ + TOC + (wt%). Depending on the calcining temperaturg, €I and
SO,” may or may not be present.

7.6 Accuracy Assessment by Mass Baland®0 = 5

W% LOH, 3 55-c (WH%) = 1)

(SO,” in waste times 37 % volatilization from Fig. 3

times 21 % waste loading dilution factof F~ + CI™ = wt%)—Follow methods outlined in 6.11.1. If an oxide mass
86.7+ 1.5+ 0.59+ 0 + 0.5+ 0 + 0.370.21)(4.79 + 0+ 0 = balance of 100+ 5 wt% cannot be achieved, repeat analysis,
89.7 Wt% try Waste Analysis Method C or Method A.

6.13.5 At higher thermal treatment temperatures, for ex8. Test Method C

ample, 1500°C such as those necessitated by basalt glass 0g y \yaste analysis Method C uses wastes dried at 105°C to
basalt glass-ceramics, the'@hd F would be volatile and add  jatermine the weight percent solids and wastes dried at

another 1.07 wt% LOH to the off-gas. The $50s ~95%  ~10900°C for cation analysis. The waste analyses strategy for
volatile. This leaves only 0.24 wt% SOin the waste form, Method C is given in Fig. 5.

well below the 0.7 limit for molten salt layer formation evenat g 5 Weight Percent SolidsSame as section 7.2.

100 % waste loading. The total wt% LOH at1500°C can be 8.3 Loss-On-Heating and Off-Gas System Loadifgame
calculated as: as section 7.3.

Wt% LOH> 150000 = (12) 8.4 Cation Analyses-Weigh out 10 g of waste. Add a
H,0 vapor+ OH™ + CO, + NO,” + NO,~ + TOC + known amount of BO; to the Wwaste and. fuse into glass at
=1000°C until a constant weight is achieved. Up& g of

95 %SQ”+F +CI" = B,O; can be added per 10 g of waste. Follow dissolution and

86.7+ 1.5+ 0.59+ 0+ 0.5+ 0 + 0.954.79 + 0.33+ 0.74= analytic methods outlined in 6.3.
94.9Wt% 8.5 Anion Analyses-Weigh out 10 g of waste. Add a known
amount of BO; to the waste and fuse into glass=zail000°C
7. Test Method B until a constant weight is achieved. Up % g of B,O; can be

7.1 Waste analysis Method B uses wastes dried at 105°C w@dded per 10 g of waste. Follow the dissolution methods
determine the weight percent solids and wastes dried autlined in 6.4. Speciation of volatile anions such as;CO
=1000°C for cation analysis. The waste analyses strategy fdOz, and NG will not be possible as this method gives the
Method B is given in Fig. 4. total volatiles. Depending on the calcining temperatureCF

7.2 Weight Percent SolidsWastes should be dried at and SQ™ may or may not be present.
105°C until a constant weight is achieved to determine the wt% 8.6 Accuracy Assessment by Mass Balard@®0 = 5
solids at this temperature. wt%)—Subtract the amount of B; added in step 8.4 from the

7.2.1 Calculate the wt% solids at 105°C by the following: amount of BO; measured in the waste glass. Follow the

: o methods outlined in 6.11.1. If an oxide mass balance of-t00
W% solids = {(W = Wy)105°C /(W = Wa)J - 100 13 5 Wt% cannot be achieved, repeat analysis, try Waste Analysis
where: Method B or Method A.
W, = weight of the crucible, . .
W, = weight of crucible and waste at room temperature - Precision and Bias
(rt), and 9.1 No statement is made about the precision and bias of the
W; = weight of crucible and waste after drying at 105°C. individual test methods used to determine the cation, anion,

7.3 Loss-On-Heating and Off-Gas System LoadifWastes  and volatile constituents of a waste. The precision and accuracy

should be dried a=1000°C until a constant weight is achieved of these methods are given in the test methods referenced in

13
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Representative thermal
treatment feed

y

Determine wt% Loss on
Heating at 1000°C

Y

Analyze for cations in 1000°C
dried waste

Y

Mass balance cations as oxidesl

Y

Does sum equal

No

| anions, OH, and carbonate to

LLOH gives total wt% H20, TC

be vaporized into off-gas systery

during thermal
treatment without species being
identified

1005 wt%?

Yes

[Oxides = glass forming components

Try Waste Analysis
OR Method A or C

FIG. 4 Waste Analysis Method B

this guide. Since multiple test methods must be used to achievl. Keywords
a complete waste analysis, a method to determine the accuracy.
of the combined analyses to within 1605 wt% are given in

6.11 for Test Method A, in 7.6 for Test Method B, and in 8.6 for

Test Method C.

14

10.1 accuracy assessment; mass balance; thermal treatment;
waste analyses
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Representative thermal
treatment feed

y

Add known amount of B,0; as
flux

L

Fuse into glass at 1000°C
Determine wt% Laoss on
Heating at 1000°C

Y

Analyze for cations in 1000°C
dried waste

y

Subtract out amount of
B added as cation wt%

Mass balance cations minus B
added as oxides

Y

Does sum equal

No

[LOH gives total wt% H>0, TC

anions, OH’, and carbonate to
be vaporizedinto off-gas system
during thermal
treatment without species being

identified

100+5 wt%?

Yes

oxides = glass forming components

OR

Try Waste Analysis
Method A or B

FIG. 5 Waste Analysis Method C
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APPENDIX
(Nonmandatory Information)

X1. CHOICE OF OXIDE SYSTEMS FOR FORMATION OF GLASS WASTE FORMS

X1.1 When waste analyses from Methods A, B, and C aravill most likely form. The glass forming regions are shaded in
converted to an oxide basis, the use of phase diagrams suchRigls. X1.1-X1.3. Formulation of waste glasses outside the
those shown in Figs. X1.1-X1.3 can be used to determine thehaded areas will result in glass ceramics and/or glass slag
best glass forming system for the waste of concern. Thesgaste form formation.
examples are not considered inclusive of all potential oxide
systems that can be used for thermal treatment of waste sincex; 3 Borosilicate glasses are alkali-aluminosilicate type
additional factors such as cost and compatibility of the moltery|asses which are fluxed with boron (Fig. X1.1) and can
waste plus glass forming oxides with the thermal treatment Unif .. ommodate up to ~12 wi% S@, and other transition

. . . . fhetals. The generally low alumina content of these waste
diagrams illustrate how simple waste form compositions can .b?orms and the presence of boron lowers the melt viscosity and

achieved by adjusting the waste plus glass former Compos't'oﬂence the processing temperature to ~1150°C relative to that of
o take advantage of the common glass forming ConStItuent?he aluminosilicate glasses which melt in excess of 1400°C.

for example, Si, Al, Na, and Ca, already in the waste material o
P y The lower melt temperature of borosilicate glass waste forms

X1.2 The tolerance of glass based waste forms for manﬁ\llows for greater rgtention of volatile hazardous and radioac-
different kinds of waste, plus the common glass constituentdve species than higher temperature glass waste forms. Boro-
contained in many wastes enables glass waste forms to be vesilicate glasses are currently being used in the US, UK,
accommodating to process chemistry variation. During thé>ermany, France, and Japan, to stabilize high level radioactive
vitrification process the waste species become bonded in theastes. Other countries such as Switzerland have accepted this
glass or crystalline phases as oxide components. Hence &firm of stabilization for waste arising from the reprocessing of
diagrams are given in oxide weight percent (wt%) in order totheir fuel abroad. Belgium had been using borosilicate glass for
illustrate the composition range(s) in which glass waste formsadioactive waste disposal until recently.

5“)2 +* Alzna

Known
Region of
Phase

s Separation

Homogeneous
Glasses

£R,0 10 0 1] ™ 50 B0 ™ 0 B0 By04

FIG. X1.1 Ternary Diagram of the Alkali-borosilicate Oxide System Demonstrating the Compositional Regions of Common Glass
Formation and Usage are Located
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Note—The lighter shaded area indicates the extended glass forming region demonstrated by Jantzen (Jantzen, C. M., Pickett, J. B., and Ramsey, W.
G., “Reactive Additive Stabilization Process (RASP) for Hazardous and Mixed Waste VitrificaBamgeed. Second Inter. Symp. on Mixed Wahte
A. Moghissi, R. K. Blauvelt, G. A. Benda, and N. E. Rothermich (Eds.), Am. Soc. Mech. Eng., 1993, pp. 4.2.1-4.2.13.) to form in the presence of high
Fe,O; and ZnO containing wastes and using the RASHtrification technology.
FIG. X1.2 Ternary Diagram Showing the Region of Glass Formation (Darker Shaded Area) in the Soda-Lime-Silica (SLS) Oxide System

X1.4 The Soda-lime-silica oxide system is shown in Fig.uranium, radium, and lead:2® For Fernald waste solidification
X1.2. Soda-lime-silica (SLS) glass is known to be extremelythe barium rich glass was chosen due to the high barium
tolerant of heavy metals waste constitueiit®? SLS glass content of the waste. SLS glasses were also successfully
formulations have been used for In-Situ Vitrification (ISV) to
solidify contaminated soif§ and a barium (Ba) analog (Soda-

Baria-Silica) glass has been used at Fernald to vitrify residues
from uranium ore processing that contain large contents o
27 Janke, D. S., Chapman, C. C., and Vogel, R. A., “Results of Vitrifying Fernald

K-65 Residue,'Nuclear Waste Management,I&. G. Wicks, D. F. Bickford, and L.

) ) . R. Bunnell (Eds.), Ceramic Transactions, Vol 23, American Ceramic Society,
% Jantzen, C. M., Pickett, J. B., and Ramsey, W. G., “Reactive Additive yesterville, OH, 1991, pp. 53-61.

Stabilization Process (RASP) for Hazardous and Mixed Waste Vitrification,” 28 yantzen, C. M., and Pickett, J. B., “Vitrification of Simulated Fernald K-65 Silo

Proceed. Second Inter. Symp. on Mixed Wate\. Moghissi, R. K. Blauvelt, G.  \yaste at Low TemperatureEnvironmental Issues and Waste Management Tech-

A. Benda, and N. E. Rothermich (Eds.), Am. Soc. Mech. Eng., 1993, PP-nologies in the Ceramic and Nuclear Industti®sl IV Ceramic Transactions, v. 93,

4.2.1-4.2.13. ) ) J. Marra and G. T. Chandler (Eds.), American Ceramic Society, Westerville, OH,
% Callow, R. A, Thompson, L. E., Weidner, J. R., Loehr, C. A., McGrail, B. P., 1999, pp. 203-212; Jantzen, C. M., and Pickett, J. B., “Vitrification of Simulated

and Bates, S. O., “In-situ Vitrification Application to Buried Waste: Final Report of pernald K-65 Silo Waste at Low Temperaturé)'S. DOE Report WSRC-TR-97-
Intermediate Field Tests at Idaho National Engineering Laboratdsyg. DOE 0061, Rev. 1, Januray 14, 1999.

Report EGG-WTD-9807daho National Engineering Laboraoty, Idaho Falls, ID,
August, 1991.
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Note—Glass forming composition limits determined from \olf, Table 114 containing the composition limits of basaltic fiber glasses (Volf, M. B.,
“Technical Glasses,” Sir Issac Pitman & Sons, Ltd, London 1961, p. 465.)
FIG. X1.3 Ternary Diagram Showing the Region of Glass Formation (Shaded Area) in the Basalt Glass Ceramic System

fabricated from reactive sodium (Na) metal formed and coning little or no alkali has been mixed with a common rock,
taminated during efforts to develop sodium-cooled fast breeddrasalt, and basalt glass or glass ceramics have been fabricated
nuclear reactor$’ at temperatures in excess of 1300 to 1400°C (Fig. X1.3). The
) o basalt glass ceramic system was also used for cleanup gf UO
X1.5 The basalt glass forming system shown in Fig. X1.3¢| rods from Three Mile Islan&? While the high temperature
has been used to stabilize high,Bg wastes from |ér1§(:|nera§ors. of basalt glass ceramics was appropriate for the remediation of
Incinerator slad’ and nuclear waste incinerator dskontain- UO, waste, the high temperatures can cause excessive volatil-
ity of some hazardous waste species and, therefore, basalt glass
29 Kumar, R., and Helt, J. E., “Improved Treatment/Disposal of Reactive Metals.ha.ls. not become Wldely. used fo.r stabilization of wastes con-
Phase II: Technical Research and Developmebt3. DOE Report ANL-91/21 taining hazardous volatile constituents.
Argonne National Laboratory, Argonne, IL, May, 1991.
30 Queneau, P. B., May, L. D., and Cregar, D. E., “Application of Slag
Technology to Recycling of Solid Wastes]991 Incineration Conferencdnox- e
ville, TN, May, 1991. 32\Welch, J. M., Miller, R. L., and Flinn, J. E., “Immobilization of Three-Mile
31 Lebeau, M. J., and Girod, M., “Incorporation of Simulated Nuclear Ashes inIsland Core Debris,'Nuclear Waste Managemer®. G. Wicks and W. A. Ross

Basalt: An Experimental InvestigationAm. Ceram. Soc. BuJl66[11], 1987, pp. (Eds.), Advances in Ceramics, V. 8, American Ceramic Society, Columbus, OH,
1640-1646. 1984, pp. 611-618.

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.
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(www.astm.org).
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