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Evaluation Report Summary: SEC-00195, Nuclear Metals, Inc.

This evaluation report by the National Institute for Occupational Safety and Health (NIOSH)
addresses a class of employees proposed for addition to the Special Exposure Cohort (SEC) per the
Energy Employees Occupational Iliness Compensation Program Act of 2000, as amended, 42 U.S.C.
8 7384 et seq. (EEOICPA) and 42 C.F.R. pt. 83, Procedures for Designating Classes of Employees as
Members of the Special Exposure Cohort under the Energy Employees Occupational IlIness
Compensation Program Act of 2000.

Petitioner-Requested Class Definition

Petition SEC-00195 was received on October 20, 2011, and qualified on January 17, 2012. The
petitioner requested that NIOSH consider the following class: All employees who worked in Buildings
A, B, C, D, E, the Butler Building, external storage containers, and outside areas immediate to plant
grounds at the Nuclear Metals, Inc. facility in West Concord, Massachusetts, during the period from
January 1, 1970 through December 31, 1983.

Class Evaluated by NIOSH

Based on its preliminary research, NIOSH expanded the petitioner-requested class. The start date of
the evaluated class was changed from the date petitioned to be consistent with the Nuclear Metals, Inc.
movement of operations from the Hood Building in Cambridge, Massachusetts, to their new facility at
2229 Main Street in Concord, Massachusetts in 1958. NIOSH evaluated the following class: All
employees who worked at the Nuclear Metals, Inc. facility in West Concord, Massachusetts, during
the period from January 1, 1958 through December 31, 1983. NIOSH has determined that the
information gained during recent data capture efforts warrant further analysis for the years post-1979.
NIOSH believes the availability of breathing zone data starting in 1980, along with increased bioassay
monitoring beginning in the late 1970s, may impact post-1979 dose reconstruction feasibility
determinations. Because the continuing analysis affects only post-1979, NIOSH has determined that
it is appropriate to proceed with the pre-1980 feasibility evaluation while continuing to analyze the
impact that the data have on post-1979 dose reconstruction. NIOSH is therefore reserving its
feasibility determination for the period from January 1, 1980 through December 31, 1983 pending full
assessment of the available post-1979 data. NIOSH is continuing to evaluate the feasibility of
sufficiently accurate dose reconstruction for the period from January 1, 1980 through December 31,
1983.

NIOSH-Proposed Class to be Added to the SEC

Based on its full research, to date, of the class under evaluation, NIOSH has defined a single class of
employees for which NIOSH cannot estimate radiation doses with sufficient accuracy. The NIOSH-
proposed class includes all Atomic Weapons Employees who worked at the facility owned by Nuclear
Metals Inc. (or a subsequent owner) in West Concord, Massachusetts during the period from October
29, 1958 through December 31, 1979, for a number of work days aggregating at least 250 work days,
occurring either solely under this employment or in combination with work days within the
parameters established for one or more other classes of employees included in the Special Exposure
Cohort. The class under evaluation was accepted (see Section 3.0 below) because radiation doses
potentially incurred by members of the proposed class may not have been adequately monitored
through personal monitoring or through area monitoring. The NIOSH-proposed class does not
comprise the entire evaluated class because: (1) the Department of Labor has recently determined the
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start of Atomics Weapons Employer operations at the Nuclear Metals, Inc. Concord, Massachusetts
site to be October 29, 1958; and (2) NIOSH is still evaluating information gained during recent data
capture efforts for the years post-1979. NIOSH believes the availability of breathing zone data
starting in 1980, along with increased bioassay monitoring beginning in the late 1970s, may impact
post-1979 dose reconstruction feasibility determinations. Consequently, NIOSH is continuing to
evaluate the feasibility of sufficiently accurate dose reconstruction for the period from January 1, 1980
through December 31, 1983

Feasibility of Dose Reconstruction

Per EEOICPA and 42 C.F.R. § 83.13(c)(1), NIOSH has established that it does not have access to
sufficient information to: (1) estimate the maximum radiation dose, for every type of cancer for which
radiation doses are reconstructed, that could have been incurred in plausible circumstances by any
member of the class; or (2) estimate radiation doses of members of the class more precisely than an
estimate of maximum dose. Information available from the site profile and additional resources is not
sufficient to document or estimate the maximum internal and external potential exposure to members
of the proposed class under plausible circumstances during the specified period.

The NIOSH dose reconstruction feasibility findings are based on the following:

e Principal sources of internal radiation for members of the proposed class included exposures to
natural, depleted, and enriched uranium, thorium oxides and metals existing either separately or as
alloys, and uranium and thorium progeny. The primary modes of exposure were likely inhalation
and ingestion, with entry through wounds also being possible during the processing of these
metals.

e Early operations at the Concord facility consisted primarily of research and development in
fundamental metallurgy, physical metallurgy, chemical metallurgy, fuel element development and
manufacture, and high temperature materials. In the mid-1970s, the focus of Concord site
radiological operations shifted to large-scale production including the manufacture of depleted
uranium shields, counter weights, and armor penetrators; the manufacture of metal powders
including thorium; and continued reactor fuel development.

e Internal exposure monitoring data available to NIOSH include:

O urine bioassay results for most years in the evaluation period except 1968, 1972, and 1975
(with the number of urinalysis results increasing dramatically from 1978 through 1983);

o0 approximately 500 lung counting results beginning in 1982;

0 summary air data for the pre-1975 period giving only maximum, minimum, and average
air concentrations; and

0 28,000 breathing zone and work area air sample results during the period 1980 through
1983.

e NIOSH has been unable to obtain sufficient internal monitoring data specific to enriched uranium,
thorium, uranium progeny, or thorium progeny for the period through December 1979 and is
continuing to evaluate available data for the period 1980 through 1983. Consequently NIOSH has
determined that it does not have access to sufficient personnel monitoring, workplace monitoring,
or source term data to estimate with sufficient accuracy internal exposures to enriched uranium,
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thorium, uranium progeny, and thorium progeny, for Nuclear Metals, Inc. workers during the
period from October 29, 1958 through December 31, 1979. NIOSH found that it may be feasible
to reconstruct internal doses from natural and depleted uranium for employees during the
recommended SEC period from October 29, 1958 through December 31, 1979, using available
claimant and site monitoring data, and information in established procedures such as Site Profiles
for Atomic Weapons Employers that Worked Uranium Metals, Battelle-TBD-6000.

e Principal sources of external radiation for members of the proposed class included exposures to
gamma and beta radiation associated with handling and working in proximity to natural, depleted,
and enriched uranium and thorium oxides and metals existing either separately or as alloys. The
modes of exposure were direct radiation, submersion in potentially-contaminated air, and exposure
to contaminated surfaces.

e External monitoring data available to NIOSH consist of film badge and thermoluminescent
dosimeter results covering the entire operational period under evaluation. NIOSH has determined
that reconstruction of external doses, including occupational medical doses, is likely feasible for
the period from October 29, 1958 through December 31, 1983.

e Pursuant to 42 C.F.R. § 83.13(c)(1), NIOSH determined that there is insufficient information to
either: (1) estimate the maximum radiation dose, for every type of cancer for which radiation
doses are reconstructed, that could have been incurred under plausible circumstances by any
member of the class; or (2) estimate the radiation doses of members of the class more precisely
than a maximum dose estimate.

e Although NIOSH found that it is not possible to completely reconstruct radiation doses for the
proposed class, NIOSH intends to use any internal and external monitoring data that may become
available for an individual claim (and that can be interpreted using existing NIOSH dose
reconstruction processes or procedures). Therefore, dose reconstructions for individuals employed
at Nuclear Metals, Inc. during the period from October 29, 1958 through December 31, 1979, but
who do not qualify for inclusion in the SEC, may be performed using these data as appropriate.

Health Endangerment Determination

Per EEOICPA and 42 C.F.R. § 83.13(c)(3), a health endangerment determination is required because
NIOSH has determined that it does not have sufficient information to estimate dose for the members
of the proposed class.

NIOSH did not identify any evidence supplied by the petitioners or from other resources that would
establish that the proposed class was exposed to radiation during a discrete incident likely to have
involved exceptionally high-level exposures. However, evidence indicates that some workers in the
proposed class may have accumulated substantial chronic exposures through episodic intakes of
radionuclides, combined with external exposures to gamma, beta, and neutron radiation.
Consequently, NIOSH has determined that health was endangered for those workers covered by this
evaluation who were employed for at least 250 aggregated work days either solely under this
employment or in combination with work days within the parameters established for one or more
other SEC classes.
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SEC Petition Evaluation Report for SEC-00195

ATTRIBUTION AND ANNOTATION: This is a single-author document. All conclusions drawn from
the data presented in this evaluation were made by the ORAU Team Lead Technical Evaluator:
Edward D. Scalsky, Oak Ridge Associated Universities. The rationales for all conclusions in this
document are explained in the associated text.

1.0 Purpose and Scope

This report evaluates the feasibility of reconstructing doses for all employees who worked at the
Nuclear Metals, Inc. facility in West Concord, Massachusetts, during the period from January 1, 1958
through December 31, 1983. It provides information and analyses germane to considering a petition
for adding a class of employees to the congressionally-created SEC. The Department of Labor (DOL)
has recently determined the start of Atomic Weapons Employer (AWE) operations at the Nuclear
Metals, Inc. Concord, Massachusetts site to be October 29, 1958 (DOL, 2012). For completeness, this
report does include information on Nuclear Metals, Inc. operations prior to October 29, 1958, even
though such operations are not included in any SEC recommendations for the facility in Concord,
Massachusetts.

This report does not make any determinations concerning the feasibility of dose reconstruction that
necessarily apply to any individual energy employee who might require a dose reconstruction from
NIOSH. This report also does not contain the final determination as to whether the proposed class
will be added to the SEC (see Section 2.0).

This evaluation was conducted in accordance with the requirements of EEOICPA, 42 C.F.R. pt. 83,
and the guidance contained in the Division of Compensation Analysis and Support’s (DCAS) Internal
Procedures for the Evaluation of Special Exposure Cohort Petitions, DCAS-PR-004."

2.0 Introduction

Both EEOICPA and 42 C.F.R. pt. 83 require NIOSH to evaluate qualified petitions requesting that the
Department of Health and Human Services (HHS) add a class of employees to the SEC. The
evaluation is intended to provide a fair, science-based determination of whether it is feasible to
estimate with sufficient accuracy the radiation doses of the class of employees through NIOSH dose
reconstructions.?

42 C.F.R. § 83.13(c)(1) states: Radiation doses can be estimated with sufficient accuracy if NIOSH
has established that it has access to sufficient information to estimate the maximum radiation dose,
for every type of cancer for which radiation doses are reconstructed, that could have been incurred in
plausible circumstances by any member of the class, or if NIOSH has established that it has access to

! DCAS was formerly known as the Office of Compensation Analysis and Support (OCAS).
2 NIOSH dose reconstructions under EEOICPA are performed using the methods promulgated under 42 C.F.R. pt. 82 and
the detailed implementation guidelines available at http://www.cdc.gov/niosh/ocas.
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sufficient information to estimate the radiation doses of members of the class more precisely than an
estimate of the maximum radiation dose.

Under 42 C.F.R. § 83.13(c)(3), if it is not feasible to estimate with sufficient accuracy radiation doses
for members of the class, then NIOSH must determine that there is a reasonable likelihood that such
radiation doses may have endangered the health of members of the class. The regulation requires
NIOSH to assume that any duration of unprotected exposure may have endangered the health of
members of a class when it has been established that the class may have been exposed to radiation
during a discrete incident likely to have involved levels of exposure similarly high to those occurring
during nuclear criticality incidents. If the occurrence of such an exceptionally high-level exposure has
not been established, then NIOSH is required to specify that health was endangered for those workers
who were employed for at least 250 aggregated work days within the parameters established for the
class or in combination with work days within the parameters established for one or more other SEC
classes.

NIOSH is required to document its evaluation in a report, and to do so, relies upon both its own dose
reconstruction expertise as well as technical support from its contractor, Oak Ridge Associated
Universities (ORAU). Once completed, NIOSH provides the report to both the petitioner(s) and the
Advisory Board on Radiation and Worker Health (Board). The Board will consider the NIOSH
evaluation report, together with the petition, petitioner(s) comments, and other information the Board
considers appropriate, in order to make recommendations to the Secretary of HHS on whether or not
to add one or more classes of employees to the SEC. Once NIOSH has received and considered the
advice of the Board, the Director of NIOSH will propose a decision on behalf of HHS. The Secretary
of HHS will make the final decision, taking into account the NIOSH evaluation, the advice of the
Board, and the proposed decision issued by NIOSH. As part of this decision process, petitioners may
seek a review of certain types of final decisions issued by the Secretary of HHS.?

3.0 SEC-00195, Nuclear Metals, Inc. Class Definitions

The following subsections address the evolution of the class definition for SEC-00195, Nuclear
Metals, Inc. When a petition is submitted, the requested class definition is reviewed as submitted.
Based on its review of the available site information and data, NIOSH will make a determination
whether to qualify for full evaluation all, some, or no part of the petitioner-requested class. If some
portion of the petitioner-requested class is qualified, NIOSH will specify that class along with a
justification for any modification of the petitioner’s class. After a full evaluation of the qualified
class, NIOSH will determine whether to propose a class for addition to the SEC and will specify that
proposed class definition.

3.1 Petitioner-Requested Class Definition and Basis

Petition SEC-00195 was received on October 20, 2011, and qualified on January 17, 2012. The
petitioner requested that NIOSH consider the following class: All employees who worked in Buildings

¥ See 42 C.F.R. pt. 83 for a full description of the procedures summarized here. Additional internal procedures are
available at http://www.cdc.gov/niosh/ocas.
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A, B, C, D, E, the Butler Building, external storage containers, and outside areas immediate to plant
grounds at the Nuclear Metals, Inc. facility in West Concord, Massachusetts, during the period from
January 1, 1970 through December 31, 1983.

The petitioner provided information and affidavit statements in support of the petitioner’s belief that
accurate dose reconstruction over time is impossible for the Nuclear Metals, Inc. workers in question.
NIOSH deemed the following information and affidavit statements sufficient to qualify SEC-00195
for evaluation:

The petitioners indicated there were many unmonitored uranium airborne and external
exposures. They provided many examples including a video that showed an explosion that
occurred when workers were passivating the furnace lid during the process of reducing UF,
(green salt) to a uranium metal derby. The petitioners also offered evidence of many
violations of regulations that showed Nuclear Metals, Inc. failed to perform the surveys
necessary to assure that employees exposed to airborne uranium-238 and associated alpha,
beta, and gamma emitting daughters were not exposed to concentrations exceeding those
specified in 10 C.F.R. Section 20.103 (Supporting Doc, 1974-2006). In addition, the
petitioners indicated how hazardous the process was for receiving green salt. The green salt
was supplied in 55-gallon drums weighing approximately 2,000 Ibs. Some of the drums
leaked, spilling green salt over the shop floor and equipment. The drums were emptied, one at
a time, in a conical blender and mixed with magnesium granules. The mixture was transferred
to the “bomb”, capped with graphite, and contained in a one-inch thick steel cap bolted to the
vessel. The petitioners stated that this was a hazardous operation that constantly exposed
workers to significant airborne contamination (Affidavits, 2011).

Based on its Nuclear Metals, Inc. research and data capture efforts, NIOSH determined that it has
access to internal and external dosimetry data for Nuclear Metals, Inc. workers during the time period
under evaluation. However, NIOSH also determined that internal dosimetry records are not complete
for all time periods or for all radionuclides. NIOSH concluded that there is sufficient documentation
to support, for at least part of the requested time period, the petition basis that internal radiation
exposures and radiation doses may not have been adequately monitored at Nuclear Metals, Inc., either
through personal monitoring or area monitoring. The information and statements provided by the
petitioner qualified the petition for further consideration by NIOSH, the Board, and HHS. The details
of the petition basis are addressed in Section 7.4.

3.2 Class Evaluated by NIOSH

Based on its preliminary research, NIOSH expanded the petitioner-requested class because NIOSH
determined that work from a DOE site, the Hood Building in Cambridge, Massachusetts, was likely
transferred to the Nuclear Metals, Inc. site in Concord in 1958, and such work warranted a NIOSH
evaluation beginning in 1958. NIOSH designated the time period of the class to be evaluated to be
consistent with the move of operations from the Hood Building to the Nuclear Metals, Inc. new
facility at 2229 Main Street Concord, Massachusetts in 1958. Therefore, NIOSH defined the
following class for evaluation: All employees who worked at the Nuclear Metals, Inc. facility in West
Concord, Massachusetts, during the period from January 1, 1958 through December 31, 1983. The
January 1, 1958 start date corresponded with the AWE period start date listed in the DOE Office of
Health, Safety and Security facility database.
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3.3  NIOSH-Proposed Class to be Added to the SEC

Based on its research of the class under evaluation, NIOSH has defined a single class of employees for
which NIOSH cannot estimate radiation doses with sufficient accuracy. The NIOSH-proposed class
to be added to the SEC includes all Atomic Weapons Employees who worked at the facility owned by
Nuclear Metals Inc. (or a subsequent owner) in West Concord, Massachusetts during the period from
October 29, 1958 through December 31, 1979, for a number of work days aggregating at least 250
work days, occurring either solely under this employment or in combination with work days within
the parameters established for one or more other classes of employees included in the Special
Exposure Cohort.

Notes: The DOL has determined that the period from January 1, 1958 through October 28, 1958 is
not included in the covered AWE designation for the Nuclear Metals, Inc., Concord,
Massachusetts facility (DOL, 2012).

As explained further in Section 7 of this report, NIOSH has determined that the information
gained during recent data capture efforts warrant further analysis for the years post-1979.
NIOSH believes the availability of breathing zone data starting in 1980, along with increased
bioassay monitoring beginning in the late 1970s, may impact post-1979 dose reconstruction
feasibility determinations. Because the continuing analysis affects only post-1979, NIOSH
has determined that it is appropriate to proceed with the pre-1980 feasibility evaluation while
continuing to analyze the impact that the data have on post-1979 dose reconstruction.
NIOSH is therefore reserving its full assessment of the available post-1979 data and will
continue to evaluate the feasibility of sufficiently accurate dose reconstruction for the period
from January 1, 1980 through December 31, 1983.

4.0 Data Sources Reviewed by NIOSH to Evaluate the Class

As is standard practice, NIOSH completed an extensive database and Internet search for information
regarding Nuclear Metals, Inc. The database search included the DOE Legacy Management
Considered Sites database, the DOE Office of Scientific and Technical Information (OSTI) database,
the Energy Citations database, and the Hanford Declassified Document Retrieval System. In addition
to general Internet searches, the NIOSH Internet search included OSTI OpenNet Advanced searches,
OSTI Information Bridge Fielded searches, Nuclear Regulatory Commission (NRC) Agency-wide
Documents Access and Management (ADAMS) web searches, the DOE Office of Human Radiation
Experiments website, and the DOE-National Nuclear Security Administration-Nevada Site Office-
search. Attachment One contains a summary of Nuclear Metal, Inc. documents. The summary
specifically identifies data capture details and general descriptions of the documents retrieved.

In addition to the database and Internet searches listed above, NIOSH identified and reviewed
numerous data sources to determine information relevant to determining the feasibility of dose
reconstruction for the class of employees under evaluation. This included determining the availability
of information on personal monitoring, area monitoring, industrial processes, and radiation source
materials. The following subsections summarize the data sources identified and reviewed by NIOSH.
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4.1 Site Profile Technical Basis Documents (TBDs)

A Site Profile provides specific information concerning the documentation of historical practices at
the specified site. Dose reconstructors can use the Site Profile to evaluate internal and external
dosimetry data for monitored and unmonitored workers, and to supplement, or substitute for,
individual monitoring data. A Site Profile consists of an Introduction and five Technical Basis
Documents (TBDs) that provide process history information, information on personal and area
monitoring, radiation source descriptions, and references to primary documents relevant to the
radiological operations at the site. The Site Profile for a small site may consist of a single document.
Although there is not a specific Site Profile for Nuclear Metals, Inc., as part of NIOSH’s evaluation
detailed herein, it examined the following TBD for insights into Nuclear Metals, Inc. operations or
related topics/operations at other sites:

e Site Profiles for Atomic Weapons Employers that Worked Uranium Metals, Battelle-TBD-6000;
Rev. 1; June 17, 2011; SRDB Ref ID: 101251

4.2 ORAU Technical Information Bulletins (OTIBS)

An ORAU Technical Information Bulletin (OTIB) is a general working document that provides
guidance for preparing dose reconstructions at particular sites or categories of sites. NIOSH reviewed
the following OTIBs as part of its evaluation:

e OTIB: Estimation of Neutron Dose Rates from Alpha-Neutron Reactions in Uranium and Thorium
Compounds, ORAUT-OTIB-0024; April 7, 2005; SRDB Ref ID: 19445

e OTIB: Dose Reconstruction from Occupationally Related Diagnostic X-Ray Procedures, ORAUT-
OTIB-0006, Rev. 03 PC-1; December 21, 2005; SRDB Ref ID: 20220

e OTIB: Guidance on Assigning Occupational X-ray Dose Under EEOICPA for X-rays
Administered Off Site, ORAUT-OTIB-0079, Rev. 00; January 1, 2011; SRDB Ref ID: 89563

4.3  Facility Employees and Experts

To obtain additional information, NIOSH interviewed eight former Nuclear Metals, Inc. employees.
Interviewee selection was based on individual availability and the potential knowledge of Nuclear
Metals, Inc. working conditions during the period under evaluation. Information obtained during the
interviews contributed to the general knowledge of Nuclear Metals, Inc. conditions and monitoring
practices.

e Personal Communication, 2012a, Documented Communication with a Plant Engineer; Telephone
Interview by ORAU Team; March 5, 2012, 10:00 AM EST; SRDB Ref ID: 111249

e Personal Communication, 2012b, Documented Communication with a Plant Engineer; Telephone
Interview by ORAU Team; March 8, 2012, 3:30 PM EST; SRDB Ref ID: 111248

e Personal Communication, 2012c, Documented Communication with a Plant Manager; Telephone
Interview by ORAU Team; March 8, 2012, 10:00 AM EST; SRDB Ref ID: 111247
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e Personal Communication, 2012d, Documented Communication with a Machine Operator;
Telephone Interview by ORAU/NIOSH Team; March 7, 2012, 2:00 PM EST; SRDB Ref ID:
111246

e Personal Communication, 2012e, Documented Communication with a REP Machine Operator;
Telephone Interview by ORAU Team; March 27, 2012, 12:00 PM EST; SRDB Ref ID: 114279

e Personal Communication, 2012f, Documented Communication with a Senior Health Physicist;
Telephone Interview by ORAU Team; April 17, 2012, 2:00 PM EST; SRDB Ref ID: 114280

e Personal Communication, 2012g, Documented Communication with a Health Physics Technician;
Telephone Interview by ORAU Team; March 27, 2012, 9:00 AM; SRDB Ref ID: 114281

e Personal Communication, 2012h, Documented Communication with a Foundry Worker;
Telephone Interview by ORAU Team; March 26, 2012, 11:00 AM; SRDB Ref ID: 114282

In addition to the eight interviews conducted, three worker outreach meetings were held in Concord,
Massachusetts on March 14 and March 15, 2012. The meetings consisted of a presentation and
discussion-type format. Approximately 50 former workers and owners of the company attended these
meetings. Significant insight into the operations and potential problems were identified and
discussed.

4.4  Previous Dose Reconstructions

NIOSH reviewed its NIOSH DCAS Claims Tracking System (referred to as NOCTYS) to locate
EEOICPA-related dose reconstructions that might provide information relevant to the petition
evaluation. NIOSH reviewed each claim to determine whether internal and/or external personal
monitoring records could be obtained for the employee. Table 4-1 summarizes the results of this
review. (NOCTS data available as of August 7, 2012)

Table 4-1: No. of Nuclear Metals, Inc. Claims Submitted Under the Dose Reconstruction Rule

Description Totals

Total number of claims submitted for dose reconstruction 23
Total number of claims submitted for energy employees who worked during the period under 19
evaluation (January 1, 1958 through December 31, 1983)
Number of dose reconstructions completed for energy employees who worked during the period
under evaluation (i.e., the number of such claims completed by NIOSH and submitted to the

. 16
Department of Labor for final approval).
Number of claims for which internal dosimetry records were obtained for the identified years in the 15
evaluated class definition
Number of claims for which external dosimetry records were obtained for the identified years in the 18
evaluated class definition
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45 NIOSH Site Research Database

NIOSH also examined its Site Research Database (SRDB) to locate documents supporting the
assessment of the evaluated class. One thousand six hundred twenty documents in this database were
identified as pertaining to Nuclear Metals, Inc. These documents were evaluated for their relevance to
this petition. The documents include historical background on locations, licenses, process
descriptions, radiological training, hazards associated with uranium, external dosimetry monitoring
data, air sample data, urinalysis data, lung counts, medical program, and the radiological control
program.

4.6  Documentation and/or Affidavits Provided by Petitioners

In qualifying and evaluating the petition, NIOSH reviewed affidavits as well as multiple supporting
documents submitted by the petitioners. Brief descriptions and summaries are provided below:

e Ten Affidavits from Former Nuclear Metals, Inc. Workers; various dates and multiple versions
with extensive support documentation (e.g., reports, statements, photographs, movie clip, contract
numbers, newsletters); DSA Ref IDs: 115097, 115105, 115107, 115119, 115557, 115558,
115640, 115703, 116321, 116322, 116553, 116554, 116561, 116574, 116737, 116930, 116931,
117078, 117079

e Various Atomic Energy Commission, Nuclear Regulatory Commission, and Nuclear Metals, Inc.
Documents Describing Site Health and Safety Inspection Violations, Necessary Corrective
Actions, On- and Off-Site Contamination Problems, and Archival Documents; multiple authors;
multiple dates; DSA Ref ID: 115098

e South Carolina Administrative Law Proceedings in 2002; filed on June 27, 2002; DSA Ref ID:
115115

e Dumping on History: A Radioactive Nightmare in Concord, Massachusetts, article that details the
burial of 3,800 drums of radioactive waste; Ed Ericson, Jr.; Jan-Feb 2004; DSA Ref ID: 115113,
pdf pp. 9-10

e Uranium Movement at the Nuclear Metals, Inc./Starmet Site Concord, Massachusetts, 2000 report
of the isotopic content of the holding basin at Nuclear Metals, Inc.; Radioactive Waste
Management Associates; September; DSA Ref ID: 115113, pdf pp. 13-25

e Nuclear Metals, Inc. Claim Statistics, reconstructed from employee and claimant interviews; DSA
Ref ID: 115099

e A List of Prior Nuclear Metal, Inc. Employees, contact information was obtained from September
13, 2000 Starmet (Nuclear Metals, Inc.) employee list; DSA Ref ID: 115111

e Limited List of Contracts Awarded to Nuclear Metals, Inc.; DSA Ref ID: 115110

e Nuclear Metals, Inc. Unmonitored Exposure Matrix Summary, summary includes dates ranging
from 1967 through 1983; DSA Ref IDs: 115703, pdf pp. 30-35 and 116303

17 of 78



SEC-00195 08-30-2012 Nuclear Metals, Inc.

5.0 Radiological Operations Relevant to the Class Evaluated by
NIOSH

The following subsections summarize both radiological operations at the Nuclear Metals, Inc. site
from January 1, 1958 through December 31, 1983, and the information available to NIOSH to
characterize particular processes and radioactive source materials. From available sources NIOSH has
gathered process and source descriptions, information regarding the identity and quantities of each
radionuclide of concern, and information describing processes through which radiation exposures may
have occurred and the physical environment in which they may have occurred. The information
included within this evaluation report is intended only to be a summary of the available information.

5.1 Nuclear Metals, Inc. Plant and Process Descriptions

Nuclear Metals, Inc. was located at 2229 Main Street, Concord, Massachusetts, on 30 acres of land
during the evaluated time period, but later expanded to 46.4 acres of land in 1990 when Nuclear
Metals purchased adjacent properties from the Memorial Drive Trust (MDT) (MACTEC, 2004). For
the period evaluated by NIOSH, the Nuclear Metals, Inc. workforce, based on various contracts held
during different times, varied from approximately 60 to over 650 workers. The number of employees
decreased during the period from 1960 through the mid-1970s. The number of employees (obtained
from various inspection reports) increased rapidly starting in the latter half of the 1970s, peaking
around 1982 through 1983 to over 650. Table 5-1 shows the Nuclear Metals, Inc. workforce
population from 1959 through 1972. In the years not represented in the table below, NIOSH has
found no indication regarding the number of employees per year. However, an inspection report for
August 1983 states “The NMI workforce has doubled in recent years to a present strength of 654
employees.”

Table 5-1: Nuclear Metals, Inc. 1959-1972 and 1983
Workforce Population
Month and Year @, OF SRDB Ref ID
Employees

October 1959 275 25090, pdf p. 48
October 1960 350 25090, pdf p. 70
July 1961 250 25090, pdf p. 74
January 1962 165 25090, pdf p. 80
September 1962 167 25090, pdf p. 88
October 1963 156 25090, pdf p. 96
February 1964 154 25090, pdf p. 98
August 1964 167 25090, pdf p. 101
October 1964 163 25090, pdf p. 104
May 1965 143 25090, pdf p. 106
November 1965 135 25090, pdf p. 114
May 1966 128 25090, pdf p. 119
July 1970 100 109544, pdf p. 6
July 1971 80 105866, pdf p. 6
July 1972 50 105867, pdf p. 4
August 1983* 654 112167, pdf p. 5

Note:
* The number of employees between 1972 and 1983 has not been identified.
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Nuclear Metals, Inc work evolved from the Massachusetts Institute of Technology (MIT)
Metallurgical Laboratory, which began experimental work on producing uranium metal in the spring
of 1942 using a process involving melting and casting. This work continued from 1942 through 1946,
at which time the work performed under Manhattan Engineer District (MED) contracts was relocated
to the Hood Building in Cambridge, Massachusetts. The MED, and subsequently the Atomic Energy
Commission (AEC), owned the Hood Building which was located adjacent to the MIT campus. In
1954, Nuclear Metals Inc. was established and assumed the work that MIT had been performing in the
Hood Building. Operations at the Hood Building continued until October 29, 1958, when the work
was again relocated to Concord, Massachusetts. The Hood Building was acquired by the General
Services Administration (GSA) for disposition when it was declared surplus to government needs.
The GSA turned the building over to the Department of Health, Education, and Welfare, which, in
turn, deeded the property to MIT with the proviso that the property be used for educational purposes
and MIT pay for the demolition (MIT, 1963). The Hood building was subsequently demolished after
which it was released by the AEC on July 11, 1963 (DOE, 2010).

On August 29, 1957, Nuclear Metals purchased approximately 30 acres of undeveloped property and
constructed and occupied the original Concord facility buildings by March 1958 (MACTEC, 2004,
pdf p. 21). The information available to NIOSH associated with the March 1958 occupancy date is
limited to a Health and Safety Plan document produced by a SUPERFUND contractor (MACTECH,
2004). NIOSH has no further information specifying whether or not radioactive materials could have
arrived on the Concord site from the Hood Building facility prior to March 1958. Although Nuclear
Metals, Inc. occupied the Concord Facility buildings in March 1958, there are indications that
operations did not begin until October 1958 (Monitoring, 1955-1966, pdf p. 39). The start date for
AWE operations at the Concord facility is determined by DOL to be October 29, 1958 (DOL, 2012).
In a letter to NIOSH, DOL states “... Nuclear Metals was legally a DOE contractor between July 1,
1954 and October 28, 1958 due to the AEC's ownership of the Hood Building. Nuclear Metals only
became an AWE when it left the Hood Building for Concord, MA, on October 29, 1958.”

The original facility consisted of three principal buildings, designated as Buildings A, B, and C.
Building A contained office space and research laboratories. Building B contained services (e.g.,
cafeteria, laboratories, etc.). Building C was initially configured for use as the main production
facility and included foundry equipment for melting metals, extrusion presses, metal working
equipment, pickling and etching tanks, and electroplating equipment (MACTEC, 2004, pdf p. 21).
Later, additional buildings were added. Table 5-2 lists the main buildings at Nuclear Metals, Inc., as
well as each building’s year of construction, physical dimensions, type of structure, and a brief
description of the building’s function.
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Table 5-2: Nuclear Metals, Inc. Building Details

Building

Year
Constructed

Dimensions

(o)

Area
(ft®)

Structure
Type

Building Function

A

1958

216 x 80 x 26

34,000

2 story

Building A was used for office space,
laboratory work, and quality control.

1958

97 x 60 x 26

11,130

2 story

Initially Building B contained the boiler
room, which serviced the entire
complex, electrical switch room,
telephone entrance room, toilets and
locker rooms, and the company clinic.

1958

200 x 130 x 26

26,000

1 story with a
mezzanine

Building C housed the foundry, which
was the heart of all the processes that
were involved in the production of
depleted uranium (DU) penetrators and
most of the other work.

1978

280 x 160 x 26

44,800

High Bay,
1 story

Building D was built to expand the
production capability and housed the
copper removal/pickling operation, long
rod straightening, outgas/solution heat
treatment, aging, re-machining, quality
control, and finish machining.

1983
Occupied in
1984

200 x 223 x 20

39,300

High Bay,
1 story

Building E included closed-loop
pickling, resource recovery area, waste
treatment and recovery, acid splitting,
coolant recovery, quality control, and
waste processing.

Butler 1

1958

64 x 32

1,800

Pre-engineered

Butler Building 1 was unrestricted and
used for non-DU related purposes.
However Butler 1 had previously been
used for packing and storing DU
components.

Butler 2

1960

64 x 32

1,800

Pre-engineered

Butler Building 2 was unrestricted and
used for non-DU related purposes.

Butler 3

1976

60 x 40

2,400

Pre-engineered

Butler Building 3 was used for storing
DU components.

Butler 4

1977

80 x 60

4,800

Pre-engineered

Butler Building 4 was unrestricted and
used for non-DU related purposes.

Tank
House

1958

Not stated

1,200

2-level slab on
grade

The Tank House was used for receipt of
process-contact water which was
received and then gravity fed into two
3,700 gallon, diked, wooden-cypress
tanks. This process-contact water was
ultimately pumped into the resource
recovery unit in Building E.

Source: ACI, 1994, pdf p. 20
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Figure 5-1 shows a diagram of the Nuclear Metals, Inc. facility.

Figure 5-1: Diagram of Nuclear Metals, Inc.
Source: ACI, 1994, pdf p. 26, with enhanced text

The Concord, Massachusetts site was originally a specialty metal research and development facility
that was licensed to possess low-level radioactive substances. After 1972, Nuclear Metals, Inc.
developed a manufacturing orientation. Building D was constructed in 1978 to expand the production
capabilities of the facility. Building E was constructed in 1983 and occupied in January 1984 and was
used to house the radioactive waste-processing operations (MACTEC, 2004, pdf p. 22).

In 1990, Nuclear Metals, Inc. acquired adjacent properties designated as Parcels A and B from the
Memorial Drive Trust (MDT), which owned land to the west and south of the Nuclear Metals, Inc.
property. At the same time, MDT acquired Lots C and D from Nuclear Metals, Inc. The Nuclear
Metals, Inc. property then consisted of approximately 46 acres (MACTEC, 2004, pdf p. 22). On
October 1, 1997, Nuclear Metals, Inc. changed its name to Starmet Corporation (Quinn, 2001, pdf p.
13).

5.1.1 Operations (1958-1972)

In the beginning of operations, after the transfer to Concord, operations consisted primarily of
research and development in fundamental metallurgy, physical metallurgy, chemical metallurgy,
engineering and product development, fuel element development and manufacture, and high
temperature materials (MACTEC, 2004, pdf p. 29). Many, if not all of these operations were carried
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over from the work at the Hood Building. Most of the operations at the Concord site were for the
United States Atomic Energy Commission (AEC) and the Department of Defense (DOD). Additional
activities were completed for private industry in the investigation and development of materials for
missiles, airframes, and other components. Examples of the operations performed at the Hood
Building and transferred to the Concord site are presented below; non-radiological operations are
included here for completeness only (MACTEC, 2004, pdf p. 29).

e Conducting studies of the causes of brittleness in beryllium.

e Determining the original phase diagrams for alloys of uranium-beryllium, zirconium, hafnium,
tungsten and other special metals.

e Alloying uranium for specific properties, including corrosion resistance and high stress-rupture
characteristics. Similar studies were conducted to achieve higher strength in beryllium.

e Using unique techniques for testing and evaluating fuel elements and fuel-element materials.

e Developing high-strength zirconium alloys for use as cladding on fuel elements.

e Conducting electroplating studies.

e Conducting basic studies of corrosion in zirconium and uranium alloys, and the oxidation
mechanism for zirconium.

e Learning the effects of liquid-metal environments on zirconium and uranium alloys.

e Developing cermets, including beryllium-beryllium oxide and stainless steel-uranium oxide.

Developing original methods of chemical analysis for various constituents in beryllium, uranium,

and zirconium alloys.

Conducting oxidation studies of graphite, platinum, and refractory metals.

Developing and fabricating inter-metallic compounds of uranium.

Developing melting and casting techniques for beryllium and uranium alloys.

Developing machining methods for uranium, thorium, beryllium, yttrium, and other metals.

Performing technical and economic evaluation of proposed reactor-fuel types and fabrication

procedures.

Submarine reactor fuel elements.

e Producing fuel elements for several different reactors at National Laboratories.

e Developing methods of extrusion and drawing seamless molybdenum tubing and molybdenum
tubing clad inside and out with other metals such as stainless steel.

e Developing extrusion methods for niobium and tantalum.

e Investigating materials and design problems in nose-cone reentry studies, with particular emphasis
on the use of materials in combination.

5.1.2 Operations (1972-1979)

In the mid-1970s, the focus of Concord site operations shifted from research and development to
large-scale production. Large-scale production included the manufacture of depleted uranium (DU)
shields, counter weights, and armor penetrators; the manufacture of metal powders, beryllium and
beryllium alloy-parts production; and the manufacture of specialty titanium parts. Reactor fuel
development, which began at the MIT facilities in the 1940s, also continued during this period. The
following is a summary of some of the processes conducted at Nuclear Metals, Inc. and are included
because they are all potential sources of exposure.
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Process Descriptions by Building

Below is a general description of the processes within the individual buildings of Nuclear Metals, Inc.
at the Concord site.

Building A

Building A was used for office space, laboratory work, and quality control. About 60 percent of the
building was built as laboratory space for analytical chemistry, chemical metallurgy, physical
metallurgy, metallography, applied physics, and a glass shop. The laboratories included vacuum
furnaces, induction heating, machine shop, X-Ray equipment, electromagnets, and traditional
laboratory equipment. Building A is connected to Building B (MACTEC, 2004, pdf p. 33).

Building B

Originally, Building B was completely unrestricted with no activities related to DU (ACI, 1994, pdf p.
11). Building B contained the boiler room, which serviced the entire complex, electrical switch room,
telephone entrance room, toilets and locker rooms, and the company clinic. Portions of Building B
were converted for other uses during facility operations. Building B is connected to Building A and
Building C (MACTEC, 2004, pdf p. 33).

Building C
Building C housed the foundry, which was the heart of all the processes that were involved in the

production of DU penetrators and most of the other work performed by Nuclear Metals, Inc. at the
Concord site.

Foundry Operations-Melting and Casting

A DU melt typically consisted of one DU derby weighing approximately 600 kg, approximately 200
kg DU recycle and titanium metal sponge. As an option, a melt charge could consist of 100%
approved DU recycle. The charge was melted under vacuum in a zirconia-coated graphite crucible.
The coating prevented reaction between the molten uranium and graphite. Following a hold at 1400°
C to uniformly distribute the titanium in the alloy, the melt was poured into yttria-coated molds. One
melt produced nine ingots. Upon removal from the molds, ingots were inspected for surface quality
and length. Major equipment used in this process included induction furnaces, cleaning stations, and
various sawing equipment (AClI, 1994, pdf p. 12).

Billet Assembly

Ingots were assembled into airtight copper cans and evacuated prior to extrusion. Each ingot was
checked for surface condition, ingot-to-can fit, and melt-lot identification. The ingots were then
slipped into lengths of copper tube blocked at one end. A copper endplate equipped with an
evacuation tube was welded onto the open end. The evacuation tube was then connected to a vacuum
system and each billet assembly was evacuated. The evacuation tube was then crimp-sealed to form a
leak-tight assembly (ACI, 1994, pdf p. 12).

Extrusion Operations

Extrusions were accomplished in a 1,400 ton Loewy extrusion press. Billets were loaded into ovens
and maintained at 600° C for one hour minimum prior to extrusion. Dies and liner assemblies were
preheated to 370° C. The die was lubricated and the billets were pushed through the die at a constant
ram speed. Immediately upon exiting the extrusion press, each rod was automatically transferred to a
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forced/air/water mist cooling bed. Major equipment used in this process included a 1,400 ton press,
billet and cooling furnaces, and a bar handling system (ACl, 1994, pdf pp. 12-13).

Building D

Building D was built to expand the production capability and housed the copper removal/pickling
operation, long rod straightening, outgas/solution heat treatment, aging, re-machining, quality control,
and finish machining.

Copper Removal/Pickling Operation

The copper sheath on the extruded bars was removed by acid digestion in a sulfuric acid-hydrogen
peroxide solution. The acid solution was pumped into Building E where it was regenerated by
electorwinning the copper and precipitation of UO4. The closed-loop pickling system was the only
major component used in this operation.

Long Rod Straightening

After removal of the copper sheath, extruded rods were straightened using a Sutton Rotary
Straightener (two-roll) to facilitate subsequent cutting operations. The “straightener” guides and rolls
were set such that the work piece would transit along the “pass line” and proper deflection was
provided to achieve the desired straightened end product. The rod stock was cut into blanks of
appropriate length by sawing. After an initial crop to remove front extrusion imperfections, a front
chemistry sample was cut and identified. Blanks were cut and identified in sequence until finally no
material remained of sufficient length to yield a blank. A rear chemistry sample was then cut and
identified. The major piece of equipment used in this process was the Sutton Rotary Straightener
(ACI, 1994, pdf p. 14).

Outgas/Solution Heat Treatment
Solution heat treatment of DU blanks was carried out in a multi-step operation involving:

e QOutgas

e Rotary Straighten
e Solution/Quench
e Rotary Straighten

Blanks up to 32 inches in length could be vacuum outgassed in an AVS vacuum solution heat-treat
furnace which had been modified for this purpose. The blanks were heated to 850° C under vacuum
and held for sufficient time to ensure a hydrogen content of less than one part per million. The blanks
were then cooled under vacuum into the alpha temperature range (500-700° C) and then rapidly
cooled to ambient temperature (ACI, 1994, pdf p. 15).

Some distortion occurs during outgassing. In order to facilitate the next induction heat-treat step, each
blank was rotary straightened under minimal stress conditions. Induction solution heat treatment was
accomplished in a vertical induction unit. Blanks were fed at a controlled rate through an induction
coil where they were heated to a surface temperature in air of 950-1000° C. The blanks were then
progressively quenched in agitated water. Additionally an automated induction furnace was in place
that would ensure a continuous flow of parts as production quantities increased. Having been
quenched into water, some distortion of the blanks would have occurred. All blanks were again
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straightened using predetermined parameters. Major equipment used in this process included
outgassing furnaces, a rotary straightener, degreaser, and a horizontal induction unit (ACI, 1994, pdf
p. 15).

Aging

All DU blanks were aged in recirculating inert-gas furnaces. Time-temperature parameters were
selected to achieve the mechanical properties required. Two recirculating inert-gas furnaces were
used in this operation (ACI, 1994, pdf p. 15).

Pre-Machining

Finish machining required a precision pre-machined blank with a uniform diameter and flat ends
perpendicular to the bar axis. These requirements were met by centerless grinding to the desired
finished diameter. The ends were faced flat and perpendicular to the bar axis (ACI, 1994, pdf p. 16).

Finish Machining

DU penetrator blanks were turned into their final configuration on Computer Numerical Control
(CNC) lathes. All feeds, speeds, and depths of cut were commensurate with production requirements
(ACI, 1994, pdf p. 16).

Quality Control

Quality Control Inspectors supported large-caliber DU penetrator programs in Building D through a
number of processes including: selection of mechanical test bars after aging runs, laser marking of DU
bars and finished penetrators, in-process inspection and measurements and inspection of DU bars, and
final inspection of finished penetrators. Equipment utilized during Quality Control operations
included a laser marker, various comparators, gauges, run-out fixtures, and ancillary support
equipment (ACI, 1994, pdf p. 16).

Building E
Closed-Loop Pickling, Resource Recovery Area

In Building D copper clad was removed from extruded-uranium rod stock by etching a 5% (by
volume) sulfuric acid solution using hydrogen peroxide as the oxidant. After the copper was removed
from the rod stock, the solution was transferred to electrowinning in Building E for electrolytic
recovery of copper and concurrent regeneration of sulfuric-acid value. The acid solution was then
recycled back for additional copper removal after the addition of hydrogen peroxide to remove
residual uranium. The slurry, containing gypsum and precipitated uranyl peroxide, was separated by
filtration and then disposed of in an approved land burial site. The filtrate, containing the copper, was
transferred to electrowinning for copper recovery and recycle (ACI, 1994, pdf p. 17).

Woaste Treatment and Recovery

Waste liquors, which consisted of floor-wash waters, steam-cleaning water, closed-loop pickling rinse
water, and other waste-process waters, were collected in two tanks for storage. The waste waters were
then transferred to the Waste Water Treatment areas where lime and acid were added to agglomerate
residual oils and adjusted the pH of the solution to 5. The resultant slurry was allowed to thicken and
was then filtered to remove the solids. The liquid solution was then oxidized with hydrogen peroxide
and neutralized to a pH above 7 (between 9.7 and 7.5). The neutralized liquor was then evaporated in
the pulse combustion dryer, where the steam produced was exhausted into the atmosphere after the
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solids separation and HEPA filtration. The solids (including the filter cake) were collected and
packaged for disposal in an approved burial site (ACI, 1994, pdf p. 18).

Acid Splitting

Oil-bearing aqueous liquors, such as machine coolant and steam-cleaning water, were treated by
adding sulfuric acid and aluminum sulfate. The liquor was then allowed to settle and the oil fraction,
which floats to the surface, was removed. The liquor was neutralized to a pH of 8.5 to allow the
aluminum to react to form aluminum hydroxide, which agglomerated any residual oil remaining in the
liquor. After settling, the aqueous phase was removed and the agglomerated solids were removed.
The oils and agglomerated solids were then transferred to waste processing for solidification and
subsequent disposal (NSWC, 1997, pdf p. 18).

Coolant Recovery

Machine coolant was treated to remove tramp oil and solids by allowing it to settle and then
separating the oil from the fine solids by centrifuge. The oil was transferred for acid splitting and the
solids transferred to waste processing for disposal. The treated coolant was monitored to ensure high
quality and additional coolant concentrated pH adjusters and other additives were added as required.
The coolant was then recycled back to machining.

Quality Control

The Quality Control Laboratory, Calibration Laboratory, Bond Room holding area, final inspection,
and offices were located in Building E. The first floor of the Quality Control Laboratory contained
inspection equipment, including equipment for powder analyses, hardness testing, tensile testing,
radiography, helium-leak testing, and all forms of final inspection. Outside of the main Quality
Control Laboratory was equipment for performing ultrasonic inspection and hardness testing of DU
bars. The Quality Control Calibration Laboratory was contained in an environmentally controlled
enclosure. Adjacent to the Calibration Laboratory was a fenced-in area for the Quality Control Bond
Room where non-conforming material was temporarily stored. This area was also used for
refurbishing DU aircraft counterweights (ACI, 1994, pdf p. 19).

Waste Processing

Decontamination systems and waste-processing systems were located in Building E.
Decontamination systems included a water-blasting booth, composed of a skid-mounted 20,000 psig,
100 HP unit, with walk-in-booth 16°(L) x 12°(W) x 8’(H). It was used for concrete surface cleaning
and cutting, surface coating removal, and with abrasive slurry, the ability for cutting up a 2” thick
metal plate. Other systems included a detergent cleaning tank, 4’(L) x 4’(W) x 3’(H), %2 HP,
centrifugal pump with spray bars, locally fabricated, for less aggressive cleaning of small parts, an
acid etching tank, 120 gallon capacity, used with H,SO4and H,O, solution, locally fabricated, for
aggressive cleaning of metal objects and inaccessible surfaces (e.g., threaded holes, etc.), a steam
cleaner (for light cleaning, grease removal, etc.), and a portable scarifyer (for light cleaning of
concretes slabs and asphalt). Other waste-processing equipment included a cutting and grinding
booth, 8’(L) x 8’(W) x 9°(H), fully ventilated into a HEPA filtration system, locally fabricated. A
band saw and acetylene cutting torch were also utilized for initial preparation and scrap material
sizing. The dry, active waste was processed utilizing a dual-drive shredder and various compactors.
Machine coolant and oils were processed using a solidification pan-type mixer with ventilation at the
reaction chamber and a five-gallon capacity. The processing of pyrophorics via encapsulation was
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accomplished by using a ring mill pulverizer (with spray bars, reservoir, and pumping), a cement
mixer (with 40 ft* capacity), a skip hoist, and a dust control unit. The encapsulation line also utilized
an unbagging station for opening sand and cement bags and cement molds (a cylindrical split-form
type designed by Nuclear Metals, Inc.) as well as a cement vibrator and a cement mixer. In addition
to the standard waste-packaging techniques this area also housed a bulk bag-filling station with