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ACRONYMS AND ABBREVIATIONS
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1.0 INTRODUCTION

1.1 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 facility” or a “Department of Energy [DOE] facility” as defined in the Energy Employees
Occupational lliness Compensation Program Act [EEOICPA; 42 U.S.C. § 7384I(5) and (12)].
EEOICPA defines a DOE facility as “any building, structure, or premise, including the grounds upon
which such building, structure, or premise is located ... in which operations are, or have been,
conducted by, or on behalf of, the Department of Energy (except for buildings, structures, premises,
grounds, or operations ... pertaining to the Naval Nuclear Propulsion Program)” [42 U.S.C. §
73841(12)]. Accordingly, except for the exclusion for the Naval Nuclear Propulsion Program noted
above, any facility that performs or performed DOE operations of any nature whatsoever is a DOE
facility encompassed by EEOICPA.

For employees of DOE or its contractors with cancer, the DOE facility definition only determines
eligibility for a dose reconstruction, which is a prerequisite to a compensation decision (except for
members of the Special Exposure Cohort). The compensation decision for cancer claimants is based
on a section of the statute entitled “Exposure in the Performance of Duty.” That provision [42 U.S.C. §
7384n(b)] says that an individual with cancer “shall be determined to have sustained that cancer in the
performance of duty for purposes of the compensation program if, and only if, the cancer ... was at
least as likely as not related to employment at the facility [where the employee worked], as
determined in accordance with the POC [probability of causation'] guidelines established under
subsection (c) ...” [42 U.S.C. § 7384n(b)]. Neither the statute nor the probability of causation
guidelines (nor the dose reconstruction regulation, 42 C.F.R. Pt. 82) define “performance of duty” for
DOE employees with a covered cancer or restrict the “duty” to nuclear weapons work (NIOSH 2007a).

The statute also includes a definition of a DOE facility that excludes “buildings, structures, premises,
grounds, or operations covered by Executive Order No. 12344, dated February 1, 1982 (42 U.S.C.
7158 note), pertaining to the Naval Nuclear Propulsion Program” [42 U.S.C. § 73841(12)]. While this
definition excludes Naval Nuclear Propulsion Facilities from being covered under the Act, the section
of EEOICPA that deals with the compensation decision for covered employees with cancer [i.e., 42
U.S.C. § 7384n(b), entitled “Exposure in the Performance of Duty”] does not contain such an
exclusion. Therefore, the statute requires NIOSH to include all occupationally-derived radiation
exposures at covered facilities in its dose reconstructions for employees at DOE facilities, including
radiation exposures related to the Naval Nuclear Propulsion Program. As a result, all internal and
external occupational radiation exposures are considered valid for inclusion in a dose reconstruction.
No efforts are made to determine the eligibility of any fraction of total measured exposure for inclusion
in dose reconstruction. NIOSH, however, does not consider the following exposures to be
occupationally derived (NIOSH 2007a):

' The U.S. Department of Labor (DOL) is ultimately responsible under the EEOICPA for determining the POC.
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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

1.2 SCOPE

This site profile provides information about U.S. Atomic Energy Commission (AEC) and DOE
operations at Ames Laboratory that pertains to radiation exposures for monitored or unmonitored
workers. Section 2 provides a description of the site and operations that pertain to possible radiation
exposures and discusses radiation source terms. Section 3 provides guidance for the determination
of occupational medical dose. Section 4 provides guidance for the determination of dose to workers
outside radiological facilities due to releases of radioactive materials to the environment. Section 5
provides guidance for the determination of intakes of radionuclides inside facilities. Section 6
provides guidance for the determination of external doses from measured doses or for periods for
which records of measured doses are missing.

Attributions and annotations, indicated by bracketed callouts and used to identify the source,
justification, or clarification of the associated information, are presented in Section 7.0.

1.3 SPECIAL EXPOSURE COHORT

The Secretary of Health and Human Services has designated two classes of employees at Ames
Laboratory for addition to the Special Exposure Cohort (SEC) as authorized under the EEOICPA.

1.3.1 January 1, 1942 to December 31, 1954

This includes DOE employees or DOE contractor or subcontractor employees who worked at the
Ames Laboratory in one or more of the following facilities/locations: Chemistry Annex 1 (also known
as the old women’s gymnasium and Little Ankeny), Chemistry Annex 2, Chemistry Building (now
Gilman Hall), Research Building, or the Metallurgical Building (now Harley Wilhelm Hall), from
January 1, 1942, through December 31, 1954, for a number of workdays that total at least 250
workdays, or in combination with workdays within the parameters (excluding aggregate workday
requirements) established for one or more classes of employees in the SEC, and who are monitored
or should have been monitored.

NIOSH evaluated the feasibility for completing dose reconstructions for employees at Ames
Laboratory from January 1, 1942, through December 31, 1954. NIOSH found that the monitoring
records, process descriptions, and source term data available are not sufficient to perform complete
dose reconstructions for the SEC (SEC-00038) class of employees (NIOSH 2006). Table 1-1
summarizes the results of the feasibility findings for each exposure source for the period from January
1, 1942, through December 31, 1954.
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Table 1-1. Feasibility findings for SEC-00038, January 1, 1942 to December 31,
1954. (NIOSH 2006, Table 7-1).

Dose reconstruction Dose reconstruction
Source of exposure is feasible is NOT feasible

Internal dose: X

Uranium X

Thorium/plutonium X

Thoron X
External dose: X

Uranium beta/gamma X

Thorium/plutonium beta/gamma X (except 1953 and 1954)

Neutron X
Occupational medical X-ray X

1.3.2 January 1, 1955 to December 31, 1970

This includes sheet metal workers, physical plant maintenance and associated support staff (includes
all maintenance shop personnel of Ames Laboratory), and supervisory staff who were monitored, or
should have been monitored for potential internal radiation exposures associated with the
maintenance and renovation activities of the thorium production areas in Wilhelm Hall (a.k.a. the
Metallurgy Building or “Old” Metallurgy Building) at the Ames Laboratory, for the time period from
January 1, 1955 through December 31, 1970 and who were employed for a number of work days
aggregating at least 250 work days, either solely under this employment or in combination with work
days within the parameters (excluding aggregate work day parameters) established for other classes
of employees included in the SEC.

NIOSH evaluated the feasibility for completing dose reconstructions for employees at Ames
Laboratory from January 1, 1955, through December 31, 1970. NIOSH found that the monitoring
records, process descriptions, and source term data available are not sufficient to perform complete
dose reconstructions for the SEC (SEC-00075) class of employees (NIOSH 2007c). Table 1-2
summarizes the results of the feasibility findings for each exposure source for the period from January
1, 1955, through December 31, 1970.

Table 1-2. Feasibility findings for SEC-00075, January 1, 1955 to December 31,
1970. (NIOSH 2007c, Table 7-1).

Dose reconstruction Dose reconstruction
Source of exposure is feasible is NOT feasible

Internal X

Th-232 and progeny X

Ambient Environmental X
External X

Gamma X

Beta X

Neutron N/A

Ambient Environmental X

Occupational Medical X-ray X

2.0 SITE DESCRIPTION

The Ames Laboratory site consists of a number of buildings at lowa State University (ISU) in Ames,
lowa. The precursor to the Ames Laboratory was the Ames Project, which was established in 1942 in
a contract between the Metallurgical Laboratory at the University of Chicago and lowa State College
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(Spedding 1947). Ames Laboratory was established by the AEC in May 1947 (Karsjen 2003). The
Ames Project/Laboratory played a key role in the production of strategic nuclear materials for the
Manhattan Project and the AEC.

Early in 1942, at the beginning of the Manhattan Project, the most pressing problem was the
preparation of large amounts of pure uranium metal (Ames 1960). Faculty members in the Chemistry
Department at lowa State College, with expertise in rare earth metallurgy, were called on to develop a
method to purify uranium and reduce its cost of production (Ames 1960). By November 1942,
successful methods had been developed and approximately one-third of the uranium used in the
Chicago pile was supplied by the Ames Project (Karsjen 2003). The Ames Project was asked to turn
its process over to industry and, in the meantime, to produce as much pure uranium as possible
(Ames 1960). Between mid-1942 and August 1945, more than 1,000 tons of pure uranium metal
were supplied to the Manhattan Project (Ames 1960).

Once the potential need for thorium metal was recognized, the Ames Project began to develop
methods for purifying thorium in 1943 (Ames 1960). By late 1944, a large-scale process for thorium
metal production was developed; between 1950 and April 1953, when thorium production was turned
over to industry, more than 65 tons of pure thorium metal and thorium compounds were produced by
the Ames Laboratory (Ames 1960).

In addition to the early uranium and thorium metal production operations, personnel at Ames
Laboratory handled a number of other radionuclides, and operated an 80-MeV synchrotron, a 5-MW
research reactor, and several radiation-generating machines. Each of these radiation sources is
described in the following sections.

21 FACILITIES

The original buildings at lowa State College that were used for the Ames Project included the Physical
Chemistry Annex 1, the Chemistry Building (now Gillman Hall), and the Physics Building (now Physics
Hall) (Ames 1967). In 1944, a new building, called Physical Chemistry Annex 2, was constructed to
house operations to recover uranium from scrap material (Spedding 1947).

In November 1945, the buildings used by the Ames Project were designated as the Institute for
Atomic Research (Ames 1962). Four additional buildings were constructed: the Metallurgy Building
(now Wilhelm Hall), the Research Building (now Spedding Hall), the Office and Laboratory Building
that connected the Chemistry and Physics Buildings, and the Synchrotron Building (now the Spangler
Geotechnical Laboratory) (Ames 1962). The Metals Development Building was added in 1960 (Ames
1960). In May 1947, the AEC established a major research facility at Ames, known as Ames
Laboratory (Ames 1962), which operated as an integral part of the Institute for Atomic Research.
Construction of a 5-MW heavy-water-moderated research reactor began in 1962, and operations
began in 1965. The Technical and Administrative Services Facility (TASF) was added later to
connect the Research Building (Spedding Hall) and the Chemistry Building (Gilman Hall); the TASF
includes only offices. The locations of Ames Laboratory buildings on the ISU campus are shown in
Figure 2-1. The locations of the Reactor facilities (now known as the Applied Science Complex) and
the Synchrotron Building are shown in Figure 2-2.

To avoid confusion between the historical building names and the current names, as shown in Figures
2-1 and 2-2, both names are used in the following sections with the historical name first and the
current name in parentheses, where applicable.
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Figure 2-1. ISU campus map showing Iocatlons of Ames Laboratory buildings. The former sites of
Physical Chemistry Annex 1 and Annex 2 are also shown. Source: ISU (2006).

211 Physical Chemistry Annex 1

The production of uranium metal was conducted in the Physical Chemistry Annex 1 building, which
was an old wooden structure east of the Dairy Industries building and west of Wallace Road (Karsjen
2003). Uranium operations began there in mid-1942 and ended on August 5, 1945, when the uranium
purification process was transferred to industry. More than 1,000 tons of pure uranium and more than
300 tons of uranium scrap were produced during this period (Karsjen 2003). In 1943, an open porch
area was enclosed (to control dusty operations) and additions were constructed to accommodate
increases in uranium production (Payne 1992). Beginning in 1943, the building was also used to
produce thorium metal until the processing equipment was transferred to the new Metallurgy Building
in 1949 or 1950 (Ames 1960). The Physical Chemistry Annex 1 building was torn down in 1953
(Karsjen 2003). The building site was decontaminated, surveyed in May 1976, and designated
acceptable for future construction (Voss 1979).

21.2 Chemistry Building (Gilman Hall)

The initial Ames Project work was conducted in the Chemistry Building in early 1942. The process for
purifying uranium metal and the methods and equipment to increase production were developed in
the Chemistry Building (Spedding 1947). Uranium production operations were moved to the Physical
Chemistry Annex 1 in mid-1942, while other uranium research continued in the Chemistry Building,
including determination of uranium properties, studies of uranium corrosion, development of protective
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coatings for uranium, and development of uranium alloys and compounds (Spedding 1947). Other
research in the Chemistry Building involved development of pure thorium metal, thorium alloys and
compounds, yttrium metal, cerium metal, and beryllium metal (Ames 1962). Analytical work centered
on plutonium chemistry and the radiochemistry of the separation of fission products from uranium and
plutonium, which was conducted in the “hot laboratory” between 1942 and 1951 (Ames 1960). The

Chemistry’ Building was decontaminated and surveyed in May 1976 (Voss 1979).
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Figure 2-2.
Synchrotron Building. Source: ISU (2006).

21.3 Physics Building (Physics Hall)

Research and development (R&D) to support other work at Ames Laboratory was conducted in the
Physics Building. Analytical equipment was developed, including three beta-ray spectrometers, a
bent crystal X-ray spectrometer, a kevatron, X-ray and neutron diffraction spectrometers, scintillation
and conduction crystal spectrometers, X-ray and electron diffraction machines, and an electron
microscope (Ames 1951, 1962). Nuclear fission was studied to identify the individual fission
fragments, the energies involved, and the ionized state of the emitted particles (Ames 1951).

Research was conducted to determine the stopping power and shielding properties of various solid
Personnel of the Physics Department operated the 80-MeV synchrotron,

materials (Ames 1951).
which is described below (Ames 1962).

ISU campus map showing locations of reactor facilities and




[ Document No. ORAUT-TKBS-0055 | Revision No. 00 | Effective Date: 06/22/2007 | Page 15 of 87 |

2.1.4 Physical Chemistry Annex 2

The Physical Chemistry Annex 2 Building was a brick fireproof structure built east of Wallace Road in
early 1944 to house the recovery of uranium from scrap uranium metal turnings collected from other
Manhattan Project sites (Spedding 1947). Operations in this building through December 1945
produced more than 300 tons of recovered uranium metal (Spedding 1947). Operations ended in
1953 when the building was converted to a plumbing shop; it was razed in 1972 (Ames 1985). The
area where the building stood was covered with concrete and served as a parking lot and loading
zone. The area was surveyed in May 1979 (Voss 1979). Part of the General Services Building now
covers part of the former building site (see Figure 2-1).

21.5 Metallurgy Building (Wilhelm Hall)

The Metallurgy Building, constructed by the AEC, was completed in October 1949 (Ames 1951). The
building houses research directed toward the development of special metals and alloys used in
nuclear energy projects (Ames 1962). Zircaloy was initially developed at Ames Laboratory as part of
a basic study of the zirconium-tin alloy phase diagram (Ames 1962). The subject of reactor coolants
was studied, as were the heat-transfer properties of various metals and alloys (Ames 1951).
Equipment available for research, development, and production in metallurgy included many types of
furnaces; high-vacuum systems; pyrometric devices; fabricating and testing machines; metallographs;
X-ray diffractometers; and ultrasonic, spectrographic, dilatometric, and other instruments for
examination and study of metals and alloys (Ames 1962). A glovebox line in the Metallurgy Building
was used to study the behavior of plutonium in molten metal systems (Ames 1962).

Thorium production and research activities were moved from Physical Chemistry Annex 1 to the
Metallurgy Building in 1949 and work on thorium continued until 1953 (Hokel et al. 1998). Poor
contamination control practices and poor ventilation contributed to contamination of the building
(Hokel et al. 1998). However, contamination levels have been reduced by mitigation,
decontamination, remodeling, and renovation projects (Hokel et al. 1998). Contamination still exists in
many interspatial areas of the building and in some relatively inaccessible areas (Hokel et al. 1998).

21.6 Research Building (Spedding Hall)

The Research Building was constructed by the AEC and occupied in early 1951 (Ames 1951). Many
metals, including the rare earths, were investigated for mechanical, chemical, electrical, and other
properties, and were studied by experimental techniques that probed the inner structures and forces
of the materials (Ames 1962). Research facilities in the building included a 150-kV accelerator that
produced 14-MeV neutrons; a glovebox line for radiochemistry experiments; a hot canyon and hot cell
with steel shielding, lead glass windows, and manipulators for work with highly radioactive materials;
and an electron microprobe analyzer (Ames 1967). The hot canyon was two stories high with the
lower level in the basement adjacent to the hot cell. Research activities included electron beam
welding; the study of electronic structure of metals; and the separation, preparation, and
measurement of properties of the rare earth metals (Ames 1967). The initial research on liquid metal
coolants was done at Ames Laboratory in an engineering sodium test loop utilized in corrosion, fluid-
flow, and heat transfer studies with liquid sodium (Ames 1967).

21.7 Office and Laboratory Building

The Office and Laboratory Building connects the Chemistry and Physics Buildings and provides
administrative offices of the Ames Laboratory, the special research laboratories used jointly by
chemists and physicists, and a large physical sciences reading room (Ames 1951).
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21.8 Synchrotron Building (Spangler Geotechnical Laboratory)

The Synchrotron Building was constructed in 1949 on a 200-acre tract northwest of the campus that
was set aside for special use by the Institute for Atomic Research (Ames 1962). The synchrotron
room housed two electron accelerators that could project electrons up to 80 MeV onto a target, which
produced high-energy gamma rays that interacted with nuclei to release neutrons, protons, and alpha
particles (Ames 1967). The accelerators were operated from a Control Room where there was a
safety gate that prohibited access to the synchrotron room when the beam was on (Ames 1967). In
many cases, the products of these reactions were radioactive, and were used in research in nuclear
physics and radiochemistry (Ames 1967). In addition, the synchrotron was used to probe nuclear
structure and to provide radioisotopes for nuclear spectroscopy (Ames 1962). Operations at the
Synchrotron Building ended in June 1971; the equipment was decommissioned in the early 1990s.

21.9 Metals Development Building

Ames Laboratory facilities were expanded in 1960 to include the Metals Development Building (Ames
1960). Its missions were to conduct process development research on larger-than-laboratory scale
and to evaluate commercial feasibility of the processes developed (Ames 1960). One major process
was the production of very pure metals, and the production of small quantities of these metals to be
used elsewhere as standards (Ames 1960). The building contained a complete pilot plant with
facilities for each step of the metal production process from ore treatment to metal fabrication or
analysis (Ames 1960). Equipment in the building included electron microscopes, an electron
microprobe, metallography apparatus, liquid-liquid extraction apparatus, extrusion presses for
producing rods and tubes, and rolling machines for making sheet metal (Ames 1967).

2.1.10 Ames Laboratory Research Reactor (Applied Science Complex)

Construction of a 5-MW, heavy-water-moderated research reactor began in 1961; the reactor was first
operated in February 1965 (Ames 1967; Voigt 1981). The reactor and its support facilities were about
1.5 mi northwest of the ISU campus on a 200-acre site used by the Institute for Atomic Research
(Ames 1967). The reactor fuel was 93% enriched ?°U contained in 24 fuel assemblies in a hexagonal
arrangement in a core 30 in. across and 25 in. high (Voigt 1981). The reactor shielding was an
irregular decahedral prism shape with a thermal column on one face and nine faces with beam tubes
from which radiation beams (primarily neutrons) could be extracted and directed to experimental
areas surrounding the reactor (Ames 1967; Voigt 1981). Numerous other tubes and thimbles
provided access to the reactor core for irradiation experiments. Research activities included radiation
damage studies, the determination of the crystalline structure of solids, the determination of
mechanical properties of reactor materials, and analysis of the decay products of nuclear fission
(Ames 1967). The experimental equipment featured an online isotope separator that received fission
products directly from the operating reactor, separated them by weight, and analyzed them by isotope
(Ames 1967). Other research equipment included a neutron diffractometer used to determine the
physical properties of solids and a hot cell for handling spent reactor fuel (Ames 1967). Operation of
the reactor resulted in airborne tritium concentrations in occupied spaces of the building (Voigt 1981).
A routine tritium bioassay program was part of the radiation safety program at the reactor (Voss
1971). Operation of the reactor ended in December 1977 and decontamination and decommissioning
(D&D) of the facilities was completed in 1981 (Voigt 1981). At the time operations ended, the heavy-
water coolant contained approximately 1.7 Ci of tritium per liter (Voigt 1981).
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2.2 OPERATIONS

Two major operations at Ames Laboratory resulted in radiation exposure to the staff — the production
of large quantities of pure uranium (1942 to 1945) and thorium metal (1943 to 1953). A number of
smaller operations contributed to staff exposure to radiation.

221 Uranium Metal Operations

The initial Ames process for production of uranium metal was based on the chemical reduction of
uranium tetrafluoride by calcium metal. Finely ground uranium tetrafluoride was mixed with
granulated calcium metal and the mixture was poured into a refractory-lined container. A fuse wire
buried in the charge was electrically heated to initiate the reaction, which continued until both uranium
metal and calcium fluoride were in the molten state. The more dense uranium collected at the bottom
of the container, where it was allowed to cool to room temperature, after which it was removed for
casting. The uranium metal was cast by placing it in a graphite crucible, heating it in a vacuum, and
allowing the liquid metal to flow into a graphite mold for specific shapes (Spedding 1947). Although
more complex, the uranium production process was improved by replacing the calcium reagent with
magnesium metal (Spedding 1947).

Most of the uranium metal production operations were conducted in the Physical Chemistry Annex 1
Building, which had poor contamination control and poor ventilation (Friedell 1942). Workers in this
building were likely to have received intakes of uranium between 1942 and 1945 and thorium between
1943 and 1950 as well as external exposures to beta and gamma radiation. These exposures are
estimated in Sections 5 and 6. Effluents from the building were not monitored and local
environmental contamination by uranium compounds was likely. Uranium and thorium contamination
of the ground surface around Annex 1 required removal and offsite disposal of the contaminated soil
(Payne 1992). No other records could be found that addressed the disposal of contaminated waste or
the control and monitoring of air and liquid effluents.

A substantial amount of uranium scrap material was produced, which was processed in the Physical
Chemistry Annex 2 Building from early 1944 to December 1945 (Spedding 1947). Radiation
exposures to workers in this building during this period were similar to the uranium exposures in
Annex 1, and these exposures are estimated in Sections 5 and 6. Local environmental contamination
around Annex 2 was assumed to be similar to that around Annex 1, and this is addressed in Section
4.1.

2.2.2 Thorium Metal Operations

The uranium metal production method was adjusted between August 1943 and August 1944 to
produce thorium metal (Spedding 1947). Thorium tetrafluoride was mixed with calcium metal with a
zinc chloride booster to produce a thorium-zinc alloy with a 96% yield of thorium metal. The alloy was
heated under vacuum in a graphite crucible to distill off the zinc. Casting of thorium metal was difficult
because of its high melting point and its reactive properties. Beryllium oxide crucibles had to be used;
melting the thorium in a crucible the size and shape of the desired ingot proved to be a more reliable
method of casting, although it often did not separate well from the slag and oxide. Castings were
improved in late 1946 by pouring molten thorium into graphite molds (Spedding 1947). Production of
thorium metal and thorium compounds continued until April 1953, when thorium production operations
were turned over to industry (Ames 1960).

The purified feed material for the thorium production operation was prepared by dissolving thorium
nitrate in nitric and oxalic acids, precipitating the thorium oxalate, drying the precipitate in trays,
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hydrofluorinating the precipitate to thorium tetrafluoride, and crushing the thorium tetrafluoride to a
fine powder (Spedding 1947). This process was used throughout thorium production operations.

Thorium production operations, which were conducted in the Physical Chemistry Annex 1 Building
after uranium operations ended in 1945, continued until 1949 or 1950, when the operation and
equipment was moved to the new Metallurgy Building (Wilhelm Hall) (Ames 1960). Workers in Annex
1 were likely to have intakes of thorium and external exposures to beta and gamma radiation. These
exposures are estimated in Sections 5 and 6. Effluents from the building were not monitored and
local environmental contamination by thorium compounds was likely. Thorium production operations
in the Metallurgy Building improved with better ventilation, but personnel exposures and
environmental contamination continued to be unquantified until 1953 because of a lack of monitoring
and inadequate records.

The molding and machining of beryllium oxide crucibles raised a concern about toxic dust (Spedding
1947), which causes the serious lung disease berylliosis (Van Bemmel 1957). Ames Laboratory staff
members were required to have physical examinations and chest X-rays every 6 mo (Van Bemmel
1957). The subject of chest X-rays is addressed in more detail in Section 3.

A summary of AEC activities at Ames Laboratory during the period from 1942 to 1954 is presented in
Table 2-1.

Table 2-1. Timeline of AEC activities at Ames Laboratory, 1942 to 1954.

Operation Dates® Building Activity
Uranium metal production Feb 1942—-Aug 1942 Chemistry (Gilman Hall) | Process development
Uranium metal production Aug 1942-Dec 1942 Chemistry Production
Uranium metal production Sept 1942—Aug 1945 Annex 1 Production
Uranium scrap recovery Late 1943—Early 1944 | Chemistry Process development
Uranium scrap recovery Early 1944—-Dec 1945 Annex 2 Production
Uranium metal casting Sept 1942—Aug 1945 Annex 1 Production
Thorium metal production Aug 1943—-Jun 1946 Annex 1 Process development
Thorium metal production Jun 1946-late 1949 Annex 1 Production
Thorium metal production Early 1950—-Apr 1953 Metallurgy (Wilhelm Hall) | Production
Studies of plutonium properties | Jun 1943-Dec 1947 Chemistry & Metallurgy | Research
Plutonium/fission product Summer 1943-Dec 1954 | Chemistry & Research Research and hot cell
separations (Spedding Hall) work
Thorium metal casting Jun 1946-late 1949 Annex 1 Production
Thorium metal casting Early 1950—-Apr 1953 Metallurgy Production
Studies of uranium and thorium | Early 1942—-Dec 1954 Chemistry Research
properties
Development of analytical Early 1943-Dec 1954 Chemistry Research
procedures
Annex 1 demolition 1953 Annex 1 Demolition

a. Exact start-end dates vary depending on the reference. Listed dates are the most common or consensus.

2.2.3 Other Operations

Methods for routine analysis of fission products were developed at Ames Laboratory. These activities
resulted in the discovery of the previously unidentified isotopes **P, "*Pm, '*°Sb, and five isotopes of
ruthenium and rhodium. Research on the parent-daughter relationship of *°Sr/*®Y was conducted
(Spedding 1947). Pioneering research in applications of alpha and beta spectroscopy and mass
spectroscopy to identify specific radionuclides was part of the development of laboratory methods. A
process for separating 2*U from thorium was developed at Ames Laboratory (Spedding 1947).
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23 SOURCE TERMS AND PERSONNEL MONITORING

Ames Laboratory staff members were exposed to a number of radiation sources, including medical
X-rays, environmental effluents, radioactive intakes, and external radiation dose. Routine chest
X-rays are discussed in the previous section and are addressed in more detail in Section 3.

Environmental effluents from the early Ames Laboratory buildings were unmonitored and
uncontrolled. Radioactive effluents near these buildings could have exposed workers to unmonitored
occupational environmental doses. An accidental release of thorium waste materials to the sanitary
sewer system occurred in 1951 (Voss 1979). This release could have contributed to the occupational
environmental dose received by Ames Laboratory workers who were involved in the incident response
and is addressed in Section 4.

Uranium and thorium metal production involved several dusty operations that resulted in work-area
contamination and potential worker inhalation and ingestion (Spedding 1947). The principal sources
of surface contamination and airborne dust were the processes of grinding uranium fluoride into a fine
powder, transferring the uranium fluoride powder from the grinder, and then mixing and loading the
powder charge into the reduction crucibles. Because the uranium had been separated from radium
and its decay products, ??Rn was not a potential inhalation concern (Spedding 1947). The principal
sources of thorium surface contamination and airborne dust were the processes of preparing and
drying the fine powder and mixing and loading the powder charge into the reduction crucibles
(Spedding 1947).

There were frequent small explosions and fires associated with the uranium and thorium production
operations (Payne 1992). Payne (1992) cited as many as six small fires in a single day; these fires
contributed to work-area contamination and potential airborne radioactive material exposures. No
records were found to indicate that air sampling or contamination control was associated with these
fires.

Personnel protection for potential dusty operations included the use of Laboratory-provided clothing
and gloves, as well as restrictions on eating and smoking in areas where radioactive materials were
handled. Although respiratory protection measures, such as gas masks and dust masks, were
provided, their use was not enforced at Ames Laboratory before about 1952. Showers were
recommended for workers at the end of each day, but records indicated that not all workers complied
with this recommendation (Klevin 1952; Payne 1992).

Many other radioactive materials were handled in the Ames Laboratory buildings before routine
monitoring for radiation exposures began in about 1952. Because the bioassay program was minimal
and records are sparse, intakes that might have occurred before 1953 were estimated. When reactor
operations started in 1965, a routine tritium bioassay program was started, and tritium intakes can be
reliably estimated. Occupational internal dose is addressed in Section 5.

The uranium and thorium metal production operations resulted in beta and gamma radiation
exposures to workers. Beta radiation was the dominant external source of radiation associated with
unshielded sources of uranium, such as the uranium metals production, uranium scrap recovery, and
uranium machining processes (NIOSH 2006). The significance of beta emissions from thorium
depends on the state of equilibrium with the 2**Th parent, which is a factor of the time elapsed since
the thorium process feed material was separated (NIOSH 2006). Photon exposure rates as high as
22 mR/hr were reported for a thorium storage area, suggesting that this raw material for the thorium
production process was not newly separated (Klevin 1952).
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Only two film badge results were identified for 1944 with results in units of “average roentgens/8 hour
day during week” (Tybout 1944). Before 1952, only pencil dosimeters were used in Ames Laboratory
facilities and the records are sparse. The use of film badges began in late 1952; records from 1953
and 1954, along with workplace measurements, are used to estimate earlier radiation doses.
Records of external radiation exposures received from 1955 to the present are used in Section 6 to
evaluate occupational external dose.

3.0 OCCUPATIONAL MEDICAL DOSE

Occupational medical examinations were conducted for the staff of the Ames Project (later the Ames
Laboratory) as prescribed by the Medical Services of the Manhattan Project (Van Horn 1943; Wirth
1946). Preemployment examinations included a chest X-ray and urine analysis. Annual physical
examinations also included a chest X-ray, and annual chest X-ray films dated back to 1946 were
examined to verify an annual frequency. When work with beryllium oxide crucibles began in 1944,
there was concern about beryllium dust and the potential for berylliosis (Spedding 1947). ltis
possible that more frequent chest X-rays were required for beryllium workers, but this could not be
verified because no films or records from before 1946 were found [1]. X-ray film records from the
early and mid-1950s indicated that some (possibly beryllium) workers did receive chest X-rays on a
quarterly frequency; other workers had chest X-rays on an annual or semiannual frequency. In 1957,
the frequency of chest X-rays was changed to twice per year for all Ames Laboratory staff members
(Van Bemmel 1957). X-ray film records indicated that the frequency of chest X-rays was changed to
annual in 1960 and biannual in 1982. The general frequencies of chest X-rays during various periods
are summarized in Table 3-1. Although the projection for most chest X-rays was posterior-anterior
(PA), some lateral (LAT) projections were also taken. The actual dates and projections of chest X-
rays for workers were reported by Ames Laboratory in response to data requests for each claim.

Table 3-1. Chest X-ray frequencies.

Period Beryllium workers® | Other workers
1942-1943 Annual
1944-1949 Quarterly Annual
1950-1956 Quarterly Semiannual
1957-1960 Semiannual Semiannual
1960-1981 Annual Annual
1982—present | Biannual Biannual

a. If a claim mentions beryllium at any time between 1944 and
1953, the claimant should be considered a beryllium worker.

X-ray examinations of Ames Laboratory staff members were conducted at the lowa State Student
Health Center/College Hospital. The radiation dose delivered by the medical X-ray machine was
determined in February 1957 (Voss 1957a). The measurements indicated the exposure dose per
X-ray film ranged from 40 to 65 mrem, depending on the body thickness of the worker (Voss 1957a).
All X-ray films examined in the archives at Ames Laboratory were 14-in. by 17-in. films; there was no
evidence of any X-rays being taken with photofluorographic X-ray equipment.

In 1978, a Picker Model 851 (Serial Number 1101) X-ray machine was installed at the lowa State
Student Health Center. The lowa State Department of Public Health (IADPH) conducted surveys
(CRCPD 2005; HHS 1995) of this unit on February 2, 1988 (IADPH 1988) and April 20, 1995 (IADPH
1995). A Continental Model 6626.235 (Serial Number 971941) X-ray machine was installed on May
12, 1997; it was surveyed by IADPH on September 17, 1997 (IADPH 1997). The occupational
medical dose for each chest X-ray delivered to Ames Laboratory staff members is estimated and
summarized in Table 3-2 for specific periods.
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Table 3-2. Chest X-ray doses delivered to Ames Laboratory staff members.

Period X-ray machine Half-value layer Entrance kerma
1942-1956 Unknown 2.5 mm AP° 0.2 cGy*®
1957-1977 Unknown 2.5 mm AP 0.065 cGy"°
1978-1996 Picker 3.0 mm Al° 0.020 cGy°®

Continental 3.5 mm Al° 0.016 cGy'

1997—present
. Default value from ORAUT (2005a).

Based on measurements found in Voss survey, February 1957 (Voss 1957a).
Based on measurements found in 1988 IADPH survey (IADPH 1988).

Based on measurements found in 1997 IADPH survey (IADPH 1997).

Based on 75th percentile of entrance skin exposures (ESEs) collected nationwide
in nonhospital facilities in 1986 (Spelic 2006).

Based on 75th percentile of ESEs collected nationwide in all facility types in 1994
(Spelic 2006).

®Paoow

bal

3.1 ORGAN DOSE CALCULATIONS

Guidance in ORAUT (2005a) was used to determine organ doses. For conventional chest X-rays,
that document recommends a default entrance kerma of 0.2 rem for pre-1970 examinations (ORAUT
2005a, Table 3-4). In addition, ORAUT (2005a, Table 6-5) provides factors for converting kerma to
organ dose for pre-1970 X-ray machines that might have had limited collimation. Because nothing is
known about the type of X-ray machines used before 1978, it is favorable to the claimant to assume
limited collimation. It is also assumed that the projection is PA. The dose conversion factors and
organ doses from ORAUT (2005a) are listed in Tables 3-3 through 3-6 for 1942 to 1956, 1957 to
1977, 1978 to 1996, and 1997 to the present, respectively.

Table 3-3. Organ doses from PA chest X-rays, 1942 to 1956.

PA dose conversion factor
(mGy per Gy air kerma) Organ dose
Organ HVL 2.5 mm Al (rem)®
Thyroid 174 3.48E-2
Eye/brain 32 6.40E-3
Ovaries N/A® 2.50E-2
Liver/gall bladder/spleen 451 9.02E-2
Urinary bladder N/A° 2.50E-2
Colon/rectum N/A° 2.50E-2
Testes N/A® 5.00E-3
Lungs 451 9.02E-2
Thymus 451 9.02E-2
Esophagus 451 9.02E-2
Stomach 451 9.02E-2
Bone surfaces 451 9.02E-2
Breast 49 9.80E-3
Uterus N/A® 2.50E-2
Bone marrow 92 1.84E-2
Skin® N/A 2.70E-1

a. From ORAUT (2005a, Table 6-5, pre-1970).

b. N/A = not applicable. Organ dose based on measured values from Webster
and Merrill (1957).

c. Included backscatter factor of 1.35 from NCRP Report 102 (NCRP 1989,
Table B-8).
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Table 3-4. Organ doses from PA chest X-rays, 1957 to 1977.

PA dose conversion factor
(mGy per Gy air kerma) Organ dose
Organ HVL 2.5 mm Al (rem)

Thyroid 174 1.13E-2
Eye/brain 32 2.08E-3
Ovaries N/A® 2.50E-2
Liver/gall bladder/spleen 451 2.93E-2
Urinary bladder N/A® 2.50E-2
Colon/rectum N/A® 2.50E-2
Testes N/A® 5.00E-3
Lungs 451 2.93E-2
Thymus 451 2.93E-2
Esophagus 451 2.93E-2
Stomach 451 2.93E-2
Bone surfaces 451 2.93E-2
Breast 49 3.19E-3
Uterus N/A® 2.50E-2
Bone marrow 92 5.98E-3
Skin® N/A 8.78E-2

a. N/A = not applicable. Organ dose based on measured values from Webster

and Merrill (1957).

b. Included backscatter factor of 1.35 from NCRP Report 102 (NCRP 1989,

Table B-8).

Table 3-5. Organ doses from PA chest X-rays, 1978 to 1996.

PA dose conversion factor
(mGy per Gy air kerma) Organ dose
Organ HVL 3.0 mm Al (rem)

Thyroid 46 9.20E-4
Eye/brain 46 9.20E-4
Ovaries 1.8 3.60E-5
Liver/gall bladder/spleen 535 1.07E-2
Urinary bladder 1.8 3.60E-5
Colon/rectum 1.8 3.60E-5
Testes 0.01 2.00E-7
Lungs 535 1.07E-2
Thymus 535 1.07E-2
Esophagus 535 1.07E-2
Stomach 535 1.07E-2
Bone surfaces 535 1.07E-2
Breast 69 1.38E-3
Uterus 2.3 4.60E-5
Bone marrow 117 2.34E-3
Skin® N/A 2.80E-2

a. Included backscatter factor of 1.4 from NCRP Report 102 (NCRP 1989,

Table B-8).
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Table 3-6. Organ doses from PA chest X-rays, 1997 to present.

PA dose conversion factor
(mGy per Gy air kerma) Organ dose
Organ HVL 3.5 mm Al (rem)
Thyroid 62 9.92E-4
Eye/brain 62 9.92E-4
Ovaries 3.2 5.12E-5
Liver/gall bladder/spleen 610 9.76E-3
Urinary bladder 3.2 5.12E-5
Colon/rectum 3.2 5.12E-5
Testes 0.01 1.60E-7
Lungs 610 9.76E-3
Thymus 610 9.76E-3
Esophagus 610 9.76E-3
Stomach 610 9.76E-3
Bone surfaces 610 9.76E-3
Breast 91 1.46E-3
Uterus 3.0 4.80E-5
Bone marrow 146 2.34E-3
Skin? N/A 2.24E-2
a. Included backscatter factor of 1.4 from NCRP Report 102 (NCRP 1989,
Table B-8).

4.0 OCCUPATIONAL ENVIRONMENTAL DOSE - INTRODUCTION

The occupational environmental dose refers to the dose received by workers on the site but outside
facilities (e.g., buildings). These doses can be internal and/or external depending on the
characteristics of the individual radionuclides. Radionuclides used at Ames Laboratory during various
periods included uranium, plutonium, thorium, and small amounts of other radionuclides used in the
R&D program (Spedding 1947). Tritium, argon, and krypton were released at the Ames Laboratory
Research Reactor (ALRR) (Voigt 1973). While most radionuclides when inhaled would give a dose to
particular organs in the body, tritium gas would give a dose to the whole body (Voigt 1973). These
radionuclides are addressed in the following sections.

Occupational environmental dose was not measured (direct radiation dosimeters) until 1953, when
workers were badged (Martin 2006a, 2006b), and it was not calculated from environmental media
concentrations until 1962 (Voss 1963a). Sources of potential environmental exposures (releases to
the environment) were not measured until 1962 (Voss 1963a).

Different activities were carried out during distinct periods of the Ames Laboratory history.
Occupational environmental doses are, therefore, addressed below for each of these periods and
their activities. A significant release of radioactive materials to the environment from Ames Laboratory
facilities is addressed in Section 4.5.

4.1 URANIUM/THORIUM PRODUCTION PERIOD, 1942 TO 1953

Uranium production occurred in the Physical Chemistry Annex 1 Building (see Figure 2-1) from mid-
1942 through August 5, 1945 (Karsjen 2003). Uranium scrap recovery occurred in the Physical
Chemistry Annex 2 Building (see Figure 2-1) from early 1944 through December 1945, and some
operations continued until 1954. Thorium production occurred first in the Physical Chemistry Annex 1
Building from 1944 through 1949 when the operation moved to the new Metallurgical Building, now
Wilhelm Hall (see Figure 2-1). The operation in the Metallurgical Building continued until April 1953.
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Like Annex 1 and Annex 2, there was no onsite or offsite designation for this facility. Workers,
students, and college personnel moved freely by and around the building. No measurements were
made of the particulate or gaseous effluents from the buildings or of the radiation levels outside the
buildings (Voss 1963b).

Workers conducted their work inside the facilities and there were no specific work assignments
outside the facilities; that is, input materials arrived at the facilities and were processed, and products
were shipped from the facilities. Workers did not move between the facilities on campus and there
was no transportation of materials among the facilities on campus (Ames 1962).

There were room and hood ventilation stacks on the facilities but no filters on either (Skoog 1952,
Section e; Spedding 1952). Concentrations of uranium dust were measured in the operation rooms
(Voss 1978). To estimate a bounding dose outside the facilities, it was assumed that losses of 0.1%
of the uranium or thorium as dust in a facility were emitted continuously and dispersed from ground
level in accordance with local and regional meteorological conditions (see Figure 4-1) (Voss 1981)
and a standard Gaussian atmospheric dispersion computer model (Napier et al. 2004). When
resuspension is included, the daily intake rate of uranium (to be modeled as ?**U, type M or S) was 5
pCi. This intake applies outside the Physical Chemistry Annex 1 for July 1942 through August 1945
and outside the Physical Chemistry Annex 2 for 1944 through 1954. In addition, daily intakes of ***Th,
22Th, and #*Ra at 0.07 pCi each apply to the Physical Chemistry Annex 1 for June 1946 through
1949 and to the Metallurgy Building for 1950 through Apri