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1.0 PROJECT DESCRIPTION

1.1 SITE DESCRIPTION

The Fernald Environmental Management Project (FEMP) is a contractor-managed federal
facility once used for the production of purified uranium metal for the U.S. Department of
Energy (DOE). The FEMP is located on 1050 acres in a rural area approximately 20 miles
northwest of downtown Cincinnati, Ohio. On July 18, 1986, a Federal Facilities Compliance
Agreement (FFCA) was jointly signed by the U.S. Environmental Protection Agency (EPA)
and DOE to 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 Investigation/Feasibility Study (RI/FS) has been initiated 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 structures, 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 resulting 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 valves and piping placed at various levels along the height of the silo
wall. This procedure, pumping of slurry, followed by the settling and decanting, continued
until the waste material was approximately four feet below the top of the vertical wall.
Historic analyses of the K-65 silo residues indicate that approximately 11,200 kilograms of
uranium (0.71 percent U-235) is present in Silos 1 and 2. Analytical results 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 samples from Silos 1 and 2. The analyses of the samples 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 concentrations 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 resulting from its decay (referred to as daughter products, or
progeny) are the nuclides of concern 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 levels of lead-210 (Pb-210) and polonium-210 (Po-210). Also, there may have been
leakage from the existing leachate collection 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. Sampling 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 materials 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 fill 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 potential 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
constituents of the silo material. However, these results do not fully characterize the contents
of Silos 1 and 2. The variability and inconsistency of results from previous sampling efforts
and the lack of material from the lower areas of the silos precludes the use of these data for
fully characterizing the silos’ contents. Therefore, a resampling program was conducted (and
completed in August 1991), but analytical results are not available for inclusion 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
health 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 RAQs are to ensure site-wide compliance with:
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. Chemical-specific Applicable or Relevant and Appropriate Requirements
(ARARs) and To Be Considered (TBC) guidelines

. U.S. EPA guidance for risk to public health from hazardous substances
. Regulatory standards for control of radiation and radioactivity in the
environment

The remediation objectives for Operable Unit 4 must cover all constituents (radiological and
chemical) that contribute to 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
RAOs in any perched water that might be encountered directly below the silos. The
treatability study goals are given in Section 1.5.

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

1.4 TREATABILITY STUDY

1.4.1 Justification

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 information 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 treatment is to render the residues from Silos 1, 2, and 3 nonleachable
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 vitrification.

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 vitrified. In the vitrification 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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REMEDIAL ACTION OBJECTIVES

TT

1. SILO CONTENTS

2. AIR

1-2

1-4

1-5

2-2

For Human Health:

Prevent exposures to non-carcinogens which would result in a Hazard index greater than or equal 1o unity (1),
and/or combined risks from exposure to carcinogens greater than or equal to 1.0E-04, using 1.0E-06 as the
point of departure.

Prevent migration of contaminants which would result in groundwater concentrations greater than the MCLs or
non-zero MCLGs, that would result in a Hazard Index greater than or equal to unity (1), and/or combined risks
from exposure to carcinogens greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

Prevent current and future direct radiation doses from exceeding 100 mrem/yr.

For Environmental Protection:

Prevent migration of contaminants that would result in surface water levels greater than ambient water quality
criteria.

Prevent current and future direct radiation doses from causing detectable chronic effects.

For Human Health:

Prevent inhalation of contaminants which would result in a Hazard index greater than or equal to unity (1),
and/or combined risks from exposure to carcinogens greater than or equal to 1.0E-04, using 1.0E-06 as the

point of departure.

Prevent doses from radionuclide emissions at the FEMP from exceeding 10 mrem/yr, and radon flux from
exceeding 20 pCi/square meter-second.

For Environmental Protection:

Prevent current and future radiation emissions from causing detectable chronic effects.

FIGURE 1-1. REMEDIAL ACTION OBJECTIVES
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3. SOILS

4, SEDIMENTS

o341

32

33

3-4

4-1

42

For Human Health:

Prevent inhalation of/ingestion of/direct contact with soils surrounding the silos which would result in a Hazard
Index greater than or equal to unity (1), and/or combined risks from exposure to carcinogens greater than or
equal to 1.0E-04, using 1.0E-06 as the point of departure.

Prevent migration of contaminants which would result in groundwater concentrations greater than the MCLs or
non-zero MCLGs, that would result in a Hazard Index greater than or equal to unity (1), and/or combined risks
from exposure to carcinogens greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

Prevent radium concentrations from exceeding 5 pCi/g in the first 15 cm of soil, and 15 pCi/g at lower depths.
Prevent concentrations of other nuclides from exceeding levels that would result in doses greater than 100

mrem/yr. .

For Environmental Protection:

Prevent migration of contaminants that would result in surface water contamination levels greater than ambient
water quality criteria.

For Human Health:

Prevent ingestion of/direct contact with sediment contaminants which would result in a Hazard Index greater
than or equal to unity (1), and/or combined risks from exposure to carcinogens greater than or equal 1o
1.0E-04, using 1.0E-06 as the point of departure.

For Environmental Protection:

Prevent releases of contaminants from sediments that would result in surface water contamination levels greater
than ambient water quality criteria.

FIGURE 1-1.
(CONTINUED)
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MEDIA

REMEDIAL ACTION OBJECTIVES

€l

5. SURFACE WATER

6. GROUNDWATER

5-1

5-2-

6-1

6-2

For Human Health:

Prevent exposures to non-carcinogens which would result in a Hazard Index greater than or equal to unity (1),
and/or combined risks from exposure to carcinogens greater than or equal 1o 1.0E-04, using 1.0E-06 as the
point of departure.

For Environmental Protection:

Restore surface water to below ambient water quality criteria.

For Human Health:

Prevent ingestion of water having contaminant levels greater than the MCLS, non-zero MCLGs, TBCs, or
which would result in a Hazard Index greater than or equal 1o unity (1), and/or combined risks from exposure
to carcinogens greater than or equal to 1.0E-04, using 1.0E-06 as the point of departure.

For Environmental Protection:

Restore groundwatcer aquifer to contaminant concentration below the MClus.

FIGURE 1-1.
(CONTINUED)
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gradually heated up and brought to its melting 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 melting temperature long enough for the rock, debris, and other large
particles to dissolve into the glass phase, the power will be shut off and it will be allowed to
cool down.

In order to 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 must 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 to determine the quantity and
composition of the off-gas (including radon concentration) generated during vitrification of
K-65 residue, the radon emanation rate from the vitrified K-65 waste, and the leachability of
the vitrified K-65 waste. The test results from the previous laboratory tests have been
documented in "Characteristics of Fernald’s Silos 1 and 2 Residue Before, During and After
Vitrification." Due to unforeseen laboratory conditions, inadvertently, the total volume of the
generated off-gas during vitrification and, therefore, the total emanation of radon during
vitrification, 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 vitrification.
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 concentration, 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/m?-s. This is an order of magnitude lower than the EPA limit of 20 pCi/m?-s (40
CEFR 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 Treatability 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 RI/FS may
require as many as three tiers of treatability testing:

14
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TABLE 1-1
Composition of the Vitrification Off-Gas

COMPONENT VOLUME %

Nitrogen 77.2%

Oxygen 17.1%

Other Jons 3.4%

Water 1.4%

Argon 0.9%

Carbon Dioxide 0.06%
Organic Compounds None Detected

Condensate Composition

COMPONENT | (mg/L)
Aluminum <0.1
Antimony 0.04
Arsenic <0.01
Barium 0.07
Cadmium <0.01
Calcium 14.1
Chromium <0.01
Cobalt - 0.01
Iron ' 0.06
Lead 0.09
Magnesium 37
Mercury 0.0029
Nickel 0.1
Phosphorus 0.2
Potassium 0.7
Selenium 0.19
Sodium 32
Total Uranium 0.011

2713
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TABLE 1-2
Previous Laboratory Vitrification Tests
TCLP Leachate Results for Vitrified K-65 Material:
Concentration of Metals in Leachate
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The Role of Treatability Studies in the RI/FS and RD/RA Process
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. Laboratory Screening
. Bench Scale Testing
. Pilot-scale Testing

Laboratory screening and bench-scale testing are usually performed during-evaluation of
remedial alternatives. Pilot-scale testing is generally accomplished during remedy
implementation. Laboratory screening has been performed on the K-65 material (Silos 1 and
2 material) during the previous laboratory testing accomplished by PNL. Additional
laboratory screening of the K-65 material will be completed, as described in this work plan,
prior to the bench-scale vitrification testing of the K-65 material. Laboratory screening of the
metal oxide material (Silo 3 material) will be outlined in this document and will be performed
prior to the bench-scale vitrification testing of the metal oxide material. The completion of
the RI/FS 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
completed, planned, and to be determined Operable Unit 4 vitrification treatability studies to
the RI/FS process.

The detailed analysis of alternatives 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 analysis of alternatives, all remedial alternatives are
evaluated based on nine RI/FS evaluation criteria.

Results of the treatability studies should address seven of these criteria:
1 Overall protection of human health and the environment

2) Compliance with ARARs
3) Implementability

4) Reduction of toxicity, mobility, or volume
5) Short-term effectiveness

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 evaluation 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 (ASI/IT), dated July 1991, will
aid in the selection of a remedial alternative that is feasible, implementable, and cost -
effective. |

18
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The vitrification treatability studies described in this work plan will involve the vitrification of
K-65 material from Silos 1 and 2 and the metal oxide material from Silo 3. Vitrification
studies will be performed on the K-65 material by itself, the K-65 material with added Bento-
grout, the metal oxide material by itself, and a predetermined mixture of K-65 material and
metal oxide material.

A forthcoming Operable Unit 4 removal action is the addition of a layer of Bento-grout to
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 include Bento-
grout added to the K-65 material prior to the vitrification.

The method used to collect residue samples 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 ASI/IT on July 15, 1991. PNL
will receive samples 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
material(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
adsorption system to optimize the bench-scale design of these systems.

1.4.4 Verification of Results

After a successful test run of the following vitrification sequences; K-65 material, K-65
material/Bento-grout mixture, and metal oxide material/K-65 material mixture, 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 vitrified 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.
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Also, for each vitrification sequence, the liquid collected from separating the moisture from
the off-gas will be sent to an independent laboratory as established in the QAPP approved as
part of the RI/FS Work Plan. The liquid will then be analyzed for constituents as identified
in the QAPP and will include: general water quality parameters, Hazardous Substance List
(HSL) parameters, gross alpha, gross beta, gamma spectral analysis, and the following
radionuclides:

. Radium-224
. Radium-226
. Radium-228

. Actinium-227

. Protactinium-231
. Polonium-210

. Lead-210

. Isotopic Thorium
. Isotopic Uranium
. Total Uranium

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

Information obtained for the identified 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 treatment option of remedial Alternatives 3 and 4 for
Silo 3, and the vitrification treatment 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
consideration by the FS. This information is used to select the most promising treatment
technologies for further consideration, in conjunction with other aspects of the proposed
alternative 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
preliminary remediation goals, toxic constituent regulatory limits (TCLP limits), and site
background concentrations to 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.
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION

Several 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 vitrification technology considered in the following alternatives consists of heating the
residues to sufficient temperatures to induce the formation of glass-like mass. The resulting
vitreous solid will have a reduced volume, be less likely to leach hazardous and radioactive
components, and have a greatly reduced radon emanation rate. The vitrified material would
be well suited for long-term disposal.

2.1 SUMMARY OF ALTERNATIVES - SILOS 1 AND 2

Alternative QA - No Action

This alternative calls for no action and provides a baseline against which the other alternatives
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 implementation of a
monitoring program.

Alternative 1A - Nonremoval and Silo Isolation

This nonremoval alternative for Silos 1 and 2 consists of enhancing the containment integrity
of the silos and utilizing 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 stabilization and capping.
Conventional physical stabilization and vitrification were considered as options. However,
vitrification was screened out as a process option due to concerns about the difficulty of
implementability. The capping and isolation technologies, with the exception of the slurry
wall, are identical to those described for Alternative 1A.

Alternative 6 - Removal, Treatment, and On-Property Disposal

This alternative for Silos 1 and 2 calls for the removal and conventional stabilization or
vitrification of the silo contents before on-property disposal in an engineered disposal facility.
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- This alternative includes silo demolition and disposal of the debris. Figure 2-1 is a flow

diagram of Alternative 6.

Alternative 7 - Removal, Treatment, 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 disposal facility. A flow diagram for Alternative 7 is
provided in Figure 2-2.

Alternative 8 - Removal, Contaminant Separation, and On-Property Disposal

This alternative is similar to Alternative 6 but adds an additional step of contaminant
separation to remove various radionuclides and metals before stabilization or vitrification and
on-property disposal. A potential volume reduction of material to be disposed of as
radioactive waste. The waste materials 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 dissolved in
the extraction 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
alternative is presented in Figure 2-3.

Alternative 9 - Removal, Contaminant Separation, and Off-Site Disposal

This alternative is identical to Alternative 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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2.2 SUMMARY OF ALTERNATIVES - SILO 3

Alternative OB - No Action

The no-action alternative for Silo 3, as was the case for Silos 1 and 2, provides a baseline,
but no remedial action. Only installation 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.

Alternatiyé 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 wall, are identical to those

described in Alternative 1B.

Alternative 3 - Removal and On-Property Disposal

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

.Silo 3.

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

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

Alternative 5 - Removal and Replacement in Rehabilitated Silos

This alternative for Silo 3 provides for the removal of the metal oxides and their return to a
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 alternatives 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 "Removal and Replacement in
Rehabilitated Silo 3" Alternative 5.

The treatability tests described in this work plan will provide data for evaluating 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 treatability 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 treatment option of remedial
Alternatives 3 and 4 for Silo 3, and the vitrification treatment of the leaching/stabilization of
the contaminant separation stage of Alternatives 8 and 9 for the Silos 1 and 2.
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3.0 TEST AND DATA QUALITY OBJECTIVES

The purpose of the proposed vitrification tests is to obtain quantitative data for assessing the
performance of the process in support of the RI/FS. The operational and performance
information resulting from the proposed bench-scale test will permit more accurate full-scale
cost and schedule estimates than those that can be made from laboratory screening
informaton. 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:

Laboratory Screening

. To determine the chemical inorganic composition of samples 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 radioactive 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 vitrified K-65 material
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. To ensure the final waste product meets the leaching criteria established in 40

CFR 261.24 by performing the TCLP on final waste products

. To evaluate the volume reduction potential 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

32 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 will determine the level of QA/QC
required for the treatability testing and analysis. DQO analytical levels are defined in EPA’s
guidance document "Guide for Conducting Treatability 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 procedures specific to the Operable Unit 4 vitrification treatability studies are currently
being developed by PNL and will be submitted when they become available. The following

procedures will be submitted:

. Physical properties of the untreated waste

. Radon emanation from.untreated K-65 waste

. Radon emanation during vitrification of K-65 material

. Radon emanation 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

24 '4 31
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Type of analysis

Ficld Screening or analysis with portable instruments.

Limitations Usually not compound-specific, but results are available in real time. Not
quantifiable.

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

Level II

Type of analysis Field analysis with more sophisticated portable instruments or mobile laboratory.
Organics by GC; inorganics by AA, ICP, or XRF.

Limitations Detection limits vary from low parts per million to low parts per billion,
Tentative identification of compounds. Techniques/instruments limited mostly to
volatile organics and metals.

Data Quality Depends on QA/AC steps employed. Data typically reported in concentration

ranges.

Level III

Type of analysis

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

Limitations Tentative compound identification in some cases.
Data Quality Detection limits similar to CLP. Rigorous QA/QC.
Level IV
Type of analysis Hazardous Substances List (HSL) organics/inorganics by GC/MS, AA, ICP. Low
parts-per-billion detection limits.
Limitations Tentative identification of non-HSL parameters. Validation of laboratory results
may take several weeks.
Data Quality Goal is data of known quality. Rigorous QA/QC.
Level V
Type of analysis Analysis by nonstandard methods.
Limitations 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 3 2

25




18
19

20
21
22

23

24
25
26

LABORATORY SCREENING

TEST DQO/COMMENT DQO LEVEL

Chemical Inorganic composition by Prior to vitrification tests, samples of both K-65 material and metal oxides will be

Inductively Coupled Plasma (ICP) analyzed to determine their inorganic components. This information will be used to I
predict the type and quantity of glass forming agents required.

Anion composition by Inductively Coupled Anion composition analysis will give a basis from which to predict some general off-gas 11

Plasma Mass Spectrometer (ICPMS) characteristics.

Radioactivc isotope composition by Gamma | Determining the quantity of some pertinent isotopes will aid in predicting radon II

scan concentration in the off-gas.

Physical Property Determination (percent Determining the physical properties of the untreated wastes will aid in predicting

moisture, bulk density, and specific gravity) | vitrification process parameters. \Y

Radon emanation from untreated K-65 This information will be used as a comparison to the radon emanation from the vitrified

material material. \Y

BENCH-SCALE TESTING

Elemental composition of the off-gas by Mass | Characterization of the off-gas is important in determining the best additives for II

Spectrometric Gas Analysis vitrifying that waste stream.

Radon emanation during vitrification Determining the amount of radon contained in the off-gas is critical in designing the 11
off-gas treatment system for full-scale implementation.

Measurement of the radon emanation from the | This quantity will be used to evaluate the effectiveness of vitrification in reducing radon I

vitrified product emanation.

Modified Toxicity Characteristic Leaching The MTCLP will be used as a preliminary test to determine if the vitrified product

Procedure (mTCLP) should be accepted as a satisfactory test. A sample from the product that passes this test \V/
will be sent to an independent lab for the full TCLP.

Full TCLP To determine if the vitrified product meets the TCLP criteria. This test will provide data oI
for the FS risk assessment calculations. ]

Volume reduction To quantify vitrification’s ability to reduce the volume of waste requiring disposal. Vv

TABLE 3-2

ANALYTICAL TESTS AND ASSOCIATED DQO LEVELS

o
o8}
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES

4.1 LABORATORY SCREENING

Laboratory screening will be performed on the metal oxide material from Silo 3 and the K-65
material from Silos 1 and 2. The laboratory screening will be used to establish the validity of
vitrifying the metal oxide material. This screening study will yield data that will be used as
indicators of the vitrification technology to meet performance goals and will identify
parameters for investigation during the bench-scale testing outlined in Sections 4.2.2 through
4.2.5.

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 metal 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 material.
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 gamma scan 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 by each gamma scan during
laboratory screening are as follows:

. ~ Actinium-227

. Protactinium-231
. Lead-210

’ Polonium-210

. Radium-224

. Radium-226

. Radium-228

- Thorium-228

. Thorium-230

. Thorium-232

. Uranium-234

. Uranium-235/236
. Uranium-238

During the previous laboratory tests on the K-65 residue material that was supplied to PNL,
analytical tests were performed to determine the chemical inorganic composition of the K-65
residue. The sample material provided to PNL for these previous laboratory tests was
understood 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 samples 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

34
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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 samples from
sections "A", "B", and "C" for each Silo 1 and 2 (six separate samples). PNL will be
required to extract material from each of the samples provided to form a composite sample
for each silo. Each of these composite samples 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 sample 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 gamma scan 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 gamma scan 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
vitrified as outlined in this work plan. The isotopes that will be identified by each gamma
scan during laboratory screening are as follows:

. Polonium-210 -

. Actinium-227

. Protactinium-231
. Lead-210

. Radium-224

. Radium-226

. Radium-228

. Thorium-228

. Thorium-230

. Thorium-232

. Uranium-234

. Uranium-235/236
. Uranium-238

Also, during the previous laboratory tests on the K-65 residue material, radon emanation was
determined on the untreated K-65 material. 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 outlined in this work plan.

33
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TABLE 4-1
Laboratory Screening

Inorganic Chemical Analyses of Metal Oxide Material
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 Beryllium
Potassium Thorium
Nickel 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
Isotopic Content of K-65 Material
from Previous Laboratory Testing

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 22.4
Rn-219 20.8
Pb-211 65

30
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42  BENCH-SCALE TESTING

The bench-scale tests are designed to verify whether the alternatives which include
vitrification as a treatment option described in Section 2 can meet the performance goals
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 vitrified 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 will 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
composition. 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 extraneous 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 melting temperatures for Test Sequence C. These tests, if required, will
utilize approximately 100 grams of material per test. Also, open system tests using specific
components of the complete 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 estimated
quantity of material required to complete each test sequence. This estimate will determine the
amount of K-65 material and Silo 3 material to be shipped to PNL in support of the
vitrification. testing. The batch material will be melted 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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Vitrification Tests for K-65 Material and Metal Oxide Material

APPROX.
TYPE OF AMOUNT OF
ATERIA
SEQUENCE | TEST | MATERIAL | M L DESCRIPTION
Off-gas collection/radon adsorption system testing
0 K-65 0kg using 900 grams of material at PNL. Remaining
tests will use modified system.
K-65 material and glass forming reagents based
A 1 K-65 2.0 kg on previous tests and chem. composition
analyses.
A 2 K-65 2.0 kg Duplicate of Test 1.
K-65 1.0 kg Test to determine the influence of Bento-grout on
B 3 the vitrification of K-65 material. 50/50 ratio is
Bento-grout 1.0 kg max. on removal of material from Silos 1 and 2.
B 4 K-65 1.0 kg Duplicate of Test 3.
Bento-grout 1.0 kg
Initial trial run of metal oxide to glass forming
C 5 Silo 3 1.5 kg reagents, Ratio determined during the laboratory
screening,
If Test 5 results are within specified bounds, this
C 6 Silo 3 1.5 kg test will be a duplicate of Test 5. Or if initial
ratio is revised per Test 5 results, Test 7 will be
required. .
C 7 Silo 3 15 kg Duplicate of Test 6, if required.
K-65 2.0 kg Initial trial run of 70/30 ratio to determine
D 8 characteristics on vitrified product of mixing
Silo 3 1.0 kg waste streams.
K-65 2.0 kg (max) | If Test 8 results are within specified bounds, this
D 9 test will be a duplicate of Test 8. Or if initial
Silo 3 2.0 kg (max) ratio is revised per Test 8 results, Test 10 will be
required.
D 10 K-65 2.0 kg (max) Duplicate of Test 9, if required.
Silo 3 2.03 kg (max)

Total estimated amount of K-65 sample required: 12.0 kg
Total estimated amount of Silo 3 metal oxides required: 9.5 kg
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. The chemical composition of the collected off-gas;

. The resulting vitrified K-65 material from each batch will be monitored for
radon emanation;

. The leachability of the vitrified material, including TCLP and radlonuchdes,
and

. The composition of the condensate will be determined as defined in Section
1.34.

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 as established in the QAPP approved as part of
the RI/FS Work Plan. The Decision Analysis Tree for Vitrification Treatability Studies for
Silos 1, 2 and 3 Material is shown on Figure 4-3.

4.2.1 Preliminary Off-gas Testing

Based on results of the previous vitrification testing from the used off-gas collection system
and radon adsorption system, PNL has evaluated the results 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 total 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 verify the methodology in determining the amount of radon generated for the
identified 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.

42.2 Sequence A - Vitrification of K-65 Material

The batch-of material for the first vitrification test (Test 1) will consist of approximately 2000
grams (2 kg) of K-65 material and the identified glass forming reagents based on the previous
vitrification-testing and laboratory screening results. It is estimated that approx1matcly
10-15% (by weight) of reagent grade NaOH will be added to the K-65 material to form a
42
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silicate glass. Previous vitrification testing utilized reagent grade NaOH for the K-65
material. Particular attention will be given to the continuous measurement of the radon
concentration of the off-gas. Samples 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."

4.2.3 Sequence B - Vitrification of K-65 Material Mixed with Bento-grout

A forthcoming Operable Unit 4 removal action is the addition of a layer of Bento-grout to
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 constituents, 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 include Bento-
grout added to the K-65 material prior to the vitrification process. It is estimated that
approximately 10-15% (by weight) of reagent grade NaOH 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 vitrified 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 involve a mix ratio by mass of K-65 material to Bento-grout.
The initial 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 results of the preliminary open system tests.

Test 4 will duplicate Test 3 to verify the results.

4.2.4 Sequence C - Vitrification of Métal Oxide Material

Sequence C tests will determine if it is possible to obtain an acceptable 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 will be added to the metal
oxide material to form a phosphate glass. Preliminary tests will be performed using the Silo
3 material to determine the initial 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

44
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leachability by PNL or their subcontractor by conducting a modified TCLP' (mTCLP) on the
vitrified 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 vitrification 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 vitrified waste form would
indicate possible incompatibility with the vitrification process

. Presence of heavy metals, sulfides, etc. on bottom of the melted material would
indicate possible incompatibility 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 sulfur
content of the material, vitrification may not be a feasible treatment technology. If
vitrification is determined not to be a feasible alternative, no further testing will be performed
after the laboratory screening of the Silo 3 material.

If the initial 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 sample of the vitrified product will 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 vitrified product also sent to the independent laboratory as established in the QAPP.

1

'The modified TCLP, as it applies to the identified vitrification tests, is defined as analysis of
the vitrified 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 compliant 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 results of Test 5 will be made for conducting Test 6. The
modifications could involve revising the glass forming reagents or altering 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 utilized for the vitrification of the K-65 material and the metal 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 results meets
TCLP leach rates limits, Test 6 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
7 will be performed as a duplicate test of Test 6 and a sample of the vitrified product also
sent to the independent laboratory as established in the QAPP.

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

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

The mixture 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 mixture 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 material. The initial 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 will be calculated using the results of
the laboratory screening of the metal oxide material and results from Sequence A and C tests.
If the identified test for Sequence D is compliant with the PNL specific criteria for
vitrification, the vitrified 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 results.
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If the initial test run, Test 8, is compliant with the PNL specific criteria for vitrification and
the mTCLP results meets the TCLP leach rate limits, Test 8 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 9 will be performed as a duplicate test of Test 8 and a sample
of the vitrified product also sent to the independent laboratory as established in the QAPP.

If the initial 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 could involve
revising the glass forming reagents or altering the vitrification process parameters or
modifying the bench-scale equipment set-up. Results 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 sample 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 results 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.
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5.0 EQUIPMENT AND MATERIALS
Table 5-1 provides a preliminary list of equipment and materials required to complete the

bench-scale tests. All the items listed, in addition to those identified by PNL, will be
provided by PNL.
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TABLE 5-1
EQUIPMENT AND MATERIALS

Air Heater

Furnace

Furnace Temperature Controller

Thermowells and Thermocouples

Moisture Analyzer

Scale (Weight Measurement)

Flow Meters

Crucibles with Sealing Flanges and Unique Label

Gas Sample Bombs

Oil-Less Vacuum Pump

Chiller

Condenser/Collection Vessel

Seal Materials for Crucibles, Collection Vessel, etc.

Glass Forming Reagents

Carboys, Sample Bottles, 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

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

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

20
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8.0 DATA ANALYSIS AND INTERPRETATION

8.1 EFFECTIVENESS OF WASTE FORM

The results 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 concentrations 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 calculate concentrations of contaminants in the aquifer at the reasonable
maximum exposure, and the resulting risks to human health 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 prbvidcd 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 sample material

8.3 BENCH-SCALE TESTS

The folléwing data will be presented for the bench-scale vitrification Sequence A tests:

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

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 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 results from vitrified waste

Gamma dose rates 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 matenal/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 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 results from vitrified waste

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

Formula 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 molten 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 results for metals from vitrified waste

TCLP results from vitrified waste

Radionuclide leachate results from vitrified 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 function of temperature for molten material
Volume of off-gas from vitrification

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

PNL will conduct the vitrification 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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2713
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 operationally derived waste material generated as part of

the vitrification treatability testing will also be disposed of by the FEMP.

Operationally derived wastes are wastes generated in the performance of various activities.
These wastes include, but are not limited to:

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

Protective clothing will be place in plastic bags, in a B-25 box, or metal drum for disposal as
compactible, potentially contaminated waste by Westinghouse Environmental Management
Company of Ohio (WEMCO).

Operationally derived wastes are the property of the client and are to be shipped back to

Fernald unless otherwise specified in the written contract.

The client will be responsible for proper transport, shipment, or disposal unless otherwise
specified in the written contract.
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2713
1.0 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 results of the leachate from the TCLP analyses performed per the QAPP will
be incorporated into the interim report. The interim draft report will be reviewed by
WEMCO, and PNL personnel will incorporate the WEMCO comments and submit a final
report to WEMCO on or before December 30, 1992. This final report will be reviewed
internally by WEMCO, ASI, and DOE prior to final submittal to the U.S. EPA.
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12.0 COMMUNITY RELATIONS

The vitrification treatability study for Silos 1, 2, and 3 material and community information
and involvement 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
alternatives 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 Fernald 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
getting 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.

. Publication - RI/FS materials such as progress reports, facts sheets and a
community newsletter, Fernald Cleanup Report, provide updates of CERCLA-
related activities at the FEMP and will include information 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 milestones include:

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

. Treatability Testing

. Submittal of Treatability Testing Report

The progress of these key milestones will be reported to the community through the above
mentioned presentations 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, WEMCO, ASVIT, 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 Vitrification testing; and D. A. Janke, PNL, responsible for
WEMCO Operable Unit 4 Vitrification 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 complete the Operable Unit 4
treatability studies for vitrification treatability studies for Silos 1, 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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FIGURE 14-1
Operable Unit 4 Vitrification Treatability Study Schedule

53

Voupeona by Site Plomaing cad

Gobeouling

[T

Sevisisn

et | apeveee

€lie




—
O VOOV bW —

(SO S I O I (B I 6 T G B S i O R N S e e e T T T o Gy S Sy SRV
OO N W= OOV~ B W —

2713

REFERENCES

Dettorre, J. F., B. S. Ausmus, E. P. Stambaugh, A. A. Lawrence and K. R. Yates, 1981,
"Preliminary Assessment of Alternatives for Processing and Disposal of the Afrimet Residues,”
BMI-2083, UC-11, prepared by Battelle Columbus Laboratories for the U.S. Department of

Energy.
I

McLean, R. A., Anderson, V. L., "Extreme Vertices Design of Mixture Experiments,”
Techometrics, Vol. 8, No. 3, August 1966.

Fergl, F., Anger, V., Spot Tests in Inorganic Analysis, Elsevier Publishing Company, 1972.

Jungreis, E., Spot Test Analysis, Clinical, Environmental, Forensic, and Geochemical
Applications, John Wiley and Sons, 1984.

ASTM D2166-85, Standard Test Method for Unconfined Compressive Strength of Cohesive Soil.

Method 1311 Toxicity Characteristic Leaching Procedure (TCLP), Federal Register, Vol. 55, No.
126, pp 26986-26998.

Barretto, P.M.C. "Radon-222 Emanation Characteristics of Rocks and Minerals," Radon in
Uranium Mining, IAEA-PL-565/6, International Atomic Energy Agency, Vienna, 1975.

U.S. Department of Energy, Evaluation and Selection of Borosilicate Glass as the Waste Form
for Hanford High-Level Radioactive Waste, DOE/RL-90-27, 1990.

Chapman, C. C., and J. L. McElroy, "Slurry-Fed Ceramic Melter - A Broadly Accepted System
to Vitrify High-Level Waste." High Level Radioactive Waste and Spent Fuel Management,
Volume II, American Society of Mechanical Engineers Book No. 10292B, 1989.

61

54 -



2713

APPENDIX A

PNL PROJECT QA PLAN

P



PNL-#A-70 QA PLaN 2713

QA Plan Ho. WTC-06Q Rev.

[ssue Datz
Page 1 of 4

PROJECT IMPACT LEVEL _IT |
TITLE: Yitrificaticn Tests cn K-53 2esidue Material

SCCPE:
: Characzarize and determine tle amount of the of{ gases evoived

during vitrification of the {53 samoie (WBS-32).

(1}

h: Define the ratz of release of raden and other radioactive-products

frem tae soiid giass precuct (WBS-32).
CLICNT: wWestinghouse Matsrials Cemcany of Chio (WMCC)
AUTHORIZING COCUMENT: WMCO Purcrase rder Mo. 412387-30; Project fo. 16611

QA RESUIREMENT &7 E""CA’IOH(S)

[x] ANSI/ASME NQA-1 as deiineatsa in PNL-MA-70

[ ] Gther

Impacz Lavei II WBS element aczivitias shail comply with the apoiicable
reayirements, as agprepriate for %h2 work being perfcr~ec in Parzs 1 and 3 of
PNL-#A-73. Impact Levei III aC"vx"=s shail ccmply with the GFS Standarcs
locazed in Part 2 of PNL-MA-70. his QA Plan aiso 1dentx.1es client QA

if appliczble, zna .nv ciient imoosed exciusions or limitations

reguirsments, il
ts PNL srccadure requirements. 1 staer quaiity-reiatad activities are fater
perforﬁ--, the apprepriate PNL-HA-,U r="u1r=ﬂents and procedures snail be

appiied, uniess specitically excluced

COHCURRERC" AND PQOVAL.

-f57(:}

Raon
Cognizznt MSHEEEF'\Lonc-KSCnCEJ Aé¢%¢/
W Smiss ¥R Marzin 2“ W \-\*(""' ‘ / AVO 49

i

Cuaiity Zngineer:ng kLcnc_rr°nce: Date
I
N - Lol _,::\\
- . . o — [ - 4 ]
BC Zurxngicder \‘(C‘L'*“‘L‘"L ¢
Line manager (=3treval) Oate
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FNL-#A-73 QA PLAN

QA Plan Ho. WTC-J60 Rev. @
[ssue date
Page 2 of 4

QA PRCERAM/ORGANIZATION:

The FNL Juaiity Assurance Pregram ccaferms to tie reguirements of NQA-1 as
intarsretzd by parts 1 and 3 of PAL-¥A-7Q, Quaiity Assurance Manual. This QA
Plan zzaiies oniy the project Imoact Level II WBS Elements, as noted in
Exnidit A. WBS eiements identified as [mpact Lavei III shall ccmoly with the
requirements of PNL-MA-70, part 2. The project organization witd key
perscanel is shown Delcw. .

Denarwment Manager: JL McElrcy

Presecz Manager: CC Chacman

g Laader: 0S Janke

- 9lan/Procedure Authcr: LD Anderson, OS Janke

- Results Svaluater: CC Checman, DS Janke, LD Anderson
M&TZT Custzdian: DS Janke

ar=

Recoras Custodian: DS Janke
Quziify Sagineer: KR Martin

.-

IMPACT LZIVEL:
This CA Flan has been assigned an overzil Impac:z Levei oT I[I.

SPECIAL CLIENT RECUIREMENTS:

A. Coverea By Part{s) 1 and/cr I ot PNL-MA-7Q

Client Reauirements Where Cgvered
. Tz¢- Olans skall be planned :nd sxecutzd per PAP-70-110I. Data Sheets
ireasesparss in t23ST Dlans shail Se used ta reccrd pertinent tast date,
znc will be traceanie to the groject LRB.
. Zyaiuaticn of test resuits shaii be reviewed and approved through
incecendent tachnical reviews Zér SAP-70-504.

Measuring and tasT squigment <3271 be calibratad in accorsance with

. i1t szmpie matarizl wiil Se treatad (testad) :nd returnec 3 WMCO (zer
MC? ‘nstewesiens ia @ vitrifise form (exceot smail porvicas used ©3
czozmminz -azzrizl oczzoesiticn or Tt datermine the apprecriitd glass &541
ioemimg acgitives). Materiais wiii de centrciiea per PAP-30-a0l. /
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PNL-#A-7G QA PLAN

QA Plan lo. WTC-360 Rev. g
Issue Datz2
Page 3 of 4

Het cavered 3y Part{s) l ang/cr 3 of PNL-MA-73

- Raview and Appreval of Test ?lzn by WMCO perscnnei

c.

Client reauired exclusions or limitations of prccedure apoiicability

- lcne

QTHER REZ

2

tr

d;

UIREMENTS, DIRECTICN OR PLAMNING:

Procurement oT an apprepriits raden monitsr ger PAP-70-<51.

There 3re no kncwn activitias wihich require qualified znd certi<iad
inspecticn perscanel per 2:F-70-203.

There zre no knewn ccntrsiied processes or sgecial precssses to e
pertcrmed within the sccse of this QA plan per PAP-73-331 or PAP-

70-502.

Recerds will be indexed ing maintained per PAP-70-1701. Recards
#4111 be designatzd for singie storage ana nongermanent. Recards
will be maintained by assicned recoras custsdian(s) until turnover

£9 Suiiding 71Z. Reccrzs tuirnover, including generic racards, will
Se within 90 days of the izrminaticn of the oroject. The ccanizant
QE will be regquired to review and concur with the ccmpiersd project
RICS form. Each record gznerated will have 3 activity identifier

task numoer, subtiask numser, and Tile classificaticn in the upper
rignt pand corner.
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PNL-#A-70 QA PLAN
QA Plan Ho. WTC-C60 Rev. 0

Issue Data
Page 4 of 4

Zxaipit A

FEPNALD
QFF-GAS
CEARACTERIZATICN

C.C.CHAPMAN

(R}

I
iy oI
ENGIN I : TESTING
&
WANAG:.\/E:.\ RESQRT TASX
TASX |
CHAPMAN/JANKE | JANKE
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PAP-70-204, Rey. !
EHIBIT 2
Page | of 1
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Anaiytical Request Form

To: Date: WP/%0 Number: -

Request22 by:

(name) (signature) {pnone) (ma1i
. step)

Analysis Requested:

Identifization Numbers:

Matariai Jescription:

Special Storage or Handling Requirements: None, Other:
Dispese. of Sampies: Oiscar2, ___ Returs, Other:
Request2z Reports/Additicnal Instructions:

QA Reauirements: Impact Levei: I II (indicata levei)
SOW numger
Qther:
Resuits zust be signeg and dated Dy the analyst and reviewer, identifing the

measuring and test equicment and :ie procedure used (including revision).

QP Recresentative approval requirea only for
the rirst ARF in a series for intarnal worx.
QP Xeorassntative sign/aats Accreval not reguirea for externai work.

To the :z2st of my knowieage, this worx was acccmplished in accsrcance with the
requirements of this Anaiytical Recuest Form:

By: Date:
Xes2Cns10le analyst Or Group Manager '
(Return this form cr a ccoy to the requestor).
Tne reecgrt/litd Turnisned nas ceen reviewed an@ to Che cest oT my xncwiedge &Si? ‘

camnitec 1% the zhove reauest,

(93]

Qate:

RequaciIr

This ‘s a reccrmended format. Other forms may be used if they provide
imsammaticn waich IS eguivaisnt to that requireg by this =xaibit.
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PAP-70-234, Rev. :
EXHIBIT 3 :
Page | of 2
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Statement of Work

SCW numoer and revisicn: (may use the work order or work package numper)

Title: type of servica, pervcrmes Sy, for what prcject or crianizaticn
Review dy: ()P Qepresanrative) Date:
sncurred Dy: (Ccgnizant Scientist/Engineer) Date:
Aporoved hy: _(Recipient/Percon Parforming Work) Datce:
Notz: The foilowing is intended as an exampie oniy. Each SCW will be written

to it the scoge of the worx involvea.

Scaze of Work

Inciuce the following:

1

-

A ccmpiete description of the technical work authorizes by the SOW including
scheaule ang cost requirements as apprepriate. Where necessarvy, technical
reauirements shail be sceciiied by reference to drawings, specitfications,
coges, standaras, procecures or instructions.

QA Reauirements

Inciude the following:

l.
2.

1)

tn

«n

(¢F]

The Impact Levei

Fer internal organizaticns any specific guidance relatad to the PNL-MA-7Q
Administrative Prccecures.

When applicable for other Hanford Contractors, a subsection detailing the
appiicaple QA requirements.

A statement that work is to Se conduczed in accordance with the Service
Organizations's activity Ga Plan 17 apprepriate. Note, the SQW may act
as the QA Plan.

A statement allowing [moac: lavel III sceping studies or preparation
activities prior to perferming the Impact tevel [ or II service if necessarv
to develop methods, precczoures, etc.

A stztement (when cco'1c-:'e' that individual units cf work wiil be (e.g.,
:n inaivtical Reguest Form) Iransmitiad to the recipient. If aoplicadle,
jdentiry documentaticn thit aill acccmpany each unit of work.

Tdentificaticn, Iy name 2nc’or title of perscnnei who may autherize 68
sunsaauent changes to the iCW, or reiatea documents.

ssment that no subcantracting of the work shall e allowed without
:pproval of ihe ccenizint engineer ang a QP Regresentative.

<

-
3%
B

-
-
ric:

D -



PAP-70-04, Rev. !
ECHIBIT 3
Page 2 of 2

2713
A statement recuiring (P Rescresentative surveillance grier tg or during

the pertrormance of the service if appropriate. Identify hald peints if
approoriate.

Jenar<se

Jefine wnat is to te reocgrzed and/or provided and by wnat date.

Stata that reporteg resuits are to be in writing and provided tg the
ingividual requesting the worx.

State that the rencrted results are to reterence the SCW numper and are
to inciude the datea signature of the person responsible far the work.

Recsras

for work .pertormed by PNL organizaticns, 1dent1fj what supporting recorcs
are to be submittad to the person recuesting the work. Alternately, the
organiz tion performing the work may maintain the supporting records in
acccrdance with PAP-70-1701. In either case, specify what records will
be mauntalnen and by whom. Examples of supporting recsrss may include:

indcczrination and training records

caiibraticon reccrds

tecanical prececures

raw data inciuding instrument printout

other deocuments required by the applicable PNL-MA-7Q Administrative
Precedures (uniess inciuded as part of the reported resuylts)

¢ noncecntormance cr deficiency resorts.

for SCWs {or other Hanterd contracters, identiy the records and the
retanticn requirements that apply to :he person.or organization providing
the service. ASs an altarnat2, specify the records to De transTerred to
the recuestcr at the ccmpietion of the work.
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APPENDIX B

WASTE TECHNOLOGY CENTER SAFETY PLAN



WASTZ TECHNOLCGY CENTEX
SAFETT PLAN

Marca 1881

Approved: \ Z VA 'P/(M

4.k .jci}rc:_/, Mamacar )
-{a‘x:a Tecnnoicgy Canter

PACIZIC MORTHWEST LABORATCRY
RICHLAND, WASHINGTON 99382
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WASTZ TECENOLOGY CENTZZ
SAFETY PLAN

BACKGRCUND

S ———————

Impiemeqtation ar iue safaty aspects of the 41C Zavirenment, Safaty, anc
Heaith Plan is descrited in this plan. Many existing safety requirements are
incsrcoratad into the nlan by reference. Primary empnasis is placad on

motivaticn and attitude, as savaty pertormance ciil best be imgraved by

fraquent and visible management attantion to safaty.

QBJEZTIVES

The opjectives of this Safety Plan are to:

" 3ssist in praviding and maintaining a safea warking eavircnment for
Centar Stafd
clearly define Cantar safaty poiicy and the respensiZilities of Wic
g+37F concerning satefy mattars
mgrivata all staff memcers ta a high lavel of saf
assist in ensuring gced ccmmunication Cetween sta
management on sarety matiirs
pravide an annotatad list of sourcas of safety guidanca

aty c:nscicusness
T mempers ang

CENTZS SAFT—f POLICY

~he Wastz Technoiogy Centar‘s safety pelicy can be summarizad in two
woras: SAFETY FIRST. It is the duty of every staff memoer t3 follow
estasiished srocadures and to csntinually evaluata potantial risks asscciatad
with any aczivity. The indivicual is not to rely soiely on otiers t3 define
hew ©3 perrerm a job, but aust avaiuata the directions recsived and preceeg in
acoarcanca with safe praclicas. t3f¥ memcers wiil not kncwingly engage in
unsa‘a sracticas--regaraless of who instructad them to do so. It is the duty
and right of each st3f7 memper to kncw the heaith aspects (hazards) of th
worxing envircnment and not to undertake any worx that is perceived to be
unsif2. Work will be haitad until the individuai’s concern is addressed. Tne
incividual is not to restart that work until the situation is svajuatza zad
sczisn is taken.

No individual or manager wiil take ligntly or dismiss the sarety ccncarns
No staff semoer will ta ordered to ¢c a task hesshe feeis mignt

of iaother. aff memos :
such intimidation tactics or dismissais of cancaras will be

be unsafe.

rescrcad to the ccgnizant line manager and project manager or task leader.
Resciuticn wiil be acateved py Woring simuitaneousiy throuch oth lines of
racnsnsiziiity, with escaiatica T2 nicner manacement levels, if needed. 3

scmizye oromat resoiuticn.
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Poiicias and rasponsibilities assicned in aomiicable PNL and WTC speci®:
safaty quidanca (see Appendix A) will be fulfilled. Because of the wide ran
of activitias within the Centar and new activitias that are continuaily bein
initiatad, flexibility is required within the Center and within individual’

¢
g

crzanizaticnal components. Saraty is not “ensured” By adeSting unnecessary
ruies and precadures. The oniy unifarm invioladle palicy is--SAFETY FIRST.

Management recognition will be given for demonstrating on the job safety.

The safaty reccrd, attitude, and awareness of each individual will pe
evajuated in the yeariy Stai7 Development Review procass. Approprizcz SOR
safzty goals will be included in each SOR. Line managers will perigdically
raview the safaty performanc2 of their staif during routine and special
aczivities ta verify that sarfa practicss ire being employed. '

The Department Manager will periodicaily review the safaty. of each
praject. [f a project has a numoer of mishaos, it may be caused by excassive
emcnasis pilacad on scaeduies and Sudgets at the expense of safety. Such a

i<zation snail be correctad immegiately.

It is anticipated that this plan will be fully intagratad ints the WTC
favircnment, Safaty and Heaitd (ES2d) Plan for 19%2.

Czroar Safatv foails
The foliowing six generai safzaty goais are identified for the WTC for
CY-1881:

1. Zsro Loss Time Accidents
2. Skin contaminations will show a reducticn aver CY-1290.

No renortable occurrancas classified as an Emergency or Unusual

[ 9% ]

Jcsurrence
$. No venicular accidents
\
5. First Aid cases will siew a reducticn over CY-19¢0.
5. No cccurrences or aucit deficiencies resulting frem the iack of

safety training or in apgropriatz training plan

The follcwing eight specific safaty raiatad goals are identified for
Cy-19¢1:

1. ESZH training regquirsments for each WTC staff will be documented by

May 14, 18¢8l.

» oo

icazicns Tir =s3ch siafT position will e documentzd by
c

t

i1

b

fro

A cu

Pl

"~
Oy M
(P -4
ree s

L}

r—e =~y

b 1Y
Tty
3
-
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3. Scheduled safaty meetings will be ccmpiatad 0n a tizeiy basis (b

Decemger 15, 1981). I Basis (b
4. A management inspection schedule to evaluate and monitor ES3y
pertarmance for the facilities operatad by the WiC will be cempietac
by April 1, 1891,

a1C facility £352d aversignt inspecticns will be csnductad ing
documented by Decemger !5, 1991,

5 ES2d goals will be inciucded for each Staff in the CY-1901
performance appraisals (by March 31, 1991). )

o ay

7. By Oecemper 31, 1991, ccmplete an evaluation o the performance of
ail staff in the area of ES&H. '

8. Imoiement an evaiuaticn, contreol, and decontamination program. (8y

June 1, 19¢1)

gHESAL TMOISHNENTATION QFRUTITMENTS

Triiaing

$t3ff assigned ta work in laboratory areas will receive training F3r the
ific facility, eguipment, and hazards associatad with the work they are t2
perfcrm.  Line (Departzent) Managars are responsitle for ensuring that stafs
recaive the necessary safety training. Documentation and status of safety
training for staff mempers is maintained by the PNL Training Coordinator.
Ouciicata records ta provide easy day-to-day reference will be maintained by
the Cepartzent Manager. Attancanca at safety training meetings and should

also e docuzented.
Job Specific Safety Training--

vob-specific sataty training requirements appiy to both on sita and off
sitz research facilities under the contral of the WTC. The Oepartsent
Training Plan will address the job-specific training requirements of assigned
staif. Typical areas that the olan might address are: radiaticn work
sicerations, facility/equipment SOPs, hazardcus chemical handling, crane

-
-os
->a e

ogerition, poilution preventicn, and wasts minimizitien. ,
Traiaing on PNL/WTC Safety Pelicies/Requirements/Procedures--

eoartzent Manager, the designated COrsaniza-
ther quaiivied individuals will review

aures with each new stafi memper. The review
d under the emoioyea orientacion in PNL-MA-

Lodabeet

rmaticn ¢ontainea in the WTC Savircnment,
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Safzty and Heaith Plan and this ?lan. Ihis crientazicn sheuid he 3eeampiisnea
ame dceumentad within 1 week of “he arvivai of new staff. The Haia;;m —
Wacartais Custcaian wiii, on raguest, provide an orientation on the Chemicai
ang Wasta Management Plan, Wasta Minimization and Pollution Pravention Plan,

arc SNL-MA-33, Facility Operaticnal Ceatrsis, ana [adustrial Hygiene Plan.

f=zrsancy Prepiradness Training--
Every year and upen initial nire/building reassignment, each staff memper
chauid obtain the latast copy of nis/her assignea building '?Pccaaures rbr '
Emercencizs.” Annual retraining on the building emergency procadures will,
a ainimum. address emergency aiarms, procadures, stiaging areas, and ]OcatIOH
f fire alarm puil boxes ana Fir2 extzngu.shers. For WTC ccmoonents occupying
sgacz in faciiities managed Ly anotier csatraciir or DOE. WTC staff will

s=siy with the requirements of the respective building safaty pian/emergency

pr-.acuras rﬂgarc ing triining ra2 iating to zmergency responsa.

enna

- -

Venicle and 0ffica Safety Training--
Yehicie operati 2ty and housakeeping will Ze pericdically

reviswed wit: all st

Safzzy Meetings--

r 311 WTC staff will be heid pericdiciily ts

Qocumentad safety meetings e
carry out apgropriate satety training. The minimum frequency of sarfety
meesings for eaca WTC organiziticeal comoecnent is defined in Aopendix C.
Safzty meetings may be part of a sericdic organizational staif meeting.

Qczurrancs 4 Ranarting znd Investicating

Premct and accur
recsiytion and recaovery. After

.-

tz renorzing of incidents is the basis for earty
zr first attzmoting to stabiliz2 and contrel any

ofs-normai aevent, the Wil sta’s shcuid then contact the immegiata line
manager. (Call the singie point of contact [SPCY on 375-2400 if the line
The iine manacer will take approgriate additional

manager is not availabia. )
aczicn. [nvestigation and recerzing shall be in accordance with the

racuirements of PNL-MA-7, Qff-Normai Event Qaporting System. Temporary and
per=inent carrective ac;.on for oft-normai events will be deveioped by WTC

1ine management in ccoasuitaticn with appresriata supcort OTCBnIZatAONS.

s and assicned work areias on
chedule of satety reiatad

Jeparcmant ”anqcefs shouid inscect 31l offic
a periodic Sasis. Appendix C srovidas a generai

insszctions.

cs2
S
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SPELITIC TMPITMENTATTON QEIEONSTIML ITTES

3uiiding upon the above generai quidelines, the roles of WIC management
and stait in impiementing the WiC Safaty Plan are defined beiow. Appenaix C
provices a matrix outlining Center management responsibility for safety
_insgecticn ang safety meetings.

--e

X X

The WTC Manager has overall rescensibility for implementation of ail
safety programs within the Center, for proper execution of all safety
assicnments deiegatad tg others within the Canter, and for ccordinating muiti-
centar facility and ONE reparting activities in the 324 Building. This
resgensipility is primarily fulfilled by specific celegation, tadether with
perscnai invoivement in evaluating the effectiveness of the Center safaty
prograz.  Assuring that all staff memocers achiieve a high levei of safety
awareness and perrormanca is a major area of csncarn ta the Czntar Manacer.

Speci?ic resgonsibilities inciude:

Selectively participatas in WTC-wide safaty insgections including a

cuarteriy audit of compiiance ta the 324 Building Operatiznal Safary

ieauyirements (OSRs).

. Maintains an ogen deor poiicy for s
carreccive acticn in raspensea o th

gccurrencs reports.

fnsures that resources are available to Oepartment Manacers to impizment

necassary safety measures. : o

Serves on the Canter Safety Committae. Ensures that concarns exprassad

5y the ccmmittee are promotiy addressed.

Sarves as the Lead Facility Manager for the 324 Building ind impiements

srovisions of ACT Now Directive $0-7 pertaining to reporting of Off-

Normai tvents.

afety cencarn and ensures promo:
gse c3ncarns, inspecticas cr

Qoerz=i=ns Manzcer:

The Operaticns Manacer has aversight respensibility to the Center Manager
for imciementation of the £S3H program.  Specific responsibilities inciude:

acmpor M

. Assists in conducting satfsty inspections of Cznter facilities and
corainatas Canter Manager inveivement in pianned inspections.

. Chairs the WTC Safety Committza. Easures that safety sucgesticns/
ccncarns are brougnt up for discussion in cczmittee meetings.

. Assists, on request, departzents with their training plans and safety
meetings agendas.

. Provides support %3 WTC sta’¥ thorough the £avironmental Compiiance
Manacer, Industriai Hygiene Specialist, NEPX Represencative, and
dazarcous Matariai Custedian Tor chemical and waste manacement, wastiz
sinimizzticn, incustrial aygi and 0SHA czzpiiance activities.

. Reviews ail Cantar sZzfi riciatls
Acts oy assignment as- a3 It i £

Yiintiins an ogen c¢eor Eeiicy cIncerning sarsty issyes. ﬁ???

@
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=e=anr Manicgr:

Plan.

<epartzent Managers are resgensisle for dutias assigned 1) through this
2) threugn guidanca documents listad in Appendix A (escecially PNL-MA-

42 ana PNL-¥A-33), and 3) by the Centar Manager. As with the Canter Manager,
many of these responsibilities are fulfilled throucn delegaticn suppiemented

oy <

snificant serscnal iavaivement. Specific rescensibiiitias include:

-unl tedite w

leviews and appraves 3 Preiiminary Safety Review and Risk Assassment for
gach projecs.

leviews and approves the Preject Management Plan (PMP) or equivalent
document for each project and assures that any unusual safaty issues are
aoprogriataly addressed. .

Ensures that appropriata safaty documentation. (e.g., Safety Anaiysis
Renort (SAR), Operational Readiness Plan (ORP), Safety Evaiuation
Jocument (S£d), etc., is in piaca befors beginning work and ensures that
all work is carried out in ccmpiiance with these requirements.

fnsures that Laboratery Safety has been made aware of any proposed
‘POJEC. that involves 3 sicnificant saret/ issu

ACts Dy assignment as a Facility Manager for ha 324 Buiiding.

Intarficas with Buiidinc Manager cancarning sienificant changes in
srogrammatic requiraments that may impact the tuilding emergency
arecadurss or have significant safaty 1mol1c*"sns to tha facility,
gccupants, equipment, or environment.

Aporeves safety reiatad proczouras and other coerational decuments as
requirea.

Maintains an open-decr paiicy for safety issues and resgives safaty
issues premptly.

ieports safaty relatad inscection rindings ta the WTC Cempiiance
Tracking Systam. Sets specific schedules for resolving findings and

ansyres crempt follow up action.
) o~

Insures that ONE aczicn is timely and thorcuen and communicitas th

racyults of sa
casyres that

irea.
Zasures that planneg organi onai satety meetings are heid.
i

zat
Visits ail ceoartment respcnsisie facilities on site at least bimonthly
23 verify that safz practicas are being empioyed and to identify and
avaluyatz hazards in the work placa. Assures that staff are informed

A

. .-
«awce

fety audits/inscecticns and ONEs ¢a the staff.
a Laberatery Manacer ang Moniter are assignea t0 each work

-
-
-
$

-

+
-
o

i0CUT ail nazards asscciataa with their activities.
Zanducts. with the Bu11d1nc lanager, quarteriy, documentad safety
inspeccicns of faciiities occunieqa by the departzent.

oo

Apooints a Departmental Organizational Safety Representative frem 07W10,
27W20, 07430,

Zasures that staff axcosure t2 ionizing radiatica and nonradiological
1azarus is ma1nt41ne as law as reasonadbiy acaievable (ALARA) and that.
dosimetry is Caing used. Assures that the ALARA concsdt is

ggreocrizis
-~ver°ﬂ at satety meerincs it l22st annuaily (07420 and 074W30).
“sintains 3 c;"*=ﬂf Training ?lan addressing the safety triining
~2auiraments ang training status Tor 3l ass::-ec staff ang assures that
111 gt1if racaive the asorosrtiilz training fo carform the assigned work.
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"ew cantar 2377 ind staff assigned from other

4

st
izations recsive timeiy and appropriate safety ariencation.

'Y
(]

The Qepartment Manager has shutdewn authority for operations and
ias that pose immediat2 threit tg safe operations.

Grous ~aiagar

Graup Leader safety resncnsr~1x1gxes are focussed on day-ts-day
operazians. Specific responsifiiitiss inciude:

Cangucts frequen; waik-thrsugn inspecticns of work areas,
- Znsures that work is carried out in compiianca with all procedures
Cperacionai Safety Reguirements or otler limits and c*ntrals necassary

3 assure safe operations.
Maintains an open-deaor noiicy for safety issues.

!dentifies and evaluatas hazards in the worx piace. Ensure that soaff
are informed about hazards issociated with these tasks.

Confirms that assigned operating space/spaca facilitias are
sppropriataly postad with smergency information.

« Confirms that staff assicned to work on the project have the requirad

training for the jeo.
. Confirms that all safety reis
wnere appreecriata, berore int

-
-
-
-

.

procecurﬁs are approved and postzd,
ation of the wark.

-
.
-
.

[11

Tae Group L2ider has shut::wn authority for ocerations ang activitizs

that s2se immediats threst to safs operaticns.

Praises "=nac=v ar Tick laader

uczassTul project requires that the Project Manager be cancerned about
he ty of those worxing on the project. This requires cire in up frent

ia ¢; and during the project. “a/ ta-day attzntion to savaty in the work
iacz. The Prcdec. Manager shcuid kncw what the safaty reiatad issues nre
ith raspect <2 the oroject and wnat has and is being done tJ address them
pe

ciFic esponsx*1]1t as inciuda the follawing:

Conducts frecuent walk-throuen inspections of work areis.
. Pre pares the pre:1mxnar/ sarety review and risk assesszent documents for
S pr ject and inferms Liceratlry Safety if the project will generata

soiid, caseous, or liquid effiuent.
Jrnpares and obtiins the necessary apprevals for safe operating

sraocedures to support the oraject.
. Easures that the PMP descrites all significant safety issues in tae

rojecs. , _
- Identifies job-s;gcir:c trzining required for the work and assure that
it is compists and proceriv cccumentad tefere initiating work.

. Confirms that all physicai csacrols are in piace prior to inmitiaticn of

. Initizizs Qgericicnal aszcinass Reviews {CRR’s) i required.
. Resoives gremotiy safety concarns expgressaa dy project ars.

' 79
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+ ‘remlans Tar project sarety, inciuding such items as: waste dispesal
furing and aftar the groject: adequacy of facilities t2 safely housa the

roject (vent: laticn, fire protaction, sewers, etc.); and personnei
exposure where hazardous matarials are invoived.

+ ieguiariy monitors project activities to ensure that all safety issues
ire addressed and ~rcc=auras and requirements are compiied with.

. . Maintains an open 2ccr poiicy for sarfaty issues.

\J

The Praject Manager or Task Lzader has shutdcwn authority for operations
and zctivities that pose immegiatz thrsat &9 csontinued safe operations.

ewe

Lzbgrissrv Manager

A laboratory manacesr is desicnated for each iab. This individual is
typiczily a line manager and is rasconsible for ensuring that the
lacerazcry/facility has a safe worxing environment and that ticse working in
the rac:11t/ have addrassad all safzty issues reiatad to the work to be
DE"?:?TEG. The Laboratery Manacer delegatas day-to-day operating
reaccensibility and autherity to the Laboratarj Monitor. See Aooendix 8 for a
Tist of assigned Laberatary Manacers and Monitors. Specific Lacoratory
Manacer responsibiiitiss are as 7silows:

« C:eordinatas extarnal audits and surveiilanczs of the latoratory.

. -“suras that any ceficiencizs notad during satety audits are addrassad
Csromptly and correzccly.

+ insures that the laferatsry nas a quaiified Laboratory Monitor.

« Ixaercisas shutdcwn autherity .ar the laboratsry if unsafz conditions are

- e

noted.
+ Insurss issues have peen s actorily rasoived before authorizing

atisTa
start up of a laboritory that h as been shutdcwn for safety reasons.

The Laboratcry Manacer has shutlcwn autherity for operat' as and
ac=ivicias within the labcratory that pose immediatz threat to the
laberz:sry’s continued safe operaticn and to its cccupants.

- ew

Lzhorsssey Maniter

The Laboratory Menitzr is assicned by the Department Manager and will be
famiiiar with the laboratory equicment, ongoing procasses, ang utilities that
are availabie in th Iaccrqtcr/ The assigned La‘cratcr/ Monitar, acting
uncer <32 direction of the Laboraiiry Manager, has the responsitility ana
author:<y to ensure safaty within i sgecific laberatory or worx area. OQuties
ang res=cnsidilities of the Laboratcry Monitor are as follows:

»  Takes *he lead. ccnsistzant with Hazardous Matzrial Custcdian (HMC)
cuidanca. to maintain a currsnt inventory of the chemicais and other
matériais under their cognizinca.

. Pests and maintains currant zmercency notificition listings by the main
entry ceoor of the iigcratory consistant with "NL-wide cuicziines.

. Ac23 as the orincizai camtact for precosed cr cngoing latcratory work
in2 cooreinatas f:ociify anc maintznance zcTivities. Cfasures that few
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#0rx to e intrcduczd ints tie jaboratiry or work area is consistant

#ith the intended usa of the work area.
- Aesoives with responsidie stafi any deficiencies notad oy safety and
housekeeaing inspections and ensures issues have been satisfactarily

resoiveq Gerore autzsrizing start up of a laboratory that has been shut

down for safety reaz:as.

;s famiiiar with any joo sgacific training requirsd for werk in tha
laporatory and ensures that all starf working with equipment, chemicals,
materials, and generatad wastz in the laboratory have received tha
necessary job-specitic training.

+ gasures that all stai’ assignea to work in the laboratery maintzin their

work area in a sar2 and orderiy manner.
Monitors work and easures that it is performed consistant with

srocedures and recuirements or the laboratery.
Coordinatas audits of assigned spaca.

Tne Laboratory Monitor has shutdecwn authority for operaticns and
accivities within the lsboratory that pose immediatz threat to the
labcrzzory’s continued safs operation and to its occupants and also the
autherity to octain assistance in housekeening.

soms s

—

[ndivi<ual Contributar

The attitude and coemitment orf the individual ta safety is the crucial
aiement %0 assure that ictivities are pervermed safziy. The individuai
contrisutor is expeczzd ta take the initiative in ensuring that he/she is
preczrad to undertake worx that inveives a hazard and that a continued
on to safe practiczs and procadures is maintained throuchout the

attenct
projzcs. Specific responsipiiities include the foilowing:
o Participatas in the prenaration of safety docuzentation, procedures,

gtc.
Compietas job scecific safety training before initiating work.

-

Aefers any satety inquiries rroem the public or news media to Press
Relaticns and WiC line management.

Maintains own expesure to ragioclogicai and nonradislogicil hazards ta

leveis censistant with ALARA.
is famiiiar with the FMP and performs assigned work sarely and

responsibly accsrdine to appiicable Timits, PNL Manuals, SOPs, JHBs (or

wSAs), XWPs., CSSs, ate.
Cbserves the Tocai safety program when visiting or working off sita.

Informs the immediat2 line manager and project manager or task leader

apout any sarety ccncerns.
Provides safety guicance for, and reviews safety performance of Tess

axperienced persaonnel worxing near you.
Sasures cood housekesning in the work area and that equipment is

maintained and creceriy identified. .
Ieports any off-normai events {0 his/her immediate line manager. for
smergenciss or where th2 iine manager is not immediately available.
cantacss 37:3-233C.
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Creznizatianal S3faty Jonpaconritiva:

- 3l L2 rpy

e ha

Organizaticnal Safety Resresentatives are assigned frem and represent the
fo:Iow1ng WTC organizaticnal ccmponents:

» 07410, 11. 12, % 12. (Reorasented by one individual)
« Q74W2a, 07434.

The specific dutias and ressonsibilities of the Organizational Safaty
Renrzsentative are as 7oilows:

Reorasents WIC organizational components on the WTC Safaty Committze.

Keeos informed of current sarety morale, awareness and impiement3tion/
sncarns within organiziticn(s) representad.

Provides faegback to the Oepartment Manager and staff redarding safety.

issues.

« Assists management on inssections and corraczive actions.

. Under the direczion of the Oenartment Manager, provides a safety

oriantation to a” new cantar staff.

Can<=zr S3faty Commi=tza:

The Centar Safety Commitizz provides a forum to address specific safaty
issuas. It meets appreximataiy every 2 months to discuss orassroots Iev i
safztly moraia, safety awareness. and specitic saraty csnceras within the
Cenzar. The Commitlae is chartarea to facilitata two-way communicaticns about

safszy throughcut the Cantar.

The roies of the Eavironmental Comoiiance Manager, Hazardous Matarials

Cuszadian, and I[ndustrial Hygiene Representative are descr::ea in the Wasts

Tec~no0ioay fantar Chemic3i and Yasta Management Plzp,

PRINCTOA! SAFET TNTEZFICIS

The Facilities Manigement. Technical Servicas, and Laboratory Safaty
Deparzments all provide resourcas necessary to supgert line management in
carrying out their safa*/ resgensibilities. These resourcss prcvide
in¥srmation on sa.at/ criteria. training methods, and inspectisn techniques.
Thev are aiso charced with perverming savaty appraisals and cUGItS and for

folicw-up to ensure that carrective acticns are cempleted.

The Laboratory Sara*j Ceparzzant (see Appendix 0) is responsible for 1)
assisting Tine management by sarving as & tacpnical safety resource and 2)
concucting independent savety raviews and audits. These responsibilities
inciuce:

»  Accident greventicn (for- audits and appriissis, waik-througn
inscecticns. axercising “IlCt Work! authcrily).
. Cenerai safety ecucaticn ind caunseiing (orsantation for new stafs
mempers: canveying infermatizn cn stingarcs. r2ouirements and §§
2

10
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requiations; and csnveying information on general safaly and *lessans
Taarnag? from off-normal avenrs either within or outside PNL),
Gccurrence reporting and investigation (detarmining ciassification of
accidents, managing the Unusual Occurrence Reporting system, serving as
tecnnical experts‘during investigations).

The Building Manager is an immediata resourcz in maintaining safe
_ gperations. A key responsibility of the Building Managers (Facilities
Manacement Oepartment) is to identify potential safety problems througn daily
monitsring of activities and to ccmmunicate areas of concern to line )
manacement. Routine housekeeping functicms, status change in experiments
under way in the assigned facilities, and the start up of new operations are

all monitored by the Building Managers.

8uilding Managers function as extensions of line management to ensure
manacement awareness of iny potential impacts on the safety of the facility.
Their principal safaty responsipility is to report directly ta line management
any unusyal circumstancas that might reiata to the safety of that facility.
Ac= Mow Directive 90-2 defines the interacticn of Tine and facility management
in cperation of building facilities and equipment.

The Laboratory Preparedness function within the Technical Services
Deparczent provides emergency pianning, operaticnai readiness raview (CRR)
manacement, and event management support; ccordinatas the Safaty Review
+iyity; and cssrdinatss major accident investigations.

gunctl actd
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APPENDIX A

SQURCSS AF SAFFT/ GUIDANCE

PNL Invirenment, Safety and Heaith Pian Issued Sy Ao R, diley
Pravides averail guidance for satfety within PNL, stressing line

management resgonsibility.

Management Guide 11.2 Safaty, Summarizes PNL poiicies and responsibilities in
assur'ng 3 sare wormng environment.

PNL-#A-6 Radiation Owamaccion. Establishes basic radiation protection
stangargs appiicaoie to all PNL wark with radicactive materxals
or radiation- -generating devices. (Oesigned ts minimiza
radiaticn exposures of personnei and raleases of radigactive

matarial to the environment.

QfF-Normal Svent Qengr+ing Svstszm. Provides guidelines for
reporting of ail orf-normai- events, 1nc1ud1ng unusual
occurrencas. Qescr ites overail systam, notifications,
investigation, reporting, and r=c~very

PNL-¥A-7

Was*ts Manz gcemant ipp ‘-‘wwr'-rme !.’.T _of ‘onanc= Presents
procagures ang recuirements reiataa to the nanaling and sucraca
of radicactive ana/or nonradioac:tive hazarccus waste materials.

PHL-#A-3

Criticality Safatv. Describes requirsments for preventing
accigentai riticaiity in the handling, storage, and use of

PR

fissionabpie matariais.

PHL-MA-25

s Guice to S3f2tv. Prevides a concise summary of th

PNL-¥3-42 MY2nzcer’ 2
inrormaticn manacers need to know or be aware of in
establishing and a3intaining safaty programs. In addition, the
"Guide® csatains a list of the prwﬂarj contacts in Lanoratorj
Safat/ who can answer sataty-reiatzd questions.

PNL-YA-43 Hezith and Safatv Manscement. Gives guidance for industrial safety

witnin PNL. inciuces 28 craptars an Appendicss on a variety of
Safety retlateg tooics.

PNL-¥A-50 Facilitv Ogerationai Ccntrals. Provides guidelines for integrating
PNL raciiity operations and the individual operating occupant
groups t2 ensurz that; 1) the individual operations are each
cenductad in an effactive, sarfe, secure and environmentalily
accaptabie manner; 2) severai individual operations are
mutJGny cemoatible: 3) the facility systems (e.g., exnaust
ventiiaticn systams) are desicnea snd operatad ta provide the
necassary ¢igacity and canaaix,'y to support the neeas of the

ticns and ensure the safe, sacure, and

incividual cceratisn
anvxr*nmenta.x/ ic : ntadle cperaticn or the ccaoined

CUE!"&".CB ceri

Mh)




APPENDIX 3

2913

JTR_STAFS ASSIENMENTS FOR CHEMICAL AND YASTE MANAGEHENT

324 Buiiding/Facility Ccmmen Spacz - WIC Center Manager -- J. L. McElroy

Environzental Comoiianca Manager -- C. M. Andersen
224 Building/Facility - HAZARDOUS MATERIAL CUSTCNIAN -- C. M. Andersen

$pac

EJL-101

‘f' L]

EDL-102
Mocuiz 1.
2, 3

(¢ 3]

?

1
12, 4
13

15, .5, 17, 18

W
. L] -

Tank Pit

Lab 115

Lsb 207,/.3b 208 -
-Lab 210
Lab 212
Room 143. 147
Rocm 125
Room 12
Room 3GCSA

Chem Makeup Room
Head Taax Room

3718E€%G wsarenouses
324 Buiicding Yara
Hign-8ay

Cask Hanaling
Truck L:cx

224 Bldc. North LLW Sterage

ISV Sit:
0 Caii

A, 3 Czails
C Csali
SKy FPirx

LABQRATORY MONTTOR

Tom Brouns

Chris Chapman
Dan Janke
Dan Janke
Tom 2rouns
8i11 Heath
Mat: Cooper
Joe rerez
Oan Janke
Greg Whyatt
Qan Janke
Joa Perez

oce Ferez
Tom Erouns
Tom Powell
Mike E1liott
Greg Whyatt

Jim Jarrett
Dan Janke
Jim Jarrett

Surma
Surma

Cazeron Andersan
Mike Pueschner
@Gary Ketner

Jim Jarrett

Jim Jarrett

Jim Jarrett

Jim Jeffs/Tem Poweil

Chervi Thornniil
Jim Jarrett
caft Surma
Cazeron Andersen

LAZORATORY MANAGER

Harry Burkholder

Harry Burkhcider
Harry Burxhcider

Harry Burkhoider -

Harry Burxhoider
Harry Burxnoider
Harry Burkholider
darry Burkhoider
Harry Burkhoider
Chuck Allen

Harry Burkhoider
Harry Burxhoider

Harry Burkhoider
Harry Burxhoider
Harry Burxnoider
Harry Burxhoider
Chuck Allen

Chuck Allen
Harry Burkhoider
Chuck Allen

Chuck Allen
Chuck Allen
Chuck Allen

Zen Knowiten
Lynn Ebernardt
huck Allen
Chuck Allen
Chuck Allen
Chuck Allen

Sarry Burkhoider

Chuck Allen

Chuck Allen
Chuck Allen 8 5
2on Knowitsn

Updatsa 3/22/91:L3b-Mntr. Asn
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APPENDIX C

WATRTY OF SSECIZIC WTG INSPECTION anp SAFETY MESTING
RESSONS[BILITIES

Docuzentad
Facility Safety
Ors. Insceczions Meetings Responsible
. Cece Freq ser ur. Frea nar vr. Manager
Lap.* Offic2
7400 2 l 1 JL McElray
7W10 ) l GA Mclair
7We0 1 4 CR Allen
7W22 1 4 HC 3urkhoider
+ These inspecsicns are csnductad with the Building Manager.
=rough inscections of

t
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APPENDIX C

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

CHARACTERISTICS OF THE K-65 RESIDUES STORED AT THE FEMP

| Silos 1 and 2 Silo 3 |

\

Vitro Litz® NLO* Gill DOE
Characteristics , (1952) (1974) (1980) (1988) (1987)
Physiéal
Dry Weight (kg) 1.59 x 10° -- 8.79 x 10° -- --
Volume (m?) 3,155 -- 5,522 -- 3,902
Density (kg/m?) 1,179 -- -- -- -
Water content (%) 30 -- - -- -
Radiological (ppm) (ppm) (ppm) (ppm) (ke)
Raduim 0.3 0.28-0.36 0.2 0.13-0.21 0.015°
Uranium 2,110 1,800-3,200 600 1,400-1,800 18,000
Total thorium -- -- - 301-322 --
Chemical
Carbonates +
Sulfates (%) 20
“Quartz (%) 25
Muscovite clay (%) 60

*As reported by Dettore et al., 1981.

*Assumes all radium in K-65 residues is Ra-226 with specific activity of 0.988 Ci/g.
Note: Data validation is currently in progress.
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TABLE C-2

1972

ND = Not Detected

Note: Data validation is currently in progress.

RADIONUCLIDE CONCENTRATIONS IN THE SILOS 27ﬂ_ 3
(1989 Sampling Program)

SILO 1
Nuclide (pCi/g) SINE1A SINE1B SINE1C S1SE1 S1SE2 S1SW1 SINW1
Th-228 ND ND ND ND ND ND ND
Th-230 21,412 39,693 30,751 10,569 20,848 40,818 43,771
Th-232 ND ND ND ND ND ND 766
Ra-226 108,100 192,600 166,400 116,800 89,280 181,200 163,300
Ra-228 ND ND ND ND ND ND - ND
Pb-210 181,100 83,110 77,460 71,920 48,980 69,480 54,350
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) S25wW1 S2NW1 S2NE2 S25wW2 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) 3210 2620 137 2437 3717




TABLE C3 27 1 3

RADIONUCLIDE CONCENTRATIONS IN THE SILOS
(1989 Sampling 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 11243 994 1951 1574 1878
U-Total 2740 - 1463 1114 4050 3854

NA = Not Anaiyzed
ND = Not Detected
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Note: Data validation is currently in progress.
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TABLE C4 2713
ORGANICS CONCENTRATIONS IN THE SILOS

CONTAMINANT Silo 1 Silo 2 Silo 3
VOLATILE ORGANICS ANALYSIS DATA (ppb)
Methylene 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-Methyl-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-Ethylhexyl)Phthalate / 93 - 6000 ND - 560 ND - 40
Di-n-Octyl Phthalate ND - 820 ND ND
PESTICIDE ORGANICS ANALYSIS DATA (ppb)
Aroclor-1248 ND - 8000 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 2713
(1989 Sampling Program)
Contaminant
(ppm) Silo 1 Silo 2 Silo 3
Aluminum 60.4- 1430 464 - 2570 10800 - 23700
Antimony ND ND - 7.2 ND
Arsenic 14.7 - 68.4 57.5 - 1960 532 - 6380
Barium 1970 - 7860 89.2 - 8370 118 - 332
Beryllium 0.88 - 2.8 0.66 - 6.0 10.0 - 39.9
Cadmium 2.1-80 3.4-19.1 21.5 - 204
Calcium’ 2150 - 5700 2430 - 301000 21300 - 39900
Chromium 21.0 - 165 12.9 - 68.8 139 - 560
Cobalt 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 - 2.8 ND - 23 ND - 0.69.
Nickel 629 - 2580 14.6 - 2200 1200 - 6170
Potassium 158 - 492 37.8 - 289 1300 - 22800 -
Selenium 1106 - 180 ND - 118 101 - 349
Silver 5.0-23.3 ND - 22.8 9.2 -238
Sodium 360 - 13100 226 - 4070 22900 - 51700
Thallium ND - 0.52 ND - 1.4 3.1-739
Vanadium 72.2 - 240 219 - 214 - 418 - 4550
Zinc 14.4 - 212 11.2 - 154 301 - 672
Cyanide 0.52 - 4.4 ND - 4.5 ND

ND = Not Detected

Note: Data validation is currently in progress
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TABLE C-6

2713

EP TOXIC METALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS

(1989 Sampling Program)

Maximum

- Allowable
Analyte Silo 1 Silo 2 Silo 3 Concentration
Arsenic (ppm) ND - 0.484 0.163 - 0.592 ND - 41.5 5.0
Barium (ppm) 0.079 - 14.5 0.095 - 2.62 0.020 - 0.156 100
Cadmium (ppm)  ND - 0.100 0017 - 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 0.92 - 11.7 1.0
Silver (ppm) - ND - 0.121 ND - 0.213 ND - 0.032 5.0
Mercury (ppm) ND ND ND - 0.003 0.2
ND = Not Detected
Note: Data/vah'dation is currently in progress.
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GEOTECHNICAL ANALYTICAL RESULTS

TABLE C-7

(1989 Sampling Plan)

Water 200 Sieve
Sample Content Specific ‘Liquid Plastic Plasticity (Percent
ID Color (%) Gravity Limit Limit Index Finer)
S1-NE-1A Dark Brown 50.7 3.19 55.2 50.0 52 . 72.7
S1-NE-1C Light Brown 715 274 70.3 66.6 3.7 71.5
S1-SE-2T Sandy Brown 31.9 3.37 NP NP ‘NP 43.9
S1-Compos. NA 22.8 2.58 NP NP NP 54.5
S2-NW-1A Brown 25.9 2.87 NP NP NP 39.8
S2-NE-2BT White 21.8 2.59 NP NP NP 51.9
S2-SW-1A Black 73.5 3.11 NP NP NP 63.3
S2-Compo NA 34.2 2.78 NP NP NP 38.1
S3-NW-1A Reddish Brown 7.4 2.35 NP NP NP 93.2
S3-NW-1C Brown 3.7 2.08 NP NP NP 93.9
S3-SE-1A Reddish Brown 10.2 2.58 NP NP NP 90.0
S3-SE-1C Dark Brown 6.3 2.29 NP NP NP 929
S3-Compo NA 3.8 2.75 NP NP NP 87.8
NA = Not Applicable \g i\?{é
NP = Non-Plastic vy
Note: Data validation is in progress €9
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