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1.0 PROJECT DESCRIPTION 3006
11  SITE DESCRIPTION

The Fernaid Environmental Management Project (FEMP) is a contractor-managed federal
facility once used for the production of purified uranium metal for the U.S. Departnent of
Energy (DOE). The FEMP is located on 1050 acres in a rural area approximately 20 miles
northwest of downtown Cincinnad. Ohio. On July 18, 1986, a Federai Facilities Compiiance
Agreement (FFCA) was jointly signed by the U.S. Environmental Protection Agency (EPA)
and DOE 10 ensure that environmental impacts associated with past and present activities at
the FEMP are thoroughly investigated so that appropriate remedial actions can be assessed
and implemented.

A Remedial Investgation/Feasibility Study (RI/FS) has been initated to develop these
remedial actions. The FEMP has been segregated into five operable units. Operable Unit 4
consists of Silos 1 and 2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and their
ancillary structures and the surrounding berms. Operable Unit 4 is located at the western
periphery of the site, south of the waste pit area. The Feasibility Study (FS) for Operable
Unit 4 is considering remedial actions for the silo stuctures, for wastes stored in the silos and
for contaminants in the surrounding berms.

1.2 BACKGROUND INFORMATION

Silos 1 and 2 were used for the storage of radium-bearing residues formed as by-products of
uranium ore processing. Silos 1 and 2 received approximately 7,200 cubic yards of residues
from 1952 to 1958. Raffinates (residues resuiting from uranium solvent extraction) were
pumped into the silos as a slurry where the solids would settle. The free liquid was decanted
through a series of vaives and piping placed at various levels along the height of the silo
wall. This procedure, pumping of slurry, followed by the seuling and decanting, continued
until the waste material was approximately four feet below the top of the vertcal wall.
Historic analyses of the K-63 silo residues indicate that approximately 11,200 kilograms of
uranium (0.71 percent U-235) is present in Silos 1 and 2. Analytcal resuits of residue
samples, taken in July 1988, indicated uranium concentrations was 1400 parts per million
(ppm) in Silo 1 and 1800 ppm in Silo 2. In addition, the estimated concentration of radium
was between 0.13 to 0.21 ppm in the K-65 residues.

In 1989, Westinghouse Environmental Management Company of Ohio (WEMCO) collected
residue sampies from Silos 1 and 2. The analyses of the sampies indicate that the '
concentration of radium-226 (Ra-226) in Silo 1 ranges from 89,280 picoCuries/gram (pCi/g)
to 192,600 pCi/g; in Silo 2 from 657 to 145,300 pCi/g. Thorium-230 (Th-230) concentrations
in Silo 1 range from 10,569 to 43,771 pCi/g and from 8,365 to 40,124 pCi/g in Silo 2. The
concentration of lead-210 (Pb-210) in Silo 1 ranges from 48,490 to 181,000 pCi/g and from
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77,940 to 399,200 in Silo 2. Total uranium concenmatdons in Silo 1 range from 1,189 to
2,753 ppm and from 137 to 3,717 ppm in Silo 2.

Radon and the elements resuiting from its decay (referred to as daughter products, or
progeny) are the nuclides of concemn from a health and environmental perspective. Radon is
known to be emanating from the silos via cracks and at joints. Radon and its daughter
products are relatively mobile and capable of migrating through air and water. Due to the
probable diffusion of radon into the berms, it is believed that the berms and subsoils contain
elevated leveis of lead-210 (Pb-210) and polonium-210 (Po-210). Also, there may have been
leakage from the existing leachate coilection system beneath the silos into the surrounding
soils. If this has occurred, the potential for uptake of long-lived radionuclides would be a
major hazard. Sampiing of the berms and soil beneath the silos is underway to confirm the
nature and extent of any soil contamination.

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the
silos were designed to receive dry materiais only. Raffinate slurries from refinery operations
were dewatered in an evaporator and spray-calcined to produce a dry waste for removal to
Silo 3. The material was blown in under pressure to fiil Silo 3. Silo 4 was never used and,
except for rainwater infiltration, remains empty today.

Silo 3 contains approximately 5,100 cubic yards of calcined residues consisting of silica,
uranium (39,600 pounds), a very small amount of radium, thorium, and other metal oxides.
Silo 3 is not a significant radon source because of the physical and chemical characteristics of
its contents. Also, Silo 3 is not believed to be a source of contamination to the surrounding
areas and underlying soils. Nevertheless, Silo 3 must be considered a potendal hazard
because its contents are radioactive and in its dry powdery state susceptible to airborne
dispersal if exposed to wind.

Appendix C contains more detailed information on the radiological. organic. and inorganic
consttuents of the silo material. However, these resuits do not fully characterize the contents
of Silos | and 2. The variability and inconsistency of resuits from previous sampling efforts
and the lack of material from the lower areas of the silos preciudes the use of these dat for
fully characterizing the silos’ contents. Therefore, a resampling program was conducted (and
compieted in August 1991), but analytical resuits are not available for inciusion into this
document. The results will be documented in the Operable Unit 4 Remedial Investigation

(RI) Report.

1.3 REMEDIAL ACTION OBJECTIVES

Remedial action objectives (RAOs) are medium-specific cleanup goals for protecting human
heaith and the environment. The RAOs address the contaminants of concern as well as
exposure routes and receptors identified in the baseline risk assessment. The primary
purposes of RAOs are to ensure site-wide compliance with:
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. Chemicai-specific Appiicable or Relevant and Appropriate Requirements
(ARARs) and To Be Considered (TBC) guidelines

. U.S. EPA guidance for risk to public heaith from hazardous substances

. Reguiatory standards for control of radiaton and radioactvity in the
environment

The remediation objectives for Operable Unit 4 must cover all constituents (radiological and
chemicai) that contribute 0 a reasonable maximum exposure (RME) scenario. RAOs for
Operable Unit 4 are given in Figure 1-1. Alternatives for remediation must meet airborne and
direct radiation RAOs at a point immediately adjacent to the silos, as well as drinking water
RAO:s in any perched water that might be encountered directly below the silos. The
treatability study goals are given in Section 1.5.

Ten remediation alternarives for Operable Unit 4 are listed in the DOE report "Inidal
Screening of Alternarives for Operable Unit 4, Task 12 Report, October 1990." Nine of these
alternatives are still under consideration. Laboratory data are required to evaluate the
alternauves, eliminate aiternatves that are not technically feasible, and aid in the selection of
the preferred alternatves(s). Further details of the alternatives are given in Section 2.0.

1.4 TREATABILITY STUDY
1.4.1 Jusdfication

The justification to conduct these tests is provided by EPA in "Guide for Conducting
Treatability Studies Under CERCLA." Treatability studies can provide the critical
performance and cost informarion needed to evaluate and select treatment alternatives. The
document recommended treatability tests for those substances that do not have standard
treatment methods or supporting data in the literature that prove the material of interest can
be effectively treated to render it nonhazardous. More explicitly in the case of Operable
Unit 4, the purpose of treamment is to render the residues from Silos 1, 2, and 3 nonieachable
so that it is not classified as characteristic waste under the Resource Conservation and
Recovery Act (RCRA). However, the primary goal of these treatability studies will be to
develop a stable waste form with minimal leachability of all contaminants, including
radionuclides. Among the studies being conducted is the vitrification of the K-65 and metal
oxide materials. These studies will provide information in determining the impacts of the
effectiveness of vimification.

The laboratory testing previously accomplished by Battelle Pacific Northwest Laboratory
(PNL) in Richland, Washington provides a basis that the K-65 material has the capabilities to -
be virrified. In the viwification process, the waste material is combined with glass forming
reagents, mixed together and placed into a crucible. The crucible and its contents are

3 10
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graduaily heated up and brought to its meiting temperature. During the heating process, some
compounds in the waste will decompose or chemically react, often releasing off-gases. After
the waste has been at its meliting temperature long enough for the rock, debris, and other large
particies to dissolve into the glass phase, the power will be shut off and it wiil be allowed to
cool down.

In order t0 be able to compare the effectiveness of vitrification to stabilization and metal
extraction as treatment options for the remedial alternatives for Silo 3 and the K-65 Silos in
the feasibility studies and in the subsequent engineering designs, vitrification tests mmust be
performed on the metal oxide residues (Silo 3 material) and additional data must be obtained
for the K-65 residues. It is planned to utilize PNL to accomplish the treatability studies
outlined in this document. PNL has extensive experience in conducting vitrification tests and
has developed the laboratory bench-scale apparatus and the necessary experimental procedures
for meeting quality assurance (QA) requirements.

The objectives of the previous laboratory tests were 10 determine the quantity and
composition of the off-gas (including radon concentration) generated during virrificatdon of
K-65 residue, the radon emanarion rate from the virified K-65 waste, and the leachability of
the vitrified K-65 waste. The test resuits from the previous laboratory tests have been
documented in "Characteristics of Fernaid’s Silos 1 and 2 Residue Before, During and After
Vitrificadon." Due to unforeseen laboratory conditions, inadvertentdy, the total volume of the
generated off-gas during vitrification and, therefore, the total emanation of radon during
virrification, was not accurately measured. During the bench-scale treatability tests outlined
in this document, special effort will be made to obtain accurate measurements of the total
volume of the off-gas during vitrification and the emanation of radon during vitrificaton.
The composition of the off-gas generated from the previous laboratory tests and the
composition of the condensate from the previous laboratory tests are presented in Table 1-1.

During the previous vitrification tests, the radon emanation rate from the vitrified K-65 waste
indicated that the radon concentradon. which began at 0 pCi/L, averaged about 4 pCi/L. For
the once through open loop system used. this represents an emanation rate of 48 pCi/hr or
1.56 pCi/mr’-s. This is an order of magnitude lower than the EPA limit of 20 pCi/mP-s (40
CFR Part 61, Subpart Q).

Also, the Toxicity Characteristic Leaching Procedure (TCLP) leachate results from the
previous laboratory test for the vitrified K-65 waste are presented in Table 1-2. The results
are well below the established TCLP limits.

1.4.2 EPA Treatabilitv Guidance

EPA’s "Guide for Conducting Treatability Studies Under CERCLA" outlined a three-tiered
approach to conducting treatability studies for a SUPERFUND site. The approach is
exhibited in Figure 1-2. The evaluation of remedial alternatives phase of the RUFS may
require as many as three ters of treatability testing:

14



TABLE 1-1
Composition of the Vitrification Off-Gas

COMPONENT VOLUME %
Nitrogen T72%
Oxygen 17.1%

Other Ions - 34%

Water 14%

Argon 09%

Carbon Dioxide 0.06%
Organic Compounds None Detected

Condensate Composition

COMPONENT | (mg/L)
Alumimm <0.1
Antimony 0.04

Arsenic <001
Barium 0.07
Cadmijum <0.01
Calcium 14.1
Chromium <0.01
Cobalt 001
Iron 0.06
Lead 0.09
Magnesium 37
Mercury 0.0029
Nickel 0.1
Phosphorus 02
Potassium 0.7
Selenium 0.19
Sodium 32
Total Uranium 0.011
)
8
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. Laboratory Screening 30 0 6
. Bench Scale Testing
. Pilot-scaie Testing

Laboratory screening and bench-scale testing are usually performed during evaluation of
remedial aiternatives. Pilot-scale testing is generally accomplished during remedy
implementation. Laboratory screening has been performed on the K-65 materiai (Silos 1 and
2 material) during the previous laboratory testing accomplished by PNL. Additional
laboratory screening of the K-65 material will be compieted, as described in this work plan,
prior 1o the bench-scale vitrification testing of the K-65 material. Laboratory screening of the
metai oxide material (Silo 3 material) will be outlined in this document and will be performed
prior to the bench-scale vitrificarion testing of the metal oxide material. The compietion of
the RIFS detail analysis of remedial alternatives will determine if pilot-scale testing of the
vitrification treatment option is required. Figure 1-3 illustrates the relationship of the
compieted, planned, and to be determined Operable Unit 4 vitrification treatability studies to
the RI/FS process.

The detailed analysis of alternarives phase of the RI/FS follows the development and
screening of alternatives and precedes the actual selection of a remedy in the Record of
Decision (ROD). During the detailed anaiysis of alternatives, all remedial alternatives are
evaluated based on nine RI/FS evaiuation criteria.

Resuits of the treatability studies should address seven of these criteria:

1) Overail protection of human heaith and the environment
2) Compliance with ARARs

3) Implementability

4) Reduction of toxicity, mobility, or volume

5) Short-term effecdveness

6) Cost

7 Long-term effectiveness

1.4.3 Approach

Treatability studies on the K-65 materials and the metal oxides will be performed as part of
the evaiuation of remedial alternatives phase of the RI/FS. The vitrification treatability
studies described in this work plan and the stabilization and metal extraction treatability
studies outlined in the "Treatability Study Work Plan for Operable Unit 4" prepared by
Advanced Sciences, Inc/International Technology Corporation (ASIAT), dated July 1991, will
aid in the selection of a remedial alternarive that is feasible, implementable, and cost
effecdve.
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The vimification treatability studies described in this work plan will invoive the vitrification of
K-65 material from Silos 1 and 2 and the metal oxide materiai from Silo 3. Vitrification
studies will be performed on the K-65 material by itseif, the K-65 materiai with added Bento-
grout, the metal oxide material by itseif, and a predetermined mixmure of K-65 material and
metal oxide material.

As part of the Silos 1 and 2 (K-65) Removal Action, a layer of Bento-grout was applied to
the residues contained in Silos 1 and 2. The Bento-grout layer retards the diffusion of radon
being produced during the uranium decay sequence. Consequently, the Bento-grout layer
with its trapped hazardous and radiological constituents will require the same treatment option
as that of the K-65 material. To determine the impacts of this Bento-grout layer, one testing
sequence will inciude Bento-grout added to the K-65 material prior to the vimification.

The method used to collect residue sampies from Silos 1 and 2 was to use the Vibra-Corer
Unit. These samples were collected according to the methods and procedures detailed in the
"Revised K-65 Silo Sampling and Analysis Plan" issued by ASIIT on July 15, 1991. PNL
will receive sampies of the K-65 material from sections "A", "B", and "C" for each Silo 1 and
2 and one composite sample from each of the K-65 Silos. Metal oxide material from Silo 3
is available from cores archived during previous sampling operations. PNL will receive
composite material from Silo 3 for use in the bench-scale tests for the metal oxide material.

Prior to performing vitrification testing on the metal oxide material, laboratory screening of
the metal oxide material will be accomplished to determine the optimum glass forming
materiai(s) to be added to the metal oxide material during vitrification. Also using existing
K-65 material, tests will be conducted on the off-gas collection system and the radon
adsorpdon system to optimize the bench-scale design of these systems.

1.4.4 Verficadon of Resuits

After a successful test run of the following vitrification sequences; K-65 material, K-65
material/Bento-grout mixrure, and metal oxide material/K-65 material mixure, analyses will
be conducted on the vitrified residues to determine the leachability of hazardous constituents,
the leachability of radionuclides and the radon emanation of the virrified residues. These tests
will include the standard EPA TCLP protocols, radionuclide analyses per the Quality
Assurance Project Plan (QAPP) approved by the U.S. EPA as part of the RI/FS Work Plan,
and determining the radon emanation with appropriate instrumentation. Utilizing the
laboratory equipment and instrumentation available, PNL will monitor the vitrified K-65
waste to determine the radon emanation (at 7 days and 30 days). Determining the radon
emanation will not be performed for Sequence C vitrified material. After a successful test
run, PNL will send duplicate samples of the vitrified waste from each vitrification sequence
to an independent laboratory for the TCLP analysis as established in the QAPP approved by
the U.S. EPA as part of the RI/FS Work Plan.

13 2()
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Also, for each vitrification sequence, the condensate collected from separating the moisture
from the off-gas will be sent to an independent laboratory. The condensate will then be
analyzed for: general water quality parameters, Hazardous Substance List (HSL) parameters,
gross alpha, gross beta, gamma spectrai analysis, and the following radionuclides:

Radon-219*
Radium-223*
Radium-224
Radium-226
Radium-228
Actinium-227
Protactinium-231
Polonium-210
Lead-210
Lead-211*
Lead-214*
Bismuth-214*
Isotopic Thorium
Isotopic Uranium
Total Uranium

*

Added at the direction of the Ohio EPA.

The analysis of the liquid effluent will aid in determining the required treamment or
evaporaton of the liquid. This data will aid in implementation of the design for the
vitrificadon treatment option for the preferred alternative.

Information obtained for the identfied vitrification treatability studies will aid in estimating
the cost of implementation of the vitrification treatment option of remedial Alternatives 6 and
7 for the Silos 1 and 2, the vitrification weatment option of remedial Alternadves 3 and 4 for
Silo 3, and the vimificaton treamment of the leaching/stabilization of the contaminant
separation stage of Alternatives 8 and 9 for the Silos 1 and 2.

1.5 GOALS OF THE TREATABILITY STUDY

The primary goal of the treatability study is to support remedy selection during the feasibility
study (FS). It supports the FS by providing data about the waste treatment under
consideragon by the FS. This informaton is used to select the most promising treatment
technologies for further consideration, in conjunction with other aspects of the proposed
alternadve designs.

This treatability study is designed to provide data for technologies that lower the leachability
of contaminants vitrifying them into an altered material. These data will be compared to

14
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preliminary remediation goals. toxic constituent regulatory limits (TCLP limits), and site
background concentrations 1o determine if attainment of any or all of these goals is feasible
using the vitrification technology. These quantitative goals are developed in Section 3.0,
which outlines the treatability study’s specific performance objectives.

15
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION

Severai remediation technologies are being considered for Operable Unit 4. These
alternatives have been described in detail in the DOE report "Initial Screening of Alternatives
for Operable Unit 4, Task 12 Report, October 1990." In the Task 12 Report, Silos 1 and 2
are treated by the same alternatives because the materials in the structures are similar. Silo 3
is treated in separate alternatives.

The vimification technology considered in the following alternatives consists of heating the
residues to sufficient temperarures to induce the formation of glass-like mass. The resulting
vitreous solid will have a reduced volume, be less likely to leach hazardous and radicactive
components, and have a greatly reduced radon emanation rate. The vimified materiai wouid
be weil suited for long-term disposai.

2.1 SUMMARY OF ALTERNATIVES - STLOS 1 AND 2

Alternanve OA - No Action

This alternative calls for no action and provides a baseline against which the other aiternatives
can be compared. It provides for the silos and its contents to remain unchanged without the
implementation of any removal, treatment, containment, or mitigative measures. However, it
does include the installation of long-term monitoring equipment and the impiementation of a

monitoring program.

Alternative 1A - Nonremoval and Silo Isolation

This nonremoval alternadve for Silos 1 and 2 consists of enhancing the containment integrity
of the silos and utlizing them as permanent disposal facilities. An impermeable clay cap and
slurry walls are among the technologies considered for this alternative.

Alternative 2A - Nonremoval. In Situ Stabilization. and Capping

This nonremoval alternative for Silos 1 and 2 consists of in situ stabilizadon and capping.
Conventional physical stabilization and vitrification were considered as optons. However,
vitrification was screened out as a process option due to concerns about the difficuity of
implementability. The capping and isolation technologies, with the excepton of the slurry
wall, are identical to those described for Alternative 1A.

Alternative 6 - Removal. Treamment. and On-Propertv Disgosal

This altcmaﬁve for Silos 1 and 2 calls for the removal and convendonal stabilizaton or
vitrification of the silo contents before on-property disposal in an engineered disposal facility.

16
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This aiternative includes siio demoiition and disposai of the debris. Figure 2-1 is a flow
diagram of Alternative 6.

Alternative 7 - Removal, Treamment. and Off-Site Disposal

This alternative is identical to Alternative 6 except that the material would be packaged for
shipment to an approved off-site disposai facility. A flow diagram for Alternative 7 is
provided in Figure 2-2.

Alternative 8 - Removai. Contaminant Separation, and On-Property Disposai

This aiternative is similar to Alternatve 6 but adds an additionai step of contaminant
separation to remove various radionuclides and metais before stabilization or vitrification and
on-property disposal. A potential volume reduction of material to be disposed of as
radioactive waste. The waste materiais will be subjected to acid and EDTA leaching
processes to dissolve the radioactive and hazardous metals, including lead. uranium, thorium,
and radium. This leaching process is based on data from Seeley (1977), Mound Laboratories
(1951), and Battelle (1981). Lead., barium, copper, and other metals will also be dissoived in
the exmracton fluid. Following this leaching stage, the remaining solids will enter a
solid/liquid separation stage, and the leachate containing the radioactive and hazardous
materials will be sent to a precipitation stage. This precipitation stage will add selected
anions to yield a radioactive/hazardous precipitate to be solidified or stabilized for disposal.
With the successful leaching process, the raffinate residues remaining after the acid or EDTA
leaching processed will be disposed of as a nonhazardous waste. A flow diagram of this
alternarive is presented in Figure 2-3.

Alternatdve 9 - Removal. Contaminant Separation. and Off-Site Disposal

This alternative is identcal to Alternarive 8, except that the solidified/vitrified material would
be packaged and shipped to an approved off-site disposal facility while the nonhazardous
portion is sent to a landfill or is used as backfill on the property. See Figure 2-4 for the Flow

diagram.
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3006
22  SUMMARY OF ALTERNATIVES - SILO 3

Alternarive OB - No Action
The no-action altemative for Silo 3, as was the case for Silos 1 and 2, provides a baseline,
but no remedial action. Only instailation of long-term monitoring equipment and the

implementation of the monitoring program are included.

Alternative 1B - Nonremoval and Silo Isolation

This nonremoval alternative for Silo 3 consists of enhancing the containment integrity of the
silo and utilizing it as a permanent disposal facility. An impermeable clay cap and slurry
walls are among the technologies considered for this alternative.

Alternative 2B - Nonremoval, In Situ Stabilization, and Capping

This nonremoval alternative for Silo 3 consists of in situ stabilization and capping. The
capping and isolation technologies, with the exception of the slurry wail. are identical to those
described in Alternatve 1B.

Alternative 3 - Removal and On-Propentv_Disposal

This alternative for Silo 3 calls for removal and conventional stabilization or vitrification
before disposal in an engineered on-property disposal facility. This aiternarive includes silo
demoiition and disposal of the debris. The flow diagram for Alternative 3 for Silo 3 is
idendcai to Alternatve 6 for the K-65 silos except that the feed for the process is from
Silo 3.

Alternadve 4 - Removal of Metal Oxides and Off-Site Disposal

This aiternative for Silo 3 is identical to Alternative 3, except that the material wouid be
packaged for shipment to an approved off-site disposal facility. The flow diagram for
Alternative 4 is analogous to that for Alternative 7.

Alternatdve 5 - Removal and Replacement in Rehabilitated Silos

This alternative for Silo 3 provides for the removal of the metal oxides and their rerum 10 2
rehabilitated Silo or Silo 4 reconstructed as a permanent disposal facility. This alternative
was not carried through to detailed analysis because of its inadequate effectiveness and
implementability.

Four alternatives for the three silos are considered non-viable. These alternarives are the "No
~Action” alternatives, OA (K-65 Silos) and OB (Silo 3); Alternative 2B "Nonremoval, In Situ
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Stabilization, and Cap," (Silo 3); and Alternative 5 "Removai and Replacement in
Rehabilitated Silo 3" Alternarive 5.

The treatability tests described in this work plan wiil provide data for evaiuating the
performance of the remedial alternatives for both the K-65 residues (Silos 1 and 2) and the
metal oxide waste stored in Silo 3. The wearability testing will be conducted to determine the
effectiveness and long-term stability of; the vitrification treatment option of remedial
Alternatives 6 and 7 for the Silos 1 and 2, the vitrification weatment option of remedial
Alternatives 3 and 4 for Silo 3, and the virification treatment of the leaching/stabilization of
the contaminant separation stage of Alternatives 8 and 9 for the Silos 1 and 2.

30



3.0 TEST AND DATA QUALITY OBJECTIVES 3006

The purpose of the proposed vitrification tests is to obtain quantitative dara for assessing the
performance of the process in support of the RI/FS. The operational and performance
information resuiting from the proposed bench-scaie test will permit more accurate full-scale
cost and schedule estimates than those that can be made from laboratory screening
informadon. The bench-scale tests will also provide information to configure and size unit
operation for pilot scale testing.

3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA

Specific test objectives have been identified so that the performance of this process can be
readily compared to other remediation technologies under investigation. Leachability and
volume reduction are two aspects on which this technology will be evaluated. The objectives
of the test. both laboratory screening and bench-scale testing, are listed below:

Laboratorv Screening

. To determine the chemical inorganic compositon of sampies from both K-65
material and the metal oxides

. To determine the anions present in both primary waste streams (K-65 and
metal oxide materials)

. To determine the concentration of radioactdve isotopes in both primary waste
streams

. To measure radon emanation of untreated K-65 material

. To measure the bulk density of untreated wastes

. To determine the percent moisture of untreated wastes

. To measure the specific gravity of untreated wastes

Bench-Scale Testing

. To determine the composition of the off-gas
. To determine the radon emanation during vitrification of the K-65 material

. To measure the radon emanation from the vimified K-65 material

24
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. To ensure the final waste product meets the leaching criteria estblished in 40
CFR 261.24 by performing the TCLP on final waste products

. To evaluate the volume reduction potendal of the vitrification process for the
two primary waste streams

. To determine the chemical composition of the condensate

. To measure the specific gravity of vitrified waste

3.2 DATA QUALITY OBJECTIVES

The establishment of data quality objectives (DQOs) is part of the process that defines the
data quality needs of the project. The implementation of an appropriate quality assurance/
quality control (QA/QC) program is required to ensure that data of known and documented
quality are generated. Establishment of the DQOs wiil determine the level of QA/QC
required for the reatability testing and analysis. DQO analytical levels are defined in EPA’s
guidance document "Guide for Conducting Treawmbility Studies Under CERCLA" (EPA/540/2-
89-058). Table 3-1 summarizes the DQO levels. A list of tests and associated DQOs is
delineated in Table 3-2.

3.3 PROCEDURES

The following procedures specific to the Operable Unit 4 virrification treatability studies have
been developed and are included in Appendix D:

. Physical properdes of the untreated waste

. Radon emanation from unmeated K-65 waste
. Radon emanation during vimification of K-65 material
. Radon emanadon from treated K-65 waste

. Modified TCLP for Arsenic, Barium, Cadmium, Chromium, Lead, Mercury,
Selenium, and Silver

. Method for determining volume reduction
. Method for determining gamma dose rates of vitrified waste

. Product Consistency Test (PCT)
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Levei I

Type of anaiysis

SO06

Field Screenmg or anaiysis with pontable instruments.

Limitations Usuaily not compound-specific, but resuits are avaiiable in reai time. Not u
quantifiable.

Data Quality Can provide an indication of contamination presence. Few QA/QC requirements.

Levei I

Type of anaiysis Field analysis with more sophisticated porable insouments or mobile laboratary.
Organics by GC; inorganics by AA, ICP, or XRF.

Limitations Detection limits vary from low pans per miilion to low pars per billion. H
Tentative identification of compounds. Techniques/instruments limited mostly to
volanie organics and metais.

Data Quality Depends on QA/AC steps empioyed. Data typically reporied in concentration
ranges.

Levei I

Type of analysis Organics/finorganics performed in an off-site analytical laboratory. May or may
not use CLP procedures. Laboratory may or may not be a CLP laboratory.

Limitations Tentarive compound identification in some cases.

Data Quality Detecton limits similar to CLP. Rigorous QA/QC.

Levei IV

Type of anaiysis Hazardous Substances List (HSL) organics/inorganics by GC/MS, AA, ICP. Low
parts-per-billion detection limits.

Limitations Tentanive identification of non-HSL parameters. Validation of laboratory resuits
may take several weeks.

Data Qualiry Goal is daa of known quality. Rigorous QA/QC.

Levei V |

Type of analysis Analysis by nonstandard methods.

Limitagons May require method development or modification. Method-specific detection
limits. Will probably require special lead time.

Data Quality Method-specific.

— —————— — ]
TABLE 3-1

SUMMARY OF ANALYTICAL LEVELS

33

26



3006

STHAAT O0d AALVIDOSSY ANV SLSIL TVOLLATVNY

(ARG LA

A "resodsip Supsnbas s1sem Jo sumon Ay 9onpas 01 Anliqe s,uonesyinia Ajnuenb of uonONPIL WMo
"SUOHIRINO[ED JUILISSISSB NSLI §,f Y 10)

| {11 e1ep aptaod (1M 1590 SIY, “BUAILD g1 A Stoow 1npoxd payta o 1 sutuualap o, d 0L hinyg
"dTOL 1M 2y J0§ qey 1uapuadapuy ue 01 was 2q [Im

A 1531 s sassed myn 19nposd s woyy apdures v 159y Kioweysnes e se pardasar aq pynoys (d1D.1.w) s1npasosy

1onpoxd paynga oY1 J1 suratop oy 1sat Kreuyuniaid e s8 pasn aq m dT1DLI 24l 8uyoray onsuanereyy Anoixoy patjipopy

‘uopeewd 1npoud pagyutia

1l uopes Sudnpas ur uonedLNA JO $SUAI95J2 Yi aren[eAd 01 pasn aq Jum Kiuenb sy | o W01y UOHEURWI UOPBI 1Y) JO IUIWIINSEIP
. ‘uongiuawn|dury 91eds-[ng Joj wANsAS Jusunean sed-3j0

) ay 8uudisap ur (eonud sy ses-g50 ap Ul paule1u0d uopes Jo umours sy Suiutundieg uoneoyinia Sunp uoneuews uopey

‘weans aisem e Suidjuia sisk[euy sen owauwonsads

H 10§ SaANPPR 153q ot Buruiuaiap vy uruodun s seS-go ay jo uonezusiseIRy) ssejy £q sed-yo s Jo uomsodwos Wy

ONILSAL A'1VIS-HONAM __

A ‘[enareu (IIET]

PIUL0JA oy woy uopeuewd uope1 3y 01 uosuedwos B se posn 2q {{Im uoneuLIojul Sy, $9-) pateanun woij uojleususs uopey

A ‘s1313wered ss3501d voneoyma | (Anjaesd oytoads pue ‘Ausuap yynq ‘aanisiow

8uporpard uy pre jpm sarsem pareanun o jo samadoad [eoishyd o Supuusaing 1u2312d) vogreutuuaiag Auadosyg 1eoishug

"se8-1J0 2y ws uonenuaouol siseuy oidojosioipey

|| uopes Suyroipad uy pye j11m sadoios) 1dujuad swos jo Aiuenb o Suinuang Aq uonsoduwos adotosy aanoeoipey

*SONSuIITeIRYD (SO 11pwondads ssepy rwsery

11 se8-3)0 {rrous8 swos 1vypad oy Udum woyy siseq B 9418 1114 siskjeun uopysodwos uojuy Pa1dno) Appanonpuy Aq uonisoduios uojuy
I "pasinboi syuaBe Sunoy sseyd Jo Kinuenb pur od£1 ap 1o1pard

0] pasn q [im uonreurioyw suyy, ‘siusuoduwod ouedout 119y sutuuLIap 0) pazkpus
3Q I SIpIXO0 [eroWw pur L 69-Y yioq Jo sajdures ‘sisay uonedJUIHA 01 Jouy

(1D1) ewselq pagdno) Ajaanonpuj
Aq uomsodwon swesiouy jesnuay)

TAAXT 00U

INAWNINOD/ODA

1S4l

ONINTIYIS AHOLVIOUV']

34




3006
4.0 EXPERIMENTAL DESIGN AND PROCEDURES

4.1 LABORATORY SCREENING

Laboratory screening will be performed on the metal oxide materiai from Silo 3 and the K-65
materiai from Silos 1 and 2. The laboratory screening will be used to eswmblish the validity of
vitrifying the metal oxide material. This screening study will yieid data that wiil be used as
indicators of the vimrification technology to meet performance goals and wiil identfy
parameters for investigation during the bench-scale testing outlined in Sections 4.2.2 through
425.

Laboratory screening of the metal oxide material will involve analytical tests to determine the
chemical inorganic and anion composition of the metal oxide material. Table 4-1 lists the
elements that will be included in the inorganic analysis of the meml oxide material. The
results of the analysis will be expressed in weight percent (wt%) as oxides. Table 4-2
specifies the chemicals to be included in the analyses for anions in the metal oxide marerial.
The analytes listed in Tables 4-1 and 4-2 are the specific elements that affect the feasibility of
the vitrification technology as determined by PNL. Also during the laboratory screening of
the metal oxide material, a radioisotopic analysis will be conducted on the metal oxide
material that will be used in the bench-scale vitrification testing to determine the radionuclide
isotopic content of the material. The isotopes that will be identified during laboratory
screening are as follows:

Actinium-227
Protactinium-231
Lead-210
Lead-211*
Lead-214*
Bismuth-214*
Polonium-210
Radium-223*
Radium-224
Radium-226
Radium-228
Radon-219*
Thorium-228
Thorium-230
Thorium-232
Uranium-234
Uranium-235/236
Uranium-238

*

Added at the direction of the Ohio EPA
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During the previous laboratary tests on the K-65 residue material that was supplied 1o PNL,
analytical tests were performed to determine the chemical inorganic composition of the K-65
residue. The sampie material provided to PNL for these previous laboratory tests was
understod not to be representative of the material in Silos 1 and 2. Since this sample was
from the 1989 sampling effort, it is understood that most of this sample came from Zone A.
Current vitrification sampies are identified as Zone A, B, and C, as well as a composite and
are, therefore, considered representative. Therefore, the laboratory screening tests to be
executed per this work plan will include analyses to determine the chemical inorganic
composition of the K-65 material to be supplied to PNL, which includes sampies from
sections "A”, "B", and "C" for each Silo 1 and 2 (six separate samples). PNL wiil be
required to extract material from each of the sampies provided to form a composite sampie
for each silo. Each of these composite sampies will be analyzed for chemical inorganic
composition of the material. Table 4-1 specifies the elements that will be included in the .
inorganic analysis of the K-65 material.

During the previous laboratory test on the K-65 material, the analytical tests did not include
determining the anion composition of the K-65 material. The laboratory screening tests to be
executed per this work plan will also include analytical tests to determine the anion
composition of the K-65 material to be supplied to PNL. Each sampie from sections "A",
"B", and "C" for each Silo 1 and 2 and the composite sample formed from the samples
provided will be analyzed for anion composition. Table 4-2 specifies the chemicals to be
included in the analyses for anions in the K-65 material.

Also, during the previous laboratory tests on the K-65 residue material, a radioisotopic
analysis was conducted to determine the isotopic content of the material. Table 4-3
represents the isotopic content of the K-65 material that was vitrified during the previous
laboratory tests.

A radioisotopic analysis will also be conducted on the K-65 material samples from sections
"A", "B", and "C" for Silo 1 and 2 and the composite sample for each of the K-65 Silos that
will be vimrified as outlined in this work plan. The isotopes that will be identified during
laboratory screening are as follows:

Polonium-210
Actinium-227
Protactnium-231
Lead-210
Lead-211*
Lead-214*
Bismuth-214*
Radium-223*
Radium-224
Radium-226
Radium-228
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Radon-219* 3006
Thorium-228

Thorium-230

Thorium-232

Uranium-234

Uranium-235/236

Uranium-238

* Added at the direction of the Ohio EPA

Also, during the previous laboratory tests on the K-65 residue materiai, radon emanarion was
determined on the untreated K-65 materiai. Radon emanation from the untreated K-65
material will be determined for the composite sample for each of the K-65 Silo composite
samples that will be vitrified as outined in this work plan.
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TABLE 4-1
Laboratory Screening 30 06

Inorganic Chemical Analyses of Metal Oxide Materiai
and K-65 Material:
(weight % as oxides)

Silica Copper
Lead Cerium
Iron Vanadium
Barium Lanthanum
Aluminum : Uranium
Calcium : Manganese
Magnesium ~Zirconium
Sodium Neodymium
Phosphorus Strontium
Titanium Beryilium
Potassium : Thorium
Nickei : Tin
Cobalt Selenium
Molybdenum Zinc
Chromium Chlorine
Sulfur

Fluorine

TABLE 4-2
Laboratory Screening

Characterization of Anions in Metal Oxide Material
and K-65 Material

Sulfate
Sulfide
Sulfite
Chloride -
Nitrate
Carbonate
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TABLE 4-3 3006
Isotopic Content of K-65 Material

from Previous Laboratory Testing
e
ISOTOPE ACTIVITY
(nCi/g) '
Th-230 264.7
Ra-226 479.4
Pb-214 297.8
Bi-214 280.0
Pb-210 338.2
Pa-231 29.8
Th-227 21.1
Ra-223 2.4
Ran-219 20.8
Pb-211 65
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42  BENCH-SCALE TESTING

The bench-scale tests are designed to verify whether the alternatives which inciude
vitrification as a treatment option described in Section 2 can meet the performance goais
established by the ARARs. These tests will provide a quantitative evaluation of the
performance of the vitrification treatment option as well as minimal cost and design
information. The general objectives of the following tests are to: determine the composition
of the off-gas generated during vitrification, the radon emanation rate from the vitrified K-65
material, and the leachability of the virified material. Quantifying the amount of radon
during vitrification of the K-65 material will be determined by utilizing an open system,
therefore, it will not be required to determine the quantity of off-gas generated. Figure 4-1
illustrates the equipment flow diagram for the open system.

The first test run for each of the Sequences involving K-65 material wiil be performed
utilizing the open system equipment set-up. This is to enable continuous monitoring of the
radon emanation during the vitrification process. The second test run for each of the
Sequences involving K-65 material will be performed utilizing the closed system equipment
set-up. This is to allow for sufficient collection of off-gas to determine off-gas chemical
composidon. A closed system will be used to ensure a representative sample of the off-gas
will be collected. Figure 4-2 illustrates the equipment flow diagram for the closed system.

Prior to performing the testing identified in the following sections, the K-65 material and
metal oxide material will be separated into batches. The bench-scale vitrification tests will be
conducted by batch operations. The material will not be dried or sieved to remove rocks and
other exwraneous items as done in the previous vitrification testing. A batch of material from
each testing sequence will be processed through the entire bench-scale system. Tests using
specific components of the bench-scale system will be required to determine ideal melting
temperatures for the various blends of material in Test Sequence B (K-65 material/Bento-
grout) and Test Sequence D (K-65 material/Silo 3 material). These tests may also be required
to determine ideal meiting temperatures for Test Sequence C. These tests, if required, wiil
utilize approximately 100 grams of material per test. Also. open system tests using specific
components of the compiete system may be performed for Test Sequence C (Silo 3 material)
to determine process parameters prior to performing a complete bench-scale system test.
Table 4-4 outlines the vitrification tests and identifies the type of material for each testing
sequence. The amount of material listed on Table 4-4 for each test sequence is the estumated
quantity of material required to complete each test sequence. This estimate will determine the
amount of K-65 materiai and Silo 3 materiai to be shipped to PNL in support of the
vitrification testing. The batch material will be meited in a 4-inch diameter by 12-inch tall
(about 2.5 liters) inconel crucible, or relative equal, in a bench-scale furnace. The following
data will be recorded for each batch of material tested (the specific data to be recorded for
each test is included in Section 8.0):
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TABLE 4-4
Operable Unit 4 3006
Vitrificadon Tests for K-65 Materiai and Metal Oxide Materiai

Off-gas collection/radon adsorption system testing

0 K-65 0 kg using 900 grams of materiai at PNL. Remaining
tests wiil use modified system.
K-65 material and glass forming reagenrs based
A 1 K-65 1.0 kg on previous tests and chem. composition
analyses.
A 2 K65 1.0 kg Duplicate of Test 1. H
K-65 Skg Test to determine the influence of Bento-grout on
B 3 the virrification of K-65 materiai. 50/50 ratio is
Bento-grout Skg max. on removai of materiai from Silos 1 and 2.
B 4 K-65 Skg Duplicate of Test 3.
Bento-grout Skg
Initial trial run of metai oxide to glass forming
C 5 Silo 3 1.0 kg reagents. Ratio determined during the laboratory
screening.
If Test 5 resuits are within specified bounds, this
C 6 Silo 3 1.0 kg test will be a duplicate of Test 5. Or if initial
ratio is revised per Test 5 resuits, Test'7 will be
required.
C 7 Silo 3 1.0kg Duplicate of Test 6, if required.
K-65 Tkg Initial trial nun of 70/30 ratio 10 determine
D 8 characteristics on vitrified product of mixing
Silo 3 3kg waste sireams.
K-65 S kg (min) If Test 8 resuits are within specified bounds, this
D 9 test will be a duplicate of Test 8. Or if initial
Silo 3 5 kg (min) ratio is revised per Test 8 resuits, Test 10 will be
required.
D 10 K-65 5 kg (min) Duplicate of Test 9, if required.
Silo 3 S kg (min)

Total estimated amount of K-65 sample required: 12.0 kg
Total estimated amount of Silo 3 metal oxides required: 9.5 kg

e
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. The chemicai compositon of the collected off-gas; 300 6

. The resuiting virrified K-65 material from each batch will be monitored for
radon emanarion;

. The leachability of the viaified material, including TCLP and radionuclides;
and

. The compositon of the condensate will be determined as defined in Section
1.44. .

After a successful test run from each vitrification sequence, PNL will send samples of the
vitrified residues from both the successful test run and the duplicate test run to an
independent laboratory for the TCLP analysis and PCT as established in the QAPP approved
as pant of the RI/FS Work Plan. The Decision Analysis Tree for Vitrification Treatability
Studies for Silos 1, 2 and 3 Materiai is shown on Figure 4-3.

4.2.1 Preliminary Off-gas Testung

Based on resuits of the previous vitrificaton testing from the used off-gas collection system
and radon adsorpton system, PNL has evaluated the resuits of the previous vitrification
testing. It was determined that the modifications best suited to radon measurement would be
a continuous measurement of radon in the off-gas stream as opposed to a determination of the
radon content based on collection of the total quantity of off-gas. Therefore, the totai volume
of off-gas will not be measured.

Laboratory equipment designed for the continuous monitoring of radon in the off-gas will be
used to venify the methodology in determining the amount of radon generated for the
identfied vitrification sequences. This preliminary testing of the off-gas stream may require
several trail test runs to determine the exact equipment set-up of the open system. The
material to be used during this testing will be approximately 900 grams of untreated K-65
material previously shipped to PNL that was not used during the previous vitrification tests on
the K-65 material.

All subsequent sequence tests to determine the radon emanation during vitrification will use
an open system equipment set-up which was determined by the preliminary testing of the
off-gas.

422 Sequence A - Vitrification of K-65 Material

The batch of material for the first vitrification test (Test 1) will consist of a minimum of 1000
grams (1 kg) of K-65 material and the identified flux agents based on the previous
vitrificadon testng and laboratory screening results. It is estimated that approximately
10-15% (by weight) of NaOH as a flux will be added to the K-65 materiai to form a

37

44



3006

[EUACN € pur T ‘1 So[i§ 10)
sa1pmg Aifiqeieal], uonedsyunA 10§ sa1], siskjeuy uoista9Qg
t-v 2ANOI4

€108 (ta3 203
widues pueg

a47DL TIn3 203
stduses pueg

£ asey,
190pund sed
- sek
4d'IDLI €swyg 4735y ting 203
etdess pueg
aoue -3

+ ®tis3gio
xa 1een

4304 1toj 303
etduec pueg

e I%ey sed *nnh
pupno)

)

-
-y

a3 TOLA

¢ ®TI83E3D

ou A_ui.n

T 1emg,
odmpund

45

38



3006

silicate giass. Previous viwrification testing utilized NaOH as a flux for the K-65 materiai.
Previous testing of the K-65 material indicated that the K-65 material contains sufficient glass
forming elements such that additionai glass forming reagents are not required. Particular
attention will be given to the continuous measurement of the radon concentration of the
off-gas. Sampies of the vitrified waste will be analyzed for TCLP concentration of metals in
the leachate. Test 2 will duplicate Test 1 to verify the results. Test 2 will use the closed
system equipment set-up. Duplicating or triplicating each successful test for performing
bench-scale tests is recommended by the EPA "Guide for Conducting Treatability Studies
Under CERCLA."

423 Seguence B - Vitrificaton of K-65 Material Mixed with Bento-grout

As part of the Silos 1 and 2 (K-65) Removal Action, a layer of Bento-grout was applied to
the residues contained in Silos 1 and 2. The Bento-grout layer retards the diffusion of radon
produced during the decay of radium-226. Consequently, the Bento-grout layer, with its
trapped hazardous and radiological consttuents, will require the same treatment option as that
of the K-65 material. To determine the impacts of this Bento-grout layer, testing Sequence B
will inciude Bento-grout added to the K-65 material prior to the vitrificaton process. It is
estimated that approximately 10-15% (by weight) of NaOH as a flux will be added to the K-
65 material/Bentonite mix to form a silicate glass. Testing the K-65 material/Bento-grout mix
will determine the influence of Bento-grout on the virified product. Preliminary tests may be
performed to determine ideal melting temperatures, the suitable glass forming reagents and
the blend of K-65 material to Bento-grout.

The initial test run (Test 3) will invoive a mix rato by mass of K-65 material to Bento-grout.
The initdal mix ratio by mass will be based on the maximum amount of Bento-grout that
possibly could be in the waste stream upon removal of the top layer of material from Silos 1
and 2 and the resuits of the preliminary open system tests.

Test 4 will duplicate Test 3 to verify the resuits.

4.2.4 Sequence C - Vitrification of Metal Oxide Materiai

Sequence C tests will determine if it is possible to obtain an acceprable vitrified metal oxide
product. The specific glass forming reagents that are required will be calculated based on the
results of the laboratory screening of the metal oxide material. It is anticipated that glass
forming reagents such a silica, iron, aluminum, boron, and calcium wiil be added to the meral
oxide material to form a phosphate glass. Preliminary tests will be performed using the Silo
3 material to determine the inital process parameters prior to performing a complete system
test to vitrify the Silo 3 materials. If the identified test for Sequence C is in compliance with
the PNL specific criteria for vitrification, the vitrified product will be analyzed for
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3006

leachability by PNL or their subcontractor by conducting a modified TCLP! (mTCLP) on the
virified material.

PNL specific criteria for vitrification will be PNL’s best engineering judgment of the
vitrification process parameters. PNL specific criteria is based on approximately 30 years of
experience in performing vimrification studies. The PNL specific criteria would include items
such as:

. Melting temperature to form glass would indicate the comparability with the
vitrification

. Presence of spinels, crystals, or other observable non-homogeneities would
indicate an inadequate waste form

. Possible slag (e.g., sulfate layer) on top of the viwrified waste form would
indicate possible incompatibility with the vitrification process

. Presence of heavy metals, sulfides. etc. on bottom of the meited material would
indicate possible incompatbility with the vitrification process

A successful test run will be defined as meeting the PNL specific criteria and the leachability
of the heavy metals are within regulatory requirements as determined by the modified TCLP.

After further review of the 1989 sampling data for the metal oxide material included in the
Draft Operable Unit 4 Remedial Investigation Report, it has been found that due to the suifur
content of the material, vitrification may not be a feasible reamment technology. If
vitrification is determined not to be a feasible aiternative, no further testing will be performed
after the laboratory screening of the Silo 3 material.

If the inidal test run, Test 5, is compliant with the PNL specific criteria for vitrification and
results of the mTCLP comply with 40 CFR 261.24g, Test 5 will be considered a successful
test run and a sampie of the virrified product wiil be sent to the independent laboratory as
established in the QAPP. Test 6 will be performed as a duplicate test of Test 5 and a sample
of the vimified product also sent to the independent laboratary as established in the QAPP.

1 .
"The modified TCLP, as it applies to the identified vitrification tests, is defined as analysis of
the vimified product for leachability of the following heavy metals; Arsenic, Barium, Cadmium,
Chromium, Lead, Mercury, Selenium, and Silver. Based on the available EP toxicity data (Buelt, -
1989) from the previous vitrification test, all of the heavy metals from the EP toxicity list, with
the exception of lead were below the regulatory limits.
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If the inidal test run, Test 5, is compiiant with the PNL specific criteria for vitrification or the
vitrified product from the Test 5 does not meet the TCLP leach rates limits, the appropriate
modifications based on the resuits of Test 5 will be made for conducting Test 6. The
modifications couid invoive revising the glass forming reagents or aitering the vitrification
process parameters, or modifying the bench-scale equipment set-up. Modification of the
process parameters will be a major factor in determining whether the same process facility
could be utlized for the vitrification of the K-65 material and the metai oxide material.

If required, the appropriate modifications will be made and Test 6 will be performed. If Test
6 is compliant with the PNL specific criteria for vitrification and the mTCLP resuits meets
TCLP leach rates limits, Test 6 will be considered a successful test run and a sampie of the
vitrified product will be sent to the independent laboratory as established in the QAPP. Test
7 will be performed as a duplicate test of Test 6 and a sample of the vitrified product aiso
sent to the independent laboratory as established in the QAPP.

There is a possibility that based on the resuits of Test 5, 6 and 7, PNL will determine that
vitrification of the metai oxide material is not a technicaily feasible treatment option for the
remediation of the Silo 3 material.

4.2.5 Sequence D - Vitification of Metal Oxide Material Mixed with K-65 Material

The mixmre of Silo 3 and K-65 material has been proposed for the purpose of reducing costs
of remediation. The specific glass forming reagents and the amounts that are required will be
calculated based on the laboratory screening of the metal oxide material and the K-65
residues. It is not known nor is it assumed that the mixrure of K-65 and Silo 3 material will
easily vitrify. If an incompatibility of this mixture is determined during laboratory screening
tests, further studies will not be conducted (Bench-scale testing Sequence D will not be
conducted).

Sequence D tests will determine if it is possible to obtain an acceptable vitrified product by
mixing the K-65 material and the metal oxide materiai. The inidal test run of Sequence D
(Test 9) will involve a 70/30 mix ratio? by mass of K-65 material to metal oxide material.
The 70/30 mix ratio by mass is based on the estimated total mass of the two primary
Operable Unit 4 waste streams: the K-65 material and the metal oxide material. To conduct
Sequence D tests, the specific glass forming reagents and possible flux material, will be
calculated using the results of the laboratory screening of the metal oxide material and resuits
from Sequence A and C tests. If the identfied test for Sequence D is compliant with the
PNL specific criteria for vitrification, the virrified product will be analyzed for leachability by
PNL or their subcontractor by conducting a modified TCLP on the vitrified material.

*Unless determined otherwise after reviewing the laboratory screening analytical resuits.
L
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If the inidal test run, Test 8, is compiiant with the PNL specific criteria for vitrification and
the mTCLP resuits meets the TCLP leach rate limits, Test 8 will be considered a successful
test run and a sampie of the vitrified product will be sent to the independent laboratory as
established in the QAPP. Test 9 will be performed as a duplicate test of Test 8 and a sampie
of the virrified product also sent to the independent laboratory as established in the QAPP.

If the inidal test run, Test 8, is not satisfactory, the appropriate modifications based on the
results of Test 8 will be made for conducting Test 9. The modifications couid invoive
revising the glass forming reagents or altering the vitrification process parameters or
modifying the bench-scaie equipment set-up. Resuits of these tests will be a major factor in
determining whether the same process facility could be utilized for the vitrification of the K-
65 material and the metal oxide material.

If required, the appropriate modifications will be made and Test 9 will be performed. If Test
9 is satisfactory, this test will be considered a successful test run and a sample of the vitrified
product will be sent to the independent laboratory as established in the QAPP. Test 10 will
be performed as a duplicate test of Test 9 and a sampie of the vitrified product will also be
sent to the independent laboratory as established in the QAPP. :

There is a possibility that based on the technical resuits of Test 8, 9, and 10, a determination

by PNL will be made that vitrification of the identified waste streams is not a technically
feasible treatment option for the remedial alternatives for Operable Unit 4.

42

43



5.0 EQUIPMENT AND MATERIALS 3006

Table 5-1 provides a preliminary list of equipment and materials required to compiete the
bench-scaie tests. All the items listed. in addition to those identified by PNL, wiil be
provided by PNL.

TABLE 5-1
EQUIPMENT AND MATERIALS

Air Heater

Furnace

Furnace Temperature Controller

Thermowells and Thermocoupies

Moisture Analyzer

Scale (Weight Measurement)

Flow Meters

Crucibles with Sealing Flanges and Unique Label

Gas Sampie Bombs

Oil-Less Vacuum Pump

Chiller

Condenser/Collection Vessel

Seal Materials for Crucibles, Collection Vessel, etc.

Glass Forming Reagents

Carboys, Sampie Bortles, Beakers, and Other Common Lab Equipment
Activated Carbon Cartridges

Desiccant Beds

Radon Monitors

Computer with Printer

Any Other Equipment that Becomes Necessary to Perform the Work
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6.0 SAMPLING AND ANALYSIS 300¢

The sampling and analysis plan for the acquisition of residue samples for Silos 1 and 2 is
contained in the "Impiementation Plan for the K-65 and Metal Oxide Sampling Project at the
Feed Materials Production Center, Fernaid, Ohio,” Addendum-SAP, October 10, 1990.
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7.0 DATA MANAGEMENT

The collection and preparation of silo residues for shipment to PNL shall be according to
procedures developed by ASI/IT and WEMCO as contained in the "Implementation Plan for
the K-65 and Metal Oxide Sampiing Project at the Feed Materiais Production Center, Fernald,
Ohio," Addendum-SAP, October 10, 1990. The virrificaton data will be acquired in
accordance with the PNL Vitrification QA Plan WTC-060 as presented in Appendix A. PNL
shall provide a records-turnover-package which contains all raw data generated during the
vitrification project, all calculations performed, plus all QA documentation specified in the
above mentioned QA Project Plan.

Laboratory notebooks will be used for this project. All laboratory notebooks are uniquely
numbered and permanently bound with sequentially numbered pages. The notebook will be a
project-specific notebook which will be assigned to the individuals working on the project.
All daily laboratory activities associated with the project will be recorded in the project-
specific notebooks.

All records management and reporting for the TCLP anaiyses performed on the vitrified
material will follow standard QA/QC protocol in the QAPP and Volume 4 on the RI/FS Work
Plan.

45

22



30
8.0 DATA ANALYSIS AND INTERPRETATION 06

8.1 EFFECTIVENESS OF WASTE FORM

The resuits of the TCLP in determining the leach rates of the vitrified material will be used to
evaluate the long-term effectiveness of each sequence of testing. The concentratons of
radioactive and hazardous constituents in the leachate will be used as input into the
geochemical models described in the RI/FS Work Plan Addendum on risk assessment
methodology. These models will be used with groundwater fate and transport models, which
will then be used to caiculate concentrations of contaminants in the aquifer at the reasonable
maximum exposure, and the resuiting risks to human heaith and the environment.

8.2 LABORATORY SCREENING

8.2.1 Metal Oxide Material From Silo 3

The following data will be presented in tabular form for the metal oxide material provided to
PNL:

. General description of the waste

. Chemical inorganic composition as listed in Table 4-1

. Anion composition as listed in Table 4-2

. Radionuclide isotopic content as listed in Table 4-3

. Physical characteristics: percent moisture, bulk density, specific gravity

8.2.2 K-65 Material From Silos 1 and 2

The following data will be present in tabular form for each of the six samples provided to
PNL from section "A", "B", and "C" of each Silo 1 and 2 and the composite samples for each
K-65 Silo PNL made from the samples provided (8 sets of data will be provided):

General description of the waste

Chemical inorganic composition as listed in Table 4-1

Anion composition as listed in Table 4-2

Radionuclide isotopic content as listed in Table 4-3

Physical characteristics: percent moisture, bulk density, specific gravity
Radon emanation of composites of untreated sampie material

8.3 BENCH-SCALE TESTS

The following data will be presented for the bench-scale vitrification Sequence A tests:
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Formulia of glass forming reagents and weights

Percent moisture versus percent solids content of the glass forming reagents
Amount of water added to form a 45% moisture content shurry
Weight of K-65 waste material

Size of furnace/crucible

Temperarture of furnace

Heating time of sample (elapsed time vs temperature)
Electrical conductivity of molten material

Viscosity as a function of temperature for molten material
Composition of off-gas from vitrification

Radon released during vitrification

Composition of condensate

Radon released from vitrified waste

Specific gravity of vitrified waste

TCLP leachate results for metals from vitrified waste

TCLP results from vitrified waste

Radionuclide leachate resuits from vitrified waste

Gamma dose rawes of vitrified waste

The following data will be presented for the bench-scale vitrification Sequence B tests:

Formula of glass forming reagents and weights

Percent moisture vs percent solids content of glass forming reagents
Amount of water added to form a 45% moisture content slurry
Weight of K-65 waste material

Dry weight of Bento-grout

Bento-grout slurry composition

Physical characteristics of K-65 material/Bento-grout mix: percent moisture,
bulk density

Size of furnace/crucible

Temperature of furnace

Heating time of sample (elapsed time vs temperature)
Electrical conductivity of molten material

Viscosity as a function of temperamre for molten material
Composition of off-gas from vitrification

Radon released during vitrification

Composition of condensate

Radon released from vitrified waste

Specific gravity of vitrified waste

TCLP leachate resuits for metals from vitrified waste

TCLP results from vitrified waste

Radionuclide leachate resuits from virrified waste

Gamma dose rates of vitrified waste
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The foilowing data wiil be presented for the bench-scale vitrification Sequence C tests:

o [ [ ] [ ] L 3 ° L ) L 3 ® L ] ]

Formuia of glass forming reagents and weights

Amount of water added to form a 45% moisture content slurry
Percent moisture vs percent solids content of glass forming reagents
Weight of metal oxide material

Size of furnace/crucible

Temperature of furnace

Heating time of sample (elapsed time vs temperature)

‘Electrical conductivity of moiten material

Viscosity as a function of temperature for molten material
Composition of off-gas from vitrification

Composition of condensate

Specific gravity of vitrified waste

TCLP leachate resuits for metals from vitrified waste
TCLP results from vitrified waste

Radionuclide leachate results from virrified waste

Gamma dose rate of vitrified waste

The following data will be presented for the bench-scale vitrification Sequence D tests:

Formula of glass forming reagents and weights
Percent moisture vs percent solids content of glass
Amount of water added to form a 45% moisture content slurry forming
reagents

Weight of K-65 waste material

Weight of metal oxide material

Temperature of furnace

Size of furnace/crucible

Heating time of sample (elapsed time vs temperature)
Electrical conductivity of molten material

Viscosity as a functon of temperature for moiten material
Volume of off-gas from vitrification

Composition of off-gas from vitification

Radon released during vitrificaton

Composition of condensate

Radon released from vitrified waste

Specific gravity of vitrified waste

TCLP leachate results for metals from vitrified waste
TCLP resuits from vitrified waste

Radionuclide leachate results from vitrified waste
Gamma dose rate of vitrified waste
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9.0 HEALTH AND SAFETY

PNL will conduct the vitification studies outlined in this work plan in accordance with the
applicable OSHA requirements thereby ensuring worker protection in the workplace. The
Waste Technology Center component of Battelle Northwest is responsible for vitrification
studies at PNL. The Safety Plan for the Waste Technology Center is found in Appendix B.
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10.0 RESIDUALS MANAGEMENT
The vitrified residues and any untreated K-65 material and Silo 3 material will be returned to
the FEMP for disposal. ~All other contact laboratory waste material generated as part of the
vitrification wreatability testing must be disposed of by the appropriate laboratory.

Contact laboratory wastes are wastes generated in the performance of various laboratory
activiies. These wastes include, but are not limired to:

. Disposable personal protective equipment such as Tyvek coveralls, gloves, and
booties

. Disposable decontamination supplies

The client will be responsible for proper transport or shipment of all material to be returned
to the FEMP for disposal uniess otherwise specified in the written contract.
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11.0 REPORTS

An interim draft report will be prepared by PNL personnel and transmitted to WEMCO
within 45 calendar days, or no later than November 9, 1992, of completing the laboratory
screening and the bench-scale tests. This report will present the data identified in Section 8
and detail the vitrification process employed, along with any problems. The report will be
generated utilizing Section 3.12 of the "Guide for Conducting Treatability Studies Under
CERCLA". The interim draft report will be reviewed by WEMCO, and PNL personnei will
incorporate the WEMCO comments and submit a final report to WEMCQO on or before
December 30, 1992. This final report will be reviewed internaily by WEMCO, ASI, and
DOE prior to final submittal to the U.S. EPA. The results of the leachate from the TCLP
analyses performed per the QAPP will be incorporated into the report when available.
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120 COMMUNITY RELATIONS

The virification treatability study for Silos 1, 2, and 3 materiai and community information
and invoivement activities are required in the CERCLA process. Community Relations
activities shall be conducted; to support treatability studies for Operable Unit 4 to explain the
role of treatability studies in the RI/FS, and to raise the public’s confidence in cleanup
alternatdves and technologies identified in the alternatives screening/analysis process and in
the preferred alternative for this operable unit. The Treatability Study Community Relations
activities for Operable Unit 4 will comply with the Community Relations Plan (CRP) -
Remedial Investigation/Feasibility Study and Removal Actions at the U.S. Department of
Energy Feed Materials Production Center (now called Fernaid Environmental Management
Project), Fernald, Ohio, August 1990. At a minimum, the following Community Relations
activities will be conducted to explain treatability studies for Operable Unit 4.

. Community Meeting - Held a minimum of three times per year to provide
status on cleanup issues, and to ensure that interested area residents have a
routine public forum for receiving new information, expressing their views, and
gerting answers to their questions. The meetings shall focus on operable unit
updates, removal actions, major RI/FS documents, and other appropriate topics.
During the July 1991 community meeting, an initial discussion of treatability
was held to make the community aware of treatability studies underway.

. Publicaton - RI/FS materials such as progress reports, facts sheets and a
community newsietter, Fernaild Cleanup Report, provide updates of CERCLA-
related activities at the FEMP and will include informaton on treatability study
activities for this operable unit.

. Presentations to Community Groups - Information about treatability studies for
this operable unit shall be included in briefings to community groups in Ross,
Crosby, and Morgan townships, and to Fernald Residents for Environmental
Safety and Health, as appropriate. Also, this information shall be included in
presentations to other organizations, as requested.

Key milestones in treatability studies have been identified through negotiations for the
Amended CERCLA Consent Agreement and are included in the schedule in Figure 14-1.
These mulestones include:

. Submirtal of this Work Plan to the DOE and U.S. EPA
. U.S. EPA approval of this Work Plan

. Treatability Testing

. Submirtal of Treatability Testing Report

The progress of these key milestones will be reported to the community through the above
mentioned presentatons and publications.
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13.0 MANAGEMENT AND STAFFING

Personnel involved in the management of the overall RI/FS process include: J. R. Craig,
DOE Project Director; R. B. Allen, DOE Operable Unit 4 Manager; John Wood, ASI/IT
Project Director; D. J. Carr, WEMCO RI/FS Contract Technical Monitor; Susan Rhyne,

Acting ASI/IT Operable Unit 4 Manager; and D. A. Nixon, WEMCO Operable Unit 4

Manager.

The principal parties included in the management of the Operable Unit 4 Vitrification
Treatability Study are DOE Fernald, WEMCQ, ASI/IT, PNL, and Parsons. Personnel
involved in the specific management of the Operable Unit 4 Vitrification Treatability Study
include: R. B. Allen, DOE Operable Unit 4 Manager; D. A. Nixon, WEMCO Operable Unit
4 Manager; L. A. Heckendorn, WEMCO Operable Unit 4 Program Engineer; C. C. Chapman,
PNL, Manager of Operable Unit 4 Vitrificadon testing; and D. A. Janke, PNL, responsible for
WEMCO Operable Unit 4 Vitrificadon testing and reporting.
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14.0 OPERABLE UNIT 4 VITRIFICATION TREATABILITY STUDY SCHEDULE

Figure 14-1 includes the schedule of activities required to compiete the Operable Unit 4
treatability studies for vitrification treatability studies for Silos I, 2, and 3 material. The
schedule of activities in Figure 14-1 are part of the RI/FS schedules that were agreed to
between the U.S. DOE and the U.S. EPA during negotiations of the Amended CERCLA
Consent Agreement.
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APPENDIX A
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APPENDIX B

WASTE TECHNOLOGY CENTER SAFETY PLAN
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WASTZ TIZEMOLOGY CIITER

Safz: i PLA

BACXGZCUNO

{zgismentaticn of tha safaty asgects sf tha ATC Iavirenmzan, Safa:
Haaits Plan is descrifeg in this sian. Many exisiing sartety recuirement. -
inesrseratas int3 the oian 5y rerversncs. Primary emonasis is piicag on
mggivaticn ang attiticze. as savety pervormanca caa fest Se imsroveg by
freevent ang visible management attanticn tg safaty.

o T QBJESTIVES
The stiecsives of this Safaty ?lan are ta:
. issist in groviding ing m3intaining 3 safz working savirsnzent Sar
Ceatar St3F9
. cieariy derins Canter £arzty policy ang the respenzisiiitiazs of WTC
§33¥F concarning savaiy matisrs
. meTivata ail stads mempers Tz a3 high iavei of safaty canscicusmaess
. dssist in ensuring ¢oSg coImunicatisn fatween staST zamoers ang
managament on $3T3Ty WITIZrS
T3taz list oF ssurzas of safety cuicanca

. arsvide in aanc

CENTZS siFTT soiicy

The Wastz Technoicgy Centar<s safety policy can be summarizzd in two
SAFe: | FIRST. It}ts the duty of avery stasf’ mempger %2 follow
ures 3nQ T3 CInTinually evaiuadts potantiai risks asscoiztas

vw wwetw s

wQras:

estisiisheq srecac

Wits 3Ry aczivity. Tne inagivicuai is not 3 reiy scieiy on otiars ts Zefine

Scw I certamm 3 JeB. Iut Sust fvaiuata the directisns received and grocges in
T2

3cTiszs.  $U3TT mampers wiil not kacwingiy engaca in

acasroancs witls savs prictisss.
unsatz oractisas--regarsiass of wWng iastrucid tham to do so. [t s tha duty
ang right of e3ck sTav™’ mamoer TS kncw tRe neaitk aspects (hazirss) of she

enyirsnment ing nOt IS undertika any worx that is percaived t3 be
g until e ingividuai’s conearn is acddrassed. The

NOPXIng
- -

13

IrT IRt worx unsit tha situaticn is avaiuataz iag

uns3t:. AWorx wiil Se hai
ingividual is neT S rest
aczisn is taxkan.

No ingividuai or manager 3171 tike lightly or dismiss tha safety csacarns
nar. Mo stafi zemeer wiii 2 orssres to oo 3 task hessie faeis Jight

9r 338tl T mempe : .
imigdaticn tictiiz or dismissais of czncarns wiil te

Se unsate. Such invimicaticn tigctizz ¢
ressrz22 <2 z32 ccgniziat line m3nacar :ne oroject manager or task leager.
eszivzicn wiil be acaisvea by worxing simuitsnesusiy througs soth lines of
regssacisiiisy, with escaiatisn <o aicnar manacement laveis, iF neegea. i

1gatIye £UImIT rasaiuliln.
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Failicizs and rasponsiciiitiac assignaa in acviicasia AL apg yie sgeciiic
savaty guidanca -(ses Agpenaix A) wiil te fuifiiied. Becausz of the wide rancs
37 aeIivitias within tfa Cantar ind new acTivitias that sre csntinuaily being
intsigtad. f?gxibility is requirea within tha Canter and withip individual
SP3InIZITISRAI comzoaents. S;faty‘is net ';n;ur?n‘ by 3deoting unneczssary
7Ii38 ang ZrIcaguras.  ine omiy umiterw inviciadie policy is--SAFETY FIAST.

Managezent racscniticn wii} te given for demonstrating en tha jcp safety.
he saraty recsrT, aTliluce. and awareness of cack individuai will ba
avaiyatag in tha yeariy Stas’ Caveiocment leview procass. Appregrizta SOR
safsry goais wiil be inciuded in each SOR.  Line managers will pericdically
ravtew the safaty perrcrmancs of .he;r sty guring reutineg ang special
acuivities ts verify that safa praciisas are being empioyea.

The Cezartzant Manager will pericdiczily review the safaty of aizcn
srejees.  If a preject has @ aumser of misaans. it may be ciusag by sxcassive

amen3sis $13C€2a on sch2auies ang Sudgets it the expense of safaty. Suex a

sitzzticon snail be cermactag immegiataly.

[t is amtizizatad that this glan will e fuily intzarazza incs =s2 WTC
favirenment. Safaty ang Heaith {23%H) Plan far i8Sz,

icwing six gener:i safaty coais are identifiad fir tha WTC Sap

2.  Skin ccataminaticns will shew a reducsian over CY-1220.

2. Mo razcreuziia oczurranezs classifiad as an Emergeney or Unusual
Jesurrence

3. No venicular iccidents

§.  First Aid casas will sicw a reducsiza over C7-1583.
§.  No cczurrencas or sudit deficisncias resuiting frez the iacx of
arety traialing oroia asorogriiii traiaing pian

The relicwing eight sgectivic safaty reiataa geais ars identifiza feor

Cv-1gsi:

.. I3%F training requirsments Foro2:ed W0 stafF will te decumantad by
May 14, l@si,

- To Y el e mavcsam Caw mmm » ectecd mmmceda s o i mpmermANP =4 e

-- Ioan CUSIITUCILILND TIF 22C48 ITaTT ZCsttisn wind Sz cocumantz2 oy
ASryi 1T, IGSI.
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meetings Wil @ €IT3:i2T3Q OR 3 lizaiy pagis (by

: Scheauied s3vety o
1
1.

34
Cecamger S, 158
czizn scheduie tS evaiuat2 and msnitse £33

A @management ins.e--..u
serfarmanca for tne faciiilias cgerataa Iy tha Wil «ill be esssietas

5y Aorti 1, 1881,

-
.

3. W factlity £323 oversight inscectizas will be cazdueszd ang
dece=anted 5y Jecsmeer i3, 1991
!

3 £324 qoais will te inciuded for ezch Stad
perfarmancs agpraisais (by Marex 31, 1881

n evaluaticn of tha perfsr=anea of

2 in the CY-1987
) .

7. By Oecemper 31, 1881, ::::iete H
ail staff in t“a arez oF £S3A

2., [zoiement

in evaiuatisa. comtrsi, and decantaminaticn progezz. (Sy
June 1, 188i} :

‘.P’...-ﬂﬁ

$*3FF assigned t3 worx in ialcratiry areas will recsive triining fir the
sgecific facility, equiczent, ang fazarcs asscciatad with tha WOrx .“ay are t:
perserm. Line (Oeparzzant) Mamacars ara res pensisia for ensuring that staff
racaiye the necsrear/ savety triiaing. Uac"enta::an and statis of safaty
tr2iaing for staff mempers is zaintained Dy the PNL Training Cosrsinater.
Qugiiz2iz2 recsras ta pravice eisy day-to-day rererence will be maintained by
Atsan it safaty triining meetings ang sacuid

T2z Czoart=ant Manacar. aAttsngancs

3iss -2 decrmantad,

v triining r2ouirements 3iggly tQ both on sit2 ing ofF

eob-speciTic safaty triining
si*s researcn Taciiities uncer 23 czatrsi of the WTC. The Desartssat
Training Plan will addraes tha job-specific triining requirements of issigned
s235%. Typical areas th3t the oiaa micht iddrass are: radiatisa work
snoideraticss, f3ciiity/equiczent SOPs. hazaracus caemicai hanaiing, crine
ocer::icn, soiiutica preventiia. angd wasts mimimizitien.

cn PNL/WTC Safaty Pelicizs/Requirements/Precadures--

remant Manacar. the desicmatad Orsaniza-

ndar the directisn oF ih2 Ceoa
ssamzi Safezy Reoresentizive or ciner guaiivisg inaividuais Wil review
sgnarzi safziy policizs and crocazuras With e2ack new stafT memper. Tha reviay
4317 imziuzz tRa infermzticon iigizz uncer <2 empicyea orxent;:z:n ia PNL-MA.
13, I:zTisn i, iS well a3 a3 informaTicn contatneg in the Wic ZavirsnIEnt,

77
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$3T3ly aAC fediil Plaa amg i1z Plan. Ihiz sriammazion chevid v smemmmiicman
ifg cocumonwas within | veek oF <R3 3apw<wai of ~aw ¢T3TF. [na Hazara
Matariais Custsgiam wiii, on razuest. Srovide an Gr1entaticn on thg Chemicai

inc #asta Manicament Plan, Wastz Minimization ana Pollutisa Praventicn Plan.

ans ANL-MA-33, Fagilily Operaticnai Camsrsis, ang ladustrial Aygiene plan.

izarzangy fragiragness fraiming
Every vear and ugen initizl hire/building reassignment. sace ¢es4# memrer
shsuid opTaiz the latast cooy of hissher issicmes suiiding “Precagures for
Ezersencizs.” Annual retraining cn tha tuilding zmergency precaaurass will, at
ainimum. sdorass emergency alarms. jroczauress. staging arais, and locacicn
¥ irz alar= cuil Soxes ang Fire esxtinguishers. For WIC ce=senants gcsuTyIng
SPace in faciiitias managea Cy anotaar caatracssr or 00E. WTC staff wiil )

S==iy with tha requirements of ii2 respective tuilding safary 71an/emercency
ing triining raiating I3 amercency respensa. i

precIsuras regarsing o

Yenizia and 0Ffic2 Safety Triining--
Yeniciz acerazicns. officz s:Tzty inc Nousaxesning will za cericgicsily
revizwed witl 3il stad’ memcers.

Safzty Meerinzs--
Cecuzentag safaly meetingz Fir :il WIT 23T will be heid tarisgizaiiy os
arTT SUT aSIPSTriati savaly ttataing.  The minimm fraguency of safaty
meazings for 23ch WIC drganilitiinai comeenent s defined ia Accendix C.
Savzty meetings may fe part of i pericdic srganiziticmal stass meetiag.

feoum=anra Janamesian sncd Thnygeriasssiam

Fremst iad acsurats reseriing of incidents is tha basis for eariy
ressiuiicn iag racovery. AFlIr Tires atlazmuing oo stasilizz ind canered any
£7-20rmal svent, the WIC $ta¥T sacuid than camtict the immegizca line '

managar. (Cali the singie peint oF camzact (SPCT on 373-2400 i the iine

managar is net avaiiaSia.) The iine manacar wiil take approsriita additicnai
aczicn. Iavestizaticn amg racorting shail Be in iccardance with the
reguirements oF PNL-MA-7, Qff-Normai fvent Qemoreims Syetem. Temporary and
perminant cIrrective actisn ror or¥-normal events wiil be deveioced by WTC
tatich WiItR appreosriata sucpert orsimrzitisms.

lina managezent in caasuitatisn

ceparIz=ant Manacars sicuid inssact 317 offizze and assicned work areas gn
i C3TItSic Za3is.  Appeneix C oroviczs 3 canerail ssnzgule of safety reiatad
ingszIticns.
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fuiiding ucon the acove generai guideiines
in imsiement g Wie Zafaty Plan a

PRy -2 cmmy P

- wbe b sieve  wes

anc
grevices @ matT
_inss2cTisn ang saraty mee

oeoeswes

-
¢ A

- moy
;H;’S.

Caneem damagew:

:3stedy]

The WTC Manager has overaii re
safazy oregrams within the Cancar,
ass:gnzents deiegatag t3 others witiin the Cant
centar faciiity and CNE resgruing activitias in
reccancisility is primartly fuifilied by soect
sers==1i inveivement in evaiuatizg tle efrtecsiy
orosri=.  Assuring that ail stadd mampers 3clie
iwaraness ind certormanc: is 3 major arei of S

Tities ineciuze:

wesms
- e

‘b b b

Sseeisiz resce

L A% XKI .

WTC-wide sate

sigility for impiement
for proger exscuticn of 31 safaty

-
-
4

. t:e_rcies of WTC a3nagement
re definea teiow. Appgengix C

cutlining Cent2r management resconsidility for safaty

eed
65¢3

a of ail

ar, ang for csoreinating =zuiti-
tha 324 Buiiding. This

ic dalegation, tigathar with

eness of the (Cantar safaty

ve 3 high Tevei of safety

acarn %9 the Cantzr Manacar.

ty insgectisns inciuding a

. Saieczively partizisatas in
cuarsariy augit of czzsiiaacs <3 tha 3Z3 guiiding Cperaziznai Safary
iequirements (QSHs).

. ¥aintaias an ocen ceer seiicy for safaty cIsusarn and enstras promUi
sammacsiva aCIisn i rasgence U tRese cIncarns, imspgeciiias cor
gesurTencs resgric.

. Imsupes that resources are ivailable t Qepart=ant Mamacers t3 izziament

-
e

- 3.4

necessary safety measurss.
Sarves on the Canter Safety (o=t
Sy the ¢ 2 ara presotiy dddressed.
Sarves as the Laag Facilil]

srsvisions of ACT MNow Of

ormsi Zvents.

+ag

LA A X ]
g
st

mgmeer

t mmwe

8Q-7 pare

garzcsane Mamrzcar:

Eas

4anager for the

< exprassad

Eanma e
switwme o4

tren @

s mw

that

32% Buiiding and immiements
3izing t3 remserzing of OfF-

The Jgeratisns Manacer has cversight respeasitilily ts the Center Manacer
Fop i=sigmentitisa of th2 £33H sregram. Specific respensibiiitias inciuge:

. Assiscs in canducting sarfziy insgectisas of Canter facilities ana
caapzinatas Canter “anager fnvoivement in piainneg inspectiias.

. Chairs csa NTC Safaty Cammicsss. Easuras that safety sucgesticns/
camcarne ire prouent up for discussien in cs==mittze meetings.

. i3sists. on reguss:, cemars=ants with their training plans and satety
-eerings icenaas. ‘

. Sravicas susgors <2 WTC stad¥ thorcucn the Zavircnmentai Campiiancs
vanagar, Indus:sriii Hygisne Sseciziist. NEPS Regressntative. ang
Sazarzous Matzrizi Custsziam for chemiczl aag wast2 manacement. Wasts
~imimy=zci=a. imgusteiil hyeiene, ang QSHA ciz=siiance acoivities.

. Sayiews ail Capezr s23f7 ~iZiaticn exdosuras

. lezz oy assigmment izoa It Zfuilding Ficility Manager.

. Y3ifTi-ns an ocen coor gsiisy cIngerming sarvaty issues.

g
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12 in
-ar "
J/ <

g FNL-MA-33), anu I} 5y the Car
cae on s .

weos -

cznare=znt .“.anch T ar2 reeconstsia for 2ycize 5S$igred 1: uuruu=u this
2] threusn gurcancz docu=ants listzd in Apcenaix A (es ce:t:lly PNL-HA-
Cantar Manager. As with tha Center Manager.

TN

- -
pres we
H Y )

it
ass roez gd thrsusn dei
5

tigs ar2
coem Semmames

£ : v 8datTilt supgiementag
I:”G“Iement- :pec.. (R r‘-—-otoh "

t1itize inciuga:

-
:1771:23: :3?

ieviews ind agoroves 3 raiiminary Safsty Jeview and Risk Assasezzne for
23Ca sSreogzcs.
ieviews and approves the Frofect Managament %lan (PMP) or gquivaient

decuzant 'Sr each jreject iag assures tiat aay unusual safaty {issues are

ioprooriately addressaa.
gnasures Ihat aporcoriata safaty decuzameatisn. (e.q., -a.aty Anaiysis

iesor: (SAR), Operaticnai Reaainess Plan (CRP), Safety fraivaticn
Jocuzant (Sa... etc.. is in px.c= pefora bea.“nzng WOrx ing ensures that
3iT work is carrses oyt in cszsiiancz with cnase requiraments,

Tasurac ca3c Labora::ry fafaty nas Ceen made iware of any nroposad

- ‘ M -
srSlect Nat involves i signifisant .a;E’Y iesue.

ACTS :j issignment as a fFaciiity Manager For otz 344 duiiding.
iatardiczs with Suiiding Manacer csncarnine sigmifican: s2anges in

ing csn
SrogrIm=atic requirzments
gni’

n3t m3y imcaes ::a F"xidxrc zmarzsncy
sroczzuras or have sig <

sregznuras igint zafaty imgiiczzisns L3 the ficili ty,
ecsuzants, sgquiszent. or envirsnment.

~G0roves 3Tty reiilig £rosIcuras InC Sther sceraticnal fasumants is
rQﬂL’ "ﬁﬂ

Haint;i:s in ocen-doer zoiicy for safaty issuzs and recnives savaty

issues pre=ctiy.

seocres :a‘a‘y reiatad inscsctiza Tindings *z the WTC Cozsiiancs
Tracking Systzm. Sats sgacific scheduies fir resoiving Fingings and
ansyras sremst f3licw ug acstiaa.

insuras Rat ONE acsicn is tizmaiy and thercuss ind comsunizizas tha
maeulis o7 s3 aty igits inssactizns and CNEs =3 the so3ss.

iscriicry famacsr ing Monitsr ira assignas I eack work

Swws wwws J

tO c
(21 ’.u

Caetvmae 0-
St B

ires.
Iacures et slanmes crsanizitisnal safaty meerings are heid.
cilitias cn s1ta at least bimnn;:!-

Yisits aii demartzsnt-resgeasisia ra
that sa-= ﬂr’c:::ss ire peing empicyed and tz icantify and
kit s ir2 informea

13 verisy
.2yaiuats n1azards i tha worx slaca. Assures shap stafs
3iSCUT 3l hazzr:s asscciztza with their acoivisias.
-ingucis. with the iuiiding Manager, guartariv, decumentza safety

i85 gcIusisg 3y the aanar::znt.
i QreanizaTicnai Safety Represencative frez O7W1Q,

CX-X R

insgecsisas of fTic:is
~ggo1ints 1 Jepart=ant

>
-
-
<

2TA20. 27d3a.

lasures N3t sTafT oaxoosurae f3 ienizing radiatisa and nenr:ciclogicsi
lazarcs s maiatiines 3s low as rezsonadiy acniavanle (ALARA) anma@ that
iSToIriitz desimarry is S2inc usea. Assures it the ALARA concsot s
sSvereq it savaty meetings it l:2:sT aanuaily (720 and 27WsQ).
“aintainz @ ocurrent Triining 2linoacdrassing nz safaty sriining
"2TUICIMENTI InC Training stz Yor 2l assismza stad’ ac assures NIt
1 e22fY mzmatve i oizoreseiisiotriining oo sirvorm tn: issicmea work.,

O
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. Iacupae 7hiz nzw czmtar 13T ana co3iT 1
srganizzzicns reczive timaly ang ApRTSST

=smman
-iWiwe

frem otnar

iats safety or’.anta:;acg.os

utsswn aytasrity for operatiins anad

The Jeparz=ant Manager h3s s
acoeivitias hat pos2 imzemiata toreat %2 sarTe gperiticns.

fpaun L32der c3vaty rescen
oper::is Specific raszens

4

1epe
-

s. : inciude:

»nwemstorrm

-
ges re Wili wmed

Cangusss fregquent wWaik-

fasuree that worx is carrieg out 1in cs=pii
tperaticnai Safety Recuirsments ar other i
*s assure cafe operaticns.

¥3intains an open-daor foiicy for safety
‘danesfias anc evajuatas hazirss in tl2

ire informed :bgut hazarss issociatza with

i

. Canfirme thgt assigneg cterating
- sporasriataiy postaz wilh 2merIency in
P oy w— omaw cace o
. Coarirme WR3. SLavVT e
training for tae JcS.
. Confirme that all saFaty raritEg procscurs
wnera iporooriata, Sergre initlaticn ot th
Tsa Graus Lizcar Ras ShUTITWn autagTily for
tezc -sc2 immeeiazl: tareit $s s3Tz operatishs.

Praizee Manzaooy

4 suc=asssul preject reguires tlat =
sma czfaty of those worxing on th2 orajecs.
piasaing: 3ag curing tie arsiect. 23y-t0-4ay
piacz. The Frcject Manacer emsuid know wnat the
wits -2e08cT oS tha orsgect ik N3t has ang
Spec:fic resgensisiiitias inciuca the foilewing:

2 il bl
;222 freguent waik-iarcusn

ce= shreugh insgections

Cane : . ;
s3faty review ang

’renzres the oreiiminary

i progect ing iaformz LigeritiTy Safaty it
seiid. gassous, cr ficuic arriuent.
. Prepares ang cCtiins i@ necassd

rAape Sna
wwt - wetw

arecsaurss tS sut gresiect.

. Zasyres izt shz FMP descrites @il sient

worx 2iaca.

rraject ¥
This reauires czre in up.freat
attznticn to safety in t

are focussad on day-ia-day

inscecsiasns of work areas.

anca with all procagures

imits and <satreis neczssary

ssues.
fh.- oo

2
el » .3» ’

,E::ure
thasa tasks.

sgpaca/spacz faciiitias are

- s youm. esm
b ws ...25....!1.

ssigmed 42 worx cn tha praject lave e regu

vpgd

- mm

cmmy Smes -
X1 Qi QC-.'I.’I ..'.ES

s

anager g ccneesrned agout

worx
safaty reiatza issues are

is being done ts address ilam.

of worx areis.
risk assesszznt
s%a grgjecs wiil gener

wes

coce=ents for

2ra

ry agcrovais for cafe gcerating

arajecs:.
. ldenr<Fiag igh-scecific trzining recyired 3 the work and assurs: that
it ig camsiatz ane sroceriv cocumentsa Zafore inftiating wark.
. Canfirme nat ailoshysec: s=mzestis ara in giace prier 3 initiatisa of
“0TX. _
. intsizzzs Cozrzzicmsi ssidiness Javisws {08%°:) if requireC.
mmmmmciv ¢33ty 227C2TTMS eXZTEgsag Iy project €23rT.

l2sQives cromoTiy $iTET
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sucn items as: 4352 disgesai
of Faicilitias :2 safely heusa the
sewersz, ete.;; ang persaanai

}XJOSUTE wiere nazaroous matariais are invaived.
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Primary Coniacts In Laboratory Safety
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APPENDIX C

SILOS 1,2 AND 3
RADIOLOGICAL AND CHEMICAL CONSTITUENTS
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TABLE C-2 3006

RADIONUCLIDE CONCENTRATIONS IN THE SILOS
(1989 Sampiing Program)

SILO 1

Nuclide (pCi/g) SINE1A SINE1B SINE1C S1SE1 SISE2 S1SW1 SINV

Th-228 ND ND ND ND ND ND ND
Th-230 21,412 39,693 30,751 10,569 20,848 40,818 43,7,
Th-232 ND ND ND . ND ND ND 766
Ra-226 108,100 192,600 166,400 116,800 89,280 181200 1633
Ra-228 ND ND ND ND ND ND ND
Pb-210 181,100 83,110 77,460 71,920 48,980 69,480 54,35
U-234 815 326 622 663 814 594 897
U-235/236 ND ND ND ND 56 ND 50
U-238 920 398 610 545 758 532 687
U-Total (ppm) 2753 1189 1831 1633 2280 1602 2066
SILO 2

Nuclide (pCi/g)  S2SW1 S2NW1  S2NE2 S2SW2 S2NE1  S2NW2

Th-228 ND ND ND 411 ND 638
Th-230 31,825 32,784 8365 29,716 40,124 25,391
Th-232 ND ND ND 851 ND ND
Ra-226 145,300 61,780 657 104,900 65.520 68,310
Ra-228 ND ND ND ND ND ND
Pb-210 141,900 145.200 87,930 77,940 150.700 399,200
U-234 859 1107 974 121 848 1404
U-235/236 ND 74 47 ND 36 70
U-238 661 1069 874 46 814 1240
U-Total (ppm) 1972 3210 2620 137 2437 3717

ND = Not Detected
Note: Data validation is currently in progress.
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TABLE C-3

3006
RADIONUCLIDE CONCENTRATIONS IN THE SILOS
(1989 Sampiing Program)
SILO 3
Nuclide (pCi/g) # 21 # 22 #23 # 24 #25 # 26
Ac-227 523 416 234 1363 534 706
Pa-231 521 401 266 NA 556 889
Th-228 907 ND 554 ND 459 859
Th-230 41,911 33,881 21,010 71,650 40,968 41,555
Th-232 1451 ND 815 911 411 ND
Ra-224 453 451 64 213 295 335
Ra-226 2589 2192 467 6435 3073 1862
Ra-228 525 559 82 ND 392 441
Pb-210 2437 2221 454 6427 2493 1910
U-234 1935 1618 348 1524 1467 1910
U-235/236 152 117 ND 127 54 76
U-238 2043 1649 320 1600 1392 1860
U-Total (ppm) 4040 4305 738 2595 3064 4554
SILO 3
Nuclide (pCi/g) # 27 # 28 # 29 # 30 # 33
Ac-227 421 412 443 773 566
Pa-231 458 NA 564 931 431
Th-228 ND 996 537 ND 949
Th-230 53,227 63,649 61,190 68,759 65,488
Th-232 ND 755 672 581 672
Ra-224 370 106 137 449 313 ,
Ra-226 1518 3702 4169 2240 4451
Ra-228 325 ND 117 360 415
Pb-210 1084 2589 3553 1942 3674
U-234 1317 1052 1843 1643 1600
U-235/236 80 42 158 75 118
U-238 1243 994 1951 1574 1878
U-Total 2740 1463 1114 4050 3854
NA = Not Anaivzed
ND = Not Detacte
Note: Data vaiidation is cufrentiy in progress 33
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TABLE C-4

ORGANICS CONCENTRATIONS IN THE SILOS

CONTAMINANT Silo 1 Silo 2 Silo 3

VOLATILE ORGANICS ANALYSIS DATA (ppb) -

Methyiene Chloride 840 - 4100 1100 - 6300 1000 - 2800
Acetone 140 - 5300 ND - 1600 3400 - 12000
Chloroform 480 - 1500 660- 1300 560 - 810
2-Butanone 7100 - 21000 7800 - 15000 9700 - 16000 -
4-Methyi-2-Pentanone ND - 1400 ND - 2700 ND

Toluene ND - 430 ND - 250 180 - 6800
Trichloroethane ND ND - 120 ND
Chloromethane ND ND ND - 140
Styrene ND - 350 ND - 200 ND

Total Xylenes ND ND - 200 ND

SEMIVOLATILE ORGANICS ANALYSIS DATA (ppb)

Bis(2-Ethylhexyi)Phthalate 93 - 6000 ND - 560 ' ND - 40
Di-n-Octyl Phthalate ND - 820 ND ND
PESTICIDE ORGANICS ANALYSIS DATA (ppb)

Arocior-1248 ND - 3000 ND ND
Aroclor-1254 1100 - 14000 420 - 6000 ND

ND = Not Detected
Note: Data validation is currently in progress.
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TABLE C-5

INORGANICS CONCENTRATIONS IN THE SILOS

(1989 Sampiing Program)

3006

Contaminant

(ppm) Silo 1 Silo 2 Silo 3
Aluminum 60.4- 1430 464 - 2570 10800 - 23700
Antimony ND ND-72 ND
Arsenic 14.7 - 68.4 57.5 - 1960 532 - 6380
Barium 1970 - 7860 89.2 - 8370 118 - 332
Bervilium 0.88 - 2.8 0.66 - 6.0 10.0 - 39.9
Cadmium 21-80 34-19.1 21.5 - 204
Calcium 2150 - 5700 2430 - 301000 21300 - 39900
Chromium 21.0 - 165 12.9 - 68.8 139 - 560
Cobait 349 - 1260 6.2 - 2430 ND - 3520
Copper 122 - 473 ND - 1790 1610 - 7060
Iron 4340 - 75100 4010 - 37800 13900 - 67600
Lead 35800 - 85100 153 - 29800 646 - 4430
Magnesium 1500 - 6020 1520 - 8740 38200 - 80900
Manganese 33.5 - 257 74.2 - 403 2420 - 6500
Mercury 0.23 - 28 ND - 23 ND - 0.69
Nickel 629 - 2580 14.6 - 2200 1200 - 6170
Potassium 158 - 492 37.8 - 289 1300 - 22800
Selenium 106 - 180 ND - 118 101 - 349
Silver 5.0-233 ND - 228 9.2-238
Sodium 360 - 13100 226 - 4070 22900 - 51700
Thallium ND - 0.52 ND- 14 3.1-739
Vanadium 72.2 - 240 219 - 214 418 - 4550
Zinc 14.4 - 212 11.2 - 154 301 - 672
Cyanide 0.52 - 44 ND - 45 ND

ND = Not Detected
Note: Data vaiidation is currently in progress
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EP TOXIC METALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS

(1989 Sampiing Program)

Maximum

Allowable
Anaiyte Silo 1 Silo 2 Silo 3 Concentratior.
Arsenic (ppm) ND - 0.484 0.163 - 0.592 ND - 415 5.0
Barium (ppm) 0.079 - 14.5 0.095 - 2.62 0.020 - 0.156 100
Cadmium (ppm) ND - 0.100 0.017 - 0.278 0.108 - 6.32 1.0
Chromium (ppm) 0.020 - 0.964 ND - 1.02 0.336 - 11.9 5.0
Lead (ppm) 0.159 - 904 0.155 - 714 ND - 1.01 5.0
Selenium (ppm) 0.217 - 0.997 0.240 - 1.56 092 - 11.7 1.0
Silver (ppm) - ND - 0.121 ND - 0.213 ND - 0.032 5.0
Mercury (ppm) ND ND ND - 0.003 02

ND = Not Detected

Note: Data vaiidation is currently in progress.
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APPENDIX D

VITRIFICATION TREATABILITY STUDY
PROCEDURES AND METHODS
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PNL PROCEDURES
Fernaid QU-4 Vitrification Treatapility Study

General Procedures

o

. Representative sampies wiil be obrined by standard laboratory techniques such as coning and
quartering or roiling and quartering.

~J

. Sampie size wiil be sufficient to give the required precision of measurements.

(W8]

. Adequacy of sampling method and size wiil be indicated by the reproducibility of results.
4. All determinarions wiil be done in wiplicate.

5. All measurements for determination of physical propertdes will be done on a laboratory balance
accurate 10 #0.001¢ (all weight measurements to be within £0.01g).
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ure tor D L Vo -

. Measure and record the mass of the sample to be dried.
. Cover and place in the drying oven at 105 °C unui a constant weight is reached.
. Measure and record the mass of the dry sampie.

. % moisture = [00% * (mass initial - mass finai)/mass initial
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Procegure for Determninagon of Bulk Densiry

For soils:

L.

[§W)

(9]

;JA

Tare a 25 mL graduatcd'cylindcr.

. Pour the soiid into the graduated cylinder, being careful to avoid the formaton of air pockets.

. Tap the sides of the cyiinder undl no further settling is obvious.

Measure and record the volume of the solid material.

5. Measure and record the mass of material added to the cyiinder.
6. bulk densiry = mass sampie/volume of serntled solid
For glass:

The buik density of the giass is assumed to be equal to the apparent density. This assumpton is
valid if the giass monolith contains negiigible open pore voiume. The apparent density
determinanon is described 1n the rollowmz procedure.
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Procedure for Determinanion of Apparent Density

Note: The apparent density wiil be equal to the ue density if the closed pore voiume of the
material sarnpied is negiigible.

For sotis:
1. Tare a 10 mL volumerric flask.
2. Add about 3 g of solid materia to the flask and measure and record the mass.

3. Fiil with water to the volumetric mark, mixing sufficienty to ensure complete wewing of the
soils and eliminadon of any entrapped air bubbles. Measure and record the mass.

4. Determine the mass of water added by difference and convert to volume.
5. apparent density = mass sampie/(volume of flask - volume water added)
For giass:

If the giass sampie is broken into smalil pieces, the above method can be used. For large pieces,
use the following method. This method measures the buoyant force exerted on the submerged

sampie. The buoyant force is equal to the weight of water dispiaced by the sampie and the basket

After correcting for the buoyant force due to the basket, the weight of water displace, and thus the
sample volume can be determined.

1. Measure and record the mass of the sampie to be measured.

2. Place the sample in 2 basket and immerse the sampie completely in a beaker of water which is
tared on a balance.

LI

Record the mass shown by the balance.

4. Immerse the basket alone to the same point as in step 3 arid record the mass shown by the
balance.

Ly

. apparent densify = mass sampie * density of water/(mass from step 3 - mass from siep 4)
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This procedure is the same for both the unmreated and vitrified waste except for the slight
oreparadon required for the unreated sampie.

i. Prepare the samples for measurement. The unwreated waste wiil be placed in the test crucible
and evenly distributed. The vimified waste wiil be measured as is in the test crucible after
cooling.

[R5

. Measure the cross sectionai area of the crucible at the surface of the material.

(W3

. Place the sampie in the airdght can designed for the radon emanation measurements. This can
s airight except for two ports which will allow a controlled flow of air through the can.

-

4. Measure and record the background reading from the radon monitor.
5. Pull air through the can at a constant flow rate. Measure and record the flow.

5. Monitor the radon concentraton undi steady state is reached. Record the steady state
concentranon.

. Radon emanation rate (pCilmes) = Steady state concentration * Flow rate / cross sectional area
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Procedure for Determinaton of Radon Emanation During Vimficadon

The generai procedure will be to draw a slipstream from the quenched off-gas, dry the slipstream
on a desiccant bed. dilute it with an air bieed, and pass the dry, diluted stream through the radon
monitor. Refer to the figure below for the simple flowsheet of the off-gas monitoring.

L.

2

-
J.

n

\O

Begin with all flowmeters in the system ciosed and all pumps off.

. Place the test crucible and sample in the furnace and seal the furnace.

Open the flowmeter on the air inlet to the furnace (F4) to allow air to freely enter.
Turn on the radon monitor and measure and record the background reading.

Open the flowmeter on the radon monitor outlet sweam (F1) and adjust until the desired flow is
passing through the radon monitor.

. Open the flow meter on the air bleed into the radon monitor stream (F2) and adjust undl the air

bleed is the desired percentage of flow through the monitor.

Turn on the vacuum pump in the main off-gas line and adjust the flowmeter in the main off-gas
line (F3) untii the desired totai flow is passing through the furnace as measured at the
furnace inlet (F4).

. Check the flows on all of the lines and make adjustments as necessary to obtain the desired

flows.

. Begin vitrificaton. Periodically check the flows in each of the sweams. Monitor and record the

radon concenmanon.

10. Calculate the radon emanation as a function of dme.

Radon emanation (pCi/min) = Measured concentranion * [FIFI-F2)] * (F3+F1-F2)

The first tlow term correcss the diluted concenmradon to the actual concentradon in the off-

gas, and the second term is the total off-gas flow.

F2
‘ | Radon
Fa Monitor F1
B .
Dessicator
Vacuum
Furnace : !  Pump [—— F3
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rocegure or Performing Modif;

The antached document describes the procedure (Method 1311) to be used by the laboratory
performing the TCLP analyses. A flowsneevlogic diagram for the procedure is given on pages
1311-34 and 1131-35. The anaiysis wiil require a 100 g sampie of glass. Analysis wiil be
pertormed for metais only, as no organics remain in the glass after processing. The metais

analyzed for wiil inciude arsenic, barium. cadmium, chromium, lead. mercury, selenium, and.
silver.
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TOXICIT CHARACTERISTIC LCACHING PROCEDURE

i.0 SCOPE AND APPLICATION

1.1  The TCLP is designed to determine the mobility of both organic aI
inorganic analytes present in liquid, soiid, and muitiphasic wastes.

1.2 If a total analysis of the waste demonstrates that individuc

" inalytes are not present in the waste, or that they are present but at such lc

concentrations that the appropriate regulatory levels could not pessibly t
zxceeded, the TCLP need not be run.

1.3 If an analysis of any one of the liquid fractions of the TCL
axtract indicates that a requlated compound is present at such hig
concentrations that, even after accounting for dilution from the other fraction
of the extract, the concentration would be above the reguliatory level for tha

compound, then the waste is hazardous and it is not necessary to analyze th.
~amaining fractions of the extract.

1.4 if an analysis of extract cbtained using a bottle extractar shaw:
that the concentration of any regulated voiatile analyte exceeds the regulator;
avel for that ccmpound, then the waste is hazardous and extraction using the ZH!
s not necessary. However, extract from a bottle extractor cannot be used t¢

demonstrate that the cancentration of volatile compounds is below the regulatory
level.

2.9 SUMMARY QF METHQO

2.1 for 1iquid wastes ({i.e., those containing less than 0.5% dry salid
matarial), the waste, after filtration througn a 0.6 to 0.8 um glass fiber
Filter, is defined as the TCLP extract.

2.2 For wastes containing greater than or equal to 0.5% solids, the
Tiquid, if any, is separated from the solid phase and stored for Tater analysis;
‘4e particle size of the solid phase is reduced, if necessary. The solid phase
is sxtracted with an amount of extraction fluid equal to 20 times the weight of
the solid phase. The extraction fluid employed is a function of the alkalinity
af the saolid phase of the waste. A special extractor vessel is used when tasting
for volatile analytes (see Table 1 for a list of volatile compounds). Following
extraction, the liquid extract is separatad from the solid phase by filtration
through a 0.6 to 0.8 um glass fiber filter. .

2.3 [f compatible (i.a., multiple phases will not form on combination),
the initial liquid phase of the waste is added to the liquid extract, and these
are analyzed together. If incompatible, the liquids are analyzed separately and

the results are mathematically combined ta yield a volume-weighted average
cencentration.

1311- 1 Revision 0
Naovember 1990
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1.3 INTERFEZRENCES

3.1 Potential interferences that may be encountered during analysis
discussed in the individual anaiytical methads.

4.0 APPARATUS AND MATERIALS

4.1 Agitation apparatus: The agitation apparatus must be capable
rotating the extraction vessel in an end-over-end fashion (see Figure 1)
30 + 2 rpm. Suitable devices known to EPA are identified in Table 2.

4.2 Extraction Vessels

4.2.1 Zero-Headspace Extraction Vessel (ZHE). This device
for use only when the waste is being tested for the mobility of volati
analytes (i.,e,, those listed in Table 1). The ZHE (depicted in Figure
allows for liquid/solid separation within the device, and effective
precludes headspace. This type of vessel allows for inittal 1iquid/sol
separation, extraction, and final extract filtration without opening t
vessel (see Section 4.3.1). The vessels shall have an internal volume :
500-600 mL, and be equipped to accommodate a 90-110 mm filter. The devic:
contain VITON®' O-rings which should be replaced frequently. Suitable ZI
devices known to EPA are identified in Table 3.

For the IHE ta be acceptable for use, the piston within the 7t
shouid be able to be moved with approximately 15 psi or less. [f {t take
more pressure to move the piston, the 0-rings in the device should L
replaced. If this does not solve the problem, the ZHE is unacceptable fa
TCLP analyses and the maaufacturer should be contacted.

The ZHE should be checked for leaks after every extraction. If th
device contains a built-in pressure gauge, pressurize the device t
50 psi, allow it to stand unattended for I hour, and recheck the pressure.
[f the device does not nave a built-in pressure gauge, pressurize the
device to 50 psi, submerge it in water, and check for the presence of aly
bubbles escaping from any of the fittings. If pressure is lost, check all
fittings and inspect and replace G-rings, if necessary. Retest the
device. If leakage problems cannot be solved, the manufacturer should be
contactead.

Some ZHEs use gas pressure to actuate the ZHE piston, while others
use mechanical pressure (see Table 3). Whereas the volatiles procedure
(see Section 7.3) refers to pounds per square inch (psi), for the
mechanically actuated piston, the pressure applied is measured in
torque-inch-pounds. Refer to the manufacturer’s instructions as to the
proper conversion.

4.2.2° Bottle Extraction Vessel. When the waste is being
evaluated using the nonvolatile extraction, a jar with sufficient capacity

" VITON® is a trademark of Du Pont.

1311- 2 Reyiston O
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3 hold tha szmpie ang the sxtraction riuid i3 needed. (géidspace
zilowea in this vessel.

The extraction pottles may be constructed from various material
depending on the analytes to be analyzed and the nature of the waste (s
Secticn 4.3.3). It is recommended that borosilicate glass bottles be us
instead of other types of glass, aspecially when inorganics are
concern. Plastic bottles, other than palytetrafluorcethylene, shall n
be used if organics are to be investigated. Bottles are available from
number of laboratory suppliers. When this type of extraction vessel
used, the filtration device discussed in Section 4.3.2 is used for initi
Tiquid/solid separation and finai extract filtration.

4.3 Filtration Qevices: [t is recommended that all filtrations .

performed in a hood.

Hote:

4.3.1 lero-Headspace Extractor Vessel (ZHE): When the waste
evaluated for volatiles, the zero-neadspace extraction vessel described
Section 4.2.1 is used for filtration. The device shall be capable «
supporting and keeping in place the glass fiber filter and be able 1t
withstand the pressure needed to accempiish separation (SQ psi).

When it {s suspected that the glass fiber filter has been ruptured, :

in-line glass fiber filter may be used to filter the material within ti
ZHE.

4.3.2 Filter Holder: When the waste is evaluated for other th:
volatile analytes, any filter holder capable of supparting a glass fibe
filter and able to withstand the pressure needed to accomplish separatic
may be used. Suitable filter holders range from simple vacuum units t
relatively complex systems capable of exerting pressures of up ta 50 ps
or more. The type of filter holder used depends on the properties of th
material to be filtered (see Section 4.3.3). These devices shall have
minimum internal volume of 300 mL and be equipped to accommodate a minimu
filter size of 47 mm (filter holders having an internal capacity of 1.5
or greater, and equipped to accommodate a 142 mm diameter filter, ar
recommenaed). Vacuum filtration can only be used for wastes with 1o
solids content (<10%) and for highly granular, liquid-containing wastes
All other types of wastes should be filtered using positive pressur:
filtration. Suitable filter holders known to EPA are shown in Table 4.

4.3.3 Materials of Construction: Extraction vessels anc
filtration devices shall be made of inert materials which will not leact
or absarp wastez components. Glass, polytetrafiucroethylene (PTFE), or
type 316 stainless steel equipment may be used when evaluating the
mobility of both organic and inorganic components. Oevices made of high
density polyethylene (HOPE), polypropyiene (PP), or polyvinyl chloride
(PVC) may be used only when evaluating the mobility of metals.
Borosilicata glass bottles are recommended for use over other types of
glass bottles, especially when inorganics are analytes of concern.

4.4 Filtars: Filters shall be made of borosilicate glass fiber, shall

contain no binder materials, and shall have an effective pore size of 0.6 to

1311- 3 Revision 0
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2.2 um. coroeguivatent. Fiiiars known O SPA wnich meet these specifications ar
identified in Table 5. ?re-rfiltzrs must not ta used. hen evaluating th
mobility of metals, Tilters shall be acid-washed prior to use by rinsing with li
nitric acid followed by three consecutive rinses with deionized distilled wate:
(a minimum of 1 L per rinse is recommended). Glass iber filters are fragile anc
shouid be handied with care.

4.5 pH Meters: The meter should be accurate to + 0.05 units at 25°C.

4.6 IHE Extract Collection Devices: TEDLAR® bags or glass, stainless
steei or PTFE gas-tight syringes are used to collect the initial liquid phase and
the rfinal extract of the waste when using the ZHE device. The devices listed are
recommended for use under the following conditions:

4.6.1 If a waste contains an aqueous liquid phase or if a waste
does not contain a s1gn1f1cant amount of nonagueous liquid (ji.e., <1% of
total waste), the TEDLAR® bag or a 600 mL syringe should be used to collect
and combine the inittal liquid and salid extract.

4.6.2 If a waste contains a significant amount of nonaqueous
liquid in the initial liguid phase (i.e., >1% of total waste), the syringe
or the TESLAR® bag may be used fsr both the initial solid/liquid separation
and the final extract filtration. However, analysts shoulid use one or the
other, not both.

4.6.3 [f the waste contains no initial liquid phase (is 100%
so]id) or has no significant solid phase (is 100% liquid), either the
TEDLAR® bag or the syringe may be used. [f the syringe is used, discard
the first § mL of liquid expressed from the device. The remaining
aliquots are used for analysis.

4.7 IHE Extractton Fluid Transfer Devices: Any device capable of
transferring the extraction fluid into the ZHE without changing the nature of the
axtraction fluid is acceptable (e.q., a positive displacement or peristaltic
aump, a gas tight syringe, pressure filtration unit (see Section 4.3.2), or other
IHE device).

4.8 Laboratory Balance: Any laborataory balance accurate to within
= 0.01 grams may be used (all weight measurements are to be within + 0.1 grams).

4.9 Beaker or Erlenmeyer flask, glass, 500 nmL.

4.10 Watchglass, appropriate diameter to cover beaker aor Erlenmeyer
flask. '

4.11 Magnetic stirrer.

2 TEDLAR® is a registered trademark of Ou Pont.
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5.1 Reagent grade chemicais shall te used in ail tests. Unles.
stherwise indicated, it is intended that ail reagents shall conform to th:
specifications of the Committee on Anaiytical Reagents of the American Chemica
Society, wnere such specifications are available. Other grades may be used.
provided it is first ascertained that the reagent is of sufficiently high purit,
to permit its use without lessening the accuracy of the determination.

5.2 Reagent water. All references to reagent water in this method refer
to one of the following, as appropriate:

5.2.1 [norganic Analytes: Water which is generated by any
method which would achieve the performance standards for ASTM Type Il
water. The analyte(s) of concern must be no higher than tha highest of
either (1) the detection limit, or (2) five percent of the regulatory

leve] for that analyte, or (3) five percent of the measured concentration
in the sample.

5.2.2 VYolatile Analytes: Water in which an interferant {s not
observed at the method detection limit of the ccmpounds of interest.
Organic-free water can be generated Dy passing tap water through a carbon
filter bed containing about | 1b. of activated carbon. A water
purification system may be used to generate organic-free deionized water.
Organic-free water may also be prepared by boiling water for 15 minutes.
Subsequently, while maintaining the temperature at 90°C, bubble a
contaminant-free inert gas through the water for | hour. The analyte(s)
of concern must be no higher than the highest of either (1) the detection
limit, or (2) five percent of the regulatory level for that analyte, or
(3) five percent of the measured concentration in the sample.

5.2.3 Semivolatile Analytes: Water in which an interferant {is
not observed at the method detection limit of the compounds of interest.
Organic-free water can be generated by passing tap water through a carbon
filter bed containing about 1 1b. of activated carbon. A water
purification system may be used to generate organic-free deionized water.
The analyte(s) of ccncern must be no higher than the highest of either (1)
the detection limit, or (2) five percent of the requiatory level for that
analyte, or (2) five percent of the measured concentration in the sample.

5.3 Hydrochloric acid (IN), HCl, made from ACS reagent grade.
5.4 Nitric acid (IN), HNOy, made from ACS reagent grade.

5.5 Sodium hydroxide (1IN), NaOH, made from ACS reagent grade.
5.6 Glacial acetic acid, CHyCH,O0H, ACS reagent grade.

5.7 Extraction fluid.

§.7.1 Extraction fluid # 1: Add 5.7 mL glacial CH,CH600H to
500 mL of reagent water (See Section §5.2), add 64.3 mL of IN Na H, and

1311- 5 Revision @
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zituta £z a voiume of | iiter. When carrectly prepared, ihe pH of this
fluid will be 4.93 # 0.05.

5.7.2  Extraction fluid # 2: Dilute 5.7 mL glacial CHyCH,00H with
reagent water (See Section 5.2) to a volume of 1 liter. When correctly
prepared, the pH of this fluid will be 2.88 % 0.05. '

Hote: These extraction fluids should be monitored frequently for impurities.
The pH should be checked prior to use to ensure that these fluids are made
up accurately. I[f impurities are found or the pH is not within the above
specifications, the fluid shall be discarded and fresh extraction fluid
prepared.

5.8 Analytical standards shall be prepared according to the appropriate
analytical methoed.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 A1l samples shall be collected using an appropriate sampling plan.

5.2 The TCLP may place requirements on the minimal size of the field
;ample, depending upen the physical state or states of the waste and the analytes
=% concern. An aliquot is needed for preliminary evaiuation of which extraction
‘luid is to be used for the nonvolatile analyte extraction procedure. Another
sliquot may be needed to actually conduct the nonvolatile extraction (see Section
1.4 concerning the use of this extract for volatile organics). If velatile
organics are of concern, another aliquot may be needed. Quality control measures
may require additional aliquots. Further, it {s always wise to collect more
sample just in case something goes wrong with the inittal attempt to conduct the
tast.

6.3 Preservatives shall not be added to samples before extractien.

6.4 Samples may be refrigerated unless refrigeration results in
irreversible physical change tc the waste. If precipitation occurs, the entire
samoie (including precipitate} should be extracted.

6.5 When the waste is to be evaluated for volatile analytes, care shall
te taken to minimize the loss of volatiles. Samples shall be collected and
stored in a manner intended to prevent the lass of volatile analytes (e.g.,
samples should be collected in Teflon-lined septum capped vials and stored at
4*C. Sampies should be opened only immediately prior to extraction).

6.6 TCLP extracts should be prepared for analysis and analyzed as soon
1s possible following extraction. Extracts or portions of extracts for metallic
analyte determinations must be acidified with nitric acid to a pH < 2, unless
orecipitation occurs (see Section 7.2.14 if precipitation oceurs) . Ex;racts
should be preserved for other analytes according to the guidance given 1n the
individual analysis methods. Extracts or portions of extracts for organic
analyte determinations shall not be allowed to come into contact with the
atmosphere (i.e., no headspace) to prevent losses. See Section 8.0 (QA
requirements) for acceptable sample and extract holding times.

- 6 Revision O
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7.1 Preliminary Evaluations

Perform preliminary TCLP evaluations on a minimum 100 gram aliquot of
Wwaste. This aliquot may not actually undergo TCLP extraction. These preliminary
evaluations include: (!) determination of the percent solids (Secttfon 7.1.1);
(2) determination of whether the waste contains insignificant solids and fis,
therefore, its own extract after filtration (Section 7.1.2); (3) determination
of whether the solid portion of the waste requires particle size reduction
(Section 7.1.3); and (4) determination of which of the two extraction fluids are
to be used for the nonvoliatile TCLP extraction of the waste (Section 7.1.4).

7.1.1 Preliminary determination of percent solids: Percent
solids is defined as that fraction of a waste sampie (as a percentage of
the total sample) from which no liquid may be forced out by an applied
pressure, as described below.

7.1.1.1 If the waste will obviously yield no liquid when

subjected to pressure filtration (i.e., is 100% solids) proceed to
Section 7.1.23.

7.1.1.2 If the sample i{s liquid or muitiphasic,
liquid/solid separation to make a preiiminary determination of
percent solids is required. This invoives the filtration device

described in Section 4.3.2 and is outlined in Sections 7.1.1.3
through 7.1.1.9.

7.1.1.3 Pre-weigh the filter and the container that will
receive the filtrate.

7.1.1.4 Assemble the filter holder and filter following
the manufacturer’s instructions. Place the filter on the support
screen and secure.

7.1.1.5 Weigh out a subsample of the waste (100 gram
minimum) and record the weight.

7.1.1.6 Allow slurries to stand to permit the solid
phase to settle. Wastes that ssttle slowly may be centrifuged
prior to filtration. Centrifugation is to be used only as an aid
to filtration. [f used, the 1iquid should be decanted and filtered
followed by filtration of the solid porticn of the waste through
the same filtration system. :

7.1.1.7 Quantitatively transfer the waste sample to the
filter holder (1iquid and solid phases). Spread the waste sample
evenly over the surface of the filter. If filtration of the waste
at 4°'C reduces the amount of expressad liquid over what would be
expressed at room temperature then allow the sample to warm up to
room temperature in the device before filtering.

Hote: If waste material (>1% of original sample weight) hag.obviously adhered t3
the container used to transfer the sample to the filtration apparatus,
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determine the weight 37 this ragidue and subtract it from the sample

#eight determined in Section 7.i.1.5 to determine the weight of the waste
sample that will be filtared.

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or
pressurizing gas moves through the filter. [f this point i{s not reached
under 10 psi, and if no additional liquid has passed through the filter in
any 2 minute interval, siowly increase the pressure in 10 psi increments
to a maximum of 50 psi. After each incremental increase of 10 psi, if the
pressurizing gas has not moved through the filter, and if no additional
1iquid has passed through the filter in any 2 minute interval, proceed to
the next 10 psi increment. When the pressurizing gas begins to move
through the filter, or when liquid flow has ceased at SO psi (i.e.,
filtration does not result in any additional filtrate within any 2 minute
period), stop the filtration.

Instantaneous application of high pressure can degrade the glass fiber
filter and may cause premature plugging.

7.1.1.8 The material in the filter holder is defined as
the solid phase of the waste, and the filtrate is defined as the
1iquid phase.

Some wastes, such as oily wastes and some paint wastes, will obviously
contain some material that appears to be a liquid. Etven after applying
vacuum or pressure filtration, as outlined in Section 7.1.1.7, this
material may not filter. I[f this is the case, the material within the
filtration device is defined as a salid. Do not replace the original
filter with a fresh filter under any circumstances. Use only one filter.

7.1.1.9 QDetermine the weight of the liquid phase by
subtracting the weight of the filtrate container (see Section
7.1.1.3) from the total weight of the filtrate-filled container.
Determine the weight of the solid phase of the waste sample by
subtracting the weight of the liquid phase from the weight of the
total wastz sample, as determined in Section 7.1.1.5 or 7.1.1.7.

Record the weight of the 1liquid and solid phases.
Calculate the percent solids as follows:

Weight of solid (Section 7.1.1.9)

Percent solids = x 100

Total weight of wasta (Section 7.1.1.5 or 7.1.1.7)

7.1.2 I[f the percent salids determined {n Section 7.1.1.9 fis
equal to or greater than 0.5%, then proceed either to Section 7.1.3 to
determine whether the solid material requires particle size reduction or
to Section 7.1.2.1 if it is noticed that a small amount of the filtrate is
entrained in wetting of the filter. If the percent solids determined in
Section 7.1.1.9 is less than 0.5%, -then proceed to Section 7.2.9 {f the
nonvolatile TCLP is to be performed and ta Section 7.3 with a fresh
partion of the waste if the volatile TCLP is to be performed.
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- .1.2.1  Zemove the solid pnase and Filter from the
filtration aoparatus.

7.1.2.2 Ory the filter and solid phase at 100 £ 20°C

until two successive weighing yield the same value within £ 1%.
Record the final weight.

Yote: Caution should be taken to ensure that the subject solid will not flash

upon heating. It is recommended that the drying oven be vented to a hood
or other appropriate device.

7.1.2.3 Calculate the percent dry solids as follows:

(Wt. of dry waste + filter) - tared wt. of filter

Percent dry solids = x 100

Note:

Initial wt. of waste (Section 7.1.1.5 or 7.1.1.7)

7.1.2.4 If the percent dry solids is less than 0.5%,
then proceed to Section 7.2.9 if the nonvoiatile TCLP is to be
performed, and to Section 7.3 if the volatile TCLP is to be
performed. [f the percent dry solids is greater than or equal to
0.5%, and if the nonveiatile TCLP is to be performed, return to the
beginning of this Section (7.1) and, with a fresh porticn of waste,
determine whether particle size reduction is necessary (Section
7.1.3) and determine the appropriate extraction fluid (Sactian

7.1.4). [f only the volatile TCLP is to be performed, see the note
in Section 7.1.4.

7.1.3 Determination of whether the waste requires particle size
reduction (particle size is reduced during this stap): Using the salid
portion of the waste, evaluate the solid for particle size. Particle size
reduction is required, unless the solid_has a surface area per gram of
material equal to or greater than 3.1 cm?, or is smaller than 1 cm in its
narrowest dimension (i.e., is capable of passing through a 9.5 mm (0.375
inch) standard sieve). [f the surface area is smaller or the particle
size larger than described above, prepare the solid portion of the waste
for extraction by crushing, cutting, or grinding the waste to a surface
area or particle size as described above. If the solids are prepared for

arganic volatiles extraction, special precautions must be taken (see
Section 7.3.6).

Surface area criteria are meant for filamentous (e.g., paper, cloth, and
similar) waste matertals. Actual measurement of surface area is not
required, nor is it recommended. For materials that do not obviously meet
the criteria, sample specific methods would need to De developed and

empicyed to measure the surface area. Such methodology is currently not
available.

7.1.4 Datermination of appropriate extraction fluid: If the
solid content of the waste is greater than or equal to 0.3% and if the
sample will be extracted for nonvolatile constituents (Section 7.2),
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ecticn £.7) for the nonvolatiles

(%)

Zatermine :the :zpproporiate uid  {
axtraction as foiiows:

Note: TCLP extraction for volatile constituents uses oniy extraction fluid #1
(Section 5.7.1). Thererore, if TCLP extraction for nonvoiatiles is not
required, proceed to Section 7.2.

7.1.4.1 Weigh out a small subsample of the solid phase

of the waste, reduce the soiid (if necessary) to a particle size of

approximately 1 mm in diameter or less, and transfer 5.0 grams of

qu :olid phase of the waste to a 500 mbL beaker or frienmeyer
ask.

7.1.4.2 Add 95.5 mL of reagent water to the beaker,
cover with a watchglass, and stir vigorously for S minutes using a
magnetic stirrer. Measure and record the pH. I[f the pH is <5.0,
use extraction fluid #1. Proceed to Section 7.2.

7.1.4.3 If the pH from Section 7.1.4.2 {s >5.0, add
3.5 mb IN HC1, slurry briefly, cover with a watchglass, heat to
50°C, and hold at 50°C for 10 minutes.

7.1.4.4 Let the solution cool to room temperature and
record the pH. [f the pH is <5.0, use extraction fluid #1. If the
pH is >5.0, use extraction fluid #2. Proceed to Section 7.2.

7.1.5 [f the aliquot of the waste used for the preliminary
evaluation (Sections 7.1.1 - 7.1.4) was determined to be 100% solid at
Section 7.1.1.1, then it can be used for the Section 7.2 extraction
(assuming at least 100 grams remain), and the Section 7.3 extraction
(assuming at least 25 grams remain). I[f the aliquot was subjected to the
procedure in Section 7.1.1.7, then anather aliquot shall be used for the
volatile extraction procesdure in Section 7.3. The aliquot of the waste
subjected to the procedure in Section 7.1.1.7 might be appropriate for use
for the Section 7.2 extraction if an adequate amount of solid (as
determined by Section 7.1.1.9) was obtained. The amount of solid
necessary is dependent upon whether a sufficient amount of extract will be
produced to support the.analyses. [f an adequate amount of solid remains,
proceed to Section 7.2.10 of the nonvolatile TCLP extraction.

7.2 Procedure When Yolatiles are not Involved

A minimum sample size of 100 grams (solid and 1liquid phases) f{s
recommended. [n some cases, a larger sample size may be appropriate, depending
on the solids contant of the waste sample (percent solids, See Section 7.1.1),
whether the initial liquid phase of the waste will be miscible with the aqueous
extract of the solid, and whether inorganics, semivolatile organics, pesticides,
and herbicides are all analytes of concern. Enough solids should be generated
for extraction such that the volume of TCLP extract will be sufficient to support
all of the analyses required. If the amount of extract generated by a single
TCLP extraction will not be sufficient to perform all of the analyses, more than
one extraction may be performed and the extracts from each comoined and aliquoted
for analysis.
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7.2.1 "F tha wasta wiil obviousiy yield no 1iguid when subjected
=5 pressure riitration (i.z., is 100% soiid. seze Section 7.1.1), weigh out

1 supsampie of the wasta (100 gram minimum) and proceed to Section 7.2.9.

7.2.2 If the sample is liquid or muitiphasic, 1iquid/salid
separation is required. This invoives the filtration device described in
Section 4.3.2 and is outlined in Sections 7.2.3 to 7.2.8.

7.2.3 Pre-weigh the container that will receive the filtrate.

7.2.4 Assemble the filter holder and filter following the
manufacturer’s instructions. Place the filter on the support screen and
secure. Acid wash the filter if evaluating the mobility of metals (see
Section 4.4).

Acid washed filters may be used for all nonvolatile extractions even when
metals are not of concern.

7.2.5 Weigh out a subsampie of the waste (100 gram minimum) and
record the weight. If the waste contains <0.5% dry solids (Section
7.1.2), the liquid cortion of the waste, after filtration, is defined as
the TCLP extract. Therefore, enough of the sample shouid be filtered so
that the amount of filtered liquid will support all of the analyses
required of the TCLP extract. For wastes containing >0.5% dry solids
(Sections 7.1.1 or 7.1.2), use the percent solids information obtained in
Section 7.1.1 to determine the optimum sample size (100 gram minimum) for
filtration. Enougn solids should be generated by filtration to support
the analyses to be performed on the TCLP extract.

7.2.6 Allow slurries to stand to permit the solid phase ta
settle. Wastes that sattle slowly may be centrifuged prior ta filtration.
Use centrifugation anly as an aid to filtration. If the waste fis
centrifuged, the Tliquid should be decanted and filtered followed by
filtration of the solid porticn of the waste through the same filtration
system. -

7.2.7 Quantitatively transfer the waste sampie (1iquid and solid
shases) to the filter holder (see Section 4.3.2). Spread the waste sampie
avenly over the surface of the filter. If filtration of the waste at 4°C
reduces the amount of expressed liquid over what would be expressed at
room temperature, then allow tha sample to warm up to room temperature in
the device befaore filtering.

1f waste material (>1% of the original sample weight) has obviously
adhered to the container used to transfer the sampie to the filtration
apparatus, determine the weight of this residue and subtract it from the
sample weight determined in Section 7.2.5, to determine the weight of the
waste sample that will be filtered.

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or
pressurizing gas moves through the filter. If this paint is not.reached
under 10 psi, and if no additional liquid has passed through the filter in
any 2 minute interval, slowly increase the pressure in 10 psi increments
to a maximum of SO psi. After each incremental increase of 10 psi, if tha
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sressurizing gas nas not moved througn the fiiter, and if no additional
iiquid has passea througn the rilter in any 2 minute interval, proceed to
the next !0 psi increment. Jhen the pressurizing gas begins to move
through the filter, or when the ligquid flow has ceased at 50 psi (i.e.,

filtration does not rasult in any additional filtrate within a 2 minute
period), stop the filtratian.

Instantaneous application of high pressure can degrade the glass fiber
filter and may cause premature piugging.

7.2.8 The material in the filter holder is defined as the solid
phase of the waste, and the filtrate is defined as the l1iquid phase.
Weigh the filtrate. The liquid phase may now be either analyzed (See
Section 7.2.12) or stored at 4°C until time of anaiysis.

Some wastes,.such as oily wastes and some paint wastes, will obviously
contain some material that appears to be a liquid. Even after applying
vacuum or pressure filtration, as outlined in Section 7.2.7, this material
may not filter. If this is the case, the material within the filtration
davice is defined as a solid and is carried through the extraction as a
solid. Co not rsplace the original filter with a fresh filter under any
circumstances. ise oniy one filtar.

7.2.9 If the waste contains <0.5% dry solids (see Section
7.1.2), proceed to Section 7.2.13. If the waste contains >0.5% dry solids
(see Section 7.1.1 or 7.1.2), and if particle size reduction of the solid
was needed- in Section 7.1.3, proceed to Section 7.2.10. [f the waste as
received passes a 9.5 mm sieve, quantitatively transfer the solid material
into the extractor bottle along with the filter used to separate the
initial liquid from the solid phase, and proceed to Section 7.2.11.

7.2.10 Prepare the solid portion of the waste for extraction by
crushing, cutting, or grinding the waste to a surface area or particle
size as described in Section 7.1.3. When the surface area or particle
size has been appropriataly altered, quantitatively transfer the solid
material into an extractcr bottle. Include the filter used to separate the
initial Tiquid from the solid phase.

Sieving of the waste is not normally required. Surface area
requirements are meant for filamentous (e.g., paper, cloth) and
similar waste materials. Actual measurement of surface area is not
recommended. I[f sieving is necessary, a Teflon coated sieve should
be used to avoid contamination of the sampie.

7.2.11 Determine the amount of extraction fluid ta add to the
extractor vessel as follows:

20 x percent salids (Section 7.1.1) x weight of waste
filtered (Section 7.2.5 or 7.2.7)

extraction fluid

100
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Siowiy aad this amount of approoriate extracticn fiuid (see Section
7.1.4) to the extractor vessei. Close the extractor pottlie tightly (it is
recommended that Tefion tape bDe used to ensure a tight szal), secure in
rotary agitation device, and rotate at 30 + 2 rpm for 18 &£ 2 hours.
Ambient temperature (i.2., temperature of room in which extraction takes
place) shall be maintained at 22 £ 3°C during the extraction period.

As agitation continues, pressure may build up within the extractor bottle
for some types of wastes (e.g., limed or calcium carbonate containing
waste may evolve gases such as carbon dioxide). To relieve excess
pressure, the extractor bottle may be periodically opened (e.g., after 1S
minutes, 30 minutes, and 1 hour) and vented into a hood. :

7.2.12 Following the 18 + 2 hour extraction, separate the
material in the extractor vessel into its component liquid and solid
phases by filtering through a new glass fiber filter, as outlined in
Section 7.2.7. For final filtration of the TCLP extract, the glass fiber
filter may be changed, if necessary, to facilitate filtration. Filter(s)

shall be acid-washed (see Section 4.4) {f evaluating the mobility of
metals.

7.2.13  Prepare the TCLP extract as follows:

7.2.13.1 If the waste contained no initial 1liquid
phase, the filtered liquid material obtained from Section 7.2.12 {s
defined as the TCLP extract. Proceed to Section 7.2.14.

7.2.13.2  If compatible (e.q., multiple phases will not
result on combination), combine the filtered liquid resulting from
Section 7.2.12 with the initial liquid phase of the waste obtained
in Section 7.2.7. This combined liquid is defined as the TCLP
extract. Proceed to Section 7.2.14.

7.2.13.3 If the initial liquid phase of the waste, as
obtained from Section 7.2.7, is not or may not be compatible with
the filtered liquid resulting from Section 7.2.12, do not combine
these 1iquids. Analyze these liquids, collectively defined as the
TCLP extract, and combine the results mathematically, as described
in Section 7.2.14.

7.2.14 Following collection of the TCLP extract, the pH of the
extract should be recorded. Immediately aliquot and preserve the extract
for analysis. Metals aliquots must be acidified with nitric acid to
pH <2. [f precipitation is observed upon addition of nitric acid to a
small aliquat of the extract, then the remaining portion of the extract
for metals analyses shall not be acidified and the extract shall be
analyzed as soon as possible. All other aliquots must be stored under
refrigeration (4°C) until analyzed. The TCLP extract shall be prepared
and analyzed according to appropriate analytical methods. TCLP extracts to
be analyzed for metals shall be acid digested except in those instances
where digestion causes loss of metallic analytes. If an analysis of the
undigested extract shows that the concentration of any requlated metallic
analyte exceeds the regulatory level, then the waste is hazardous and
digestion of the extract is not necessary. However, data on undigested
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eXtracts :ione C3nnot te uysed to damonstrate that the waste s r
nazarcous.  if the individuai ghases are 3 be analyzed separatel
determine the voiume of the individuai phases (to + 0.5%), conduct t

appropriate analyses, and ccmbine the results mathematicaily by using
simpie voiume-weightad average:

(Vy) () + (Vy) (Cy)
Final Analyte Concentration = ' 1 : :

vy + Y,
where:

V, = The voiume of the first phase (L).

C, = The concentration of the anaiyte of concern in the first phase (mg/L)
V, = The volume of the second phase (L).

C, = The concentration of the analyte of concern in the second phase

(mg/L).

7.2.15 Compare the analyte concentrations in the TCLP extrac
With the ieveis identified in the appropriate requlations. Refer t
Section 8.0 for quality assurance requirements.

7.3 ?rocedure When Volatiles are Involved

Use the ZHE device to obtain TCLP extract for analysis of volatile
compounds only. Extract resulting from the use of the ZHE shall not be used tc
avaluate the mobility of nonvelatile analytes (e.g., metals, pesticides, ete. ).

The ZHE device has approximately a 500 mL internal capacity. The ZHE can
thus accommodate a maximum of 25 grams of solid (defined as that fraction of a
sampie from which no additional Tiquid may be forced out by an applied pressure
of 30 psi), due to the need to add an amount of extraction fluid equal to 20
times the weight of the solid phase.

Charge the ZHE with samole only once and do not open the device until the
final extract {(of the soiid) has been collected. Repeated filling of the ZHE to
obtain 25 grams of solid is not permitted.

Do not allow the waste, the initial liquid phase, or the extract to be
exposed to the atmesphere for any more time than is absolutely necessary. Any
manipulation of these materials should be done when cold (4°C) to minimize loss
of volatiles, .

7.3.1 Pre-weigh the (evacuated) filtrate collection container
(See Section 4.6) and set aside. If using a TEDLAR® bag, express all
liquid from the ZHE device into the bag, whether for the initial or final
1iquid/solid separation, and take an aliquot from the liquid in the bag
for analysis. The containers listed in Section 4.6 are recommended for
use under the conditions stated in Sections 4.6.1 - 4.6.3.

7.3.2 Place the ZHE piston within the body of the.ZHE (it may be
helipful first to moisten the piston O-rings slightly with extraction
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“luid).  idjust tha oistan within the ZHZ toay ta a neight that wil)l
winimize the aistance the pistan wiil have to move once tha ZHE is chargeo
#ith sampie (based upon sampie size requirements determined from Section
7.3, Section 7.1.1 and/or 7.1.2). Secure the gas inlet/cutlet flange
{bottam flange) onto the ZHE body fn accordance with the manufacturer’s
instructions. Secure the glass riber filter between the support screens
and set aside. Set liquid inlet/outlet flange (top flange) aside.

7.3.3 [f the waste is 100% solid (see Section 7.1.1), weigh out

a subsamole (25 gram maximum) of the waste, record weight, and proceed to
Section 7.3.5.

7.3.4 If the waste contains < 0.5% dry solids (Section 7.1.2),
the liquid portion of waste, after filtratfon, is defined as the TCLP
axtract. Filter enough of the sample so that the amount of filtered
Tiquid will support all aof the vaolatile analyses required. For wastes
containing > 0.5% dry solids (Sections 7.1.1 and/or 7.1.2), use the
percent solids information obtained in Section 7.1.1 to determine the

aptimum sample size to charge into the ZHE. The recommended sample size
is as follaws:

7.3.4.1 For wastes containing < 0.3% solids (see

4.
Section 7.1.1), weigh out a 500 gram subsampie of waste and record
the weight.

7.3.4.2 For wastes containing > 0.5% solids (see

Section 7.1.1), determine the amount of waste to charge into tha
ZHE as follows:

25

Weight of waste to charge ZHE = x 100

Hote:

percent solids (Section 7.1.1)

Weigh out a subsample of the wasts of the appropriate size and
record the weight.

7.3.5 [f particle size reduction of the solid portion of the
waste was required in Section 7.1.3, proceed to Sectfon 7.3.6. If

particle size reduction was not required in Section 7.1.3, proceed to
Section 7.3.7.

7.3.8 Prepare the waste for extraction by crushing, cutting, or
grinding the solid portian of the waste to a surface area or particle size
as described in Section 7.1.3. Wastes and appropriate reduction equipment
should be refrigerated, if possible, to 4°C prior to particle size
reduction. The means used to effect particle size reduction must not
generate heat in and of itself. [f reduction of the sol{d phase of the

waste is necessary, exposure of the waste to the atmosphere should be
avoided to the extent possible.

Sieving of the waste is not recommended due to the possibility that
volatiles may be lost. The use of an appropriately graduated ruler is
recommended as an acceptable alternative. Surface area requirements are
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“eant for Tiiamentous {z.a caper. cioth) and similar waste material:

P -

Actual measurement Of surtace area iS not recommended.

When the surface area or particls size has been appropriatel
altered, procsed to Section 7.3.7.

7.3.7 Waste slurries need not be allowed to stand to permit th
solid phase to settle. UCo not centrifuge wastes prior to filtration.

7.3.8 Quantitatively transfer the entire sample (liquid an
solid phases) quickly to the ZHE. Secure the filter and support screen
onto the top flange of the device and sscure the top flange to the ZH.
body in accordance with the manufacturer’s instructions. Tighten all ZH
fittings and place the device in the vertical position (gas inlet/outle:
flange on the bottom). Do not attach the extract collection device ta th:
top piate.

If waste material (>1% of original sample weight) has obviously adhered t«
the container used to transfer the samplie to the ZHE, determine the weight
of this residue and subtract it from the sample weight determined ir
Section 7.2.4 to determine the weight of the waste sampie that will be
filtered.

Attach a gas line to the gas inlet/outliet valve (bottom flange)
and, with the liquid inlet/outlet vaive (top flange) open, begin applying
gentle pressure of 1-10 psi (or more if necessary) to force all headspace
slowly out of the ZHE device into a hood. At the first appearance of
liquid from the liquid inlet/outlet valve, quickly close the valve and
discontinue pressure. If filtration of the waste at 4°'C reduces the
amount of expressed liquid over what would be expressed at room
temperature, then allow the sampie to warm up to room temperature in the
device pefore filtering. If the waste is 100% soiid (see Section 7.1.1),
slowly increase the pressure to a maximum of S0 psi to force most of the
headspace out of the device and procsed ta Section 7.3.12.

7.3.9 Attach the evacuated pre-weighed filtrate collection
container to the liquid inilet/outlet valve and open the valve. Begin
applying gentle pressure of 1-10 psi to force the liquid phase of the
sampie into the filtrate collection container. If no additional liquid
has passed through the filter in any 2 minute interval, siowiy increase
the prassure in 10 psi increments to a maximum of 50 psi. After each
incremental increase of 10 psi, if no additionai liquid has passed through
the filter in any 2 minute interval, proceed to the next 10 psi increment.
When liquid flow has ceased such that continued pressure filtration at S50
psi does not result in any additional filtrate within a 2 minute period,
stop the filtration. (Close the liquid inlet/outlet valve, discontinue
pressure to the piston, and disconnect and weigh the filtrate collection
container.

Instantaneous application of high pressure can degrade the glass fiber
filter and may cause premature plugging.

7.3.10 The material in the ZHE is defined as the solid phase of
the waste and the filtrate is defined as the liquid phase.
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Some wastas. such as oily wastes and scme caint wastes. will obviously
contain scme materiai that appears to be a iiauid. Zven after applying
aressure filtration, this material wiil not filter. [f this is the case,
the material within the filtration device is defined as a solid and is
carried through the TCLP extraction as a solid.

If the original waste contained <0.5% dry solids (see Section
7.1.2), this filtrate is defined as the TCLP extract and is analyzed
directly. Proceed to Section 7.3.15. '

7.3.11 The liquid phase may now be either analyzed immediately
(See Sections 7.3.13 through 7.3.15) or stored at 4'C under minimal
headspace ccnditions until time of analysis. Oetermine the weight of
extraction fluid #1 to add to the ZHE as follows:

20 x percent salids (Section 7.1.1) x weight
of waste filtered (Section 7.3.4 or 7.3.8)

100

7.3.12 The following Sections detail how to add the appropriate
amount of extraction fluid to the solid material within the ZHE and

agitation of the ZHE vessel. Extraction fluid #1 is used in all cases
(See Sectien 5.7).

7.3.12.1 With the ZHE in the vertical position, attach
a line from the extraction fluid reserveir to the 1liquid
inlet/outlet valve. The line used shall contain fresh extraction
fluid and should be preflushed with fluid to eiiminate any air
pockets in the iine. Releasa gas pressure on the ZHE piston (from
the gas inlet/outlet valve), open the liquid inlet/outlet valve,
and begin transferring extraction fluid (by pumping or similar
means) into the ZHE. Continue pumping extraction fluid into the

ZHE until the appropriate amount of fluid has been introduced into
the device.

7.3.12.2 After the extraction fluid has been added,
immeaiately close the liquid inlet/outlet vaive and discannect the
extraction fluid line. Check the ZHE to easure that all valves are
in their closed positions. Manually rotate the device in an
end-over-end fashion 2 or 3 times. Reposition the ZHE in the
vertical position with the 1liquid inlet/outlet valve on top.
Pressurize the ZHE to 5-10 psi (if necessary) and slowiy open the
1iquid inlet/outlet valve to bleed.out any headspace (into a hood)
that may have been introduced due to the addition of extraction
fluid. This bleeding shall be done quickly and shall be stopped at
the first appearance of liquid from the valve. Re-pressurize the

ZHE with 5-10 psi and check all ZHE fittings to ensure that they
are clased.

7.3.12.3 Place the ZHE in the rotary agitation
apparatus (if it is not already there) and rotate at 30 + 2 rpm for
18 + 7 hours. Ambient temperature (i.e., temperature of room in

311- 17 Revision 0
: November 1990

122



“nich extracticn occurs) shall be maintained at 22 + 2°C during
iagitation.

7.3.13  Following the 18 # 2 hour agitation period, check the
pressure behind the ZHE pisten by quickly opening and closing the gas
inlet/outlet valve and noting the escape of gas. [f the pressure has not
been maintained (j.e., no gas release observed), the device is leaking.
Check the ZHE for leaking as specified in Section 4.2.1, and perform the
extraction again with a new sample of wasta. If the pressure within the
device has been maintained, the material in the extractor vessal is once
again separated into its component liquid and solid phases. If the waste
contained an {nitial liquid phase, the 1iquid may be filtered directly
into the same filtrate collection container (i.e,, TEDLAR® bag) helding the
initial liquid phase of the waste. A separate filtrate collection
container must be used if combining would create multiple phases, ar there
1s not enough volume left within the filtrate collection container.
Filter through the glass fiber filter, using the ZHE device as discussed
in Section 7.3.9. A1l extract shall be filtered and collected if the
TEDLAR® bag is used, if the extract {s multiphasic, or {f the waste
contained an initial liquid phase (see Sections 4.6 and 7.3.1).

Hote: An in-line giass fiber filter may be used to filter the matertal within
the ZHE if it is suspected that the glass fiber filter has been ruptured.

7.3.14 If the original waste contained no initial liquid phase,
the filtered liquid material obtained from Section 7.3.13 is defined as
the TCLP extract. [f the waste contained an initial 1iquid phasa, the
filtered liquid material obtained from Section 7.3.13 and the initial
1iquid phase (Section 7.3.9) are collectively defined as the TCLP extract.

7.3.15 Following collection of the TCLP extract, immediately
prepare the extract for analysis and store with minimal headspace at 4°C
until analyzed. Analyze the TCLP extract according to the appropriate
analytical methods. If the individual phases are to be analyzed
separately (i.e., are not miscible), determine the volume of the
individual phases (to 0.5%), conduct the appropriate analyses, and combine
the results mathematically by using a simple volume-weighted average:

(V) (Cy) + (V,) (Cy)
rinal Analyte -
Concentration

V,+ VZ
where:

V, = The volume of the first phases (L).

C, = The concentration of the analyte of concern in the first phase (mg/L).
¥, = The volume of the second phase (L).

C, = The concentration of the analyte of concern in the second phase

(mg/L).
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T,2.16 :moare the analyte ccncentrations in the TCLP extra
With tne ieveis identified in the appropriate rsguiations. Refer
Secticn 8.0 for quality assurance requirements,

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for all required quality control procedures
A minimum of one blank (using the same extraction fluid as used for the samples
for every 20 extractions that have been conductad in an extraction vessel.

8.2 A matrix spike shall be performed for each waste type (g.9.
wastewater treatment sludge, contaminated soil, etc.) unless the result exceed
the requlatory level and the data are being used solely to demonstrate that th
waste property exceeds the regulatory level. As a minimum, follow the matri
spike addition guidance provided in each analytical method.

8.2.1 Matrix spikes are to be added after filtration of the TCL.

sxtract and before praservation. Matrix spikes should not be added prioc:
to TCLP extraction of the samoie.

8.2.2 In most cases, matrix spikes should be added at
concentration equivalent to the carresponding reguiatory level. If the
analyte concentration is less than one half the regulatory level, the
spike concentration may be as low as one half of the analyte
concentration, but may not be not less than five times the methoc
detection limit. [n order to avoid differences in matrix effects, the

matrix spikes must be added to the same nominal volume of TCLP extract as
that which was analyzed for the unspiked sample.

8.2.3 The purpose of the matrix spike is to monitor the
performance of the analytical methods used, and to determine whether
matrix interferences exist. Use of ather internal calibratton methods,
medification of the analytical metheds, or use of alternate analytical
methods may be needed to accurately measure the analyte concentration in .
the TCLP extract when the recavery of the matrix spike {s below the
expected analytical method performance.

8.3 AAI1 quality control measures descr{bed in the appropriate analytical
methods shall ba followed. -

8.4  Samples must undergo TCLP extraction within the following time
periods:
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SAMPLE MAXTMUM HOLOING TTMES {days)

ks - - —— . 4
From: Field From: TCLP From: Prepara- Total
| Collec- extrac- tive Elapsed
tion tion extrac- Time
tion
Ta: TCLP To: Prepara-
extrac- tive Ta: determi-
tion gxtrac- native
: tion analysis
Volatiles | 14 | NA 14 28 |
Semi-
voiatiles 14 7 40 61
Mercury 28 NA 28 56 ?
Metals,
except 180 NA 180 360
mercury
NA = Not Aoolicable ‘

]

{f sampie holding times are exceeded, the values obtained will be considered
minimal concentrations. Exceeding the holding time is not acceptable in
establishing that a wasta does not exceed the regulatory level. Exceeding the
hoiding time will not invalidate charactarization if the waste exceeds the
requlatory level. :

3.0 METHOD PERFCRMANCE

3.1 Ruggedness. Two ruggedness studies have been performed to determine
the effect of various perturbations on specific elements of the TCLP protocol.
Ruggeaness tasting determines the sensitivity of small procedural variations
which might be expected to occur during routine laboratory application.

3.1.1 Metals - The follawing conditions were used when leaching
a waste for metals analysis:

S _‘L R ———
Varying Conditions
19:1 vs. 21:1

Liquid/Solid ratioe

Extraction time 16 hours vs. 18 hours l

l
|
Headspace | 20% vs. 60%
l
|

Buffer #2 acidity 190 mea vs. 210 mea

W Acid-washed filters

yes vs. no ‘
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Filter type 0.7 pm giass riber vs. J.45 um ’

i
!
! vs. polycarbonate

|
;!

2ottle tvpe

borosi]jgi;e vs. flint qlass I

Of the seven method variations examined, acidity of the extractior
fluid had the greatest impact an the results. Four of 13 metals from ar
APl separator siudge/electropiating waste (API/EW) mixture and two o:
three metals from an ammonia lime still bottom waste were extracted at
higher levels by the more actdic buffer. Because of the sensitivity to pt
changes, the method requires that the extraction fluids be prepared sc
that the final pH is within £ 0.05 units as specified.

9.1.2 Volatile Organic Compounds - The following conditions were
used when leaching a waste for VOC analysis:

% Varving Conditions l
| Liguid/Solid ratio | 19:1 vs. 21:1 |
Headspace ‘ 0% vs. 5% : ‘
Suffer #1 acidity | 60 mea vs. 80 mea |
Method of storina extract Syringe vs. Tedlar® baa
Aliquotting yes Vvs. no
Pressure behind piston 0 osi vs. 20 pst

None of the parameters had a significant effect on the results of
the ruggedness test.

9.2 Precision. Many TCLP precision (reproducibility) studies have been
perrormed, and have shown that, in general, the precision of the TCLP fis
comparable to or exceeds that of the EP toxicity test and that method precision
is adequate. One of the more significant contributions to poor precision appears

to be related to sample homogeneity and inter-laboratory variation (due to the
nature of waste materials).

8.2.1 Metals - The results of a muiti-laboratory study are shown
in Table &, and indicate that a single analysis of a waste may not be
adequate for waste characterization and identification requirements.

9.2.2 Semi-Volatile Organic Compounds - The results of two
studies are shown in Tables 7 and 8.  Single laboratory precision was
excellent with greater than 90 percent of the results exhibiting an RSO
less than 25 percent. Over 85 percent of all individual compounds in the
multi-laboratory study fell in the RSD range of 20 - 120 percent. Both
studies concluded that the TCLP provides adequate precistion. It was also
determined that the high acetate content of the extraction fluid did not
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sresent orsolems (i.2., cclumn degracaticn of tha gas chromatograph) ¢
the analytical ccnagitions used.

9.2.3 Volatile OQrganic Compounds - Eleven laboratori
participated in a collaborative study of the use of the ZHE with two was
types which were fortified with a mixture of VOCs. The results of t
collaborative study are shown in Table 9. Precision results for VOCs te:
to occur over a considerable range. However, the range and mean R
compared very closely to the same collaborative study metals results
Table 6. 8lackburn and Show concluded that at the 95% level «
significance: 1) recaoveries among 1laboratories were statistical’
similar, 2) recoveries did not vary significantly between the two sampi
types. and 3) each laboratory showed the same pattern of recovery for eac
of the two sampies. :
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Yolatile Anaiytes'®

Camoound CAS No.
Acatone 67-64-1
3enzene 71-43-2
n-Butyl! aicaohal 71-36-3
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroform 67-66-3
1,2-0ichloroethane 107-06-2
1,1-0fchloroethyiene 75-35-4
tthyl acetate 141-78-6
tthyl benzene 100-41-4
gthyl ether 6Q-29-7
Isobutanol 78-83-1
“sthanol §7-56-1
“4athylene chloride 75-09-2
Mathyl ethyl xetone 78-93-3
Methyl isobutyl ketone 108-10-1
Tetrachloroethylene 127-18-4
Toluene 108-88-3
1,1,1,-Trichloroethane 71-558-6
Trichlorcethylene 79-01-6
Trichlorofliuoromethane 75-69-4
1,1,2-Trichloro-1,2,2-trifluaraoethane 76-13-1
Yinyi chloride 75-01-4
Lylene 1330-20-7

" When tasting for any or all of these analytes. the zero-headspace
sxtractor vessel shall be used instead or the bottle extractor,

¢ tenzene, carbon tetrachloride, chlorobenzene, chlorofarm,

1,2-dichloraethane, 1,l-dichloroethylene, methyl ethyl ketone,

*atrachlorcethylene, and vinyl chloride are toxicity charactaristic
constituents.
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Table 2.

Suitabie Rotary Agitation Apparatus’

3006

Company

Location Model No.

Analytical Testing and
Consuiting Services,
Inc.

Associatad Design and
Manuracturing Ccmoany

avironmental Machine and
Zesign, Inc.

iAA Machine Shop and
Laboratory

Lars Lande Manufacturing

Millipore Corp.

Warrington, PA 4-vessel
(215) 343-4490 8-vessel
12-vessel

Alexandria, VYA 2-vessel
(703) 549-35399 4-vessel
6-vessel
8-vessel
12-vessel
24-vessel

Lynchburg, VA 8-vessel
(804) 845-5424 4-vessel

Santurca, PR 8-vessel
(809) 732-4004

Whitmore Lake, MI 10-vessel
(313) 449-41156 5-vessel

Bedfaord, MA 4-7ZHE or

extractor (DC20S
extractor (DC20)
extractor (DC208B

(08-00-00)
(04-00-00)

(011001)

(1QVRE)
(SVRE)

(800) 225-3384 4 1-liter bottle
extractor (YT30ORAHW)

§-vessal

(SOIM352C0)

5 Any device that rotates the extraction vessel in an end-over-and fashion at 3C

2 rom is acceptable.

-
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Tablie 3. :
Suitable Zero-Headspace Extractor Vesseis'

Company Location Model Nao.

Anaiytical Testing & Warrington, PA €102, Mechanical

Consulting Services, Inc. (218) 343-4490 Pressure Qevice
Associated QOesign and Alexandria, VA 3745-7HE, Gas
Manutfacturing Company (703) 549-5999 Pressure Qevice
Lars Lande Manufacturing? Whitmore Lake, Ml ZHE-11, Gas
(313) 449-4116 Pressure Qevice
Millipore Corporation Bedfard, MA YTI00S0HW, Gas
(800) 225-3384 Prassure Device
Zavironmental Machine Lynchburg, YA YOLA-TOX1, Gas
ang Cesign, Inc. (804) 845-5424 Pressure Oevica
Gelman Science Ann Arbor, Ml 15400 Gas Pressure

(800) 521-1520 Device

' Any device that meets the specifications listed in Section 4.2.] of the method
is suitable.

2 This device uses a 110 mm filter.
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rabie 4. )
Suitable Fiiter Hoiders:
Modeil/ .
Company Location Catalogue. # Sjze
Nucleopore Corparation Pleasanton, CA 425910 © 142 mn
(800) g882-7711 410400 47 mm
Hicro Filtration Qublin, CA 302400 142 mm
Systems (800) 334-7132 311400 47 mm
(415) 828-6010
Millipore Caorporation Bedford, MA YT30142HW 142 mm
(800) 225-3384 XX1004700 47 mm

" Any devica caoable of separating the iiquid from the solid phase of the waste
is suitable, providing that it is chemically compatible with the waste and the
constituents to be analyzed. Plastic devices (not listed above) may be used wher
only inorganic analytes are of concern. The 142 mm size filter holder is
recommended.
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Table 3.

Suitabie Filtar Medisi

3006

Company

Location

Mode1l

Porea
Size
(um)

Mil1ipore'Corporation

Nucleopore Corporation

Whatman Laboratory
Products, Ine.

Miero Filtration

Systems

Gelman Science

Bedford, MA
(800) 225-1384

PIeasanton, CA
(415) 463-2530

Clifton, Ny
(201) 773-5800

Oublin, caA
(800) 334-7132
(415) 828-5010

Ann Arbar, M1
(800) 521-1320

AP40
211625
GFF

GF75S

66256 (30mm)
66257 (142mm)

0.7

0.7

0.7

0.7

0.7

" Any filter that meets ¢
suitable.

he specificationsg
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Table 3. fulti-Laboratory TCL2 Matals, rfrecision
N S ————— e
sinpm | |
Extraction - |

daste Fluid : Mata] X ! S %RS0O
Ammon1a ) Cadmium 0.0s3 | g.03 60
Lime Stil] 42 2.023 | 0.017 76
Bottoms #1 Chromium 0.015 0.0014 93
32 0.0032 | 0.0037 118

£1 Lead 0.0030 | 0.0027 90

#2 0.0032 ! 0.0028 87

API/EW #l Cadmium 0.0046 0.0028 61
Mixture #2 0.0005% 0.0004 77
#1 Chromium 0.05861 0.0227 40

#2 0.108 0.018 17

#1 Lead 0.0031 0.0031 100

#2 0.0124 0.0136 110

Fassil i ? Cadmium 0.080 | 0.069 86
Fuel Fly #2 2.093 0.067 72
Ash $1 Chromium 0.017 0.014 85
#2 ‘ 0.070 0.040 57

#1 Lead 0.0087 0.0074 85

42 0.0457 0.0083 18

%RSD Range = 17 - 118
Mean %RSD = 74
R
Note: { = Mean resuits from 5 - 12 diffarent laboratories
Units = mg/L
Extraction Fluid #1 = pH 4.9
#2 = oH 2.3
1311- 28 Revision 0
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Table 7. Singie-Laboratory Semi-Volatilas, Precision
—_— o r—————
f’ ’ Extraction -
: Jaste Comoound Fluid X S %RSD
{
| Ammonia Phenoi #1 19000 2230 11.6
i Lime StiN #2 13400 929 4.8
i Bottoms 2-Methylphenoi #1 2000 297 14.9
! #2 1860 52.9 2.8
i 4-Methylphenol $1 7940 1380 17.4
: #2 7490 200 2.7
i 2,4-0imethylpheno] #1 321 46.8 14.6
; #2 307 45.8 14.9
| Naphthaiene #1 3920 413 10.5
f 42 3827 176 4.6
; 2-Methylnaphthalene #1 290 44.8 15.5
| #2 273 19.3 7.1
i Oibenzofuran #1 187 22.7 12.1
$? 187 | 7.2 3.9
: Acenaphthylene #1 703 89.2 12.7
| ; 63 | 2001 | 3.0
. Fluorene #1 151 17.6 11.7
: #2 156 2.1 1.3
; Phenanthrene #1 241 22.7 9.4
| #2 243 7.9 3.3
i Anthracene #1 33.2 6.19 ] 18.6
#2 34.6 1.55| 4.5
; Fluaranthrene #1 25.3 1.8 7.1
.' #2 25.0 1.8 7.1
HOAPI/EW Phenoi #1 40.7 13.5 33.0
| Mixture #2 19.0 1.76 9.3
f 2,4-Oimethylphenqgi #1 33.0 9.35} 28.3
: 42 43.3 8.61 19.9 g
! Naphthalene #1 185 29.4 15.8
$2 165 24.8 15.0
' 2-Methylnapnthalene #1 265 61.2 23.1
: #2 200 18.9 9.5 |
| %RSD Range = | - 33
| Mean %RSD = 12
N —
Note: Units = ug/L
Extractions were performed in triplicate
All results were at Teast 2x the detection limit
Extraction Flyid #1 = pH 4.9
#2 = oH 2.9
1311- 29 Revision 0
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vable 3. Muiti-Laborateory Semi-Yolatiles, recision

: ; Extraction -
; Wasta Comoound Fluid X S %RSI
| Ammonia Lime 3NAs #1 10043 7680 76.!
Still Bottems (A) $2 10378 55582 63..
AP1/EW 3NAs #1 1624 675 41.¢
| Mixture (8) #2 2074 1463 70.¢
{ Fossil Fuel 8NAs #1 750 175 23.4
| Flv Ash (C) #2 739 342 46.2
e ————— Mean %RSO = 54
- T —— m

Hote: Units = ug/L

X = Mean resuyits froem 3 - 19 labs
Extraction Fluid #1 = oH 4.9
2 = oH 2.3

%RSD Range for [ndividual Compounds

A, #1 0 - 113

A, #2 28 - 108

8, #1 20 - 158

8, #2 49 - 128

C, #1 36 - 143

C, # 61 - 164
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ible. g Multi-Labaratery (11 L2Ds) VYOCs. ‘recisian
——— _ — ——— 3
Haste Comoound X S %RSD
Mine Vinyl chloride 8.36 5.36 100
i Tailings Methyiene chloride 12.1 11.8 98
i Carbon disulfide 5.57 2.83 51
; 1,1-Dichloroethene 21.9 27.7 127
? 1,1-Dichlorcethane 1.4 25.4 81
; Chloroform 46.6 29.2 63
: 1,2-Dichioroethane 47.8 33.6 70
? 2-3utanone 43.5 36.9 8%
; 1,1,1-Trichlorcethane 20.9 20.9 100
: Carbon tetrachloride 12.0 8.2 68
! Trichloroethene 24.7 21.2 86
: 1,1,2-Trichloroethene 19.6 10.9 56
Benzene 37.9 28.7 76
1,1,2,2-Tetrachlorcethane 34.9 25.6 73
Toluene 29.3 11.2 38
Chlorobenzene 35.5 i 19.3 54
Ethyibenzene 4.27 2.80 §6
Trichlororluoromethane 3.82 4.40 115
Acryionitriie 76.7 110.8 144
Ammonia Vinyi chloride 5.00 4.71 94
Lime StiN Methyiene chioride 14.3 13.1 92
Bottems Carbon disulfide 3.37 2.07 61
1,1-Dichloroethene 52.1 38.8 75
f 1,1-Oichioroethane 52.8 25.5 49
! Chloroform 64.7 28.4 44
; 1,2-0ichloroethane 43.1 31.5 73
2-8utanone 59.0 39.5 67
1,1,1-Trichloroethane 53.8 40.9 76
Carbon tetrachloride 7.10 6.1 86
Trichioroethene §7.3 4.2 60
1,1,2-Trichloroethene 6.7 4.7 70
Benzene 51.3 26.8 44
1,1,2,2-Tetrachloroethane 3.16 2.1 66
i Toluene 59.0 18.5 27
: Chlorotenzane 71.8 12.0 17
? Ethylbenzene 3.70 2.2 58
i Trichlorofluoromethane 4.05 4.8 119
: Acrvionitrile 29.4 34.8 118
f %RSD Range = 17 - 144
;' Mean /RS0 L—===J
Note: Units = ug/L
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Moter
F 30+ 2rpm

Figure 1. Rotary Agitation Apparatus
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METHOD 1311
TOXICITY CHARACTERISTIC LEACHATE PROCEDURE
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TOXICITY CHARACTERISTIC LEACHATE PROCEDURE
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. Determine the bulk density of the inidal sample.
. Determine the apparent densirty of the final glass.

. volume reduction = 100% * (1 - initial density/final densiry)
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. Record the approximate dimensions of the virified waste block.

. Measure and record the gamma dose rate at contact, 25, and 50 cm from the melit crucible along
the centeriine.

. Repeat step 2, except measure radially outward at the half height of the vitrified mass.
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NUCLEAR WASTE GLASS PRODUCT CONSISTENCY TEST - VERSION 3.0 (U)

A durability test, designated for Product Consistency Test (PCT), has been developed for glasses
produced in the Defense Waste Processing Facility (DWPF).! The test is designed to meet the
requirements of the Waste Acceprance Preliminary Specifications (WAPS) 1.3 and 1.4.2 Specification
1.3 requires the DWPF to demonstrate conuro} of the radionuclide release properties of the final waste
form. Changes in phase composition due to devirrification do not greatly aiter the rate of release of
material from the glass® of the type that will be produced in DWPF. The WAPS Specification 1.4
however requires that the release propertes of devitrified glass be similar to those determined in
Specification 1.3. The DWPF is responsible for relating the resuits of the PCT 1o a repository site-
specific release test, or altemarively, for performing the repository site-specific release tests.

The PCT has been developed, in part, to satisfy the WAPS requirements by providing a test which is
(1) sensitive 1 glass composition and homogeneity, and (2) has the potential 10 be reiated 10,
repository site-specific release tests. The test was designed to provide confirmation of the consistency
of DWPF glass under the following considerations:

Sensitivity of the test to glass composition and homogensity
Time necessary to demonswrate product quality

Ease of sample preparation for radioactive glass

Ease of test procedure for remote operation

Precision of the test resuits

Acceprance of waste form developers and repository projects

During PCT development, sampie size was limited to 100-200 mesh (149-74 m) crushed glass because
leaching of finer mesh sizes can cause overestimation of satration concentrations, e.g. if finer
powders are used, mass balance calculations need to be used to determine the maximum sanration
concenration expected from a given particle size.! Fine pamicles also contribute larger errors to the
estimation of the sample surface area than coarser sized samples. Moreover, use of a coarser mesh
crushed glass simplifies sample preparation for radioactive service.

One test temperature, 90°C, was chosen for the PCT. This temperamre is representative of the
anticipated temperature in 2 repository because of the heat of decay of the radionuclides in DWPF
waste glass. A single leachant, American Society for Testing and Materials (ASTM) Type I water,
was specified so that the test would be dominated by elemental species leached from the giass.

The V,/Myoiq ratio for the PCT was chosen as 10 mL/g and test durations of 1, 3, 7, 14, and 28 days
were evaiuated. Seven days was chosen as the minimum test duration that optimized test precision bt
did not sacrifice discriminarion.!
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Leachaee filtration 10 <0.45um was determined to improve the precision of the PCT. Filtering is
advantageous because it removes colloidal species that would otherwise dissoive during the leachate
acidification step and erroneously be measured as soluble elemental species. Filtering the leachate aiso
removes the potentiai for fine giass particulates 1o become entrained in the leachate acidificarion’
Such a dissoived particulate of glass wouild give an erroneousiy high soluble leachate concenmration or
contribute excessive radioactvity to the leachate,

PCT sampie preparation specifies that the sieved glass shouid be washed in ASTM Type I water and
absolute ethyl alcohol to remove electrostaticaily adhering fine particies. Comparisons of B.E.T.
specific surface area measurements of alcohol washed and unwashed crushed basait demonstrated that
there was less than a S percent difference in the total surface area® Other sudies®® have
demonstrated that the <lum fine particies only affect the inirial non-linear kinetics of dissolution. e.g.
the first 24-hour period. Thereafter, the fines are consumed with no further effect on the bulk
dissolution. The amount of fines adhering 1o a glass sample however, is an uncontrollable quantity
and, hence, sampie washing was inciuded in the PCT. Later experimental studies verified that sampie
washing improved the precision and the accuracy of the PCT.

An Savannah River Laboratory (SRL) internai round robin! and a seven-laboratory extemnai round
robin were completed!® to determine the precision and accuracy of the PCT. Confirmatory testing on
radioactive samples was also performed.!’ These studies indicated that the PCT was very
reproducible, yielded reliable resuits rapidly, and could be easily performed in shieided cell facilities
with radioactive samples.

This draft was submitted to ASTM subcommittee C26.13 on Repository Waste Package Materials
Testing in January 1990.
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