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1.0 INTRODUCTION

11 PURPOSE

Technical basis documents and site profile documents are not official determinations made by the
National Institute for Occupational Safety and Health (NIOSH) but are rather general working
documents that provide historic background information and guidance to assist in the preparation of
dose reconstructions at particular sites or categories of sites. They will be revised in the event
additional relevant information is obtained about the affected site(s). These documents may be used
to assist NIOSH staff in the completion of the individual work required for each dose reconstruction.

In this document the word “facility” is used as a general term for an area, building, or group of
buildings that served a specific purpose at a site. It does not necessarily connote an “atomic weapons
employer [AWE] facility” or a “Department of Energy [DOE] facility” as defined in the Energy
Employees Occupational lliness Compensation Program Act of 2000 [EEOICPA; 42 U.S.C. § 7384I(5)
and (12)]. EEOICPA, as amended, provides for employees who worked at an AWE facility during the
contract period and/or during the residual period.

Under EEOICPA, employment at an AWE facility is categorized as either (1) during the DOE contract
period (i.e., when the AWE was processing or producing material that emitted radiation and was used
in the production of an atomic weapon), or (2) during the residual contamination period (i.e., periods
that NIOSH has determined there is the potential for significant residual contamination after the period
in which weapons-related production occurred). For contract period employment, all occupationally
derived radiation exposures at covered facilities must be included in dose reconstructions. This
includes radiation exposure related to the Naval Nuclear Propulsion Program and any radiation
exposure received from the production of commercial radioactive products that were concurrently
manufactured by the AWE facility during the covered period. NIOSH does not consider the following
exposures to be occupationally derived (NIOSH 2007a):

e Background radiation, including radiation from naturally occurring radon present in
conventional structures

¢ Radiation from X-rays received in the diagnosis of injuries or illnesses or for therapeutic
reasons

For employment during the residual contamination period, only the radiation exposures defined in 42
U.S.C. § 7384n(c)(4) [i.e., radiation doses received from DOE-related work] must be included in dose
reconstructions. Doses from medical X-rays are not reconstructed during the residual contamination
period (NIOSH 2007a). It should be noted that under subparagraph A of 42 U.S.C. § 7384n(c)(4),
radiation associated with the Naval Nuclear Propulsion Program is specifically excluded from the
employee’s radiation dose. This exclusion only applies to those AWE employees who worked during
the residual contamination period. Also, under subparagraph B of 42 U.S.C. § 7384n(c)(4), radiation
from a source not covered by subparagraph A that is not distinguishable through reliable
documentation from radiation that is covered by subparagraph A is considered part of the employee’s
radiation dose. This site profile covers only exposures resulting from nuclear weapons-related work.
Exposures resulting from non-weapons-related work, if applicable, will be covered elsewhere.

1.2 SCOPE

This site profile provides specific information about documentation of historical practices at the
Nuclear Materials and Equipment Corporation (NUMEC) Apollo and Parks Township sites. This site
profile for NUMEC presents information useful for reconstruction of doses NUMEC employees
received.
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1.3 SPECIAL EXPOSURE COHORTS

This section describes the Special Exposure Cohorts (SECs) for the NUMEC sites in Apollo and
Parks Township, Pennsylvania.

The SECs cover employees who worked at one or both of the Apollo and Parks Township facilities.
This site profile also covers both NUMEC facilities and can be used to perform partial dose
reconstructions for individuals who worked at either or both facilities.

1.3.1 Apollo Site Special Exposure Cohort

An SEC has been identified that includes all AWE employees who were monitored or should have
been monitored for exposure to ionizing radiation while working at the NUMEC site in Apollo,
Pennsylvania, from January 1, 1957, through December 31, 1983, for a number of work days
aggregating at least 250 work days or in combination with work days within the parameters
established for one or more other classes of employees in the SEC (Leavitt 2007).

NIOSH has determined, and the Secretary of the U.S. Department of Health and Human Services
(DHHS) has concurred, that it is not feasible to reconstruct doses for the following situations:

e Uranium internal exposure before 1960 for lack of bioassay monitoring;

e Thorium and plutonium internal exposures for lack of monitoring data, process description, and
source term data;

e Potential ambient radiation dose from stack releases;

e Dose from radium-beryllium and polonium-beryllium neutron source fabrication operations;
and

¢ Internal doses where the bioassay data was based on the NUMEC Apollo contactor, Controls
for Environmental Pollution, from 1976 through 1983, because of concerns about data quality.

Although the combined petition evaluation report for petitions SEC-00047 and SEC-00080 (NIOSH
2007c) focused on the inability to estimate dose for the above situations during the period from
January 1, 1957, through December 31, 1983, partial doses can be estimated for workers for whom
applicable monitoring data are available. The DHHS designation for the worker class indicates that it
is possible to reconstruct occupational medical dose and components of the internal dose (uranium
doses starting from 1960). Therefore, individuals with nonpresumptive cancers may be considered for
partial dose reconstruction (Leavitt 2007).

1.3.2 Parks Township Site Special Exposure Cohort

An SEC has been identified that includes all AWE employees who worked at the NUMEC facility in
Parks Township, Pennsylvania, from June 1, 1960, through December 31, 1980, for a number of work
days aggregating to 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 in the SEC (Leavitt 2008).

NIOSH has determined, and the Secretary of Health and Human Services has concurred, that it is not
feasible to reconstruct doses for the following situations:

e Thorium internal exposures for lack of monitoring data and process descriptions;
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¢ Internal exposures for work with irradiated fuel and fabrication of radiation sources for lack of
monitoring data, process descriptions, and source term data; and

o Internal doses where the bioassay data were based on the NUMEC Apollo contactor, Controls
for Environmental Pollution, from 1976 through 1980, because of concerns about data quality.

Although the SEC petition evaluation report for petition SEC-00108 (NIOSH 2008) focused on the
inability to estimate dose for the above situations during the period from June 1, 1960, through
December 31, 1980, partial doses can be estimated for workers for whom applicable monitoring data
are available. The DHHS designation for the worker class indicates that it is possible to reconstruct
occupational medical dose and components of the internal dose when adequate monitoring data are
available. Therefore, individuals with nonpresumptive cancers may be considered for partial dose
reconstruction (Leavitt 2008).
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2.0 SITE DESCRIPTIONS
2.1 APOLLO SITE
2.1.1 General Description and Operational History

The NUMEC Apollo nuclear fuel site operated under license number SNM-145 and Source Material
License number C-3762 that the U.S. Atomic Energy Commission (AEC) issued in 1957. From 1958
to 1983, the Apollo site was used for small-scale research and production of low-enriched uranium
(LEUV), highly enriched uranium (HEU), and thorium fuels. By 1963, the majority of the Apollo facility
was dedicated to production of uranium fuel. The major activities at NUMEC Apollo included (1) the
conversion of LEU hexafluoride (<5% 2**U by weight) to uranium oxide (UFsto UO,) for use in light-
water-moderated reactors; (2) the conversion of HEU to produce HEU (>20% 2**U) nuclear fuel for
use in the naval reactors program; and (3) the processing of unirradiated uranium scrap (including
LEU and HEU) from the AEC in the 1960s (B&WNES 1997).

Between 1958 and 1983, the Apollo site manufactured LEU uranium dioxide fuel for use in nuclear
power plants. The process consisted of converting low-enriched UFgto UO,. In 1963, a second
product line was added to produce HEU (>20% 2*°U) uranium fuel for U.S. Navy propulsion reactors.
Other operations included analytical laboratories, HEU and LEU scrap recovery, forming UO, into
pellets and other shapes, uranium storage, and research and development (R&D) (B&WNES 1997).

In 1967, the Atlantic Richfield Company bought the Apollo facility from the original owner of NUMEC.
In 1971, the facility was purchased by the Babcock & Wilcox Company (B&W), which ran the uranium
fuel facility and nuclear laundry until production was stopped in 1983. Decommissioning support
activities began in 1978 and the Apollo Site ceased all operations in 1983. Early decommissioning
activities included site characterization, demolition of certain building structures, and selected soll
remediation. In 1992, the U.S. Nuclear Regulatory Commission (NRC) approved the Apollo Site
decommissioning plan and decommissioning was complete in 1995 (B&WNES 1997).

The Apollo site is approximately 33 miles northeast of Pittsburgh in the borough of Apollo in
Armstrong County, Pennsylvania. The facility had one main bay (known as the East Bay), and three
smaller attached bays known as the West Bay, the Box Shop, and the Annex. These buildings were
on the east side of the site between Warren Avenue and the Kiskiminetas River. They were bordered
on the north, south, and west by a metals processing facility that was not owned by B&W. The Apollo
Office Building was outside the site area across Warren Avenue. The Office Building contained a
laboratory that was used to analyze radioactive and nonradioactive product. A small portion of the
building basement housed operations that manufactured instruments for the production of nuclear
fuels. Although the Office Building was not an original part of the Apollo Decommissioning Project, it
was included as part of the project in the spring of 1993 after it was determined that some floorboards
and some drain lines contained uranium contamination (B&WNES 1997). The parking lot area was
bounded by the Kiskiminetas River on the west, Warren Avenue on the east, and the offsite area on
the north. The parking lot area contained the Laundry Building and a Small Block Building made of
concrete blocks. The Laundry Building was used for washing protective clothing from the nuclear
facilities and the Small Block Building was used for storage of processing equipment. Figure 2-1is a
general layout of the Apollo site (Author unknown 2004).

2.1.2 Facilities

The Apollo site was divided into production and process areas and clean areas. Personnel were
required to enter through the main entrance near the parking lot. Before exiting through the main
entrance, personnel were to shower if they had entered or worked in a production or process area.
There were two emergency exits. Entrance into production areas was through the change
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Figure 2-1. Apollo site layout.

room with the exception of the filter press section of the plant waste treatment area (NUMEC 1963).
Production and process areas are described in Table 2-1. Some of these areas are illustrated in
Figure 2-2.

2.1.3 Process Descriptions

Brief summaries for the principal operations are given below and additional details can be found in the
series of AEC Feasibility and Health and Safety Laboratory (HASL) reports provided in the cited
references (Forscher 1963; AEC 1960a,b,c, 1961a,b). Inherent in all of the operations is nuclear
criticality safety that governs not only the operations and storage but also the movement of material
within the facility. Nuclear criticality safety is maintained at the facility through the control of one or
more of the conventional parameters of geometry, mass, concentration, and control of neutron
interaction between sub-critical units. The standard administrative policy at this and other similar
facilities is to control two such parameters whenever possible. For birdcage units, the two control
parameters are geometry (birdcage dimensions) and a *°U mass limit that can be placed within the
birdcage. A review of the available literature shows that no criticality accidents have occurred during
Apollo site operations.

2131 General Process Operations

NUMEC Apollo process operations were varied. Since NUMEC Apollo acted as a research center
and an all-purpose process center a variety of radioactive materials and Special Nuclear Materials
(SNM) were processed. Most of the work performed involved commercial work for commercial
reactors but much of the work was in the development of better fuel configurations for the burgeoning
Navy nuclear program. Even though this work is not considered weapons related work the SNM and
radiation level exposures resulting from this work during the AEC operational years (1957 to 1983) are
to be included in radiation dose reconstruction as per NIOSH policy. Only some examples are listed
below to illustrate the breadth of the SNM operations that occurred at the NUMEC Apollo site.
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Table 2-1. Apollo site area descriptions.

Building or area
location Description Operations/radionuclides Period of operation
CF-1 Ceramic fabrication | UO,, ThO,, (metal, powder, and 1957-1970
oxide) ThO,—1963-1970
CF-2 Ceramic fabrication | Uranium metal (HEU & DU) UO,, Early 1959 to 1972
and U3Og
PC-1 Process chemistry | HEU, EU, DU, (NH,4),U,07), 1957-1983
UQOs;, UFg, UF,4, U nitrate, UO, HEU-1957-1978
and U3Og LEU-1957-1983
PC-2 Process chemistry HEU, EU, DU, U nitrate, UO,, 1957-1983
UFs, UF,, and U304
PC-3 Process chemistry HEU, EU, DU, U nitrate, UO,, 1957-1983
UF;, UF,, and U304
CP-1 Chemical HEU, EU, DU, U nitrate, UO,, 1957-1983
processing UFs, UF,, and U;0g
CP-2 Chemical HEU, EU, DU, U nitrate, UO,, 1957-1983
processing UF, UF,, and U;0g
CRP-1 Chemical HEU, EU, DU, U nitrate, UO,, 1957-1983
reprocessing UFs, UF,, and U;Og
CRP-2 Chemical HEU, EU, DU, U nitrate, UO,, 1957-1983
reprocessing UFs, UF,, and U;Og
CRP-3 Chemical Beryllium Handling Equipment, 1957-1983
reprocessing HEU, EU, DU, U nitrate, UO,,
UFs, UF4;, and U;0g
GF-1 1957-1983
QC Quality control 1957-1983
PS 1957-1983
A Vault Process security HEU, EU, DU, U nitrate, UO,, 1957-1983
material. UFs, UF,, and U;0g
Controlled by CP-2
C Vault Receiving and 1957-1983
shipping storage
area
E Vault Storage of SNM 1957-1983
F Vault Storage for SNM of 1957-1983
all enrichments
G Vault Solution storage HEU, EU, DU, U nitrate, UO,, 1957-1983
area, in-process UFs, UF,, and U;Og
storage of materials
for CP-1
H Vault Storage of SNM 1957-1983
Waste Treatment Filter press section | HEU, EU, DU, U nitrate, UO,, 1957-1983
Area UFs, UF,, U3Og, FPs, and TRU
elements
GPH Room 2 Health and safety HEU, EU, DU, U nitrate, UO,, 1957-1983
counting room UFs, UF,, U3Og, FPs, and TRU
elements
Office Building Off site Uranium 1957-1983
Laundry facility Co-60, Pu, Th, and U 1960-1983 (closed 1984)
Block Building Storage of processing 1957-1983
equipment
Incinerator Area 62 (Hoskinson | 30-35 Ib/hr, 300 g *°U 1960-1983
H-100) limit/batch

Sources: Author unknown (2004), NUMEC (1963), BRWNES (1997), Caldwell (1966, 1968a).
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Figure 2-2. Apollo site floor plan.

2.1.3.2 Various Uranium Process Activities

A general description of processes for various enrichments of uranium at Apollo is outlined in AEC
Health and Safety Laboratory (HASL) Survey Reports 82, 92, 103, 106, and 114 (Occupational
Exposure to Radioactive Dusts reports) which cover the period from December 1959 to January 1961
and the Procedures for Recovery of Uranium Scrap from about 1963. (AEC 1960a,b,c, 1961a,b;
NUMEC ca. 1963). The following paragraphs provide a description of the process.

Production of UO; from UF¢ began with UFg being converted to UO;z in the Chemical Conversion
Room. A 5-in. diameter UFg cylinder was removed from a shipping/storage container known as a
“birdcage” and placed in a heating mantle connected to the system, and brought to operating
temperature and pressure. The UFg gas was fed at a controlled rate into a water-circulating column
where the UFg was hydrolyzed to an aqueous solution of UO,F, and HF. This solution was then piped
to a second column where it reacted with NH,OH to form a slurry of ammonium diuranate (ADU),
((NH4)2U,05). The slurry was then pumped through a hooded pressure filter. The filter cake was
scraped off, placed in shallow metal containers called fry pans, and transferred to drying hoods where
the ADU was decomposed at a controlled temperature to UO3;. The UO; was transferred from the
pans to small polyethylene containers in an unvented glovebox and subsequently transferred to
Ceramics Fabrication for further processing (AEC 1960a, p. 3). The HASL-92 (AEC 1960b, p. 2)
survey from August 1960 noted that the filter cake was dried by means of a rotary kiln rather than the
previous fry pan method. HASL-114 (AEC 1961b, p. 2) survey from June 1961 noted that a calciner
was added for reduction of ADU to U;Os. The dried cake was then discharged directly from the kiln
into a container, eliminating the manual transfer.

NOTE: While not specifically stated in the HASL reports, the removal of the filter cake from the
pressure filter might have been a manual operation. No information could be found to indicate that
the filter scraping was automated or that it was performed in a glovebox or under a filter hood.
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Reduction of UO; to UO, was performed in the Ceramics Fabrication Area or reduction room where
UO; from the Chemical Conversion plant was loaded into a reduction tube and reduced to UO, by
passing wet hydrogen through the heated tube. UO, was removed from the reduction tube, placed
into a polyethylene container in a glovebox, weighed and transferred to the Ceramic Laboratory for
additional fabrication. HASL-92 (AEC 1960b) noted that the UO; was reduced to UO, using a rotary
kiln instead of the reduction furnace.

A schematic illustrating the UO, production process is presented in Figure 2-3.
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Figure 2-3. UO, production process at Apollo site (Franke and Makhijani 1998).

Ceramics fabrication was performed in the Ceramics Fabrication Area where UO, was hammer-milled
in a ventilated enclosure then moved to the blender glovebox where aerowax was added and the
mixture blended. The wax-UO, mixture was then pressed into a cake in a Drake-press. The cake
was placed in a glovebox where it was granulated by hand with screens to give the desired particle
size. The UO, was then loaded into shallow metal pans called “firing boats” and sintered. Sintered
UO, was then classified, weighed, and packaged.

Hammer milling, blending, granulating, pellet pressing, centerless grinding, inspecting, and packaging
were performed in the Ceramics Fabrication Area.

Uranium-graphite pellet production was a temporary contract activity. Uz;Og and graphite powder were
weighed, then blended in a twin shell blender and prepressed by means of a Drake press in a large
polyethylene tent located in the ceramic laboratory. The prepressed slugs were subsequently fed into
a granulator and granulated. The granulated powder was fed into the hopper of the Colton press and
compact-pressed. The resultant pellets were cured, inspected, and packed for shipping. All steps
after prepressing were performed in the Ceramics Fabrication Area.
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R&D in techniques for coating uranium and UO, particles with metallic elements such as niobium,
chromium, tungsten, and molybdenum by halide reduction and vapor deposition was performed.
According to the 1960 to 1961 HASL survey reports (AEC 1960a,b,c,d, 1961a,b), an approximately
0.25-in. layer of UO, powder was placed in a furnace tube (1-in. inner diameter by 2 ft) and heated to
the desired temperature. A ratio of niobium pentachloride to hydrogen was then introduced. The
pentachloride was reduced by the hydrogen so that niobium metal deposited on the UO, particles.
Vibration of the system allowed for uniform particle coating.

All sampling for uranium content and accountability was conducted in the Wet Chemistry,
Spectrographic, and Metallographic Laboratories.

Recovery of uranium (UsOg) from uranium-zirconium scrap was performed in the Chemical
Reprocessing Rooms. The 1960 HASL-82 (AEC 1960a) survey report described the recovery of
uranium (UzOg) from uranium-zirconium scrap as follows:

One-gal cans containing uranium-zirconium chips and oil were opened. The oil was drained and the
chips transferred to wire mesh baskets. Chips were then degreased with trichloroethane in a
ventilated degreasing tank. The chips were then transferred to 6-L beakers and dissolved in
hydrofluoric acid in chemical fume hoods. The zirconium remained in solution and part of the uranium
precipitated as UF,. After complete dissolution of chips, the batch was heated and hydrogen peroxide
added to oxidize the insoluble UF,4 to soluble UFs. The batch was then filtered to remove any
remaining insoluble material. The filtrate was then reduced in chemical fume hoods, with insoluble
UF, precipitating preferentially from the solution. The solutions were filtered and the UF, collected in
a common filter. The UF,; was then converted to UsOg by ignition.

According to the HASL-92 (AEC 1960b) survey report, the experimental development of recovering
U305 (93%) by solvent extraction was under development at Apollo (AEC 1960b). In addition, UF,
was being converted to U;Og by ignition with the UsOg subsequently granulated manually through
screens. A facility for the processing of HEU was established on the second floor near the scrap
recovery area.

According to the HASL-103 (AEC 1960c) survey report, a cascade-solvent extraction uranium-
zirconium recovery process was under construction. A similar type of extraction process was already
in operation for Chemical Reprocessing (CRP), which consisted of leaching, feed preparation, solvent
extraction, ammoniation of strip solution, precipitation, filtration of ADU slurry, kiln drying, and
packaging as UQOs;.

According to Procedures for Recovery of Uranium Scrap (NUMEC ca. 1963), incoming scrap was
received in criticality-safe birdcages and stored at Advanced Materials Center Parks Township near
Leechburg, Pennsylvania, 5 miles north of the Apollo site on Route 66. Specific lots were then moved
to the Apollo site on NUMEC trucks and logged into the Apollo process storage area located on the
second floor of the Apollo site. One drum at a time was then carried through the checking process
and wheeled to the head end of the processing area. An accountability check of the information
supplied by the shipper was then performed, including a gross piece count. Net weight checks were
performed on chips, fuel elements, and fuel assemblies and then recorded on Form CRP-2-A. Pickle
liquors and other solutions containing over 5 g/L were received in Eversafe 5-in. containers (dissolved
scrap procedure followed for liquids). Pickle liquors and other solutions containing less than 5 g/L
were received in 55-gal drums (dissolved scrap procedure followed for liquids). Degreasing of
material was performed as necessary. Fines were removed from oil as necessary (NUMEC ca.
1963).

NUMEC dissolved the scrap in two designated areas: CRP-2 and CRP-3. Dissolution was performed
in dissolving hoods in 5-in.-diameter, stainless-steel beakers. The total quantity in each hood was
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limited to 350 g of ?*U. Uranium-zirconium chips and pieces were mixed with hydrofluoric acid. U-Al
alloy pieces were mixed with nitric acid. UO, and U3;Ogwere mixed with nitric acid. BeO-UO, scrap
was mixed with HF-HNO;. The resulting solutions were placed into a mixing column and the
container was then sampled, assayed, and weighed (NUMEC ca. 1963). The product solution from
the various dissolution methods was processed to generate insoluble UF,, and ultimately converted to
the final product of U3Og or UQO..

2.1.3.3 High-Temperature Gas-Cooled Reactor Critical Assembly Fuel Elements

A March 25, 1960, letter (Katine 1960) recommended approval of NUMEC Feasibility Report to
fabricate 3,000 graphite fuel elements to be used in the General Atomics High-Temperature Gas-
Cooled Reactor (HTGR) critical assembly. The job was to involve between 95 and 120 kg of 93%-
enriched U;0g supplied by another company. Fuel element composition and specifications were
provided in the letter. The total ?*°U content of 2,850 fuel elements was to be 79.339 kg. There is
some process description in the letter but not much detail. A letter dated April 1960 to Shapiro
(NUMEC) from Wesley Johnson, Deputy Manager (AEC), indicated approval of Feasibility Report for
the General Atomic HTGR critical assembly fuel elements (Katine 1960).

2.1.34 Uranium Nitrate Solution for the University of California

A letter report dated June 9, 1961 (Katine 1961), to J. E. McLaughlin, Director, Radiation Physics
Division, HASL, describes a trip to the NUMEC Apollo Facility on June 7, 1961 to observe equipment
for producing uranyl nitrate solution for the University of California. A vague description of NUMEC
processes and facilities was reported. The report mentions nitric acid and aluminum nitrate solutions
employed in the solvent extraction process (Katine 1961).

2.1.3.5 Incinerator

Combustible contaminated solid wastes were incinerated in Area 62 of the Apollo site. The system
consisted of a Hoskinson H-100 incinerator equipped with a main burner in the firebox and an after-
burner in the stack just above the firebox. Both burners used natural gas for fuel (Caldwell 1968a).

Packages of contaminated waste awaiting incineration were stored in designated areas. Each
package was labeled with the %**U content. Packages were burned at a rate of 30 to 35 Ib/hr. Ashes
were collected in stainless steel, 1-gal containers. The ash receiver can was changed when a total of
300 g of #°U had been charged or when it was full. After cooling, the ash can was placed into a
closed container and transferred to an ash handling glovebox. The ashes were sifted, sampled for
uranium content, and transferred to a clean, lidded 1-gal pail. The pail was labeled and placed on a
temporary storage rack pending laboratory analysis. On receipt of analytical data, the pail label was
completed with the uranium (***U) content and transferred to one of the plant vaults (Caldwell 1968a).

The operator was protected during charging by a positive inflow of air through the charging door. Ash
collection was enclosed in an exhausted box. All ash handling was restricted to a glovebox at
negative pressure (Caldwell 1968a). Prior to 1968, this may not have been the case and work in this
area was perhaps the highest area for intakes.

Combustible gases passed through the afterburner to a water-operated, venturi-type fume scrubber.
This separated the fly ash from the gas stream. Downstream of the scrubber, the gases passed
through a packed tower where fine particulates were scrubbed from the gas stream by a counter-
current flow of water. These gases were then discharged through a 15-ft stack. A makeup air duct
was used to maintain negative head on the scrubber and for controlling the flow of flue gases through
the system. Exhaust air from the ash handling glovebox passed through a prefilter and final high-
efficiency particulate air (HEPA) filter before discharge through a roof stack (Caldwell 1968a).
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2.1.3.6 Thorium Operations

According to Forscher (1963), which cites the 1963 Feasibility Report No. 47 for ThO,, NUMEC was
to complete fabrication of 626 pellets of ThO, with no nuclear criticality considerations necessary.
NUMEC was to purchase 30 kg of ThO, from Davison Chemical Division of W.R. Grace Company.

NUMEC correspondence (Forscher 1963) with the AEC Oak Ridge Operations Office indicates the
following NUMEC plans for the fabrication of ThO, pellets:

1. 30 kg of ThO, would be transferred to the CF-1 Fabrication area.

2. Working batches of 5 kg would be processed. All powder transfers and handling would be in
ventilated gloveboxes having a face velocity of 100 fpm. Material would be handled wearing
latex gloves.

3. The powder would be slugged to 4-5 g/cm?, then granulated through 14-mesh screen.
4. Each batch of powder would be blended in a "V" type blender in a ventilated glovebox.

5. The ThO; pellets would be pressed using a hand press and/or automatic press in a hood with
a face velocity of 100 fpm.

6. The ThO, pellets would be sintered in a hydrogen atmosphere with the out-gases of the
furnace passing through a filtered exhaust ventilation system.

7. All pellets would be centerless ground in a ventilated hood.

8. The final product would be packaged in sausages with each sausage packaged in a
polyethylene bag.

Air sampling was performed by the site to characterize thorium exposures during this period.
According to a health protection program review conducted in 1964, thorium operations involving the
blender and weighing hood were resulting in excessive airborne concentrations (Thornton and
Johnson 1964).

2.1.3.7 Research Activities in the Early Years

There were various research projects conducted at the Apollo site that involved mostly the fabrication
of new types of fuel in support of the Naval Reactors Branch through the Knolls Atomic Power Plant
and Bettis reactor research laboratory. The research involved chemical process development with
various forms of uranium compounds and metal.

2.1.4 Source Term

There are three main sources that describe the amounts and types of radioactive material that were
handled at the Apollo site: (1) federal and state licenses for the possession and use of radioactive
materials; (2) descriptions and reviews of proposed experiments or jobs handling radioactive material
in the form of HASL reports, and process feasibility reports, which contain information regarding
radionuclides, quantities, and recommended safety precautions for the described activity; and (3)
inventory/material handling (accountability) records.

The use of SNM was governed by AEC regulations and licenses, under license number SNM-145 and
Source Material License number C-3762 issued by the AEC in 1957 (Docket No 70-135). Some
possession limits at different periods are listed for the Apollo site in Table 2-2.
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Table 2-2. Apollo site source and SNM possession limits.

Maximum
Areas Source/chemical or physical form possession
Processing areas, laboratories, | U-235 enrichment >5% 5,000 kg
and vaults U-235 enrichment >= 5% 75,000 kg
Plutonium as fully clad or encapsulated material 500 kg
Mass Spectrometry Laboratory | Uranium in any enrichment 35049
Plutonium in any form 059
LLRW storage areas Within fenced areas in approved storage containers 359 U-235
In buildings meeting safeguards and security requirements | 50 kg U-235
Nuclear Decontamination Any byproduct material 20 mCi
Corporation Any source material 20g
Any SNM 20 mCi

Source: SNM-145 Renewal Application October 31, 1972, Reitler (1972).

The Apollo site radiological source term included uranium, thorium, plutonium, and fission and
activation products (Reitler 1972). At present, no definitive information is available to relate
measurement of one component of the source term (e.q., plutonium) to another unmonitored
component (e.g., americium) for any given area or process. Much of the work was R&D, so unique
source terms could be encountered in a particular job.

Uranium. Uranium in the form of metal, oxide, and carbide was used for NUMEC Apollo fabrication,
reactor fuel, and research studies in the gloveboxes and laboratories (AEC 1960a,b,c, 1961a,b). The
typical amounts of uranium in use in any one area ranged from milligrams to hundreds of kilograms.
Occasional work involving other uranium chemical forms, such as UF; or uranyl nitrate was also
conducted. Uranium forms included DU, natural uranium (NU) (i.e., natural enrichment), HEU (up to
93%), as well as ??U, #**U and ?**U. Uranium from recycling operations would have included smaller
activities of nonuranium isotopes, such as *Tc, *’Np, and **°Pu.

Thorium. Thorium dioxide use was similar to uranium use. The total mass of thorium used onsite
was less than that of uranium overall, but the thorium activity in use in an area at any given time could
have been greater or less than uranium activity. Thorium dioxide was obtained from virgin thorium
sources. The use of reclaimed or reconstituted thorium was not acceptable (Forscher 1963).

2.1.5 Remediation, Decontamination, and Decommissioning

The HEU processing area on the second floor of the Apollo East Bay underwent remediation from
1978 until July 1991. All remaining equipment, ventilation systems, piping, and power lines from the
area were dismantled and disposed of (B&WNES 1997).

The LEU processing area in the Apollo East Bay was remediated between 1983 and 1984. During
this period, the LEU processing equipment was removed and disposed of. By October 1984, all of the
equipment was removed and sent to Chem-Nuclear (B&WNES 1997).

The Laundry Building was remediated between 1984 and 1991. In 1984, the processing equipment,
nonessential utilities, and miscellaneous support systems were volume-reduced, packaged, and sent
to Chem-Nuclear. The Laundry Building’s trench, which served as a sump drain for washing machine
wastewater, was removed in April 1989 (B&WNES 1997).

All of the equipment in the Box Shop was removed in 1976. The Small Block Building was
demolished and stored in the parking lot until accepted at the processing plant (B&WNES 1997).

Soil acceptable decommissioning criteria are described in the Final Technical Report, Apollo
Decommissioning Project, Apollo, Pennsylvania, but residual period building contamination levels
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were not covered (B&WNES 1997). The decommissioning criteria that were followed for the Apollo
site are presented in Table 2-3.

Table 2-3. Decommissioning criteria for Apollo site.?

Release concentration
Radionuclide (pCil/g)
Total TRU 25
Sr-90 5
Tc-99 220
Co-60 8
Am-241 30
Th-232 10

a. B&WNES (1997).

The background exposure rates were 9.5 uR/hr and the average concentration in the soil was 4 pCi
u/g.

Another decommissioning study conducted by Oak Ridge Institute for Science and Education
(ORISE) for the NRC in 1993 indicates that the main building ground area exposure rates were
between 9 to 12 pR/hr and between 10 to 13 yR/hr in the south parking lot. Total uranium
concentrations ranged from 6.5 to 2,200 pCi/g for single point samples and 5.3 to 280 pCi/g for the
grid block soil samples (Adams 1993).

As of August 23, 1978, NUMEC had completed decommissioning of its HEU processing at Apollo. All
process and related equipment were removed by this point in time. NUMEC indicated that access to
the area was controlled to authorized personnel. In 1982, the NRC conducted a confirmatory survey
to identify the remaining HEU that might have been present. The report indicates uranium
contamination levels in grams of uranium to surface area. This report was generated to account for
HEU inventory during decommissioning. The total grams for Apollo remaining on and in the floors,
walls, pad and ceiling was estimated as 35,548.55 g of total uranium with about 23,743.27 g of ?*°U
(NRC 1982).

Decontamination efforts were completed from 1984 to June 1992 for the Apollo site. In June 1992,
the NRC approved the Apollo decommissioning plan. Decommissioning occurred from June 1992 to
1995. NRC staff reviewed B&W'’s groundwater monitoring data, final termination survey, and a
confirmatory survey in 1996. On April 14, 1997, after notifying the Pennsylvania Department of
Environmental Protection, NRC issued a letter to B&W terminating the Apollo license (PDEP 2008).

2151 Shallow Land Disposal Area

In October 1995, the NRC placed the adjacent B&W Shallow Land Disposal Area (SLDA) on a
separate license. Until 1970, the SLDA was used as a disposal facility for the Apollo site (and
possibly the Parks Township site) with about 700,000 ft* of waste buried in trenches (PDEP 2008). At
present, options for the disposition of the SLDA are in discussion with the NRC and the former
licensee. The site might become a Formerly Utilized Sites Remedial Action Program site. As of 2007,
a feasibility study was being conducted by the U.S. Army Corps of Engineers (USACE 2006). A
graphic of the area is provided in Figure 2-4.
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Figure 2-4. B&W Shallow Land Disposal Area (USACE 2006).
2152 Administrative Building

The Apollo office building had been used for office space since the mid-1950s. Portions of the
building had been used for an analytical laboratory and to develop and manufacture calibration
sources in the 1960s and early 1970s. Both laboratory operations had been terminated by 1972.

On February 23, 1995, confirmatory surveys were conducted of the administrative building by the
NRC. This included soil sampling, surface scans and exposure rate surveys for the soil beneath the
former concrete slab of the basement of the administrative building and of the surface once the area
was backfilled and leveled (survey conducted May 23, 1995). All results were found to meet the
guidelines previously established for unrestricted release. Special emphasis was made to survey
closely the northeast area of the administrative building where the wet laboratory existed and the
southern end, the location of the instrument repair and calibration laboratory (Bores 1995). Exposure
rate measurements, including background, ranged from 10 to 12.5 yR/hr, with an average of
approximately 11 yR/hr. The guideline was 5 uR/hr above background, meaning the acceptable level
was approximately 15 pyR/hr (Bores 1995). The reported values essentially represent background
levels.

Soil samples were analyzed by ORISE. The results indicated that no ***U was found above the
detection limit (not stated). Total uranium was not found statistically above the counting uncertainties
and measured less than 3.5 pCi U/g of soil. Total thorium concentrations were found to range from
1.51 to 2.02 pCi/g with an average of 1.86 pCi/g. The guidelines for unrestricted release of soil with
residual concentrations of EU and thorium are 30 pCi U/g and 10 pCi Th/g of soil, respectively. All
soil concentrations were found to be well within these guidelines. The background concentrations
were NOT subtracted.
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2.2 PARKS TOWNSHIP SITE

2.2.1 General Description and Operational History

The NUMEC Parks Township site (sometimes referred to as the Advanced Material Center) was on
115 acres in Parks Township, Armstrong County, Pennsylvania, along U.S. Highway 66
approximately 3 miles southeast of Leechburg and 30 miles northeast of Pittsburgh. The Parks
Township site consisted of Buildings A, B, and C and 85 acres of undeveloped land. NUMEC leased
the land from Kiski Valley Enterprises in 1959 and eventually purchased the land in the early 1970s.
The site was expanded in stages throughout the 1960s. The original Building A was 20,000 ft>. From
1961 through 1970, a major expansion of Building A (the plutonium facility) was completed in five
separate expansions (61,000 ft?). This expansion included construction of Fab 2 through Fab 9 and
the Drum Warehouse as well as termination and remediation of a drum storage area. The main
structures were Buildings A, B, and C, the outside Storage Areas, and the Trailer Storage Area
(Author unknown 2004).

Building A was constructed in 1959 and 1960 and was authorized to operate in 1961. The Hafnium
Facility (part of the Building B complex) was constructed in 1960 and was operational in 1961 with the
plutonium annex completed and in operation in 1963 (for production of ***Pu sources). The Metals
Facility (Building B complex) was constructed in 1962 and was operational in 1963. The Machine
Shop (Building B complex) was constructed in 1964. Building C, the Type Il Uranium Facility, was
constructed in 1972 in the existing incinerator building (built in 1969), and preproduction of Type Il fuel
began in 1973 (Author unknown undated a).

The initial functions of the NUMEC Parks Township facilities were fabrication of plutonium fuel, the
preparation of HEU fuel, and the production of zirconium/hafnium bars under AEC and later NRC
License No. SNM-414 received in March 1961, which allowed the handling of plutonium already on
the site. The Parks Township site made fuel for the DOE Fast Flux Test Facility (FFTF) at the
Hanford Site in the 1970s and early 1980 (Author unknown 2004). The FFTF fuel was a mixture of
PuO, and depleted UO,. The Parks Township facility also made fuel plates for the DOE Zero Power
Plutonium (later Physics) Reactor (ZPPR) in the late 1960s and ZPPR-IlI fuel wafers (Author unknown
2004). Activities included plutonium scrap recovery, DU fabrication, HEU fuel manufacturing, source
manufacturing (primarily ®°Co, PuBe, and AmBe), irradiated fuel sample examination, laboratory
operations, and supporting nuclear power site operations. The activities were conducted in Buildings
A, B, and C (Author unknown 2004). Production and process areas are summarized in Table 2-4 and
discussed further in Section 2.6. Although many of the dates of operation in Table 2-4 indicate activity
through 1980, some of the processes were probably terminated earlier; exact dates could not be
determined from the available information. Some of the processing areas are illustrated in Figure 2-5,
which shows the Parks Township site layout.

2.2.2 Facilities

Building A

This facility was originally a plutonium processing facility and at various times it was known as the
Plutonium Laboratory, the Plutonium Building, and the NUMEC Advanced Material Center. The
original portion of Building A was designed as a plutonium laboratory to perform R&D that led to
plutonium-based products. The layout of Building A is show in Figure 2-6.



Document No. ORAUT-TKBS-0041 |

Revision No. 01

| Effective Date: 06/02/2009 |

Page 25 of 89

Table 2-4. Parks Township site area descriptions.

Period of
Building or area location Operations Radionuclides operation
Building A—Plutonium Fabrication of Pu reactor PuO,, Pu nitrate and oxalates | 1960-1980
processing facility fuel pellets, blankets, rods | (AmBe, PuBe, 1959-1970),
various alpha, beta, and
gamma sources
A-Fab 1 Pu conversion, fuel Pu nitrate, Pu oxide, depleted | 1960-1980
fabrication for FFTF uo,
A-East Side of Fab 1 Routine repair and All 1960-1980
maintenance of
contaminated equipment
A-Fab 2 Fuel fabrication for ZPPR | Pu nitrate, Pu oxide, depleted | 1962-1980
uo,
A-Fab 3 Manufacturing operations, | Pu nitrate, Pu oxide 1963-1980
metallography, quality
control of FFTF fuel
A-Fab 4 Alpha, beta, gamma, and | AmBe double encapsulated, 1963-1980
neutron source fabrication | PuBe compacted powder,
Ir-192, Cs-137, Be-7, Po-210,
Co0-60, Am-241, Pu-238/239,
PuO,, Pu and Am metal
A-Fab 5 Scrap recovery Pu various forms 1963—-August 1,
1967,
Analytical laboratory work | All, small quantities of 1979-1980
radioactive samples
A-Fab 6 Scrap recovery Pu various forms 1968-1973
A-Fab 7 Fuel rod quality control All, clean and contaminated 1968-1980
tests, nonradioactive items
processes
A-Fab 8 Storage All, clean and contaminated 1970-1980
items
A-Fab 9 FFTF fuel pin finishing Encapsulated nuclear 1970-1980
material
Building A—Hot Cell Room Examination of irradiated | PuBe compacted powder, Co- | 1960-1969
samples, high-activity 60, Ir-192
source fabrication
Storage of sources Sealed sources, Ir-192, 1969-1980
Cs-137, Be-7, P0o-210, Co-60,
Am-241, Pu-238/239, PuO,,
Plutonium Facility Trailer Storage of large Pu (nonpyropharic), DU, NU, 1961-1980
Storage Area quantities of plutonium and EU (to 5% **°U)
and uranium
Building B—Multipurpose DU, NU, Th, Pu DU metal or alloy, U3Og, 1961-1980
fabrication building #8py, ThO,
Building B Metal production Hafnium and Zr-Be alloy 1961-1980
Hafnium Plant (nonradioactive)
Building B Conversion of “*Pu “pu nitrate, “**Pu oxalate, 1963-1980
Plutonium Annex nitrate to oxide PuO, powder or alloys
Building B—Hot Cell Room Large source production: | Co-60, Cs-137, Ir-192, and 1961-1980

Postirradiation
examination of test
capsules and fuel pins

PoBe, irradiated, U and Pu
and other TRU elements and
FPs
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Period of

Building or area location Operations Radionuclides operation
Building B—Metals Plant First floor: small-scale First floor: DU, UO,, U;Og, 1963-1974

metals production, fuel UF,, fully clad U-233, U-235,

pellet production, and Pu-239

materials testing

Second floor: Pu-238 Second floor: Pu-238- 1963-1964

pacemakers powered heart pacemakers
Building B—Machine Shop Occasional machining of Fully clad U-233 and Pu-239 1964-1980

clad or unclad uranium, and clad or unclad U-235

and clad plutonium and (any enrichment), primarily

U-233; fabrication and DU contamination and could

repair of new and include HEU, Pu, Th, and

contaminated equipment mixed FPs

from Parks Township and

Apollo; machining of DU
Building C, Type Il Facility | HEU processing to form HEU (1973-1978), soluble 1969-1980
or T-2 Plant sintered product chloride/oxide complexes,

SNM oxides (UO3, UO, and
U30g)

Outdoor Scrap Storage Storage UF¢ cylinders 1971-1980

Area

a. Sources: Author unknown (2004), Author unknown (undated a), and NUMEC (1963)
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Figure 2-5. Parks Townshlp site layout. Plutonium Plant (BU|Id|ng A) Metals Complex
(Building B), and T-2 Facility (Building C) (Austin 1979).

Building B

This complex was a uranium processing facility with the primary radioactive material being DU,

although smaller quantities of NU, thorium, and plutonium were also processed in the building. The

main facilities in Building B were the Hafnium Facility, the Metals Facility, and the Machine Shop.
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Figure 2-6. Parks Township Plutonium Plant (Building A) layout (Austin 1979).

Building C

This facility was built east of Building A in the 1969 to 1972 timeframe. It was used to fabricate HEU
fuel called Type Il fuel from 1973 to 1978. At various times, the building was known as the Type Il or
T-2 Plant (Author unknown 2004).

Plutonium Plant Storage Area (Trailer)
This was a locked storage area for large quantities of plutonium and uranium.

Scrap Storage Area

This was a 150- by 80-ft. outdoor area that was enclosed by cyclone fence. It was guarded 24 hr/d.
Scrap was received in criticality-safe shipping containers known as birdcages and stored as received.
Specific lots were moved to the Apollo site on NUMEC trucks and logged into the Apollo process
storage area on the second floor of the Apollo site.
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2.2.3 Process Descriptions

The information in this section is from Author unknown (undated b) unless otherwise noted.
2231 Building A — Plutonium Plant

The original portion of Building A was designed as a plutonium laboratory to perform R&D of
plutonium-based products for emerging nuclear businesses. Initial operations were authorized in
1960. Many experimental fuel forms and compositions were produced in the 1960s, including oxides,
carbides, and metal alloys in the form of plates, powder, pellets, and special shapes. Work with
nuclear materials in Building A was conducted in fabrication areas Fab 1 through 7 and Fab 9, and in
several small laboratories adjacent to the fabrication areas. Fab 8 was used only for storage of
nuclear materials. All significant work on nuclear fuel materials was done in containment systems
such as radiochemical hoods and gloveboxes.

The two largest production runs of fuel were ZPPR fuel plates in the late 1960s and FFTF fuel rods in
the 1970s and early 1980. More than 12,200 ZPPR fuel elements were produced under contract to
Argonne National Laboratory-East (ANL-E) using plutonium-uranium-molybdenum ternary alloy plates
encapsulated in stainless steel. The plutonium content was primarily **Pu, with 11,500 of the plates
having 11.5% 2*°Pu and the balance of the plates having 27% ?*°Pu. The uranium was depleted.
FFTF fuel was the largest order of fuel that was processed in Building A. More than 50,000 FFTF
pins were made; portions of Cores 1 and 2, and the entire Cores 3 and 4. The FFTF fuel was a mixed
oxide based on a 20:80 ratio by mass of PuO, and UO,. The plutonium isotopic content was
approximately 86 wt % ?°Pu, 12 wt % ?*°Pu, and 2 wt % **'Pu with trace amounts of **’Pu and ***Pu.
The uranium was either natural or depleted dependent on the customer’s specifications.

Plutonium scrap recovery was an integral part of Building A operations. Scrap recovery operations
were conducted in Fab 5 until August 1, 1967. They were moved in 1968 to a much larger and
improved operation in Fab 6, which operated throughout the 1970s and into 1980. The scrap was
dissolved in concentrated nitric acid to which a small amount of hydrofluoric acid had been added.
The valence of the plutonium ion in the impure nitrate solution was adjusted by the addition of small
guantities of ferrous sulfamate and sodium nitrite. The plutonium nitrate solution was purified by
passing through ion exchange columns. The purified solution was then concentrated by evaporation,
put into bottles, and stored for shipment to the customer or for conversion into plutonium oxide.

Conversion of plutonium nitrate to plutonium oxide was performed at the north end of Fab 1 in HEPA-
filtered gloveboxes. The conversion process started with small batches of plutonium nitrate to which
either oxalic acid or hydrogen peroxide was added. The same equipment could be used for either
precipitation process. The filter cake from the precipitation and filtration steps was transferred to a
muffle furnace for calcining to PuO,. The PuO, was placed in metal cans and stored for shipment
back to the customer or for use in Building A fuel fabrication.

The chemical, physical, mechanical, and radiochemical properties of in-process fuel, finished fuel
forms, and radiation sources were determined on small samples in several small laboratory rooms
adjacent to the west side of Fabs 1, 2, 3, and 4. Separate laboratories existed for wet chemistry,
metallography and mechanical properties, and radiochemistry. An analytical chemistry laboratory was
installed in Fab 5 after removal of the scrap recovery equipment, but the Fab 5 laboratory only
operated for about 6 months during 1979 to 1980. Only laboratory-size quantities of reagent-grade
chemicals were used in these laboratories.

Alpha, neutron, and thermal sources were produced in Building A. The two most common neutron
sources were double-encapsulated PuBe metallic sources and compacted mixtures of americium
oxide and beryllium metal powders. These neutron sources were made in the Fab 4 area. A
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standard alpha source was made that consisted of a plutonium oxide film that was deposited on one
or both sides of a flat metal backing plate. Limited quantities of various other neutron, beta, and
gamma sources were made to specific customer specifications. The materials that were used to
manufacture these specialty sources included polonium, plutonium, americium, iridium, cesium,
cobalt, and beryllium. Source manufacturing always took place in HEPA-filtered gloveboxes, except
for high-activity sources that were fabricated in the Building A Hot Cell.

The north end of Building A was divided into two large rooms. The Hot Cell and the Cell Control Area
occupied the east room, and the Hot Handling Facilities occupied the west room. The Hot Cell was a
reinforced high-density concrete structure that was designed to shield personnel from gamma
radiation. The Cell Control Area contained a fume hood for mixing chemicals before inserting them
into the cell, and a second fume hood over the fission gas analysis equipment. A metallographic cell
was abutted to the west side of the Hot Cell, just north of the sliding doors. Two small steel-walled hot
cells were also located in the Hot Handling Facilities room. One cell was used as a dissolving cell and
the other for storage of radioactive specimens.

The interior of the Hot Cell was at a lower pressure than the exterior to prevent radioactive materials
from reaching the workers or the environment. Air from the Hot Cell passed through a HEPA filter
before reaching the stack. Two liner boxes were used in the cell for performing work on materials that
contained alpha emitters. Each box had inlet and output filters and the air exiting the boxes passed
into the main cell exhaust system, which was HEPA filtered. Two other ventilation systems served hot
cell operations. One system exhausted the metallography and dissolver cell in the Hot Handling
Facilities room, and the fission gas fume hood in the Cell Control Area. The other system exhausted
the chemical fume hood in the Cell Control Area.

Gamma sources of **?Ir and *°Co, which required extensive shielding (i.e., a hot cell), and high-yield
neutron sources of ?!°Po/Be were fabricated in the Hot Cell, but the primary work in the Hot Cell was
destructive postirradiation examination of test capsules and fuel pins that had been irradiated in
research reactors.

Significant quantities of chemicals were not used in Hot Cell operations, although various reagents
were used for metallography and cleaning of sealed sources. Solid waste from inside the Hot Cell
was packaged and disposed of at approved disposal sites. High-activity liquid waste was solidified for
disposal as solid radioactive waste. Low-activity liquid waste, such as from washing the cell walls
before a manned entry, was sent to an outside underground tank. This tank was fed by two floor
drains in the Hot Cell and one in the Hot Handling Facilities room. The tank liquid was periodically
pumped back into the Building A low-level liquid waste discharge system. Eighteen dry storage units
(5-in.-diameter aluminum pipes set in concrete) were located outside the north end of the building just
west of the former Hot Cell underground tank. The dry storage units were used to temporarily store
containers of radioactive material going into or out of the hot cells.

Fuel processing and source manufacturing in Building A required support from other systems such as
water heaters; heating, ventilation, and air conditioning; natural gas fired boiler; air compressor;
emergency generator; and a cooling tower. A small supply room for chemicals was originally located
near the metallographic room west of Fab 1, but was moved later to Fab 8. Large containers of
chemicals (bulk chemicals) were stored in several locations including outside the building. Building A
housed a repair shop for uncontaminated equipment, a shipping and receiving area, administrative
offices, and lunchroom areas. SNM was neither processed nor stored in these support areas.
Routine repair and maintenance of contaminated equipment was performed in the glovebox or
radiochemical fume hood where the equipment was. More extensive repairs were performed in the
Warm Maintenance Area, which contained a series of ventilated HEPA-filtered gloveboxes that
contained a lathe, drill press, and other required equipment. The Warm Maintenance Area was near
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the east side of Fab 1. Most of the equipment used in the gloveboxes and radiochemical fume hoods
was modified before use to facilitate both maintenance and repair within the containments.

All the plutonium gloveboxes and fume hoods were removed from Building A during a 1981 to 1983
deactivation program, during which most of the effluent streams that existed during the years of
plutonium fuel production were eliminated. The workload in Building A then shifted to repair and
refurbishment of contaminated equipment that had been used at reactor sites, building
decontamination, and low-level radioactive waste (LLRW) volume reduction services for commercial
customers.

Although these operations involved much smaller quantities of radioactive isotopes, they still
generated radioactive contamination, so the building exhaust air continued to require HEPA filtration
before exiting through roof stacks. This exhaust was monitored to ensure compliance with existing
regulations. As commercial work slowed in the mid-1990s, the pace of building decontamination
increased.

2232 Building B — Multipurpose Fabrication Building

Building B was constructed in three stages beginning in 1961 when the Hafnium Facility was built to
produce crystal-bar hafnium. The second stage of construction occurred in 1963 when the Metals
Plant was built to the east of the Hafnium Facility. The third and final stage of construction occurred in
1964 when the space between the Hafnium Facility and the Metals Plant was closed in to create the
Machine Shop. Later in its life, the combined facility became known first as the Metals Building and
then as Building B.

DU was the primary radioactive material that was processed in Building B, but smaller quantities of
NU, thorium, and #*®Pu were also processed. The DU was primarily in the form of metal or metal
alloy, and the processing consisted mostly of forming (rolling, etc.) and machining operations that did
not generate significant airborne emissions. A limited amount of powder products were produced at
the northeast end of Building B. Plutonium-238 was processed in a room in the northwest corner of
Building B. All ***Pu work was performed in interconnected gloveboxes. Receiving and shipping
operations were conducted in a chemical fume hood. Nonradioactive metals and alloys were also
processed in significant quantities in Building B. The majority of the work was production of crystal-
bar zirconium and hafnium and zirconium-beryllium alloys.

The chemicals that were used in Building B were those required to support the radioactive materials
and specialty metals processing and manufacturing. This included the use of nitric and oxalic acids in
#38py processing, materials such as trichloroethylene (TCE), and iodine in crystal-bar production.

2.2.3.2.1 The Hafnium Facility

The original product from the Hafnium Facility was crystal-bar hafnium. Crystal-bar hafnium was
produced by reacting hafnium sponge with nonradioactive iodine to form hafnium iodide gas. The gas
was introduced into a vessel that contained a high-purity hafnium wire. A reaction between the gas
and the heated wire dissociated the gas and deposited the hafnium on the wire to form crystal-bar
hafnium. After reaction, the iodine gas was condensed and cycled back through the operation. The
hafnium bar was packaged and shipped to customers. Crystal-bar zirconium was also produced in
the Hafnium Facility using a similar process.

A specialty zirconium alloy product was produced by hydriding ingots of beryllium and zirconium with
hydrogen gas in a furnace. The resultant hydride was ground into powder, heated under vacuum to
dissociate the hydride, milled, and sieved. The dehydrided powder was blended with titanium powder
to produce homogeneous lots of zirconium-beryllium-titanium alloy powder. The blended powder was
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pressed into solid rings, packaged, and shipped. Metal powders of other alloys were also produced in
the Metals Plant using an identical process.

Under contract with AEC, 2*®Pu nitrate was converted into an oxide product in a room in the northwest
corner of the Hafnium Facility known as the Plutonium Annex. The conversion process for the **Pu
nitrate was very similar to the process for converting *°Pu nitrate into fuel products in Building A, but
only oxalate precipitation was used. The conversion was performed in eight HEPA-filtered
gloveboxes. Both products and wastes were shipped to government sites. Wastewater from the sink,
shower, and janitor sink were discharged into one of two interconnected 1,000-gal underground
concrete tanks. The tanks were sampled to verify the water met AEC and Pennsylvania discharge
criteria before release to the Kiskiminetas River. A laboratory in the west side of the Hafnium Facility
opened in 1991 and operated until the building was ready for final decontamination.

2.2.3.2.2 The Machine Shop

The Machine Shop between the Hafnium Facility and the Metals Plant was used to fabricate
equipment and machine metals in support of the production lines at the Apollo and Parks Township
sites. The equipment in the Machine Shop included drill presses, lathes, shears, formers, grinders,
polishers, welders, sandblasting, decreasing, and other associated metalworking machinery.
Machining of DU was performed in the Machine Shop. In addition, the repair and refurbishment of
equipment from the Apollo and Parks Township facilities was performed. Some of this equipment
contained levels of radioactivity that exceeded the criteria at that time for release for unrestricted use.
The machining operations all took place on the ground floor. The second floor contained primarily
offices and a training room, although a small environmental laboratory was in use at the south end of
the second floor until 1991. After 1991, most of the second floor was used as office space until
decontamination operations started in Building B in late 1996.

2.2.3.2.3 The Metals Plant

The Metals Plant was built in 1962 and was operational in 1963. The original layout of the first floor of
the Metals Plant included a variety of equipment to:

1.  Melt zirconium-beryllium rods;

2. Heat treat tantalum and zirconium billets or plates for drawing or rolling;

3.  Extrude copper-clad zirconium and uranium billets;

4.  Forge uranium and zirconium products;

5. Hot roll tantalum- and boron-containing stainless steels;

6. Cold roll magnesium, tantalum, and zirconium;

7. Vacuum anneal metals;

8.  Draw and rotary sway zirconium and uranium products;

9.  Blend zirconium-beryllium powders and press into rods for later electric arc melting;

10. Air induction melt of stainless-steel billets that contained boron;
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11. Vacuum induction melt of DU-molybdenum ingots that were sent to Building A for remelting
into plutonium-uranium-molybdenum alloy fuel plates;

12. Centerless grinding of uranium and zirconium products;
13. Powder processing of depleted U;Og compacts;
14. Electroplate copper, nickel, or cadmium cladding onto DU products;

15. Manufacture and encapsulate sodium carbonate wafers and hafnium- or boron-containing
stainless steel control rods;

16. Pickle metal products after vapor (TCE) degreasing and cleaning with nitric acid
(occasionally with HNO3-HF) and/or a caustic solution; and

17. Rinse with deionized water.

Metals production from the Metals Plant was small scale and intermittent. Most of the processing
equipment was removed for resale or disposal in 1973 and 1974. During the mid-1970s, a portion of
the high bay area was used to machine nonradioactive fan components.

The second floor of the Metals Plant initially contained only one office. However, over the years other
offices were added along with two physical and mechanical testing laboratories for quality control
testing, and the Energy Conversion Laboratory (also called the R&D Laboratory) where R&D projects
were performed such as the development of >**Pu-fueled heart pacemakers, under an AEC sealed-
source license.

2.2.3.3 Building C — Highly Enriched Uranium Processing Facility

Combined with the general expansion of Building A in 1969 to 1970, a new building was erected to
the east of Building A and called the Incinerator Building. In 1972, the building was modified to
include facilities for processing HEU. The building sat unused until 1973 when the company received
a contract to fabricate a HEU product, and processing of SNM in the building was authorized by the
AEC as an amendment to SNM-414 (author unknown, undated b).

The manufacturing operations involved dissolving HEU in a solution of hydrochloric acid and
hydrogen peroxide, then diluting the solution with demineralized water. The diluted uranium solution