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1.0 EXECUTIVE SUMMARY

This draft report presents S. Cohen and Associates” (SC&A, Inc.) evaluation of the Site Profile
for the Ames Laboratory, ORAUT-TKBS-0055, Rev. 3 (ORAUT 2012a). This draft report was
prepared at the request of the Advisory Board on Radiation and Worker Health (Advisory
Board). Authorization for the preparation of this report is described in Section 2 of the report.

As part of our evaluation, SC&A also reviewed numerous other documents that were considered
relevant including the following:

e Select documents that were referenced in the Ames Laboratory Site Profile

e Documents contained in the National Institute for Occupational Safety and Health
(NIOSH) Site Research Database (SRDB)

e Relevant reference texts and scientific studies cited in the open literature

e Personal memoirs/manuscripts; worker interviews; and memoranda/letters that provide
critical insight on attitudes, work conditions/practices and events that surround the Ames
Project

1.1  TECHNICAL APPROACH AND REVIEW CRITERIA

The approach used by SC&A to perform this review includes, but is not limited to, the
procedural protocols described in Standard Operating Procedure for Performing Site Profile
Reviews (SC&A 2004). Approved by the Advisory Board on March 18, 2004, SC&A'’s protocol
reflects the following review criteria:

(1) Completeness of data sources

(2) Technical accuracy

(3) Adequacy of data

(4) Consistency with other site profiles
(5) Regulatory compliance

Deficiencies pertaining to these review criteria are noted as “issues.” Our review of the Ames
Laboratory Site Profile identified a total of 23 issues. Twenty-two (22) of the issues are regarded
as “findings” and represent deficiencies that may require correction due to their potential adverse
impact(s) on dose reconstruction. A single issue designated as an “observation” corresponds to
an issue with limited significance for affecting dose reconstruction.

Issues

>

Findings Observations

The purpose of this review is to provide the Advisory Board with an independent assessment of
issues that surround the Ames Site Profile. Findings identified in our review are expected to

NOTICE: This report has been reviewed to identify and redact any information that is protected by the
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provide the Advisory Board with a preliminary overview of potential issues that may impact the
feasibility of dose assessment.

SC&A’s draft report with its preliminary findings will subsequently undergo a multi-step
resolution process. Resolution includes a transparent review and discussion of draft findings
with members of the Advisory Board’s Work Group and select personnel representing
NIOSH/Oak Ridge Associated Universities Team (ORAUT). This resolution process is intended
to ensure that each finding is evaluated on its technical merit in a fair and impartial manner.

1.2 SUMMARY OF ISSUES

SC&A’s review of ORAUT-TKBS-0055, Rev. 03 (ORAUT 2012a), principally focused on the
following three sections of the Ames Laboratory Site Profile:

e Section 4.0 — Occupational Environmental Dose
e Section 5.0 — Occupational Internal Dose
e Section 6.0 — Occupational External Dose

Of the 22 preliminary findings identified in this review, 9 findings pertained to Occupational
Environmental Dose, 11 to Occupational Internal Dose, and 2 to Occupational External Dose.

A brief statement for each of the 22 findings is presented below. However, the reader is
cautioned that nearly all findings are based on a substantial body of data in the text that is further
supported by the attached appendices. A more complete understanding and judgment of merit in
behalf of these findings may, therefore, require a full review of this draft report.

1.2.1 Occupational Environmental Dose

Finding #1: Derived environmental intakes of U and Th, as given in Table 4-7 of the TBD, are
improperly referenced and appear without technical basis.

Finding #2: NIOSH provides no basis for the “assumed” losses of 0.1% of U and Th to the
environment and fails to identify a value for resuspension.

Finding #3: NIOSH’s selection of personnel at the Ames Laboratory Research Reactor (ALRR)
Facility as the target population is inappropriate and results in dose estimates that are not
claimant favorable.

Finding #4: NIOSH’s selection of data from the 1961 survey conducted at the Synchrotron
Facility defines fenceline dose rates that are 1 to 2 orders of magnitude lower than other
measurements reported in the survey when beam direction was shifted from a westerly to
easterly direction.

Finding #5: SC&A concludes that the 1961 survey measurements, which were limited to
gamma dose rates, were incomplete and may have substantially underestimated total exposure by
excluding the contribution of particulate radiation.

NOTICE: This report has been reviewed to identify and redact any information that is protected by the
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Finding #6: Statements in Section 4.3 of the Ames Site Profile are factually incorrect. For all
years for which- reported environmental sampling data (1974, 1975, 1976), there were two
sampling sites (not one, as stated by NIOSH) that provided data in behalf of air concentrations
and corresponding dose estimates.

Finding #7: The nearly “instantaneous” 100-fold reduction of U and Th environmental intakes
that represent the transition of the uranium and thorium metal production facilities at the end of
1953 to research and development (R&D) facilities in 1954 are improperly modeled. Also not

included in the model are the contribution of blowouts to environmental contamination and the

persistence of these radionuclides in the environment post-1953.

Finding #8: Environmental intakes cited in Table 4-7 of the Ames technical basis document
(TBD) are based on unsupported assumptions and model parameters, which moreover are
inconsistent with parameter values used to model worker intakes inside the hot laboratory
described in Section 5.0 of the TBD.

Finding #9: Uranium and Th blowouts represent significant environmental events that should
be included in Section 4.5 of the Ames TBD for the assessment of environmental exposures.

1.2.2 Occupational Internal Dose

Finding #10: Available empirical bioassay and air-sampling data for Annex 1 workers are
substantially higher than modeled/surrogate data assigned by NIOSH.

Finding #11: NIOSH further minimized the intake value of 853 pCi/d for Annex 1 production
workers by assigning the “distribution” as a constant.

Finding #12: Default intake rates defined in Table 5-8 of the Ames TBD are improper for
absorption Types F or S.

Finding #13: The scaling of uranium intake values based on (1) facility and (2) job function is
without technical support and conflicts with statements given in the Ames Site Profile.

Finding #14: Although NIOSH briefly acknowledged the occurrence of “frequent fires and
explosions” associated with the production of uranium metal, no attempt was made to assess
potential intakes of these episodic events.

Finding #15: Technical Basis for Estimating the Maximum Plausible Dose to Workers at
Atomic Weapons Employer Facilities, ORAUT-OTIB-0004, Rev. 03 (ORAUT 2006), is
referenced for estimating non-operational intakes. OTIB-0004 was canceled before Rev. 03 of
the Ames Site Profile (ORAUT 2012a) was issued. Moreover, the much higher intake values for
inhalation and ingestion during non-operating years (i.e., 1954-1976) are inconsistent with
intake values for operating years (1942-1953) as given in Table 5-8 of the Ames TBD.

Finding #16: NIOSH’s approach for deriving estimates of thorium intakes from residual
contamination post-1954 does not make the best use of survey data reported by Klevin (1952)
and use of ORAUT-OTIB-0070, Rev. 01 (ORAUT 2012b).

NOTICE: This report has been reviewed to identify and redact any information that is protected by the
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Finding #17: Given the availability of credible data, NIOSH’s exclusion of thorium exposure in
dose reconstruction is not justified.

Finding #18: Due to the fact that very little is known about the design features and technical
specifications of the Hot Lab and the absence of worker monitoring/facility survey data, the
applicability of NUREG-1400 (Hickey et al. 1993), Section 1.2, for use in dose reconstruction
lacks technical merit and credibility for a facility that operated between 1943 and 1951.

Finding #19: Although Section 5.4.2 of the Ames TBD is titled, “Fission Product Intakes from
Research Reactor Operations and Decontamination and Decommissioning,” NIOSH restricted
intakes to two activation products that are arbitrarily based on a 1977 Energy Research and
Development Administration (ERDA) gross beta air concentration limit.

1.2.3 Occupational External Dose

Finding #20: By means of documented anecdotes/testimonials regarding potential frequencies
of blowouts, technical data for a specific blowout documented at Feed Materials Production
Center (FMPC), and reasonable assumptions, SC&A derived significant U and Th intakes and
associated organ doses that are applicable to workers at the Ames Laboratory, but were not
considered/included in ORAUT-TKBS-0055 (ORAUT 2012a).

Finding #21: SC&A'’s concerns about the use of the same surrogate data sources and
questionable assumptions for deriving external dose for Ames’ workers exposed to uranium
closely parallel those related to uranium intakes as cited in Findings #10 and #13.

Findings #22: Given the availability of highly credible and site-specific data for deriving
external doses from thorium exposure, NIOSH’s decision to exclude said exposures/doses is not
justified.

1.3 ORGANIZATION OF THE REPORT

This draft report was written and organized as a “stand-alone” document by including summary
information/data from various sources used to support our findings in the text of this report. For
most of the 22 findings, additional information is provided by the attached appendices that either
represent select portions or the full text of documents considered relevant to our findings.

Findings identified by SC&A are confined to Sections 4.0, 5.0, and 6.0 of this report and closely
track the topical sequence of Sections 4.0, 5.0, and 6.0 of the Ames Laboratory Site Profile.

NOTICE: This report has been reviewed to identify and redact any information that is protected by the
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2.0 INTRODUCTION AND SCOPE OF AUDIT

Under the Energy Employees Occupational Iliness Compensation Program Act of 2000
(EEOICPA) and federal regulations defined in Title 42, Part 82, Methods for Radiation Dose
Reconstruction Under the Energy Employees Occupational Iliness Compensation Program, of
the Code of Federal Regulations (42 CFR Part 82), the Advisory Board on Radiation and Worker
Health (Board) is mandated to conduct an independent review of the methods and procedures
used by NIOSH and its contractors for dose reconstruction. As contractor to the Board, S. Cohen
and Associates (SC&A, Inc.) has been charged to support this effort by independently evaluating
site profiles as requested by the Board that correspond to specific facilities at which energy
employees worked and were exposed to ionizing radiation.

In a teleconference held by the Advisory Board on February 7, 2013, SC&A was tasked to
review/evaluate the Site Profile for Ames Laboratory (ORAUT-TKBS-0055, Rev. 03), which
was issued on January 3, 2012. The Board’s request for the review of ORAUT-TKBS-0055,
however, was made under circumstances that differed from previous reviews performed by
SC&A, as briefly explained below.

21 A SUMMARY OF EVENTS THAT PROMPTED REVIEW OF
ORAUT-TKBS-0055, REV. 03

Revisions to the Ames Site Profile. The first Site Profile for Ames Laboratory, ORAUT-TKBS-
0055, Rev 00 (ORAUT 2007a) was issued on June 22, 2007. Since then, the Ames Site Profile
was revised four times: Rev. 00 PC-1 on August 20, 2008 (ORAUT 2008); Rev. 01 on
December 18, 2009 (ORAUT 2009); Rev. 02 on January 14, 2011 (ORAUT 2011); and Rev. 03
on January 3, 2012 (ORAUT 2012a).

While some of the aforementioned revisions resulted in an increase in assigned dose, others
decreased the dose, and still others decreased in an earlier revision and increased in a subsequent
revision, as summarized below:

e Revision 01 increased uranium intakes for researchers in the Ames Chemistry Building
from August 1942 through December 1953. This change remained in Revisions 02 and
03. Revision 01 also added lateral (LAT) exposure dose estimates to occupational
medical exposure.

e External dose for unmonitored workers for some job categories before 1946 increased in
Revision 01, remained the same in Revision 02, but increased again in Revision 03.

e External dose for unmonitored workers between 1946 and 1953 decreased for all job
categories and locations in Revision 01, remained the same in Revision 02, but increased
in Revision 03.

e Revision 02 increased uranium intakes for all employees in the Chemistry Building for
the period January 1954 through May 1976. These higher intakes remained unchanged
in Revision 03. All occupational medical exposures were eliminated in Revision 02
and Revision 03.

NOTICE: This report has been reviewed to identify and redact any information that is protected by the
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Special Exposure Cohort (SEC) Classes Added. During this time period, NIOSH added classes
to SEC-00038 in 2006 (NIOSH 2006), SEC-00075 in 2007 (NIOSH 2007), and SEC-00166 in
2010 (NIOSH 2010) to cover three separate groups of employees based on work location and job
description. While the classes added in 2006 and 2007 included specific workers performing
specific tasks in designated buildings, the 2010 class determined that the information available
about worker job description, work location, or movement about the site was insufficient to
determine if an employee worked in the affected area(s).

In 2011, NIOSH designated a fourth class [SEC-00185 (NIOSH 2011)] that encompasses all
previous Ames SEC periods from August 13, 1942, to December 31, 1970, and designates all
Ames employees (including predecessor agencies, contractors, and subcontractors) who were
employed for a number of workdays aggregating at least 250 workdays. In Section 1.3.4 of
ORAUT-TKBS-0055, Rev. 03 (ORAUT 2012a), NIOSH states the following:

... This SEC, SEC-00185 does not make any new information available for the
feasibility of performing dose reconstructions between the dates of August 13,
1942, and December 31, 1970. . ..

... NIOSH has determined that site-specific and claimant-specific data available
for Ames Laboratory for this entire period are insufficient to enable it to
determine that a specific work group was not potentially exposed to radioactive
material releases or possible subsequent contamination. Based on this
information, NIOSH has determined that the previously proposed SEC class
definitions cannot be based on or limited to job titles or duties. [Emphasis
added.]

It must also be noted that SEC-00185 was revised to change the covered period’s start date from
January 1, 1942, to August 13, 1942, the start of the Manhattan Engineer District (MED), known
later as the Manhattan Project.

In behalf of these four SEC classes, NIOSH in Revision 03 of ORAUT-TKBS-0055 (ORAUT
2012a) provides the following statements and guidance for the dose reconstruction of Ames
workers who were employed after December 31, 1970, as well as for workers who were
employed prior to 1970 but who are not eligible for inclusion in SEC-00185:

Although NIOSH cannot bound doses for certain areas and periods as described
in the SECs, internal and external data that become available for an individual
claim (and that can be interpreted using existing NIOSH dose reconstruction
processes or procedures) and applicable dose reconstruction methods that are
defined in Sections 4, 5, and 6 of this site profile, will be used to complete partial
dose reconstructions for workers who worked during the SEC periods but are
not eligible for the SEC.

This site profile provides internal and external exposures that might coincide
with work periods that fall within the SEC periods. There are varying types of
exposures that can be applicable during the SEC periods to dose reconstructions
for employees who do not qualify for the SEC(s). The periods in which doses can
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and cannot be reconstructed for a particular claim should be identified when
writing the Dose Reconstruction Report. For dose reconstruction of claims with
employment during the SEC period (see Section 1.3.4), all Ames employees are
included and the dose reconstruction is a “partial reconstruction” by default.
This designation should be included in the Dose Reconstruction Report.

[Emphasis added.]

Tables 2-1, 2-2, and 2-3 summarize NIOSH’s assessment regarding the feasibility of performing
partial dose reconstructions from internal and external exposures for workers ineligible for SEC
status. Workers ineligibility for SEC status may be due to (1) cancer type, and/or
(2) employment prior to 1970 of fewer than 250 workdays.

For ineligible workers, a partial dose reconstruction may, therefore, be based on internal and
external sources defined in the second column of Tables 2-1, 2-2, and 2-3 and described in
Sections 4, 5, and 6 of Revision 03 of the Ames Site Profile (ORAUT 2012a).

Table 2-1. Feasibility Findings for SEC-00038, August 13, 1942 through

December 31, 1954

Source of Exposure

Dose Reconstruction is Feasible

Dose Reconstruction is NOT

Feasible

Internal dose:

Uranium X

Thorium/plutonium X

Thoron X
External dose:

Uranium beta/gamma X

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

Neutron X
Occupational medical x-ray X

Table 2-2. Feasibility Findings for SEC-00075, January 1, 1955 through

December 31, 1970

Source of Exposure

Dose Reconstruction is Feasible

Dose Reconstruction is NOT
Feasible

Internal

Th-232 and progeny

X

Ambient environmental X
External

Gamma X

Beta X

Neutron N/A

Ambient environmental X

Occupational medical x-ray X
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Table 2-3. Feasibility Findings for SEC-00166, January 1, 1955 through
December 31, 1960

Dose Reconstruction is NOT

Source of Exposure Dose Reconstruction is Feasible -
Feasible

Internal dose:
Uranium and progeny
Thorium and progeny
Other radionuclides (Research
Building)
External dose:
Gamma
Beta
Neutron
Occupational medical x-ray

x| X

XXX [ X

2.2  SCOPE AND OBJECTIVES OF AUDIT

SC&A’s past approach to the review of other site profiles closely followed the protocol
described in Standard Operating Procedure for Performing Site Profile Reviews (SC&A 2004).
For the Ames Laboratory Site Profile, this standard review process is considered inappropriate
due to the fact that, for earlier time periods of facility operations, Ames workers were either not
monitored for exposure or available records pertaining to worker monitoring; claimant-specific
job duties and work locations; process descriptions and source-term data were insufficient to
perform complete dose reconstructions. Hence, for the period of August 13, 1942, to December
31, 1970, NIOSH recommended the addition of the SEC-00185 class that includes all workers
for all areas of the Ames Laboratory.

SC&A’s review of the Ames Laboratory Site Profile for the period of August 13, 1942, through
December 31, 1970, will, therefore, assess and evaluate Sections 4, 5, and 6 of the Ames Site
Profile, as well as all claimant-specific and facility-specific data that are available and considered
appropriate for a partial dose reconstruction in behalf of individuals who do not qualify for
inclusion in the SEC. This may include the review of documents that under more normal
circumstances would have a low priority among other available sources and would, therefore, not
be given consideration for use in dose reconstruction. Among these are a 1952 Atomic Weapons
Employer (AEC) survey (Klevin 1952), personal memoirs/manuscripts, worker interviews, and
memoranda that provide a critical insight on attitudes, work conditions/practices, and events that
surround the Ames Project.

For facility operations after 1970, SC&A’s review of Sections 4, 5, and 6 of ORAUT-TKBS-
0055, Revision 03, will follow the traditional protocols (SC&A 2004) with the following review
objectives:

(1) Completeness of information and data sources for all workers and time periods of facility
operation
(2) Technical accuracy and reliability of the data

(3) Claimant favorability in instances when assumptions, surrogate data, and/or coworker
models are used
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(4) Consistency with other site profiles

(5) Compliance with Federal Regulations pertaining to EEOICPA and with guidance
documents established by NIOSH and its contractors
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3.0 RELEVANT BACKGROUND INFORMATION
3.1  SITE/FACILITY DESCRIPTIONS

The Ames Laboratory is located on the lowa State University (ISU) campus in Ames, lowa.
Although the Ames Laboratory was not formally established until 1947 by the AEC, work at
lowa State College began in 1942 when Dr. Frank Spedding, a professor of physical chemistry at
the college, agreed to establish and direct a chemical and metallurgical research program that
complemented the MED’s Metallurgical Laboratory in Chicago.

In the beginning, the Ames Project was first and foremost an academic laboratory that was
concerned with metallurgical research, studies on physical/chemical properties that investigated
such parameters as melting points/viscosities of metals, chemicals reactivity, and separation of
select fissile metal compounds and their reduction to pure elemental metals. The vast majority of
personnel involved in research activities were academics that included professors, graduate
students, and technical support personnel with varying knowledge in chemistry and other
sciences.

Within months, Ames researchers were successful in developing a chemical reduction process
for converting uranium tetrafluoride (UFs) to a highly purified uranium metal. Because this
process was efficient and cost effective, the Ames Project was expanded to include the large-
scale production of purified uranium and later thorium metal. Thus, research and production
became an integrated operation in which the production processes were an extension of research
efforts, and continuing research reflected failures and problems encountered at the production
level. To some extent, problems encountered in the production phase were likely affected by the
need to hire workers from the local community who were neither familiar with the hazardous
nature of materials employed nor the basic protocols of industrial safety.

3.1.1 Uranium and Thorium Facilities

For research and development and for the production of uranium and thorium metal, a total of
four campus buildings were utilized by the Ames Project . These included the following:

e Chemistry Building (Gilman Hall) was utilized for analytical research and process
development

e Physical Chemistry Annex | was used for the production of 1,000 tons of uranium ingots

e Physical Chemistry Annex Il was used for the recovery of uranium turnings and
production of 300 tons of uranium ingots

e Metallurgical Building (Wilhelm Hall) was used for various research and the production
of thorium metal
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3.1.2 Other Facilities
Other facilities with significant potential for radiation exposure included the following:

e Physics Building was used for R&D that supported other work at Ames. Work included
the development of analytical equipment, the operation of an 80-MeV synchrotron, and
studies of nuclear fission and the shielding properties of various materials.

e Research Building (Spedding Hall) started operation in 1951 and was used to investigate
the properties of various metals. This facility included a 150-kV accelerator that
produced 14 MeV neutrons; a hot canyon and hot cell; and a glovebox.

e Synchrotron Building housed two electron accelerators (up to 80 MeV) that upon
interaction with a target produced high-energy gammas that in turn interacted with nuclei
to release neutrons, protons, and alphas. This facility operated between 1949 and 1971
and was decommissioned in the early 1990s.

e Ames Laboratory Research Reactor (ALRR) was a 5-MW, heavy-water-moderated
reactor that employed 93% enriched U-235 and started operation in 1965. Research
included various material studies and analysis of decay products of nuclear fission. The
reactor operated until 1977 and was decommissioned in 1981. The primary radiological
concern at this facility was airborne tritium.

3.2 MAJOR OPERATIONS AND PROCESSES

The two major operations that contributed to radiation exposures among personnel at the Ames
Laboratory involved the production of purified uranium (1942-1945) and thorium metal (1945-
1953).

3.2.1 Uranium Metal Production

Chemistry Building. Initial protocols for the purification of uranium metal were tested in the
Chemistry Building. The Chemistry Building consisted of a basement and first floor. Besides
basic chemical and metallurgical research on uranium and its compounds, a key research
directive was to develop a chemical reduction process that would lend itself to the large-scale
production of highly purified uranium metal.

Up until 1942, virtually no uranium metal in its pure form had been produced in significant
quantities. At the time, uranium was generally available in the form of an impure uranium oxide
that required initial purification by ether extraction. At the beginning of the Ames Project, it was
thought that the oxides of uranium could be reduced to form a salt slag and a purified uranium
metal. Early attempts to reduce uranium oxide by hydrogen, carbon, aluminum, magnesium, and
calcium met with limited success and low yields, due to temperature melting problems of
uranium oxide and interactions with crucibles used to contain the chemical mixture.

In these reduction experiments, oxygen presented the principal obstacle in reducing the uranium
to pure metal. This obstacle was overcome in August 1942, when uranium oxide (U3Og) was
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replaced with UF; (i.e., green salt) and successfully reduced with a calcium liner. Within weeks,
research produced pure uranium ingots weighing several pounds. In total, about 4,000 pounds of
purified uranium metal had been produced by the research staff in the Chemistry Building late in
1942.

The successful reduction of UF4 to pure uranium metal by Ames researchers led to a contract
with lowa State to produce 100 pounds of uranium per day in a pilot plant until such time that
companies like Mallinckrodt and DuPont could integrate the Ames process into their own plant.

Because research and process development of the Ames Project were performed/supervised by
trained chemists, who at a minimum understood the chemical toxicity, volatility, and potentially
explosive reactivity of materials under investigation, standard laboratory precautions were taken.
Moreover, the Chemistry Building with its ventilation hoods was designed for work with
hazardous materials. Thus, on a relative scale, radiological exposures (in particular internal
exposures associated with inhalation and ingestion) were likely lower among researchers that
included faculty members, graduate students, and laboratory support personnel.

This conclusion is based on personal interviews with Dr. F.H. Spedding, Director of the Ames
Project, and others by Carolyn S. Payne and reported in her 1992 PhD thesis, “The Ames
Project: Administrating Classified Research as a Part of the Manhattan Project” (Payne 1992).
In one of the many interviews with Dr. Spedding, C.S. Payne (1992) reported the following
comments:

As long as the chemists were involved in research with the various elements,
typical laboratory precautions were taken . . . ventilation hoods were being

used . . . [and] there were few examples of safety breaches or carelessness by the
scientists at the Ames Project. The production area though presented quite a
different problem. Scientists generally had security clearance, so they knew with
what they were working . . . [but] workers often from the community had to be
hired who were often unfamiliar with even routine practices. [Emphasis added.]

Dr. Spedding’s comments were further supported by comments made by Dr. |||l during
an interview with SC&A (Dr. A. Makhijani) on March 12, 2006 (see Appendix A for full
transcript of interview).

Dr. Makhijani: Did you go to Little Ankeny [where uranium metal was
manufactured in large amounts]?

Dr. -F irst I went to predecessor of little Ankeny. At this place they had a
way of preparing a steel cylinder and putting a lime liner in it. Then they put in
UF 4 mixed with magnesium and put some lime freshly baked so as to decompose
the hydroxide. That was the way the metal was prepared. Then they put in UF 4.
After the heating, the reduction occurred and uranium metal separated out. Some
of the guys who worked there refused to wear masks. They would wear them
when the director was there and then take them off when he left. They were farm
boys and did not worry about the green powder. There was this one fellow, .
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Annex | (“Little Ankeny”). For the uranium production pilot plant, a small World War | wooden
structure was selected. This facility that resembled a house was located on the southeastern edge
of the campus, and at one time served as a women’s gymnasium, a popcorn laboratory used by
the college’s agricultural department, and, in 1942, was used for storage.

Important to an understanding of radiological environments that were encountered by uranium
(and subsequently thorium) production workers between the years 1943 and 1954 is a brief
description of this building that would officially be called the Physical Chemistry Annex I and
nicknamed by workers as “Little Ankeny” after a war munitions plant in Ankeny, lowa.

Figures 3-1 and 3-2 show the simple wooden structure that, after a series of additions, became
known as Annex | or Little Ankeny.

Figure 3-1. Physical Chemistry Annex (Little Ankeny) North View
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Figure 3-2. South View of Little Ankeny

In her PhD thesis, titled The Ames Project: Administrating Classified Research as a Part of the
Manhattan Project, C.S. Payne (1992) provided the following description:

... The College gave the building to the project and immediately the chemists had
the dirt floor in the garage area replaced with concrete so that casting could take
place in this area. The chemists set up the reduction laboratory in the original
part of the building where the popcorn lab had been located. The building shortly
began to expand in a most curious pattern. The porch was used for the especially
dirty work, the least secret of the process. However, when it became too cold to
work on the porch, a canvas would be added followed by a crude set of walls and
finally a new roof. A new porch appeared and the process repeated itself. . .

After the building became available, a machine shop at the production site
became the second necessity. Wilhelm* heard of a small machine shop owned
and managed by Bill Maitland for sale in Ames west of Grand Avenue near the
railroad. Maitland made garden tools normally, but he could no longer obtain
the metal he needed because of war-time restrictions on material priorities.
Wilhelm examined the shop contents and discovered that Maitland would sell all
his tools and equipment for $8,000. After consulting with Spedding, both men
contacted Maitland and bought the entire shop, moving the equipment along with
Bill Maitland to the campus production building. . . . [Emphasis added.]

Production equipment, unlike lathes, motors, and small tools from Maitland, was
much harder to procure. For example, reduction furnaces were especially hard
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to obtain. The small reduction furnace in the Chemistry Department used to
produce most of the metal earlier was not big enough for a large-scale production
plant. Luckily for the Ames operation, the Metallurgical Laboratory had ordered
two 40,000 watt reduction furnaces for what they called “Site B,” but when the
Ames pilot plant needed to be established as a production facility, those furnaces
were diverted to Ames. Mixers and grinders for processing metals like calcium
and later magnesium and vacuum casting apparatus were also purchased from
various producer . . .

* Harley A. Wilhelm was a metallurgist and professor of chemistry at lowa State and was Associated

Director.

A floor plan of the original structure that, along with subsequent additions became known as
Annex | or “Little Ankeny,” is provided in Figure 3-3.
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Figure 3-3. Floor Plan of Little Ankeny Production Facility for Uranium and Thorium

(Note: Heavy dotted line identified original buildings.)

Uranium metal production at Annex | began in January of 1943. Ames received the UF4 from
three sources—Mallinckrodt, DuPont, and Harshaw. Production rose from 3,600 pounds per
week early in January 1943 to about 5,600 pounds in the last week of that month. During
this time, reduction of UF4 to uranium metal was performed by means of either calcium or
magnesium. However, by March, magnesium became the reductant of choice.

Peak production of uranium metal was reached in July 1943, with 130,000 pounds per month.
During peak production periods, Ames operated 24 hours per day and 7 days per week. By
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December 1945, a total of 2,000,000 pounds (or 1,000 tons) of uranium ingots had been
produced at Ames, and UF4 reduction and uranium metal casting shifted from Ames Laboratory
to three companies that included Electromet, Mallinckrodt, and DuPont.

In addition to the reduction of UF4to uranium metal, Figure 3-3 also identifies numerous other
critical processes that were performed at the Annex | facility. These included the following:

In preparation of the reduction process, UFsand Mg had to be “ground and chopped” into
smaller pieces.

UFsand Mg were subsequently screened, and ferrous contaminants were removed by
magnets.

Following a successful reduction and the formation of a uranium “biscuit,” the biscuit
was stamped and sent to the melting and casting room.

In the casting process, a vacuum induction furnace heated/melted the biscuit in a crucible,
which discharged the molten uranium into a graphite mold in the shape of rods that
varied between 1.5 to 5 inches in diameter and 20-30 inches in length.

A cropping was cut from one end of the rod for physical and chemical evaluation, and
each rod was stamped with an ID number and crated for shipment.

Based on the above-cited information, it is reasonable to conclude that lowa State’s uranium
production facility was neither designed for nor equipped with the necessary safety systems
needed to process large quantities of uranium and minimize worker exposure, as acknowledged
by C.S. Payne (1992) in the following statements:

There was a basic conflict trying to balance safety with accomplishing the work in
time to win the war . . . [and] much of the early work was not done under the best
of conditions . . . For example, most of the tools that had been obtained from Bill
Maitland’s garden shop in down-town Ames were hand-driven so power
apparatus had to be adapted and added to them. Also many of the grinders,
cutting mills, and machining tools were originally manufactured for other
industrial purposes and naturally did not have all the necessary safety features
for working with uranium. It took months to obtain fans that were needed for
proper ventilation in the building and since much of the work took place in hot
months without the luxury of air conditioning, respirators and masks, though
required for particularly dusty work, were sometimes discarded for worker
comfort. [Emphasis added.]

Failure to enforce basic safeti irecautions among process workers at Annex | was also

acknowledged by

, one of the , who recalled the following:

I was acting as either_ 0r_ for a crew of from six to
sixteen people. . . In a situation of that type it often falls on the immediate
supervisor to make some decisions with his own judgment. [ would say that we
were perhaps guilty on erring on the side of, “well, lets get the job done and not
worry too much about this or that safety rule”. .. (C.S. Payne 1992)
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According to statements provided by Dr. F.H. Spedding in 1967 and acknowledged by C.S.
Payne (1992), there were some people on the Ames Project who ignored all safety rules, as given
in the following:

Beginning in 1943, Annex | was used for process development, as well as early production of
thorium metal.

Chemistry Annex 1. In September of 1943, concurrent with the production of uranium metal
from virgin material, Ames developed a uranium recovery program from scrap metal turnings
produced at Ames and at all other MED sites. Uranium recovery was done in the Chemistry
Annex Il Building, a one-story brick building, also known as the former Credit Union Building.
In April 1944, this development work became a production operation.

In the recovery process, metal turnings were first collected in barrels and examined by hand to
identify uranium turnings. Segregated uranium turnings were then subjected to a magnetic
separator that removed smaller iron and other ferrous impurities before being sent to a cutting
machine. After being washed, rinsed, dried, and again passed over a magnetic separator, the
cleaned uranium turnings were pressed into briquettes (about 1-inch thick and 4.25 inches in
diameter). Lastly, briquettes were taken to the casting room to be melted and cast into ingots.

Over a 2-year period, Ames recovered in excess of 600,000 pounds of scrap uranium using this
process. In December of 1945, this recovery process was taken over by Metal Hydrides in
Massachusetts and by a recovery facility at the Hanford Site in Washington.

3.3 THORIUM AND METAL PRODUCTION

Metallurgy Building. Interest in thorium (Th-232) as a source for producing the fissile U-233 by
the Th-232 (n,y) U-233 reaction began at lowa State as early as 1943. Here too, the Ames
Project served the dual role of analytical R&D and implementation of a pilot production
program. Key research studies involved the chemical separation of thorium from uranium
contained in monazite sand and the reduction of thorium oxide (ThO.) or ThF4 to pure metal.

In 1944, preliminary tests successfully demonstrated that the addition of zinc chloride (ZnCl) as
a booster resulted in the formation of a zinc-thorium alloy, which when heated to high
temperatures under vacuum produced purified thorium metal.

Thorium biscuits were subsequently melted and recast either into ingots of up to 150 pounds or
machined into suitable targets for use in atomic piles. By December 1946, Ames had produced
4,500 pounds of thorium metal. Research and development on thorium were conducted in both
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the Chemistry Building and Annex I. In other words, during 1944 and 1945, thorium production
took place in the same building as large-scale uranium production; thereafter, production shifted
to the Metallurgy Building until 1954, when production was halted. In total, 65 tons of purified

and recast thorium metal were produced under the Ames Project.

Table 3-1 summarizes major activities and locations for the Ames Project between 1942 and
1954, when metal production/casting ceased.

Table 3-1. Major Activities Associated with the Ames Project

Building Dates Major Activities

Basic chemical/metallurgical research pertaining to uranium,

Chemistry Building 1942-1954 7 thorium, plutonium, beryllium, cerium

Chemical/metallurgical research on uranium
Process development for uranium metal production

e Process development for uranium recovery from turnings
1943-1944 : . .
e Thorium reduction experiments and process development

1942-1945

Annex | 1943-1945 e Uranium metal reduction/production and casting of uranium

1943-1949 e Process development and early production of thorium metal
Annex Il 1944-1947 e Recovery and casting of uranium metal from turnings
Metallurgy Building 1947-1954 ¢ Production and casting of thorium metal
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4.0 REVIEW OF SECTION 4.0 OF THE AMES SITE PROFILE:

OCCUPATIONAL ENVIRONMENTAL DOSE

In the Introduction of Section 4.0, NIOSH provides the following comments:

Occupational environmental dose refers to the dose received by workers on the
site but outside facilities (e.g., buildings). . . .

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

Sections 4.1 through 4.5 of the Ames TBD provide estimates of environmental external and/or
internal exposures from the following source terms during their times of operation:

Uranium/Thorium Production Period (1942-1952)
Synchrotron Operations (1949-1971)

Ames Laboratory Research Reactor (ALRR) Site (1965-1977)
Ames Laboratory R&D Activities (1942—Present)

Significant Environmental Event

Based on various assumptions and models, NIOSH estimated/derived annual external doses
(mrem/yr) and daily intakes (pCi/d) that are presented in Tables 4-6 and 4-7 of ORAUT-TKBS-
0055 (ORAUT 2012a) and reproduced below as Tables 4-1 and 4-2.

Table 4-1. Environmental External Doses
(To be applied only to unmonitored workers)

Location Dates Dose Distribution
(mrem/yr)?
Skyshine from Synchrotron Building 1949-Junel971 25 Constant
Ar-41 from ALRR 1965-1977 1 Constant
All other R&D Buildings (see list in Section 4.4) All Negligible N/A

2 The energy range for all environmental external dose is assumed to be 100% 30-250 keV.

Table 4-2. Summary of Environmental Intakes®

Dates Radionuclide/adsorption Intake (pCi/d) Distribution
August 1942-1953 U (assume U-234); Type M or S 5 Constant
1954—present U (assume U-234); Type F,M, or S 0.05 Constant
June 1954-April 1953 | Th-232, Ra-228, Th-228; all Type M 0.07 each Constant
1954—present Th-232, Ra-228, Th-228; Type M or S 0.0007 each Constant
1965-1977 Tritium 2,700 Constant
1943-1981 Fission products per Table 4-2 Per Table 4-2 Constant

2 Apply the environmental intakes in this table if no occupational intakes are applied for the same radionuclide and
the same period in accordance with the instructions in Table 5-8.
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Presented below is SC&A’s assessment of these environmental exposure estimates for
credibility, claimant favorability, and completeness.

41 URANIUM AND THORIUM INTAKES

Section 4.1 of the Ames TBD offers the following explanation for the derived upper-bound
environmental intakes of (1) 5 pCi/day for U (modeled as U-234, Type M or S) and
(2) 0.07 pCi/day each for Th-232, Th-228, and Ra-228 for years 1942-1954:

There were no documents found that stated the room and hood ventilation stacks
on the facilities had filters. 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 (modeled as 3*U, type M or S) was 5 pCi. This intake applies outside
Physical Chemistry Annex 1 for August 1942 through August 1945 and outside
Physical Chemistry Annex 2 for 1944 through 1954. In addition, daily intakes of
232Th, 22Th, and ***Ra at 0.07 pCi each apply to Annex 1 for June 1946 through
1949 and to the Metallurgy Building for 1950 through April 1953. [Emphasis
added.]

SC&A’s Comments and Findings

From the statement cited above, SC&A interprets the derivation of 5 pCi/d for U-234 intake and
the 0.07 pCi/d intake for Th-234, Th-228, and Ra-228 to be principally based on the following:

(1) Measured uranium dust in operations rooms (associated with Annex 1, Annex 2, and
Metallurgy Building), as reported by Voss (1978);

(2) An assumed continuous loss of 0.1% to the outside; and
(3) The “inclusion of resuspension.”

A review of VVoss (1978), Environmental Monitoring at Ames Laboratory Calendar Year 1978,
reveals a 58-page report that as its title suggests is limited to environmental sampling results for
the year 1978. The focus of the 1978 sampling effort includes liquid and air releases of
fission/activation products from the ALRR. The report neither makes reference to uranium and
thorium metal production nor cites data for air concentrations for indoor air, as implied by
NIOSH.

Finding #1: Derived environmental intakes of U and Th, as given in Table 4-2 above are
improperly referenced and appear without technical basis.

For a more credible derivation of thorium values, SC&A recommends the use of data cited in a
1952 AEC survey (Klevin 1952). Klevin (1952) reported (1) a daily weighted thorium air
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concentration of 530 dpm/m?, and (2) a daily weighted maximum thorium air concentration of
3,100 dpm/m?3 for the Metallurgical Building (see page 3 of Appendix B).

Finding #2: NIOSH provides no basis for the “assumed” losses of 0.1% of U and Th to the
outside and fails to identify a value for resuspension.

42  SYNCHROTRON OPERATIONS

Although the synchrotron operated from 1949 to 1971, no dosimeters were provided to staff at
the facility until after 1952, and no routine y/n dose-rate measurements were made outside of this
facility. In 1961, a facility survey was conducted that included a gamma dose-rate survey at the
fenceline that surrounded the Synchrotron facility (Ames 1961). To estimate external exposure
from the operation of the synchrotron, NIOSH stated the following:

The ALRR (now the Applied Science Complex) is about 750 ft from the nearest
part of the Synchrotron Building, and construction or operations at the two
facilities overlapped, at a maximum, from 1962 to 1971. Skyshine from both
heavy particles and photons decreases at rates equal to or greater than the
reciprocal of the square of the distance (1/r2) from accelerator facilities (NCRP
2003). If'it is conservatively assumed that all of the radiation field measured in
the 1961 survey was from skyshine, the dose rate at the ALRR would have been
less than 0.13 mrem/hr during the worst-case operation and less than

0.013 mrem/hr during routine operations. On the main campus of the University,
the dose rate would have decreased to less than about 0.00025 mrem/hr during
routine operations.

It is favorable to claimants to use the environmental external dose from
synchrotron operations at the ALRR for full-time exposure (2,000 hr/yr) for all
locations at 25 mrem/yr for the period from 1949 to 1971. [Emphasis added.]

Fenceline readings used by NIOSH are defined in Table 4-1 of the Ames Site Profile and as a
convenience to the reader are reproduced herein as Table 4-3. As noted in Table 4-3, fenceline
doses corresponded to the beam directed west.
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Table 4-3. Survey of Fenceline Gamma Dose Rates around the Synchrotron Facility with

the Beam Directed West

Location Dose rate Location Dose rate
(mrem/hr)? (mrem/hr)?
1 0.75-1 14 1.8
2 35 15 1.8
3 7 16 1.8
4 6 17 1.6
5 5.5 18 15
3 7 19 15
7 4,75 20 1.75
8 35 21 1.6
9 2.6 22 1.6
10 15 23 15
11 2 24 0.75-1
12 2 25 4.5
13 1.8

& Background reading in the beam direction (see location 3-6) before turning on the
beam was 0.5 to 1.0 mrem/hr.
Source: Ames 1961, p. 7

SC&A’s Comments and Findings

SC&A questions NIOSH’s selection of model parameters, as well as the claim that, “It is
favorable to claimants to use the environmental external dose from synchrotron operations at the
ALRR for full-time exposure (2,000 hr/yr) for all locations at 25 mrem/yr for the period”

[Emphasis added.] for the following reasons:

(1) Selection of the target population. In Section 4.0, NIOSH defined Occupational

environmental dose as “. . . the dose received by workers on the site but outside facilities
(e.g., buildings).” [Emphasis added.]

Based on this definition, the target population would be limited to maintenance workers,
groundskeepers, security personnel, etc., who were assigned fulltime to outdoor duties at
the ALRR at a distance of 750 feet from the source.

If such persons existed at the ALRR, they would also have existed at much closer
distances that include areas at or within the fenceline that surrounds the Synchrotron
Facility (see Exhibit #4-1).

Distances from the Synchrotron to the fenceline that surround this facility are included in
the 1961 survey data and are provided here as Exhibit 4-2. For the 25 survey points,
fenceline distances range from 55 to 325 feet and with dose rates ranging from <1 mR/hr
to 7 mR/hr. For a full-time exposure (2,000 hr/yr), these dose rates would convert to
annual doses of 2,000 mR to 14,000 mR. Dose rates within the fenceline must, therefore,
be assumed even higher.
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Exhibit 4-1. 1961 Survey Synchrotron
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Exhibit 4-2.

Fenceline Dose Rates for Synchrotron Beam Directed West
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(2) Choice of Survey Data. Section 4.2 of the Ames Site Profile states:

The fenceline gamma dose rates measured in the radiation survey ([Ames
1961]) were worst case and were produced with the maximum beam
current on a target and direction that would produce maximum dose rates
at the fenceline [Attribution#2]. ... [Emphasis added.]

SC&A’s review of the Ames (1961) survey data, however, identified other dose-rate
measurements that are substantially higher than those selected by NIOSH. Exhibit 4-3
identifies dose rate measurements:

.. . recorded with the main beam projected northeast-ward direction.

The beam was detected along the cyclone fence 55° west of the northeast
corner of the fence that surrounds the synchrotron site. The power level
during the run of this survey was 60 to 65 MeV. [Emphasis added.]

Exhibit 4-3 identifies multiple fenceline dose rates greater than 100 mrem/hr, which
implies that NIOSH’s “claimant-favorable” dose of 25 mrem per year would have been
received in less than 15 minutes spent at these locations.

(3) Accuracy and Completeness of Survey Data. Footnote “a” in Table 4-1 in ORAUT-

TKBS-0055 (ORAUT 2012a) (and reproduced above as Table 4-3) states that
“Background reading in the beam direction (see locations 3-6) before turning on the
beam was 0.5 to 1.0 mrem/hr” [Emphasis added].

Accuracy. It is uncertain what this “background reading” represents, since this would
translate to an annual dose between 4,400 and 8,900 mrem, which is more than 100-fold
higher than ambient dose rates in the U.S. On the assumption that the observed
background levels of 0.5 to 1 mrem/hr were correct, one explanation may be the
contribution of stored radioisotopes produced at the synchrotron.

Completeness. Survey dose-rate measurements cited in the 1961 survey (Ames 1961)
were limited to gamma radiation. As stated in Section 2.1.8 of the Ames Site Profile:

... 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, ... In addition, the synchrotron was used to probe nuclear

structures and to provide radioisotopes for nuclear spectroscopy. . .
[Emphasis added.]
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Findings Associated with Environmental Exposures Associated with the Operation of the
Synchrotron

Finding #3: NIOSH’s selection of personnel at the ALRR Facility as the target population is
inappropriate and results in dose estimates that are not claimant favorable. At a minimum,
survey data/dose rates cited in Exhibit 4-2, which reflect Synchrotron fenceline measurements,
should be considered.

Finding #4: NIOSH’s selection of data from the 1961 survey conducted at the Synchrotron
Facility defines fenceline dose rates that are 1 to 2 orders of magnitude lower than other
measurements reported in the survey when beam direction was shifted from westerly to easterly
direction. For bounding estimates of environmental doses, fenceline data cited in Exhibit 4-3
should be considered.

Finding #5: SC&A concludes that the 1961 survey measurements, which were limited to
gamma dose rates, were therefore incomplete and may have substantially underestimated total
exposure by excluding the contribution of particulate radiation.

43  AMES LABORATORY RESEARCH REACTOR OPERATIONS (1965-1977)

The 5-MW, heavy-water-moderated research reactor is about 1.5 miles northwest of the ISU
campus. Operation of the reactor resulted in airborne emissions of H-3, Ar-41, and small
quantities of fission and activation products.

In behalf of environmental exposures associated with ALRR operations, Section 4.3 of the Ames
Site Profile states the following:

... not all workers at the ALRR have recorded doses. In addition, environmental
doses from gaseous effluents released from the operating reactor were not
monitored. However, environmental doses to the public from airborne releases
were calculated and reported (Voss 1975, 1976, 1977). The only air monitoring
station in the vicinity of the reactor was on the roof of the reactor building, as
shown in Figure 4-3.

Environmental Monitoring at Ames Laboratory: Calendar Year 1974 was the first
annual report to provide gamma spectroscopy of environmental media samples
(Voss 1975),; subsequent annual reports (Voss 1976, 1977) provided similar
results. The average release estimates from these reports were used to determine
the estimated environmental dose to offsite workers from gaseous releases from
reactor operations. From the effluent data, it was shown that the contribution to
radioactivity in air from ALRR operations consisted principally of *' Ar and
tritium (Voss 1975, 1976, 1977). An atmospheric dispersion model, which used
annual average meteorological data for Ames and an exposure model (Napier et
al. 2004; [Napier 2006]), was used to determine external dose rates from the *' Ar
and inhalation intake estimates for the tritium.

At the fenceline location with the highest dose from gaseous effluents, the
average annual dose to a person for the entire year (8,760 hours) was estimated
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to be 4.2 mrem from ' Ar during the years of reactor operation. An offsite worker
who worked full time at this location would not have been exposed for more than
2,080 hr/yr, which would result in a submersion dose of about 1 mrem/yr.

At the fenceline location with the highest concentration of tritium effluents, the
average annual intake of tritium to a person for the entire year (8,760 hours) was
estimated to be about 2.9 uCi/yr during the years of reactor operation. An offsite
worker who worked full time at this location would not have been exposed for
more than 2,080 hr/yr, which would result in an intake of tritium of about

0.7 uCi/yr or 2,700 pCi/d. [Emphasis added.]

SC&A’s Comments and Findings

SC&A reviewed the referenced annual environmental reports, including the first, Environmental
Monitoring at Ames Laboratory: Calendar Year 1974 (Voss 1975). Contrary to statements
contained in Section 4.3 of the Ames Site Profile (and cited above), Voss (1975) provided the
following statements and data:

From Section B. Environmental (pp. 17 and 18 of Voss 1975):

Air samples are collected from two different locations at the Ames Laboratory on
a daily (except weekends) basis for the purpose of monitoring the particulate
radioactivity content of the atmosphere. The sites are located at the ALRR
weather tower site and the roof of Spedding Hall. . .. The specific isotopes for
which the filter papers are examined are: Be-7, Ce-144, Cs-137, Nb-95, Ru-106,
plus any other unknown which might be observed. [Emphasis added.]

Exhibits 4-4 and 4-5 identify the two air sampling locations as: 1A for the Weather Tower
location, which is about 500 feet from the ALRR, and 2A for Spedding Hall, which is just
beyond the 1-mile radius of the ALRR.

Summary data for airborne activity levels for these two sampling locations are cited in Tables 7
and 8 of VVoss (1975) and reproduced herein as Exhibit 4-6. The data imply that at Site 2a
(Spedding Hall), which is more than 1 mile from the ALRR, air concentrations were
substantially higher than at the 1A location within the fenceline perimeter of the ALRR.
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Exhibit 4-4. Air Sampling Locations for 1A for the Weather Tower
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Exhibit 4-5. Air Sampling Locations for 2A for Spedding Hall
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Exhibit 4-6. Summary Data for Airborne Activity Levels for These Two Sampling
Locations are Cited in Tables 7 and 8 of VVoss (1975)

Table 7
Gamma Analysis of Air Samples
(10'}5 LCi/ml)
' ALRR--Site 1A spedding 'Hall-=5ite 2A
1402008 Ave. % CG Ave. % 4
-4 -4
Be-7 90.70 2,27 x 1007 125,20 3.13 x 10
- i -3
Ce-1hk 18.80 9.40 x 1072 19.90 9.95 x 10
N . sl
Cs=137 5.36 1.07 x 1073 2.70 5.40 x 10
Nb-95 234.20 7.81 % 1070 220.50 7.35 x 1073
Ru=-106 2.65 1.32 x 1073 8.20 4.10 x 1973
Table 8
Radiocactivity in Air
(m"2 wei/ml)
Number of
Samples Beta % CG Alpha % CG
ALRR--Site A 237
00
Ave. 0.11 0.11 0.0018 9.
High 0.40 0.0181
Low 0.0} 0.0
Spedding Hall--
Site 2A 171
Ave 0.15 0.15 0.0038 19,00
High 0,63 0.0846
Low 0.02 0.0

From Section C. Impact (p. 26 of VVoss 1975):

From the effluent data it has been shown that the contribution to the

environmental radioactivity in air from Ames Laboratory operations consisted
principally of Ar-41 and tritium.

Applying principles of meteorological diffusion to the stack effluent . . . the
[following] estimates have been made at the exclusion fence:
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Individual dose at Fence Line for 1974
Millirem (max) Millirem (Avg)

Ar-41 2.86 2.15
H-3 (tritium) 0.05 0.04
TOTAL 2.91 2.19

Finding #6: Statements in Section 4.3 of the Ames Site Profile are factually incorrect. For all
years for which Voss reported environmental sampling data (1974, 1975, 1976), there were two
sampling sites that provided data in behalf of air concentrations and corresponding dose
estimates.

Observation #1: Doses derived by NIOSH are lower than those reported by Voss. Admittedly,
both sets of doses are small, which makes these differences of limited significance.

41 ENVIRONMENTAL DOSES FROM RESEARCH AND DEVELOPMENT
FACILITIES (1942-PRESENT)

NIOSH identified a total of seven facilities as R&D facilities that are located on the main campus
of ISU. In behalf of these facilities, NIOSH stated the following:

U and Th Exposures

. . . there was no monitoring of radiation exposure or contamination of the
personnel or environmental areas around and among these facilities. As research
facilities, the quantities of radioactive materials involved in the R&D work were
small compared to the production facilities.

... Principal sources would have been uranium, thorium, and fission products
from the hot canyon/hot cell in the Research Building. Because of the smaller
amounts of radioactive materials in the R&D facilities in comparison with those
in the production facilities, the releases from the R&D facilities were assumed to
be one one-hundredth of the releases firom the production facilities. That
assumption resulted in daily environmental intakes of 5 < 10 and 7 x 107 pCi/d
for uranium and thorium, respectively. . .. for workers exposed around the R&D
facilities, a daily intake of 5 x 107 pCi of ***U and 7 x 107 pCi each of **’Th,
22Ra, and *>3Th . . . [Emphasis added.]

Exposures to Fission Products

A hot laboratory was operated in the Chemistry Building, but was replaced in
1951 by a “hot canyon/hot cell” in the Research Building. In the 1940s, the hot
laboratory was used to study extraction of plutonium from irradiated uranium by
means of ion exchange columns.
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... The uranium and plutonium were separated from one another and from the
fission products using 1 kg samples of uranium, from the pile, which had an
activity of 5 curies.

Releases were estimated from this operation by making the following assumptions
(see Bihl 2006 for details of the calculation):

o A total annual throughput of the laboratory of 50 Ci/yr
e An airborne fraction of 0.002 for boiling liquids

o Filtration efficiency for average particle sizes of 99.5% [high-efficiency
particulate air (HEPA) filters were just being developed during this
period]

These assumptions produce a total release of fission products of 5 % 10° pCi/yr.

Using the least dispersive approach recommended by the National Council on
Radiation Protection and Measurements (NCRP) in Publication 123 (NCRP
1996), the ground-level annual average air concentration would have been
13.2 pCi/m*. Using the inhalation rate of 2,400 m*/yr and converting to a daily
intake results in 87 pCi/d.

Using the recommended fission product ratios for 180-day cooled fuel from
Fission and Activation Product Assignment for Internal Dose-Related Gross Beta
and Gross Gamma Analyses ((ORAUT 2007b]), an 87-pCi/d intake of fission
products is assigned to specific radionuclides as listed in Table 4-2.
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Table 4-2. Annual environmental fission product intakes from the hot laboratory
in the Chemistry Building (1943-1981)

Radionuclide Relative fraction Intake (pCi/d)
Ce-141 0.0221 1.92
Ce-144 0.2191 19.1
Cs-134 0.0054 0.470
Cs-137 0.0208 1.81
Eu-155 0.0014 0.122
Fe-55 0.0172 1.50
Nb-95 0.2492 21.7
Pm-147 0.0546 4.75
Ru-103 0.0321 2.79
Ru-106 0.0844 7.34

Sr-89 0.0558 4.85
Sr-90 0.0157 1.37
Y-91 0.0911 7.93
Zr-95 0.1311 114

Because maximizing assumptions were used for most of the parameters in this
analysis, the distribution is an upper bound (constant). [Emphasis added.]

SC&A’s Comments and Findings Pertaining to Environmental Exposures from R&D Activities

Given the paucity of empirical environmental monitoring data, NIOSH’s decision to employ
surrogate data and models that are based on assumptions/extrapolation is commendable, as long
as the resultant estimates of external doses and intakes are fundamentally sound and favor the
claimants.

SC&A’s review of Section 4.4 of the Ames Site Profile identified findings pertaining to
(1) intakes of U and Th, and (2) intakes of fission products, as explained below.

Environmental Intakes of U and Th. As quoted above, NIOSH twice states that “. . . as research
facilities, the quantities of radioactive materials involved in the R&D work were small compared
to the production facilities.”

Among the seven facilities identified as R&D facilities is Wilhelm Hall (formerly the
Metallurgy Building). As described in Section 2.2.2 of the Site Profile (and briefly discussed in
Section 3.2 of this report), Wilhelm Hall was the principal facility for the production of
thorium that also experienced numerous blowouts. Environmental releases during the
production periods and blowouts undoubtedly resulted in a steady buildup of Th-232/-228 and
Ra-228 until the end of 1953. Table 4-7 of the Site Profile identifies environmental intakes
during this time (i.e., 1943-1953) of 0.07 pCi/d for each of the three radionuclides.

The inhalation intake of 0.07 pCi/d would correspond to the combined air concentration
representing the (1) continuous airborne releases from Wilhelm Hall as the operating research
facility and (2) the resuspension of past ground contamination representing years of production.
Thus, the transition from operational to R&D status in 1953 to 1954 and the corresponding
100-fold reduction of intake from 0.07 pCi/d to 0.0007 pCi/d for the three nuclides does not
account for the long-term persistence of these nuclides as ground contaminants and their
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resuspension. [Note, for indoor environments, NIOSH defines the transition from facility
operation to post-operational time periods by means of a depletion factor as given in ORAUT-
OTIB-0070 (ORAUT 2012b).]

Inspection of Table 4-7 of the Ames Site Profile shows the identical “instantaneous” 100-fold
reduction of U intakes from 5 pCi/d to 0.05 pCi/d during the transition from 1953 and 1954,
respectively.

Finding #7: The nearly “instantaneous” 100-fold reduction of U and Th environmental intakes
that represent the transition of the uranium and thorium metal production facilities at the end of
1953 to R&D facilities in 1954, as defined in Table 4.7, are improperly modeled. Also not
included in the model are the contribution of blowouts to environmental contamination and the
persistence of these radionuclides in the environment post-1953.

Environmental Intakes of Fission Products. Estimates of environmental intakes from the
operation of the Hot Laboratory as defined in Table 4-2 of the Site Profile were principally
based on five modeled parameters. The only parameter that was based on documented
information involved the quoted statement taken from page 40 of Fulmer (1947):

A hot laboratory, capable of handling 5 curies through the adsorption process,
was designed and built. The method proved successful in a number of runs. The
uranium and plutonium were separated from one another and from the fission
products using 1 kg samples of uranium from the pile, which had an activity of
5 curies. (Fulmer 1947) [Emphasis added.]

The remaining parameters used in the derivation of environmental intakes of fission products
were based on assumptions stated in a memorandum authored by Bihl 2006 (Subject:
“Estimated Releases from the Hot Laboratory in Ames Chemistry Building”).

Enclosed herein as Appendix C is the Bihl 2006 memo, which provides the following assumed
parameters:

(1) An annual throughput of 50 pCi/y (or about 10 kg of uranium from the pile)

(2) An airborne release fraction of 0.002

(3) The hot lab air-exhaust was filtered with an efficiency of 99.5% for all particle sizes

(4) An air concentration that is based on the NCRP Report 123 (NCRP 1996) model for the
Atmospheric Screening Level I: Vent Air (which includes the default value of 0.3 m%/s
exhaust ventilation rate)

Justification for the assumed annual throughput of 50 Ci fission products and fission-product
release fraction of 0.002 was based on the following statements:

Since this was an experimental lab, not a production facility, it was assumed that
the throughput was 10 times the maximum inventory, or 50 Ci/yr. [Emphasis
added.]
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And:

It was assumed due to activities in the hot lab described as experiments on
techniques for separating the plutonium out of the irradiated fuel, that .002 of the
inventory went airborne (from DOE Handbook 3010 worst case for boiling liquid,
page 3-1 [DOE 1994].

Questions Pertaining to Annual Throughput, Release Fraction, and Filter Efficiency

SC&A’s review of the 1947 report (Fulmer 1947) titled, History of the Ames Project Under the
Manhattan District to December 31, 1946, suggests that (1) the throughput of 50 Ci/yr of fission
products assumed by Bihl (2006) may have been considerably higher, and (2) the assumed
airborne fraction of 0.002 for “worst case/boiling liquids” does not apply to the extraction
method(s) used at Ames and may not represent the “worse case.”

Enclosed herein as Appendix D are pages 36 through 42 of the Fulmer (1947) report, which
provide a description of the dry fluoride process used at Ames for the separation of plutonium
from highly volatile fission products and uranium (see pages 38-40).

Regarding annual throughput quantities, Fulmer (1947) states the following (Appendix D,
bottom of page 40):

A hot laboratory, capable of handling 5 curies through the adsorption process,
was designed and built . . .

After appreciable amounts of plutonium became available from the piles it
appeared that it would have to be obtained in the metallic state and extremely free
from light element impurities, if it was to be used for weapons. An extensive
“purity” program was set up in cooperation with the various sites and the Ames
Project took part in this program. [Emphasis added.]

Don Bihl’s unsupported assumption that the airborne release fraction of fission products was
subject to a filter with an efficiency of “99.5% for all particle sizes” (before release to the
environment) must be questioned in context with statements made by Dr. ||| ij During
an interview with Dr. Makhijani (SC&A), which included questions of his involvement in the
plutonium separation at the Ames Laboratory, Dr. -shared the following comments:

Arjun: Could you tell me about the plutonium separation research?

Dr. - We received uranium metal we made in our laboratory. We made tons

of it.
Arjun: That was non-irradiated material.

Dr. - Yes. It was irradiated in Chicago. We would take some of those
irradiated metal slugs and dissolve them and extract out the fission products and
separate them to prepare the technique for isolating the plutonium from it. There
were others in the country doing separation research also: Berkeley, Oak Ridge
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and maybe some at Los Alamos. [ went to the Bureau of Standards in DC and
they had a small plutonium research program going. Then I went to Columbia
where they had leftovers from the time Fermi was there. There was a small
program at MIT. . ..

Arjun: You did not have glove boxes when you worked with irradiated material?

Dr. - We had crude devices — a hood with a stream of air. We knew better
than to breathe that stuff. [Emphasis added.]

Lastly, model parameters assumed by Bihl (2006) for deriving environmental intakes of fission
products (described in Section 4.4) should also be compared to the model used by NIOSH in
Section 5.4.1 of the Ames Site Profile. Section 5.4.1, “Fission Product Intakes from Early Fuel
Research,” derives worker intakes within the hot laboratory by means of a model described in
NUREG-1400, Air Sampling in the Workplace (Hickey et al. 1993). The equation from
NUREG-1400 is based on the following:

I=Qx10%xRxCxD

where
| =intake
Q =source term release for 1 year = assumed to be 50 Ci
R =release fraction = 0.01
C = confinement factor = 0.1 assuming material was handled in some containment
D =dispersibility factor = 10 for heating or chemical reactions

A comparison of parameters used by Bihl (2006) for modeling environmental intakes versus
those defined in NUREG-1400 (Hickey et al. 1993) and selected for worker intakes within the
hot laboratory identify (1) a 5-fold difference for the release fraction (i.e., 0.01 versus 0.002) and
(2) a 20-fold difference in the “confinement” factor (i.e., 0.1 versus the 0.005% filter failure for
particulate removal).

Finding #8: Environmental intakes cited in Table 4-2 are based on unsupported assumptions
and model parameters, which moreover are inconsistent with parameter values used to model
worker intakes inside the hot laboratory described in Section 5.0 of the TBD.

4.2  SIGNIFICANT ENVIRONMENTAL EVENT

Regarding significant environmental releases/exposures, NIOSH limited its discussion to the
following event:

The only significant environmental event in the history of the Ames Laboratory
was the release to the environment from operations that occurred from July 1951
through August 1952. . ..

... Most Ames Laboratory workers were not exposed to the radioactive materials
released during this event and were not involved in responding to the event. . . .
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Thus, no additional dose is recommended for occupational environmental dose
for any workers. [Emphasis added.]

These statements conflict with earlier statements contained in Section 2.3 of the Ames TBD that
include the following:

There were frequent small explosions and fires associated with the uranium and
thorium production operations (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. [Emphasis

added.]

Additionally, NIOSH’s limited reference to Payne (1992) understates the magnitude of these
events and their contribution to environmental releases and worker exposures that involved fires
and/or explosions during the reduction phase of UF4 and ThF4 to metal and subsequent
grinding/machining of U and Th ingots.

SC&A'’s awareness of these discrete radiological events with a high potential for significant
radiation exposures at the Ames Laboratory were prompted by a two-volume document that
represents a doctoral dissertation authored by Carolyn Stilts Payne and submitted to the Graduate
faculty of ISU in 1992. Part 1 of the dissertation is titled, The Ames Project: Creation,
Organization, and Purposes of the Ames Project; and Part 2. Issues of Administration. It should
be noted that Dr. Payne’s thesis was accepted by the Graduate Committee and is archived in the
U.S. Library of Congress.

At the time of the Ames Project, little was known about the behavior and properties of materials
and the chemical processes employed in the reduction of UFs and ThF4 to pure metal biscuits.
The reduction reaction was highly exothermic, in which internal temperatures reached levels
well above the 1,500°C melting point of the steel container. Thus, it was critical that the
refractor liner, which separated the reactants from the steel container, was not breached. As
noted below, the use of wet material and/or improper lining of the bomb retorts resulted in
numerous fires and explosions.

In her dissertation, Dr. Payne provides several accounts of discrete radiological events, as
summarized below:

Mpr. Premo Chiotti was working with Dr. Wilhelm and me [i.e., Dr. F. Spedding]
on the reduction of thorium fluoride to thorium metal. Mr. Chiotti was adding a
booster to the reaction in a room a few doors down the hall from my office.
Suddenly there was a terrific explosion which blew out several of the windows in
the front of the chemistry building. When I came out of my office to see what had
happened, the corridor was filled with dust about six feet above the floor to the
ceiling. Iwas relieved to see that Mr. Chiotti had not been injured, but he looked
very dazed and was pacing up and down the corridor. As I passed him, I heard
him muttering, “I must have misplaced that decimal point, I must have misplaced
that decimal point.” (Ref. 324)
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... Improper handling or lack of attention to properly lining the bomb retorts
could cause blowout problems when the uranium reaction came into contact with
the steel or iron in the bomb containers. ... Some days that was quite a chore,
there were at least six explosions in one day because some wet raw lime being

mixed in the bomb retort containers adversely affected the reduction experiment.
(Ref. 267) . ..

Once an explosion blew out the south wall of Little Ankeny in the early hours of
the morning; by then explosions were so commonplace that the workers went
outside and pushed the wall back in as far as they could . . .

Incidentally, that was the day that several secretaries threatened to resign and
one Army officer received a rather suspicious wound. Secretaries, who were at
an office attached to the production plant, had to pass through the firing pit
area in order to get outside the building. After that series of explosions, they
were wary of staying any longer in a potentially dangerous work environment.
Spedding, however, convinced all but two of them to stay after he promised to
strengthen the wall between the office and the operations area and to cut a door
to the outside directly from their office. That same day Major H.A. Savigny, an
Army officer who also happened to be the Area Engineer came to investigate
the problem after the third explosion. While he was there, another explosion
occurred, and, of course, he immediately ran for the door. As he was talking to
someone a_few moments later, he suddenly grabbed his leg, and a small piece of
metal fell from a burned hole in the seat of his pants. Others, however, thought it
might be somewhat hard to justify his “bravery” since it was apparent what he
was doing when he was injured. (Ref. 268) [Emphasis added.]

... Fires were also a danger at several steps in the process. Magnesium could
shoot a flame several feet in length sometimes setting anything in its path on fire.
Until the proper insulation techniques were learned, uranium cutting or
machining caused fires when the cutting blade struck such a hard metal.
Controlling these special chemical fires with lime or graphite became a common
practice that every worker had to learn. (Ref. 365). [Emphasis added.]

Occasionally, more than plant security was threatened by secrecy. Because the
chemicals were volatile, frequent fires erupted. Since the Ames fire department
could not come into the buildings that housed the production plant or the
research activities because of secrecy requirements, the College allowed the
firemen and equipment to come, but remain outside in the event a fire went out of
control. Luckily, the workman [SicC] were always able to use the lime and
powdered graphite around the production building to squelch any flames (Ref.
267). [Emphasis added.]

The above-cited references in Dr. Payne’s thesis correspond to the following sources:

Ref. 267 — Kooser, 8; Frank H. Spedding. “Explosions,” Spedding Manuscript, 4-5;
Daane, Spedding. Wilhelm Interview, 1967, 25.
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Ref. 324 — Frank Spedding, “Humorous Story Concerning Explosions and Education,”
Spedding Manuscript, 2.

Ref. 365 — Frank Spedding, interview with Hacker 1980, 18-19; Frank Spedding, “The
Day the Wall Blew Out of Little Ankeny,” Spedding Manuscript; Frank Spedding,
“Explosions,” Spedding Manuscript.

Ref. 268 — Frank Spedding. “The Green Hornet,” Spedding Manuscript, 3-4. The story
was also repeated in varying detail in the following sources: Adolf Voigt interview with
the author 1990, 6; Spedding, Wilhelm, Daane interview 1967, 15-16.

The limited role of the Ames fire department and the response of secretaries were acknowledged
and referenced to in cartoons that were illustrated in the local newspaper, as shown in
Figures 4-1 and 4-2.

Figure 4-1. Cartoon about the Fires in the Reduction and Casting Processes and
the Role of the Local Firemen
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Figure 4-2. Cartoon about Frequent Explosions and Keeping Secretarial Staff
on the Ames Project

Finding #9: U and Th blowouts represent significant environmental events that should be
included in Section 4.5 of the Ames TBD for the assessment of environmental exposures.

Numerous interviews with and anecdotal accounts by Dr. Frank Spedding, Director of the Ames
Project, as well as other coworkers, consistently describe bomb explosions and fires as
commonplace, routine events during the years of the Ames Project (see Appendix E, “Telephone
Interview with Mr. |||

Explosions and fires involved many kilograms of either uranium or thorium metal that released
substantial quantities of radioactivity in the form of metal vapor and/or micro-particulates within
the work area and environment.

In summary, the absence of documentation/records pertaining to blowouts should not be used to
dismiss these events as insignificant; on the contrary, the absence of formal documentation of
these events and assessment of their radiological impacts on workers and the environment should
serve as evidence of radiological standards and practices that were lax and poorly enforced,
especially during the earlier years of the Ames Project.
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5.0 ESTIMATES OF OCCUPATIONAL INTERNAL DOSE

Section 5.0 of the Ames Laboratory Site Profile states that radionuclides of interest for internal
dose include uranium, thorium, tritium, and fission products. However, based on available
information, NIOSH determined the following:

(1) For the period August 13, 1942, through December 31, 1954, internal doses from the
production and casting of thorium metal cannot be reconstructed

(2) For the period January 1, 1955, through December 31, 1970, internal doses from
maintenance and renovation activities of the thorium production areas of Wilhelm Hall
(aka the Metallurgy Building) cannot be determined for all workers at Ames Laboratory

(3) For the period January 1, 1955, through December 31, 1960, internal doses from
radionuclides other than uranium (i.e., fission products) cannot be determined for any
worker

5.1 ESTIMATES OF URANIUM EXPOSURE FROM INHALATION AND
INGESTION

Estimates of uranium intakes derived by NIOSH are given in Tables 5-1, 5-2, and 5-3 of the
Ames Laboratory Site Profile. Tables 5-1 and 5-2 identify intakes for personnel assigned to the
Chemistry Building and Annex 1, respectively, and were based on data cited in Christofano
and Harris (1960). Table 5-3 provides data for uranium scrap recovery at the Annex 2, which is
based on data from Battelle (2011). For convenience to the reader, these tables have been
reproduced below:

Table 5-1. Chemistry Building Uranium Intakes (pCi/d)

Period Inhalation Ingestion
Aug 1942-December 1953 8.52b 0.09°
a. No data were available for determination of intakes in the Chemistry Building; therefore, it was
assumed that research activities would have one-hundredth the intake of production activities, since
uranium metal production was moved to the Physical Chemistry Annex 1.
b. Values are for workers assumed to work in research or production full time. For supervisors, assume
one-quarter of the intake; for all other employees (clerical, janitorial, security, etc.), assume one-tenth of
the supervisor’s intake.

Table 5-2. Physical Chemistry Annex 1 Uranium Intakes (pCi/d)

Period Inhalation Ingestion
Aug 1942-December 1945 8532 8.7°
a. Values are for workers assumed to work in research or production full time. For supervisors, assume
one-quarter of the intake; for all other employees (clerical, janitorial, security, etc.), assume one-tenth of
the supervisor’s intake.
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Table 5-3. Physical Chemistry Annex 2 Uranium Intakes (pCi/d)

Period Inhalation Ingestion
January 1942—December 1950 6,0612 1242
January 1951-December 1953 5,5562 1142

a. Values are for workers assumed to work in research or production full time. For supervisors,
assume one-quarter of the intake; for all other employees (clerical, janitorial, security, etc.),
assume one-tenth of the supervisor’s intake.

In support of these estimated uranium intakes, NIOSH stated the following:

Because it is not clear if there were clerical, janitorial, or nontechnical personnel
and other types of researchers working in these buildings, and it is not known
what precautions might have been taken for contamination control, it can be
assumed that all individuals who worked in the buildings had some potential for
exposure to uranium.

The data in Tables 5-1 and 5-2 were derived from data in Christofano and
Harris (1960). In Christofano and Harris (1960), there is a description of the
process for metal reduction that is similar to the process used at Ames
Laboratory for production of uranium metal (Fulmer 1947). The primary
difference appears to be that at Ames Laboratory the process used granulated
calcium metal and at AWE sites the process used magnesium. Fulmer (1947)
describes the process using magnesium, and it appears to be similar enough to be
representative of the intakes at Ames Laboratory. [Emphasis added.]

... The intakes in Tables 5-1, 5-2, and 5-3 were compared to the few actual
bioassay results found for workers in approximately the same period. Chapter 7
in Stone (1951), “Uranium Excretion Studies,” provided data from a series of
uranium bioassays obtained from Ames Laboratory workers in 1944 and 1945. Of
special interest was a series of samples from the supposedly highest exposed
worker at Ames Laboratory and samples from the most highly exposed group of
workers at the Laboratory (21 samples from 11 workers). .. The average
bioassay result for the group of highest exposed workers was 75 ug/L. Assuming
chronic intake for 1 year before the bioassay, the estimated intakes were:

* Absorption type F: 390 ug/d, 260 pCi/d
* Absorption type M: 1,670 ug/d, 1,100 pCi/d
* Absorption type S: 45,400 ug/d, 31,000 pCi/d. [Emphasis added.]

SC&A Comments

SC&A reviewed the modeled data representing Tables 5-1, 5-2, and 5-3 in context with the
limited bioassay data referenced by NIOSH [i.e., Chapter 7 in Stone 1951; also referenced was
Ferretti et al. 1951] as well as other data that include toxicological data and spot air sampling
data.

Assessment of Tables 5-1, 5-2, and 5-3 from the Ames TBD. Estimates of uranium intakes at
each of the three facilities are not only based on surrogate data, but their uncertainty is further
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enhanced by multiple layers of assumptions that are purely speculative, as illustrated in the
following example:

(1) Data in Table 5-2 are based on surrogate data defined in Christofano and Harris (1960) for
production workers at Annex 1.

(2) As defined in footnote a of Table 5-1, intakes at the Chemistry Building are defined for
full-time researchers and are “assumed” at 1/100™ the intake of full-time production
workers at Annex 1 defined in Table 5-2 (or 853 pCi/d/100 = 8.5 pCi/d).

(3) For supervisors at the Chemistry Building, daily intakes are assumed at 25% of the full-
time research or 8.5 pCi/d/4 = 2 pCi/d (see footnote “b” of Table 5-1); and for all other
employees, daily intakes are assumed at one-tenth (1/10™) of the supervisor’s intake (or
2 pCi/d/10 = 0.2 pCi/d.

Similar reduced, fractional intakes for supervisors and all other employees are defined for
Annex 1 and Annex 2.

Assessment of Bioassay Data Reported by Ferretti et al. (1951). Between September 1943 and
March 1945, a total of 48 workers at the Ames Laboratory were evaluated for urinary excretion
of uranium that principally resulted from exposure to UF4 salt at the Annex 1 facility. To avoid
contamination, urine sample collection involved the following protocol:

Upon leaving work Saturday noon, the men were given a clean bottle enclosed
within two large envelopes. They were instructed to remove the outer envelope at
home after carefully washing their hands. The second envelope was to be opened
after bathing Sunday evening or Monday morning. The urine sample was to be
passed into the bottle after again washing the hands . .. [Emphasis added.]

The 48 subjects were grouped by their supervisors into four groups that reflected the potential for
uranium exposure. Group 1 was expected to be highest and Group 4 the lowest. Grouping was
based on the following criteria:

Those who were probably exposed to the greatest amount were classed as group
1; those exposed to the next highest amount made up group 2; those with very
little but continuous exposure constituted group 3; and those with only occasional
incidental exposure formed group 4. [Emphasis added.]

Data for the maximally exposed Group 1 are shown in Table 5-4 below. It should be noted that
for the 11 individuals, there were 21 data points, which reflect some individuals who were
assessed more than once at intervals of a few weeks or months. For example, case (worker) #l
was assessed [JJJJ] times and case # was assessed [} times, with each having a maximum
excretion value of [JJj no/L.

Case (worker) #l was subjected to additional evaluation, since this individual was believed to
have had more exposure than any other individual on the Ames Project. His exposure began in
| Ei endedi. Ten analyses made from

ranged from. Hg to. pg of uranium per liter. (Note: Case #f8 of Group 1 most likely
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A summary of bioassay results for all 48 Ames workers are shown in Table 5-5.

represents the individual

as referenced by NN

Table 5-4. Uranium Excretion in Personnel, Group 1

(Source: Ferretti et al. 1951)

Sample Case Amount, ug/liter
1 1 40
2 1 96
3 2 52
4 3 86
5 3 50
6 4 100
7 4 44
8 4 70
9 4 200
10 5 123
11 5 96
12 5 74
13 6 84
14 6 200
15 6 73
16 7 48
17 7 40
18 8 29
19 9 25
20 10 12
21 11 31

75 (avg)

Table 5-5. Uranium Concentrations among 48 Ames Workers
(Source: Ferretti et al. 1951)

. Avg. Urine Conc. Max. Urine Conc.
Group No. No. of Subjects No. of Samples (ug/L) (ug/L)
1 11 21 75 200
2 20 26 46 130
3 11 14 16 33
4 6 6 <5 7

Assessment of Toxicological Data. During this period (1943-1944), select workers were also

evaluated by medical personnel who were concerned about the toxicological effects of uranium,
function. Analyses focused on sulfur, sugar,

fluorine, and magnesium on

albumin, F+, and other ionic species in blood/urine. In a report dated June 1, 1944, by Samuel

Schwartz, MD, analyses in behalf of [Jjjj

individuals classified as being in the “heavy exposure”

NOTICE: This report has been reviewed to identify and redact any information that is protected by the

Privacy Act 5 U.S.C. § 552a and has been cleared for distribution.




Effective Date: Revision No. Document No. Page No.
August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 55 of 159

group suggested values indicative of abnormal functions (Schwartz 1944). In his conclusions,
Dr. Schwartz stated that:

In general, fortunately, the tests indicate less abnormality than I would have
expected from the amount of exposure these men are getting. The one exception
to this statement is the almost consistent elevation of serum sulfur which is

indicative of probably slight- disfunction. function tests almost
uniformally normal. In only the heaviest exposure group is there significant
change in _ metabolism.

While these observations are highly suggestive of radiological impacts associated with uranium
exposure, the toxicological effects of uranium, as well as several other agents (including F+),
cannot be ruled out. For this reason, non-radiometric analyses are of limited value to dose
reconstruction.

Air Sampling during Uranium Metal Production. Routine air sampling in the workplace can
provide credible estimates of internal doses from the inhalation of airborne contaminants. This is
especially true for breathing-zone air samples. SC&A'’s review of available documents showed
data for only 12 air samples taken in May, June, and July of 1943. However, among the 12 area
spot-samples taken, only 6 specifically identified uranium as the analyte. Table 5-6 below
identifies the results of the 6 uranium area air samples by dates, location, and work activity at the
Annex 1 facility.

Table 5-6. Uranium Air Concentrations associated with the Production of
Uranium Metal at Annex 1

Date Work Location Operation (g /'ni';)r Concentr?pt gi?me’)
6/16/1943 Near Jolter Bomb loading 53.3 36
6/16/1943 Near Micropulverizer Grinding (lime, slo-set) 1,080 738
6/16/1943 Near Riffle Mg processing 85 58
7/10/1943 Sample Room Metal grinding 63.5 43
7/12/1943 Cut-off Room Metal cutting 420 328
7/12/1943 Slag Room Opening bomb 153 105

The range for area air concentrations associated with the routine production of uranium metal at
Annex 1 varied from 36.4 pCi/m3 to 738 pCi/m? with an average of 218 pCi/m?. On the
unconservative assumption that area air-sampling values approximate breathing zone air
concentrations, the average daily intake is 2,100 pCi, with a maximum value of about 7,100 pCi
for grinding operation. These two values should be compared to Table 5-2 of the Ames TBD,
which shows a maximum value of 853 pCi/d.

SC&A Findings

Uranium intakes were defined in Tables 5-1, 5-2, and 5-3 for three facilities (i.e., Chemistry,
Building, Annex 1, and Annex 2, respectively) for workers who were assumed to be
“maximally” exposed. Based on job descriptions (e.g., supervisors, clerical, janitorial, security,
etc.), intakes are assumed to be 0.25 and 0.025, respectively of intake values cited in each of the
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three tables. NIOSH based these values on surrogate data derived from data in Christofano and
Harris (1960), Battelle (2011), and multiple levels of unsupported assumptions.

NIOSH sought validation for these data by comparing intakes in Tables 5-1, 5-2, and 5-3 of the
Ames TBD to the few actual bioassay results reported by Ferretti et al. in Chapter 7 in Stone
(1951). For comparison, bioassay data selected by NIOSH involved the average urine excretion
value of 75 pg/L (or 51.225 pCi/L) for the maximally exposed workers designated as Group 1.
IMBA runs yielded the following intakes:

e Absorption Type F: 260 pCi/d
e Absorption Type M: 1,100 pCi/d
e Absorption Type S: 31,000 pCi/d

Based on these results, NIOSH stated:

If the geometric mean of the data is used, the estimated intakes are smaller . . .
For type M, this range is still consistent with the intakes in Tables 5-1, 5-2, and
5-3. [Emphasis added.]

Uranium intake values defined in Tables 5-1, 5-2, and 5-3 of the Ames TBD are re-introduced
with other data in Table 5-8, “Default intakes for Ames Laboratory (if no bioassay results are
available),” in the Ames Site Profile. Findings cited below reference data provided in Table 5-8
of the Ames Site Profile, which is reproduced herein as Table 5-7.

Finding #10. Available empirical bioassay and air-sampling data for Annex 1 workers are
substantially higher than modeled/surrogate data assigned by NIOSH.

For absorption Type M, the average excretion concentration value of 75 pg/L (or 51.225 pCi/L)
yields an intake of 1,100 pCi/d. This value is 29% higher than NIOSH’s assumed value of
853 pCi/d for Annex 1 production workers, as given in Table 5-2 of the Ames TBD.

Equally, empirical air sampling data cited in Table 5-6 above would yield an average intake of
2,100 pCi/d and a maximum intake of over 7,000 pCi/d for Annex 1 workers exposed to various
chemical forms of uranium.

Finding #11: NIOSH further minimized the intake value of 853 pCi/d for Annex 1 production
workers by assigning the “distribution” as a constant (see Table 5-7 below).

By assigning a “constant” distribution, NIOSH implied that the 75 pg/L (or 51.225 pCi/L) value
was a maximal excretion value, when in fact it was the average excretion value for Group 1 (see
Tables 5-4 and 5-5 above).

Finding #12: Default intake rates defined in Column 6 of Tale 5-7 below are improper for
absorption Types F or S.

It is technically incorrect for an intake value that represents (or is assumed to represent)
absorption Type M to be used for absorption Types F or S. For example, NIOSH calculated an
intake of 31,000 pCi/d in behalf of the average excretion value of 75 pg/L (or 51.225 pCi/L)
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excretion value reported by Ferretti et al. (1951). Based on guidance provided in Table 5-8
(Exhibit 5-1), the dose reconstructor would, nevertheless, be expected to select the 853 pCi/d
intake value for absorption Type S in behalf of an Annex 1 production worker.

Table 5-7. Default intakes for Ames Laboratory

(if no bioassay results are available)

Job Category Dose calculation parameters IREP input parameters
or task/Building Period Material Mode Absorption oCild Distribution | Parameter
Type of f1 Type 1
Researcher/Chemistry Aug 1942— Natural Chronic F, M, orS 8.5 Constant Dose
Building? Dec 1953 uranium inhalation
Researcher/Chemistry Aug 1942—- | Natural Chronic 0.02 with F, M; | 0.09 Constant Dose
Building? Dec 1953 uranium ingestion | 0.002 with S
All employees in Jan 1954— Natural Chronic F, M, orS 4.1 Constant Dose
Chemistry Building May 1976 uranium inhalation
All employees in Jan 1954— Natural Chronic 0.02 with F, M; | 0.68 Constant Dose
Chemistry Building May 1976 uranium ingestion | 0.002 with S
Researcher in hot 1943-1951 | Fission Chronic Use most See Table | Constant Dose
lab/Chemistry Building products inhalation | favorable to the | 5-7
claimant, for
Sr-90 use F

Researcher, production | Aug 1942— | Natural Chronic F,M,orS 853 Constant Dose
technician, anyone Aug 1945 uranium inhalation
involved daily with
uranium in Annex 12
Researcher, production Aug 1942— Natural Chronic 0.02 with F, M; | 8.7 Constant Dose
technician, anyone Aug 1945 uranium ingestion | 0.002 with S
involved daily with
uranium in Annex 12
All employees in Annex | Sep 1945- Natural Chronic F,M,orS 175 Constant Dose
1 Dec 1953 uranium inhalation
All employees in Annex | Sept 1945— | Natural Chronic 0.02 with F, M; | 1.6 Constant Dose
1 Dec 1953 uranium ingestion | 0.002 with S
Researcher, production Jan1944— Natural Chronic F, M, orS 6,061 Constant Dose
technician, anyone Dec 1953 uranium inhalation through
involved daily with 1950,
uranium in Annex 22 5,556

from 1951

to 1953
Researcher, production Jan1944— Natural Chronic 0.02 with F, M; | 124 Constant Dose
technician, anyone Dec 1953 uranium ingestion | 0.002 with S through
involved daily with 1950; 114
uranium in Annex 22 from 1951

to 1953
All employees in Annex | Jan 1954— Natural Chronic F, M, orS 124.7 Constant Dose
2 1972 uranium inhalation
All employees in Annex | Jan 1954— Natural Chronic 0.02 with F, M; [11.2 Constant Dose
2 1972 uranium ingestion | 0.002 with S
Anyone routinely in 1955-present | Th-232 Chronic MorS See Table | Constant Dose
Wilhelm Hall inhalation 5-5
(Metallurgy Building)
Anyone routinely in 1955—present | Th-232 Chronic 5E-4 with M; | See Table | Constant Dose
Wilhelm Hall ingestion | 2E-4 with S 5-5
Anyone routinely in 1955-present | Ra-228 Chronic M See Table | Constant Dose
Wilhelm Hall inhalation 5-5
Anyone routinely in 1955—present | Ra-228 Chronic 0.2 See Table | Constant Dose
Wilhelm Hall ingestion 5-5
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Job Category Dose calculation parameters IREP input parameters
or task/Building Period Material Mode Absorption pCild Distribution | Parameter
Type of f1 Type 1
Anyone routinely in 1955-present | Th-228 Chronic MorS See Table | Constant Dose
Wilhelm Hall inhalation 5-5
Anyone routinely in 1955—present | Th-228 Chronic 5E-4 with M; | See Table |Constant Dose
Wilhelm Hall ingestion | 2E-4 with S 5-5
Reactor workers and 1965-1981 | Tritium Total of all | N/A N/A Lognormal, [ Dose; see
D&D workers modes see Table 5-6 | Table 5-6
for GSD

Workers involved with 1978-1981 | Co-60 or Chronic Type S 3,300 Constant Dose
D&D of reactor, Zn-65 inhalation
including former reactor
workers
Workers involved with 1978-1981 | Co-60 or Chronic Type S 660 Constant Dose
D&D of reactor, Zn-65 ingestion
including former reactor
workers
Anyone routinely in 1982—present | Tritium Total of all | N/A N/A Constant 8.6
Applied Science Center modes mrem/yr

@ Values are for workers assumed to work in research or production full time. For supervisors, assume 0.25 of the intake; for all
other employees (clerical, janitorial, security, etc) assume one-tenth of the supervisor’s intake (0.025 of the intake in the table).

Finding #13: The scaling of uranium intake values based on (1) facility and (2) job function is
without technical support and conflicts with statements given in the Ames Site Profile.

For example, NIOSH states that “. . . for workers involved in research . . . in the Chemistry
Building, an exposure of one-tenth of the workers involved in the production operations is
assumed . . .” Values for supervisors were assumed at 0.25 (or ¥4) of the intake of researchers/
production workers, and for all other employees (clerical, janitorial, security, etc.) assume 0.025

(or 1/40™).

This rigid scaling of intakes based on location and job description imposes unreasonable burden
on the dose reconstructors and conflicts with the following statements contained in Section 1.3 of

the Site Profile:

NIOSH added classes to the SEC in 2006, 2007, and 2010 to cover three separate
groups of employees based on work location and job description. While the
classes added in 2006 and 2007 included specific workers performing specific
tasks in designated buildings, the 2010 class determined that the information
available about worker job description, work location, or movement about the

site was insufficient to determine if an employee worked in the affected area(s).
[Emphasis added.]

Should data pertaining to job function become available, scaling factors that more closely
resemble the ratios of excretion values reported by Ferretti et al. (1951) for Groups 1, 2, and 3
should be considered (see Table 5-5 above). Based on group averages, intake ratios of 1.0, 0.6,
and 0.2 are more likely to represent production workers, supervisors, and all others.

For ingestion intakes of uranium, NIOSH stated that “. . . The rationale used in inhalation
intakes for reduced fractions for other workers is applied to ingestion intakes as well.” Thus,
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SC&A findings associated with inhaled intakes of uranium apply equally to ingestion intakes as

well.

Finding #14: Although NIOSH briefly acknowledged the occurrence of “frequent fires and
explosions” associated with the production of uranium metal, no attempt was made to assess

potential intakes of these episodic events. Potential doses from uranium blowouts are discussed

in combination with thorium blowouts in Section 5.7 below.
5.2 RESUSPENSION DURING PERIOD WITH NO URANIUM OPERATIONS

To estimate exposure during non-operations for the Chemistry Building, NIOSH stated the
following:

... The daily intake rates for the Chemistry Building can be estimated by
reducing the generic exposure estimate from ORAUT ([2006]) by a factor of 10 to
account for the conclusion of the work, the standard laboratory precautions that
were in place, and the production time at about 50% of full time in the Chemistry
Building. [Emphasis added.]

Finding #15: ORAUT (2006) referenced above for estimating non-operational intakes
corresponds to ORAUT-OTIB-0004, Rev. 03, Technical Basis for Estimating the Maximum
Plausible Dose to Workers at Atomic Weapons Employer Facilities. 1t should be noted that
OTIB-0004 was canceled before Rev. 03 of the Ames Site Profile [ORAUT-TKBS-0055
(ORAUT 2012a)] was issued. Moreover, the much higher intake values for inhalation and

ingestion during non-operating years (i.e., 1954-1976) make no sense when compared to intake
values for operating years (1942-1953), as given in Table 5-8 of the Ames TBD (see Table 5-7

above) and briefly summarized below:

For non-operating years (1954-1976):

All Workers in Chemistry Building

e Inhalation of 4.1 pCi/d
e Ingestion of 0.68 pCi/d

For the operating years (1942-1953), intake for the maximally exposed Researcher
identifies:

¢ Inhalation of 8.5 pCi/d
e Ingestion of 0.09 pCi/d

Note: During the same operating years, Supervisors, and all others would be assigned

the following intakes:

Supervisor:

e Inhalation: 8.5/4 =2.1 pCi/d
e Ingestion: 0.09/4 = 0.0225 pCi/d
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All Others:

e Inhalation: 8.5/40 =0.2125 pCi/d
e Ingestion: 0.09/4 = 0.00225 pCi/d

53 THORIUM EXPOSURE FROM THORIUM CONTAMINATION AFTER 1954

The Ames Laboratory Site Profile restricted its assessment of thorium exposures to residual
contamination following the production of 65 tons of thorium metal in 1954. This decision was
based on the conclusion “. . . that it was not feasible to complete dose reconstruction for internal
dose for thorium, plutonium, and thoron for 1942 through 1954 (NIOSH 2006) and, therefore,
internal dose is not addressed here for those radionuclides during those years.”

Inhalation intakes from residual contamination for years 1955 through 2010 are principally based
on past survey data reported in a 1998 report (Hokel 1998 et al.) titled, An Assessment of the
Causes, Mitigation Efforts, and Current Status of Th-232, U-238, and Beryllium Contamination
in Wilhelm Hall at Ames Laboratory.

NIOSH summarized survey data contained in Hokel et al. (1998) as follows:

From Section 5.2 (pp. 39-41)

... Starting in 1984 and continuing through the early 1990s, surveys were
conducted in Wilhelm Hall to determine locations of contamination left from the
early production years. This information is in Hokel et al. (1998). The following
discussion using data from Hokel et al. and Klevin provides an estimate for
intakes by workers in Wilhelm Hall from 1955 to the present. A summary of the
air concentrations and daily inhalation and ingestion intakes is provided in
Table 5-5.

All the data in Hokel et al. (1998) were reviewed and considered. Much of the
data was related to locations that were hard to access and considered not to be
an inhalation issue. There was one set of data that had floor surveys made in
1988, but these locations all had fixed activity, indicating that this was from beta
radiation (see Appendix 6 of Hokel et al.). For this reason, the recommendation
for assessing dose from thorium from 1954 through the present was provided.
The accessible areas of the building, including rooms, air ducts, hallways,
stairwells, transformer rooms, etc., were surveyed starting in 1984. The data in
Hokel et al. present an overview of the survey results. In 1996, some
measurements were made using an Alpha Continuous Air Monitor in the sub-
basement pipe tunnels and in large vertical void spaces in the stairwells. All of
these results were less than background for thorium, thoron, or radon (Hokel et
al. 1998). Therefore, the results used for this estimation are from a pipe tunnel
survey that showed removable contamination on smears ranging from
background (3 dpm) to 1,224 dpm. These numbers are high for generally
accessible areas and with the possibility of the contamination becoming
resuspended. Although other survey numbers in the report with removable
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contamination are higher, they are in locations that are inaccessible (in a drain
line), hard to reach (inside a drawer), or small (edge of a sink), or the
contamination was fixed. [Emphasis added.]

SC&A reviewed the Hokel et al. (1998) survey report for its credibility and use in assessing
inhalation intakes for the years 1955 through 2010. Exhibit 5-1 corresponds to page 13 of Hokel
et al. (1998) and identifies the following salient information:

e The “Pipe Tunnel Special Surveys of East Tunnel” was conducted on November 15,
1995, or more than 40 years after Wilhelm Hall was used for the production of thorium
metal.

e The purpose of the “Special surveys” of the Pipe Tunnel was to test the effectiveness of
the “water wash down method.”

e The location of this survey (i.e., the pipe tunnel) has little to no relevance to areas of
Wilhelm Hall where workers were engaged in the production of thorium metal (see
photos #10 and #11 of Exhibit 5-1).

e The statement that “initial analyses showed removable contamination levels on the
smears ranging from background levels (approximately 3 disintegrations per minute
(dpm)) to 1,224 dpm.” (The obvious deficiency in these two contamination levels is the
unit area that was smeared was not identified. It can only be assumed to be 100 cm?)

For deriving a “removable contamination” value, NIOSH adopted the “1,224 dpm” value cited in
Exhibit 5-1; and due to the uncertainty regarding the surface area sampled, increased the value to
2,000 dpm for an assumed sampling area of 100 cm?, as described in the Attribution and
Annotation statement #19 of the Ames TBD.

For estimating thorium inhalation quantities at Wilhelm Hall on November 15, 1995, NIOSH
employed the 2,000 dpm/100 cm? as follows (p. 41 of the Ames Site Profile):

A removable surface concentration of 2,000 dpm/100 cm? of thorium in
equilibrium with its progeny was assumed. This means the >Th activity was
approximately 200 dpm/100 cm’. Applying a resuspension factor of 107,

Air concentrationz-232 = (200 dpm/100 cm?)(107*/m)(100 x 100°) = 2 dpm/m’

The value of 2 dpm/m* on November 15, 1995, when the survey of the pipe tunnel
occurred, represents an upper bound. [Emphasis added.]

For estimating the starting air concentration at the end of the production period (i.e., 1955),
NIOSH stated the following (p. 41 of TBD):

Because survey information in the building just after cessation of the thorium
operations was not available, the Klevin data were used to represent air
concentrations in 1955 with the caveats provided below: . . .
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Reference to the “Klevin data” corresponds to a survey conducted by the AEC in 1952 and
authored by Paul B. Klevin. This survey report titled, Ames Research Laboratory Occupational
Exposure to Thorium and Beryllium, is enclosed herein as Appendix B. Data selected by NIOSH
from Klevin (1952) involved average general air samples as given in Table 111 (page 11) with
exclusion of Room 303 (Drying and Calcining Area) and the Seminar Room/(Lunch Room).
Using the 95" percentile of the geometric distribution of remaining air concentration values cited
in Table 111 of Klevin (1952), NIOSH calculated an air concentration of 479 dpm/m? for airborne
concentration at Wilhelm Hall in 1955.
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Exhibit 5-1. Locations Selected by NIOSH for Determining
Removable Contamination Levels

(Source: Hokel et al. 1998, page 13)

Pipe Tunnel Special Surveys of East Tunnel .'{Test
. Areas) i
To test the effechveness of the water wash

down method we tested @ simall area of the East tannel- '

prior to washing down the entive tuninel. On November
15, 1995, {between the initial September survey and

of degradation from the water spray. -

Analyses of the smears taken before the water
wash downs (iniial smears) in these areas indicated
levels of contamination that were significantly above
acceptable limits for removable radiation as defined in

_Appendix D. The initial analyses showed removable
contamination levels on the smears ranging from

before washing the entire East tunnel) special sinear

‘backgroynd lavels (approx. 3 disintegrations per i

surveys were taken in a section of the north side of the
east pipe tunnel abput 40 feet in total length. This
Sechion of The tunnel was divided Into four locations (A-
D), each approximately 10 feet in length {See Figure 1
and photo #10). Smear locations were numbered with
grease pencil in each of the four 10-foot test areas, so that
the same areas could be identified for subsequent
smears. Subsequent smears were taken after each wash
down in the numediake vicinity of the original smears in
order to get a close approximation of the effectiveness of
the wash downs, [NOTE: The subsequent 100 cm?
smear samples were taken just to the right, left, above or

_GAuTIOH
A
=

lg tanlk for wash down residue and water.

. Photo #9
below of the previous samples, since an); removable
contamination would have theoretically been removed
L‘}:.' the previous smear in that location. So, the smears
were not exactly in the same location, but very close).

J The first wash down of these test areas was
performed on November 27, 1995. Low-pressure water
spray was used to wash down all pipes, walls and the'
floors. The residue was washed into the large holding
fank in the lower equipment room. Smear surveys of
the washed areas were taken again on November 28 in
approximately the same locations as the original smear
surveys.

The second wash down was performed on

December 4, 1995, Smear surveys were taken a third |

time on December 5, again near the same locatons as
the original smear surveys. After the second wash
down, the asbestos covering on many of the large
i overhead pipes in the tunnels was starting to show signs

{dpm)) to 1204 dpm. Analyses of the smears taken aftar
own mndicated a substantial reducticr: in
_the contamination levels, but stll in excess of Appendix
Dlimits. Analyses of the smears taken after the second

the Hrst was.

%
Phato # 10~

- Test areas, North side of the East pipe tuane.,

wash down indicated some additonal reduction in the

contamination, but not as dramatic as the after the first
wash down, and the levels of contamination stil
exceeded Appendix D limits. Over i

Phato # 11 - Same general area as # 10, North side of the East pipe
tunnel. Shows more detail of the pipes near ceiling,
that the second wash down did not add significantly o
the effectiveness of the decontamination efrort
Although the wash downs performed in the test areas
appear td have recduced the overall amount of
contaminabion, most of the values from simear locadons
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From these two data points (representing air concentrations on January 1, 1955, and November
15, 1995), NIOSH derived a removal rate (i.e., A) value of 3.7 x 10%/day or 0.134/yr that was
used for estimating daily intakes (inhalation and ingestion) for years 1955 through 2010 as given
in Table 5-5 of the TBD. For 1955, Table 5-5 recommends an air concentration of

448 dpm/m? for Th-232.

SC&A Comments and Findings

NIOSH’s approach for modeling intakes from residual contamination during the non-operational
period of 1955 through 2010 was based on two data points that were separated in time by
14,929 days.

For November 15, 1995, the data point of 2 dpm/m? of air represents a single adjusted smear
sample taken in the East Pipe Tunnel, which is located in the sub-basement of Wilhelm Hall.
Based on location, this smear sample has a limited relevance to those areas of Wilhelm Hall that
were utilized for the production of thorium and resultant residual contamination levels during the
non-operational period of 1955 through 2010.

The second data point assigned to January 1, 1955, was derived from general air samples taken
in March of 1952 (see Table I1l of Appendix B). These data define thorium air concentrations
based on alpha activity for thorium that assumes equilibrium of Th-232 with Th-228. Thus, the
95" percentile air concentration of 479 dpm/m? assigned to Th-232 at t=0 by NIOSH is a factor
of 2 too high. This error applies to all values defined in Table 5-5.

Although the Klevin (1952) time-weighted air concentrations for workers were reviewed by
NIOSH, these data were dismissed as not relevant (p. 41 of TBD):

Klevin (1952) did a thorough survey during operations, including breathing-zone
task-specific air concentrations, time-weighted air concentrations for various
workers, and general room air concentrations. . . .

The Klevin air concentrations for specific tasks during production and the time-
weighted averages are not relevant for Wilhelm Hall after 1954. [Emphasis
added.]

Surprisingly, for the 22 workers assessed by Klevin (1952), their average time-weighted air
concentration to thorium was 530 dpm/m3. For Th-232, this would correspond to only

275 dpm/m?3, which is slightly more than one-half the value of 479 dpm/m?® assumed by NIOSH.
Additionally, a review of Appendix B identifies several other credible options by which the
Klevin (1952) operational survey data in combination with ORAUT-OTIB-0070, Rev. 01,
Dose Reconstruction during Residual Radioactive Periods at Atomic Weapons Employer
Facilities (ORAUT 2012b), can be used to derive exposure estimates from residual
contamination.

Finding #16: NIOSH’s approach for deriving estimates of thorium intakes from residual
contamination post-1954 does not make the best use of survey data reported by Klevin (1952)
and use of ORAUT-OTIB-0070, Rev. 01 (ORAUT 2012b).
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5.4

NOT CONSIDERED BY NIOSH

THORIUM EXPOSURES DURING OPERATIONAL PERIODS THAT WERE

Justification for the decision not to consider/assess thorium exposure during the operational
period of 1942 through 1954, which produced 65 tons of thorium, was explained in Section 1.3.1
of the TBD, which states:

NIOSH . . . found that the monitoring records, process descriptions, and source
term data available [for thorium/plutonium and thoron (see Table 1-1)] are not
sufficient to perform complete dose reconstructions . . . [Emphasis added.]

The inverse of these statements and Table 1-1 of the TBD suggest that for uranium, a complete
dose reconstruction can/will be performed using available monitoring records, process
descriptions, and source term data.

However, NIOSH’s method for deriving uranium, as evaluated by SC&A in Section 5.1 above,
employed a combination of surrogate data [i.e., data derived from Christofano and Harris (1960);
and Battelle (2007)] and layers of unsupported assumptions defined in footnotes assigned to
Tables 5-1, 5-2, and 5-3. The relative merit by which NIOSH derived uranium exposures
should, therefore, be compared to thorium data considered suitable for dose reconstruction, as

discussed below.

5.4.1 Thorium Bioassay Data

Four datasets were found to contain bioassay data for thorium representing urine samples
collected on the following dates: April 13, 1952; May 12, 1952; April 11, 1953; and May 11,
1953. As discussed below, the significance of dates for these four datasets is their temporal
relationship to the AEC’s radiation survey conducted on March 18-21, 1952 (Klevin 1952).

Enclosed herein as Appendix F are redacted copies of the four datasets, which identify sample
dates, task(s) performed by each individual, and observed concentrations of thorium in urine
samples. (Note: Datasets #1 and #2 report urine concentrations in the units of y/Liter of urine,
and datasets #3 and #4 in the units of y/200 cc of urine). Table 5-8 provides summary data in
behalf of the four bioassay datasets. Tasks which corresponded to the highest urine excretion
values included calcining and hydrofluorination, metal reduction, final casting, and solution of
Th nitrate (see Appendix F). At this time, the quantitative interpretation of thorium urine
concentrations must await an understanding of the unit value of “y,” based on the fact that the
colorimetric analysis assumes that “y”” equates to microgram (j.g).

Table 5-8. Summary of Urine Bioassay Data for Thorium

(see Appendix F)
Set # Sampling Date No. of Samples Thon(t;r;}; ange Urlnzgeorl;;-e(v/L)
1 4/13/1952 5 15-35 21
2 5/12/1952 15 10-80 23.7
3 4/13/1953 7 0-15 5.7
4 5/11/1953 15 0-90 13.7
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A relative comparison of thorium concentration values among the four sets identifies a marked
reduction in exposure between sets #1 and #2 versus sets #3 and #4. Undoubtedly, this
difference can be explained by the impacts of the radiological survey and resultant
recommendations made by the AEC on March 18-21, 1952, but not issued as a report until July
14,1952 (Klevin 1952).

As stated on page 3 of the 1952 Survey Report:

This survey was made with the following objectives in mind:
1. To gather data from which estimation of the daily weighted average exposure
can be determined for the personnel working on the AEC project,
2. To suggest the physical and procedural changes which should be made in
order to correct excessive exposure. [Emphasis added.]

AEC Recommendations. Pertaining to the second objective, the AEC audit team cited a total of
36 recommendations (see pp. 10 through 13 of Appendix B), which were facility engineering
controls for specific processes involving (1) thorium production, (2) calcining and
hydrofluorination, (3) handling of thorium crude (ThF4), and (4) metal casting. AEC
recommendations pertaining to procedural changes included the introduction of the most basic
health physics practices and protocols for worker safety (see recommendations #29—#36).

5.4.2 AEC Survey Data

Independently or in combination with bioassay data summarized above, quantitative survey data
reported by the AEC in 1952 for the Ames Laboratory provide key information that satisfies
regulatory requirements for dose reconstruction defined in 882.14 of 42 CFR 82.

Among applicable data provided in the AEC Survey Report are the following:
e Breathing Zone Air Samples that are facility-specific and task-specific for a total of 54

operations that involved the production of thorium metal (see Table 11 and Figures #2
through #8 in Appendix B).

e An Assessment of Daily Weighted Average Inhalation Exposures to Thorium/Thoron
among 22 Ames workers representing a total of 15 different assigned tasks in the
production of thorium metal (see Table I in Appendix B).

e Average Air Concentrations for Thorium and Thoron Based on General Air Sampling.
General air sampling was performed at discrete locations of Wilhelm Hall. Locations
critical in the production of thorium included Rooms 203, 303, 307, and 33 (see Table Il
and Figures #2 through #8 in Appendix B).

e Location- and Task-Specific Smear Contamination and Dose Rate Data for Rooms 303,
204, and 33 (see Table IV in Appendix B).
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5.4.3 Thorium Processes and Source Term Data

In a 1947 report titled, History of the Ames Project under the Manhattan District to December
31, 1946, E.l. Fulmer, Assistant Director of the Ames Project, provided a comprehensive
summary of processes and source terms for thorium (Fulmer 1947). Relevant sections of the
report include Il, Section 1.4 — Production and Casting of Thorium Metal; 11, Section 2 —
Fabrication of Uranium and Thorium; 1I, Section 4.2 — Thorium Alloy Studies; and 111, Section 4
— Thorium Chemistry including purification of thorium compounds by liquid-liquid extraction.

In Section 1.4 of the report, Fulmer provided the following information regarding the production
of thorium metal.

Soon after the large scale bomb reduction of uranium was in successful
operation, similar approaches were made on the reduction of thorium. In August,
1943, attempts were made to reduce a number of thorium compounds in a bomb.
The first attempts were unsuccessful due to the high melting point of thorium and
the great stability of its compounds. Later, small amounts of thorium were
produced by reducing ThFs with metallic calcium using iodine as a “booster”.
The yields were low and the metal was obtained in small pellets which were very
difficult to recast into solid metal. In August, 1944, ZnCl> was tried as a
“booster” and solid biscuits of thorium-zinc alloy were obtained in good yields.
Within three months the conditions necessary for good yield had been well
enough established to allow expansion of the process to the use of a reduction
bomb 6 inches in diameter. ... By June 1946, most of the details had been
worked out successfully and the bomb reduction of thorium fluoride was ready for
expansion to large scale production.

The process, as [SiC] use in December, 1946, was a metallothermic reduction of
thorium fluoride by metallic calcium. Zinc chloride was used to provide
additional heat, to give a more fusible slag, and to form a low-melting allow of
thorium which would collect in the form of a solid biscuit. The reduction was
carried out in an iron bomb 7 inches in diameter and 45 inches long. This bomb
was lined with a layer of dolomitic oxide compacted into place around a steel
mandrel with a pneumatic jolter. The charge was placed in the bomb which was
then closed and the reduction started by preheating in a gas-fired furnace. The
bomb was allowed to cool after the reaction and the biscuit of thorium-zinc alloy
removed and cleaned. This method produced a biscuit of about 39 pounds of
thorium-zinc alloy with better than 96 per cent [Sic] yield of thorium. ... By
December 31, 1946 over 4500 pounds of thorium had been cast for shipment to
other sites. [Emphasis added.]

Production of thorium metal continued at Annex | (i.e., Little Ankeny) until 1949. Starting in
1947 and continuing through the end of 1953, production and casting of thorium metal was also
conducted in the Metallurgy Building. Total production of thorium at both facilities amounted to
65 tons (or 130,000 pounds).
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In summary, based on the availability of urine bioassay data, the comprehensive AEC survey of
1952, and detailed process and source-term data, SC&A concludes the following:

In the regulatory hierarchy of data considered suitable for dose reconstruction, available data for
the reconstruction of internal doses associated with the production of thorium metal are
considerably higher than data used by NIOSH in the dose reconstruction for uranium cited in
Tables 5-1, 5-2, and 5-3 of the Ames TBD.

Finding #17: Given the availability of credible data, NIOSH’s exclusion of thorium exposure in
dose reconstruction is not justified.

5.5 TRITIUM EXPOSURES

Section 5.3 of the Ames TBD evaluated tritium exposures associated with the ALRR, which was
a 5 MW heavy-water-moderated reactor that operated from February 1965 through December
1977. Decontamination and decommissioning of the ALRR was completed in 1981.

Personnel at the ALRR were monitored for tritium and should have bioassay and dose records.
In the event that records are either incomplete or unavailable, NIOSH constructed a coworker
tritium dose model for years 1965-1981, as given in Table 5-6 of the Ames TBD.

SC&A Comments

SC&A has not been given access to the raw data that defines estimates of tritium exposures for
unmonitored coworkers. On the assumption that available tritium monitoring records were
objectively evaluated, SC&A has no comments/findings.

5.6  FISSION PRODUCT INTAKES

Worker exposure to fission products at the Ames Laboratory may have come from two sources:
(1) a Hot Lab that was operated in the Chemistry Building and (2) the decontamination and
decommissioning of the ALRR.

5.6.1 Use of NUREG-1400 for Modeling Intakes at the Hot Lab

Between 1943 and 1951, workers at the Ames hot laboratory separated plutonium from
uranium and their associated fission products. In the absence of empirical survey/bioassay data,
Table 5-7 of the Ames TBD provides modeled estimates based on a generic formula defined in
NUREG-1400: Air Sampling in the Workplace (Hickey et al. 1993):

L,=0 %109 xR xC xD Eq. 5.6.1

where,
Q = total quantity of unencapsulated material
R = release fraction
C = confinement factor
D = dispersibility
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SC&A Comments and Findings

The intent of NUREG-1400 is to assist licensees in establishing air sampling programs that
conform with recommendations in the 1992 Regulatory Guide 8.25, Revision 1, Air Sampling in
the Workplace (NRC 1992), and the regulatory requirements stated in 10 CFR Part 20. Thus,
modifying factors for the intake /, are based on licensed facilities that reflect current-day
timeframes of operation. For example, NUREG-1400 states that the 106 factor cited in Equation
5.6.1 represents a rule of thumb that applies “. . . when normal precautions are taken [and] a
worker is not likely to have an intake I, exceeding 10 of the material being handled . . .”
[Emphasis added].

operational conditions that describe the Hot Lab in the 1940s was offered by Dr.
response to questions during an interview with SC&A (see Appendix A):

As previously referenced in Section 4.4 of this report, a mere glimpse of the design and
_ in

Arjun: You did not have glove boxes when you worked with irradiated material?

Dr. - We had crude devices — a hood with a stream of air. We knew better than to
breathe that stuff. [Emphasis added.]

Finding #18: Due to the fact that very little is known about the design features and technical
specifications of the Hot Lab and the absence of worker monitoring/facility survey data, the
applicability of NUREG-1400, Section 1.2, for use in dose reconstruction lacks technical merit
and credibility for a facility that operated between 1943 and 1951.

5.6.2 Intakes of Fission Products from Decontamination and Decommissioning of
the Ames Laboratory Research Reactor

Section 5.4.2 of the Ames TBD states:

During D&D operations, radiation protection appeared to be acceptable for the
time. .. There is no evidence that bioassay for other radionuclides [i.e., fission

projects] was performed. However, during D&D of the reactor, which included

dismantlement, cutting, grinding, etc., it can be expected that some intakes from

activation products occurred. [Emphasis added.]

This research reactor operated with 93% enriched U-238 fuel for a period of 12 years (1965—
1977). Thus, in addition to activation products, one must also expect substantial contamination
from fission products. For estimates of intakes, NIOSH stated:

A reasonable estimate of intakes from D&D of the reactor can be made by using
the gross beta air concentration limit from 1977 (1 x 10 uCi/mL) (ERDA 1977)
based on the most conservative beta emitter (°’Sr). [Emphasis added.]

Intakes for D&D workers were further adjusted by means of an assumed occupancy factor of 0.5
(or 1,000 hours/year) with supervisory and other personnel receiving one-fourth of the intake of
D&D workers.
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Inspection of the Ames TBD Table 5-8 (“Default intakes for Ames Laboratory (if no bioassay
results are available”) (see Exhibit #5-1 above) identifies that intakes from D&D activities of the
ALRR are restricted to two activation products: Co-60 or Zn-65 as Types S.

Finding #19: Although Section 5.4.2 of the Ames TBD is titled, “Fission Product Intakes from
Research Reactor Operations and Decontamination and Decommissioning,” NIOSH restricted
intakes to two activation products that are arbitrarily based on a 1977 ERDA gross beta air
concentration limit. SC&A regards the default intake (that is limited to a choice of one of two
activation products as surrogate for fission products) as qualitatively incomplete and
quantitatively without technical basis/support.

5.7 FAILURE TO ADDRESS URANIUM AND THORIUM BLOWOUTS FOR THE
ASSESSMENT OF EPISODIC INTAKES

In two previous draft reports, Review of the Ames Laboratory Special Exposure Cohort (SEC)
Petition SEC-0038 (SC&A 2006) and An Assessment of Worker Eligibility Criteria For Less
Than 250-Days Employment: Ames Case Study (SC&A 2007a), SC&A identified to the
Advisory Board the relatively common radiological incidents of chemical explosions or
“blowouts” at the Ames facility in context with the 250-workday requirement. In response to
SC&A’s concern, the Board appointed an ad hoc work group chaired by Dr. James Melius to
further evaluate this issue. The work group requested SC&A to (1) review all available
records/sources that would establish the frequency of such events, and (2) provide scoping
calculations that would assess reasonable estimates of potential internal exposures associated
with a single event. A third SC&A draft report was issued in June 2007 in order to satisfy this
request. A full text of the third SC&A draft report titled, The Relevance of the 250-Workday
Requirement to Potential Exposures Associated with a Single Blowout (SC&A 2007b), is
enclosed herein as Appendix G. As a convenience to the reader, salient elements of this report
(Appendix G) are summarized below.

5.7.1 Quantities of Uranium and Thorium Metal Produced

Data regarding the potential quantities of uranium and thorium that might have become
volatilized and airborne as a result of blowouts during the reduction of UF4/ThF4 to metal at
Ames Laboratory can be found in a 1947 document titled, History of the Ames Project Under the
Manhattan District to December 31, 1946 (Fulmer 1947). This document was compiled by E.I.
Fulmer, who served as Assistant Director to Dr. F.H. Spedding, Director of the Ames Project.
Sections 1.1 and 1.4 of the report provide the following information pertaining to the reduction
of UF4 and ThF4 to pure metal.

Uranium. Section 1.1 of the report emphasizes that the principal objective of the Ames Project
was the production of uranium metal, which originally was based on the chemical reduction of
UF4 by calcium metal in a refractory-lined steel bomb. In the first quarter of 1943, however,
calcium was replaced by magnesium for the reduction, and by July 1943, uranium metal
production reached 130,000 pounds per month. Production of uranium metal was performed
exclusively in the remodeled one-story wooden building identified as the Physical Chemistry
Annex I.
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Uranium production ceased by January 1, 1945, after producing a total of about

2,000,000 pounds. Over the 2-year production period, reduction of UF4 commonly involved
steel pipes measuring 6 inches in diameter by 36 inches in length (however, larger pipes of up to
10 inches in diameter by 36 inches in length were also used). A successful reduction yielded a
biscuit that was typically 42 pounds of uranium metal.

In Section 1.4 of the report, Fulmer (1947) provided the following information regarding the
production of thorium metal.

Soon after the large scale bomb reduction of uranium was in successful
operation, similar approaches were made on the reduction of thorium. ... By
June 1946, most of the details had been worked out successfully and the bomb
reduction of thorium fluoride was ready for expansion to large scale production.

The process, as [SiC] use in December, 1946, was a metallothermic reduction of
thorium fluoride by metallic calcium. ... This method produced a biscuit of
about 39 pounds of thorium-zinc alloy with better than 96 per cent [Sic] yield of
thorium. ... By December 31, 1946 over 4500 pounds of thorium had been cast
for shipment to other sites. [Emphasis added.]

On the unconservative assumption that the total of 4,500 pounds of pure thorium had been
produced between June 1946 and December 1946 by means of 39-pound thorium-zinc biscuits
with ~96% yield of thorium, a minimum of 120 reductions may be assumed for the 7-month
period (or about 4 reductions per week).

Production of thorium metal continued at Annex 1 (i.e., Little Ankeny) until 1949. Starting in
1947 and continuing through the end of 1953, production and casting of thorium metal was also
conducted in the Metallurgy Building. Total production of thorium at both facilities amounted to
65 tons (or 130,000 pounds).

Furthermore, assuming that the size of the bomb retorts remained constant after
December 1946, a total of around 3,500 ThFa bombs were reduced between June 1944 and
December 1953, yielding an average of seven reductions per week.

5.7.2 Estimated Frequency of Blowouts

As noted in Appendix G and Section 5.7 above, official statements made by Dr. Frank Spedding
attest to the fact that uranium and thorium blowouts were episodic events that were not
uncommon during the entire production period.

From Spedding’s statement that “...1 remember one night we had an explosion that blew the
whole south end of the building out and being an old wooden building, when things quieted
down we all went outside and shoved the wall back in again and went to work” [Emphasis
added], it is reasonable to conclude that this and other blowouts were not perceived as potential
radiological threats, since no attempt was made to limit the time of exposure or to mitigate
subsequent exposure by decontamination efforts, engineering controls/building modification, or
the use of respiratory protection.
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Dr. Spedding’s assessment of these episodic events and their casual acceptance was confirmed in
a separate interview conducted by SC&A with a former Ames Laboratory employee,

ﬁ, on January 3, 2007. Transcript of the interview is enclosed herein as Appendix E. In
response to the question of the frequency of blowouts, ||l stated «. . . Oh, 1 would say
maybe once a week” (see pp. 2-3 of Appendix E).

5.7.3 Assessment of Airborne Contamination Levels Associated with Blowouts

Although no radiological incident/investigative reports were found in behalf of the Ames
Laboratory, there was a blowout incident at Fernald on April 5, 1954, which provides data that
are applicable to Ames.

Summarized below are descriptions and data contained in a report issued by J.H. Noyes et al.
(1954) on April 5, 1954, titled Committee Investigative Report of Thorium Blender Incident —
March 15, 1954.

From Section 2.0:

On March 15, 1954, personnel were attempting to blend a batch of thorium
fluoride, calcium metal and zinc chloride preparatory to the reduction of the
charge. After some delay in starting the blending operation and after
unsuccessful attempts to properly seat a Gemco valve on the blender, a puff of
dust appeared at the mouth of the blender, then a short flame, followed at

3:13 p.m. by a sheet of flame that extended horizontally from the blender a
distance of about 45 feet over an arc segment of 38 feet. The duration of the
flame is estimated at less than 10 seconds during which time two persons...
received serious burns which subsequently proved fatal, and two others received
minor burns. Three additional persons received minor hand burns while assisting
the injured. Physical damage to the equipment is estimated at about $700.
Approximately 50 Ib. of thorium were unaccounted for following the incident.
The building was vacated and all activities stopped until an adequate
investigation established such factors contributing to the accident as an
examination of the building and equipment could offer. [Emphasis added.]

From Section 7.1:

The blending of a charge of thorium fluoride using calcium metal and zinc
chloride is similar to the process utilized by lowa State College, at Ames, Iowa...
[Emphasis added.]

The charge that was being blended when the incident occurred consisted of the
following:

100.0  Ib. thorium fluoride
10.0 Ib. zinc chloride
35.9 Ib. calcium metal

... Examination of the blender after the accident showed it to be nearly empty. . .
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These data suggest that 50 Ibs (or about 50%) of the 100 Ibs thorium charge were likely to have
been volatilized and dispersed by the high temperature that characterizes this exothermic
chemical reduction of ThFs. Thus, data involving a thorium blowout at FMPC in 1954 were
used to model internal exposures from inhaling airborne contaminants in the first few minutes
following a blowout, and from resuspension of residual surface contamination for a period of
30 days (or 193 workhours). This time interval was selected on the unconservative assumption
that the frequency of blowouts may have occurred on a monthly bases.

Applying FMPC data to Ames, a 50% volatilization of a typical UF4 or ThF4 charge would have
released about 21 Ibs of U and about 19.5 Ibs of Th into the air/environs at the Ames Annex I/
Little Ankeny facility.

By means of these quantities, building dimensions for Annex 1, and assumptions stated in
Section 6.0 of Appendix G, SC&A derived the internal dose estimates for a single thorium or
uranium blowout as given in Tables 5-9 and 5-10, respectively.

Table 5-9. Internal Dose Estimates for a Thorium Blowout* (rem)

Radionqc_lide/ ,Ié\rm(;lljer:jt Bone Surface Lung
Solubility (uCi) 1yr 5yr 10yr | 30yr 1yr 5yr 10yr | 30yr
Th-232 TypeS | 4.4E-02 | 0.1 13 36 137 | 26 5.1 73 114
Th-228 TypeS | 44E-02 | 0.3 14 2.0 20 | 203 342 342 342
Th-232 TypeM | 44E-02 | 46 260 537 153 1.8 2.0 2.0 2.3
Th-228 TypeM | 44E-02 | 122 390 439 458 | 195 212 212 212
Total 127 | 677 | 103 | 2145 | 532 | 625 | 647 | 691

* Dose estimates include inhalation exposures resulting from the first 5 minutes of a blowout and from resuspension
of contaminants for a 30-day work-period. Not included are exposures to kidneys, liver, and other organs.

Table 5-10. Internal Dose Estimates for a Uranium Blowout* (rem)

Amount Bone Surface Lung

Radionuclide/
- Inhaled
Solubility (uCi) lyr 5yr 10yr 30yr lyr Syr 10 yr 30yr

U-238  TypeS 0.186 0.012 0.043 0.076 0.14 12.4 17.9 19.9 22.7
U-235  TypeS 0.009 0.001 0.002 0.004 0.01 0.67 0.94 1.06 1.17
U-234  TypeS 0.186 0.014 0.050 0.080 0.15 15.8 21.9 24.7 27.5
U-238 Type M 0.186 0.360 0.760 1.030 1.44 8.26 8.94 8.94 8.94
U-235  Type M 0.009 0.020 0.040 0.050 0.07 0.47 0.47 0.47 0.47
U-234  TypeM 0.186 0.400 0.820 1.100 1.65 11.0 11.0 11.0 11.0
Total 0.81 171 2.34 3.43 50.94 61.15 66.07 71.78

* Dose estimates include inhalation exposures resulting from the first five minutes of a blowout and from
resuspension of contaminants for a 30-day work-period. Not included are exposures to kidneys, liver, and other
organs.

Exposure to the lungs and bone surface from a single incident suggests substantial doses that
increase with time, as shown in Table 5-3 and Table 5-4 above. The selection of 5-, 10-, and
30-year periods corresponds to critical time intervals between exposure and the induction period
for cancer development.
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Finding #20: By means of documented anecdotes/testimonials regarding potential frequencies
of blowouts, technical data for a specific blowout documented at FMPC, and reasonable
assumptions, SC&A derived significant U and Th intakes and associated organ doses that are
applicable to workers at the Ames Laboratory, but were not considered/included in ORAUT-

TKBS-0055.
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6.0 OCCUPATIONAL EXTERNAL DOSE
In Section 6.0 of the Ames TBD, NIOSH stated the following:

Workers at Ames Laboratory received external radiation doses between 1942 and
1952 that were largely unmonitored. Pocket chambers were [SiC] available that

might have been used to monitor external doses, but very few records could be
found . . .

An upper bound of the total external exposures cannot be made for SEC-00038
workers because external doses from beta and gamma radiation resulting from
exposure to thorium and its daughters or plutonium cannot be reconstructed
due to a lack of information on the percentage of thorium daughter in-growth
(up to 1954, when thorium operations ended) (NIOSH 2006). However, external
dose from potential exposure to uranium from 1942 to 1953 can be estimated.
[Emphasis added.]

6.1 UNMONITORED EXTERNAL DOSE

In Section 6.3.1 of the Ames TBD, NIOSH derived external doses for uranium exposure using
the same surrogate data and assumptions that had been used for deriving estimates of uranium
intakes, as given by the following:

To estimate reasonable external doses from the uranium processes before 1953,
the methods described in three documents (Battelle 2011, Christofano and Harris
1960, and [ORAUT 2010]) were used. These documents are representative of the
potential external exposures encountered at Ames Laboratory because the
processes developed there were similar to processes at AWE sites. . . .

Exposure levels in these documents were converted to annual doses. These doses
are provided for the Chemistry Building, Physical Chemistry Annex 1, and
Physical Chemistry Annex 2 in Tables 6-4, 6-5, and 6-6 below.

SC&A’s Comments and Findings

Finding #21: SC&A'’s concerns about the use of the same surrogate data sources and
questionable assumptions for deriving external dose for Ames’ workers exposed to uranium
closely parallel those related to uranium intakes. These concerns must be addressed, but for the
purpose of expediency will not be repeated here.

However, a concern that needs further discussion is NIOSH’s failure to include external doses
from exposure to thorium (1) for years 1943-1949 during early production of thorium metal in
Annex 1 and (2) for years 1947-1953 that correspond to large-scale production and casting of
thorium metal at the Metallurgy Building (aka Wilhelm Hall).
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Justification for the Inclusion of Thorium External Exposure

SC&A questions both the need for and purpose of NIOSH’s statement that “. . . An upper
bound of the total external exposure cannot be made . . . due to the lack of information on the
percentage of thorium daughter in-growth. . . .” [Emphasis added.]

It is likely that the “age” of separated thorium that was processed at the Ames Laboratory was
highly variable, as suggested by statements contained in a letter authored by Allen P. Skoog
M.D., Head of the Ames Laboratory Safety Group, to Dr. Spedding dated September 12, 1952
[Dr. Skoog’s letter (Skoog 1952) is enclosed herein as Appendix H].

In his five-page letter, Dr. Skoog responded to numerous issues and suggestions raised by the
AEC in their survey of the Ames Laboratory in March of 1952, including problems associated
with “aged” thorium:

From pp. 3-4

In connection with thorium and uranium processing the health physicists work in
close conjunction with the production groups in all health matters. It should be
called to the attention of all concerned that the operations in the production of
thorium metal at the Ames Laboratory are not stable industrial processes. The
area actually is a research pilot plant in which new developments are constantly
being made. At present this pilot plant, when in operation, is called upon to do
the work of several times the originally-designed capacity. One of the major
problems in the mesothorium disposal aspect of our general problem lies in the
raw material T.N.T. Originally the T.N.T. was shipped directly from the
Lindsay Light and Chemical Corporation and was newly manufactured. Since
the first scale-up of thorium production, this basic material has been shipped by
the New York Office from its Middlesex, N.J., storage area. Recently, after we
noticed increased activity, we were informed that they were shipping material
which might have been in storage up to 6 yrs. The radioactive elements,
especially mesothorium, have built up by a factor of 5 to 10 in this older T.N.T. It
is these problems that cause most of our headaches. [Emphasis added.]

In the absence of more definitive information regarding the “age” of the separated thorium and
the degree of Ra-228 ingrowth, an upper bound estimate of external exposures would
conservatively assume full equilibrium. However, the need for the use of an upper bound/full
equilibrium assumption becomes irrelevant when empirical dose rate measurements are
available.

Included in the March 18-21 radiological survey of the Metallurgical Building at the Ames
Laboratory, the AEC assessed both beta and gamma dose rates at key locations of the thorium
production/operational areas, as given in Table IV of Klevin (1952) (see Appendix B). For
example, shown as Exhibit 6-1 are beta and gamma dose rates associated with thorium reduction,
casting, machining, and storage. These and other dose rate measurements cited in Table IV
represent empirical site-specific, area-specific, and task-specific thorium dose rate
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measurements that are available for the reconstruction of external dose for years 1943 through
1952.

In the hierarchy of data that may be used in the reconstruction of external dose, SC&A concludes
that the credibility of available data for deriving external thorium doses exceeds those used by
NIOSH for deriving external doses from uranium exposures.

Findings #22: Given the availability of highly credible and site-specific data for deriving
external dose from thorium exposure, NIOSH’s decision to exclude said exposures/doses is not
justified.

6.2 COWORKER DOSE MODEL -1952 TO THE PRESENT

Table 6-7 of the Ames TBD identifies coworker doses for the years 1952 to 2005 at the 50" and
95" percentile for unmonitored workers with potential exposure to beta, gamma, and/or neutron
sources. The derivation of annual coworker doses was based on the following statements
contained in Section 6.3.1.2 of the Ames TBD:

Extensive dosimetry records have been found for Ames Laboratory workers,
however, many of the records for 1965 to 1981 do not identify the person
receiving the radiation dose. If a worker was monitored but cannot be identified
in the dosimetry records, that individual must be considered unmonitored and
assigned a dose in each year for which no clearly identified records exist.

The coworker data study for Ames Laboratory included all available dosimetry
records from 1952 through 1981 (Martin 2006c). All dose results were analyzed,
including zeros and blank values, to determine the 50”- and 95"-percentile
doses for each year for beta, gamma, and neutron exposures (McCartney 2006).
The results of the analysis are summarized in Table 6-7. The missed dose
recommended for monitored workers in Table 6-8 was added to the 507- and
95"_percentile values in Table 6-7. Specifically, half of the maximum annual
missed doses were added to the reported annual doses, except the reported
positive doses, in which case the maximum missed dose was reduced by the dose
corresponding to one badge exchange (because it is not possible that all

individual badge results were zero if a positive annual dose was reported).
[Emphasis added.]
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Exhibit 6-1. Table IV of Klevin 1952
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SC&A Comments and Findings

Our review of raw dosimetry records and NIOSH’s assembly of these records in a spreadsheet
format (McCartney 2006) confirms NIOSH’s claim of “extensive dosimetry records” and the fact
that “. . . many of the records for 1965 to 1981 do not identify the person receiving the radiation
dose” [Emphasis added]. For example, a review of dosimetry records for 1966 show that of the
241 badged personnel, only 42 (or 17.4%) individuals could be identified by name.

Nevertheless, annual doses were derived in behalf of all badged personnel, which proved useful
in the construction of the coworker model summarized in Table 6-7 of the Ames TBD.

In addition, SC&A selected a small number of individuals in order to verify the assignment of a
total annual dose against raw recorded data and NIOSH’s assigned dose from potential missed
dose defined either by minimum recordable dose (MRD/2) or by minimum detection limit
(MDL/2).

Our limited review verifies that potential missed doses assigned to monitored persons who
represent the coworker dose model correctly used one-half of the “minimum reportable dose”
(MRD/2) as well as the recommended minimum detection level (or MDL/2) cited in Table 6-1
for the various time periods.

Regarding Table 6-7 for assigning dose to unmonitored workers or unmonitored periods for
monitored workers, SC&A has no findings.
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APPENDIX A: INTERVIEW WITH DR. | MARCH 12, 2006,
BY DR. ARJUN MAKHIJANI, SC&A

Draft notes sent to Dr. ] for approval on March 13, 2006. Written corrections received on
March 16, 2006, and incorporated.

This account of the interview is not verbatim. The conversational style has been retained to give
a flavor for how the interview was conducted and of the nature of the conversation.

Dr. Arjun Makhijani explained that he was a part of a team that was providing the Advisory
Board with technical support on the DOE worker compensation law, and that he was at the
beginning stages of looking at the petition for a Special Exposure Cohort filed by

and others for the Ames Laboratory. They discussed a good time for the interview and
Dr. decided to give an interview then and there.

Dr. Makhijani: | understand that you worked on plutonium separation research at Ames
Laboratory. I have found information about the uranium and thorium processing, but not much
about the plutonium separation work. Could you tell me about it?

Dr.JJl]: All our work was written up in a series of reports with numbers that had CC in them.
Our studies on the fission products were described there.

Dr. Makhijani: Do you have these CC reports?

Dr.[Jl]: No. 1 was not allowed to take them. Secrecy at the time. You should try to find
them. They may be at the lowa State University archives.

Dr. Makhijani: Could you tell me about the plutonium separation research?
Dr.JJJl]: We received uranium metal we made in our laboratory. We made tons of it.
Dr. Makhijani: That was non-irradiated material.

Dr.-: Yes. It was irradiated in Chicago. We would take some of those irradiated metal
slugs and dissolve them and extract out the fission products and separate them to prepare the
technique for isolating the plutonium from it. There were others in the country doing separation
research also; Berkeley, Oak Ridge and maybe some at Los Alamos. | went to the Bureau of
Standards in DC and they had a small plutonium research program going. Then | went to
Columbia, where they had leftovers from the time Fermi was there. There was a small program
at MIT.

Dr. Makhijani: Did you have any air-monitoring data or urinalysis or other such data for the
people in the lab doing plutonium research?

or R v c ave o N . (i
care of testing all of us in the analytical chemistry laboratory. tested for uranium and also
thorium, and [l would take blood samples. . After the
project,d. You might try to locate about the
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monitoring. [In his review of the interview, Dr. [Jfjinformed Dr. Makhijani that JJjjj had
passed away.]

Dr. Makhijani: Was that monitoring for uranium and thorium in the production and testing areas
for metal production?

Dr.JJJl: Yes.

Dr. Makhijani: Do you remember any sampling for bioassay or air monitoring in the chemistry
labs where the plutonium separation research was done?

Dr. -: Actually we did not pay too much attention to the toxicology of it [in the separations
research areas]. We knew we should not be breathing it. We did not wear masks all the time but
we wore them at the times when we were doing something like burning scrap uranium and
converting it to black oxide. There was particulate matter that went up the hood. | am sure that
carried fission products.

Dr. Makhijani: You did this burning with irradiated uranium?

Dr.[Jl]: Yes, we practiced first on non-irradiated uranium. | was the [Jj who prepared
and practiced uranium hydride. | had the idea that if I can find a way to make uranium hydride,
then we could separate the uranium from the fission products. But that turned out to be wrong.
The hydride particle size is so big that the amount of FP you could separate was too tiny. You
had to actually dissolve the uranium chemicals to get a good separation. That was the reason for
the loss of interest on uranium hydride.

Dr. Makhijani: How much irradiated material did you get per batch and how hot was it?

Dr.JJJl|: Can’t give quantitative figures, but we handled roughly 100 grams at a time. The
shipments were half a kilogram or so.

Dr. Makhijani: What about the level of irradiation? Were the slugs in lead containers?

Dr. -: Yes they were. We often drove to Chicago and brought them back in the trunk of our
car. There were three of us and myself. [See Dr. [ book,
All Things Nuclear, p. 206.] I’ll tell you a story that’s been written. The three of us were driving
back from Chicago one day in February 1943 or 1944. Around 3 a.m., we had a flat tire out
there on the lowa prairie. We got out in the snow — there was snow coming down — but the jack
was out of order. It would only lift the car up three or four inches. Then the three of us had the
same idea at the same time. We jacked up the car three or four inches; then we put the uranium
cylinders under the axle and lowered the car down on them. Then we raised the car some more,
put another stack of uranium rods, and then jacked up the car again. Fortunately the length of the
cylinder was more than the jack would raise the car so we were able to do the job. Otherwise |
might still be out there on the lowa prairie. And I learned something very important about
uranium. It is very good to hold up cars.

Dr. Makhijani: How long did the plutonium separation research work go on at Ames?
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Dr. . Well, it started in about 1943 and continued as long as | was there, which was until
1946 when | had to decide; what am | going to do? Am I going to work the rest of my life with
plutonium? | knew and | asked him bluntly; is the main effort going to be to
make more bombs? He said yes, that’s what it is funded for.

Dr. Makhijani: Do you still teach there occasionally?

Dr. [l 1 did | out after ] they don’t call on me.

Dr. Makhijani: Did you ever measure the level of radiation of the rods you were working on in
your research? Was there ever a GM tube that was put on them to get an idea of the level?

Dr.-: Once | used a sample of uranium that was not clad in aluminum. It was bare uranium
metal that had been exposed in a reactor. Under these conditions, you start out with bright shiny
uranium that turns brown and gray and black as UzOsg builds up. | took some of that [black
oxide] and scraped it off and then | measured the total radioactivity per milligram and |
compared that with the radioactivity of unoxidized metal. The oxide had a lower level. | made
the correction for the oxide part. You know the eight atoms of oxygen and three of uranium in
U30s — and then they came out to be the same. That told me that no segregation of fission
products took place during oxidation.

Dr. Makhijani: Do you remember the number?
Dr.[JJl§: No.
Dr. Makhijani: You did not have gloveboxes when you worked with irradiated material?

Dr. -: We had crude devices — a hood with a stream of air. We knew better than to breathe
that stuff.

Dr. Makhijani: Did you go to Little Ankeny [where uranium metal was manufactured in large
amounts]?

Dr. -: First I went to predecessor of little Ankeny. At this place they had a way of preparing
a steel cylinder and putting a lime liner in it. Then they put in UF4 mixed with magnesium and
put some lime freshly baked so as to decompose the hydroxide. That was the way the metal was
prepared. Then they put in UF4. After the heating, the reduction occurred and uranium metal
separated out. Some of the guys who worked there refused to wear masks. They would wear
them when the director was there and then take them off when he left. They were farm boys and
did not worry about the green powder. There was this one fellow;

Dr. Makhijani: Does that say that lowa farm boys are healthy and strong?

Dr.[Jl}: Yes. Too bad || is not available to interview. He died recently.

NOTICE: This document has been reviewed to identify and redact any information that is protected by the
Privacy Act 5 USC §552a and has been cleared for distribution.



Effective Date: Revision No. Document No. Page No.
August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 88 of 159

Dr. Makhijani: So it seems like the conditions in the uranium metal production areas must have
been very dusty?

Dr.JJJl|: Yes. Yes, UFs was of most concern. The air was also dusty from lime. That’s good,
because that gave a matrix to sweep up the smaller amounts of radioactive materials. There were
hand brushes to clean the area. | don’t remember vacuum cleaners being used though.

Dr. Makhijani: | think I have the preliminary information | need at this stage. 1 will send you
the interview for checking to correct any errors | may have made.

Dr.[Jl}: 1 hope you don’t mind my stories and jokes.

Dr. Makhijani: Not at all. On the contrary, | will leave them in. They make the interview more
interesting. Thanks so much for your time and for giving me an interview on the spur of the
moment?

End of interview.
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APPENDIX B: AEC SURVEY REPORT FINDINGS AND
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2.

3.

- «.?"q F ‘\J TR
- 4

,

N - . M

Thorom

e ——
the following tables sumariss thi thoron exposure of the Ames
production personnels

b. Summary of f-l.i}: Weighted Thoron Exposure

Emmber of Personnel Stndhd.......4-«-----“-----2!

‘-W w tdf'f"'jts-t-oalnlliI!t-iillI!!f!tllllj x
Maxiwim W t#‘m}.-ttiowqtco-v&nlnnulv'

K, of Persons lesms .2 x Ty

= T 2.2 x to hek x 13‘ dfl!'ﬂj--uw
# 2,2 x 10" a/a/M? WAC for thoron.

Ezmn

o -:1' the personnal mannfacturing erucibles wers studied and were

k.

- PSR

Fecomnendations are incladed in -

feund ta ba exposed_to acoeptable daily weighted berylliom concen-
tration of U.95 . Eowsver, seversl of the operailons studled
exposed these teshnicians to conosnirations sexpeeding the AEC
xaxriwmm concentration for & single sxposure by 6 to 8 times. [
additicnal beryllium sample was found to be 16 times the allowed
single sample concentration. _

Bo cutdoor neighborhood survey was made since the mature of the
hwuium:iﬁiomanﬁ the small sacunts of materizl handled did
not constitute a problem.

Eadiation Measuressnts

areas showed excessive amgunts of radiation presant in both the stor-
age and loading arsas. The highest radicactivity found was 22 mr/hr
gamma, greatsr than 20 mrepa/hr beta (2610k Be ¥ Survey Neter) and
100,000 d/n/100en?

slpks,
Included in the tabulation of the radicsctivity measuressats are
report

=N

which should reduce existing

airborns contamination aad sxtersal rediatiom at the wvaricus operations

and

in the genaral laberatory ares,
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1. BSaspling Procedures
a, Thoriom

Dust fllter paper,
les were collectsd on 1-1/B" Whatman ful
m::ﬁ.ﬁ' Caleds Universal =ir saspler. The sample wﬂ:;tin
¢ pqﬂndu:iadrmmutrmduhmm,w
conditions of operation and dust loading.

The dust sssples collected diyided into the following categories:

fl]ﬁnnldruwlu-nmlaohmmdﬂ-;mnl;m
or reom 1tmosphere,

thing ual
mhn-;mhuhtﬂﬂl!hmm

@ :rr:mmnrnqpmmdnﬂng the performance of &
pﬂrﬁ.cullrhlh

b, Thoren

rtable equipment to measurs con=
e mimw;iﬁzl;:t;:mruﬂ the mmt:nt.lm of ﬁ:“t:eﬁn
ite ’ rborne dust, iz used a8
roducts, as collscted with al »
zuihtﬂndiuiian of 't.'n.mn sctivity. The dust collectiom media and
spperatus i= the same A8 deseribed above.

e. Beryllimm

m dust samples wers gollected on 10 om. Buresu of Mines

oIems High volume air
It e B S e il T e

dlpuﬂncnmmﬁﬂ.mummwﬂ.

2. Jﬁgﬂgm

analysis sheets | detailed anaiysis of the operatismal
ﬁti:l%tsmﬂ:;ﬂ#mf:;m-umlpujuh m.wm#
lmmtnfﬁlhhlﬁ-l-m_cwﬂmﬂnrdﬁ
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3. Analytical Procednre e

o Begause of the unusval deasy eharastéristiog of the thericn series,
4% would be well &t this pelnt to indieate briefly the mnalytisal
mathods whlgh we used to derive the resnlia expressed in the reporbt

B 'mh-mmmmmmnmumtmmm
& 305 sellf-sgbscrpiion.

. Gample nﬂumndumumdﬂdhmmm.
y Tlﬁrptiu' n!mmﬁngefﬂluuﬂdfmlhjw:lﬂnsmp-
ling., The first count was then extrapo::::dt:awﬁmeg sampling.
. A1l mamnles wers re-countsd after one e
° pmn:t} of lang-lived materinl. Counting procedurs was identl-
sel o the firat count.

d. The pecond count was suhtracted from the ertrapolated first
LA ’ covnt to yield the thoran danghtsr eanceatrationt the seeomd
count belng the thorimm concemtration. Yo evalmation of air=
berne bata or gamua exitters was made.

. 11iue sasples, which were token at a reie of about 0.5 cuble
o :EI‘I ;:r :me: were analysed on & solution photo-flusrimster
measuring the fluoTescence of the berylliua morim eomplex,

asible to measure the activity eof thoren gas directly
2&%&“:@%:&. Therefors, the meapuresent of thoron concen-
tﬂtmmtblurri-dmlnﬂmﬂybrdnmhh;th-ﬂph
aptivity of the thoron da or products celilectad with airborne dust.
Sinee the helfa1ife of Po?l® (Th ) is enly 0.16 see., thtl.'lﬂlmﬂz
- sctivity toat is used iz that of the danphter products following
(T B) whieh has & halfelife of 10.6 hours.

1f the syatem is in radicastive squilibrioe, the ssuivaiance shown
will bc'{u daughter alphs disintsgration per thoren dlaintegration.
This allows oounting at ayy reascnmable time after saxpling and sal-
eulation of the astivity at the time of sampling by aimpls extrspola-
tion. ' The leog=livad alpha sctivity cus to thorima may be obtained
by counting after decsy of the daughter products, and this astivity
may be scbirssted from the total ts sttain the denghter produet active-
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_ 2, e Daughter produst sctivity at saspling time
- A7 = Totsl astivity at first couat
Ay = Thorium activity at second count ‘o
A = Ay =4y u Deoghter procust sctivity at first eount
N = Decsy constent for ThE
™= t = Time after sapling

Then, L = .lg,»s‘M
dnd B way be caloulated.

The raties of i to A, for several tines after saspling ars given below:

2&".-;-4--.-111&!!- lm
3 L LEL EE L LY LR R 'm
L L sEssssrassrIEN. 0018

The stortcomings of the method are the sssurptiisn that radiosctive equi-
1ibrium exists and the assmption of complets collestion of the daughter

roducts on airborne dust. Howewer, it is the best metbod svalleble for
fuu use at the present time,

Process Deseription
1, Thorium )
{a) Thorium Refining & Fetsl Produotion

(1) Solution and Precipitation Stage

Thorins recsived as a niirate in drums is weighed out and
damolved in dilats nitric seid and oxmalis asid,

oxalate, the precipitata, is filtered in an Elmco press.
The thorium cxalate is dumped inte 30 gal, druss in & demp
state and sealed.

(2) Caleination and norination

{3) Metal Rednction

' Galclum reduction o the thorium biscult is accosplished by
adding & mixture of sinc chleride, ealedue flmoride and thorimm

- - Oees
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tetraflvoride to a dolemite-lined bomk and gas firings,

A ——— The biscuits are unloadad from the bomd and conveysd

L U

ssnually to the thorlum casting area.
(L) Thorivm Metal Casti

By twe suseessive wacoum furmese sastings, the impure
thorium biseuit is desinced and terminelly purified to
the thoriom billet,

(5) Machining operations are then performed on each of the
billets, These cpermtions include sawing, turning and
mmmﬂ

Beryllium

Beryllium operations consist of the manufacturing of beryllium
shapes and erucibles from raw berylliuam cxide.

Dscuzsion

In order to interpret the data of this repori, it is necensary to have
eritsria for judging whether or not an exposure is potentially hazardous.
For this pupose; the following maximmm allowable concentraticns are

sugpested:

1,

3.

Thorioa:
llﬂuugh there 1s generally accepted MAC for thorium, we are

hoie]
tentetively using 70 d/m/M3, which is the level which has been in
use for some time for insoluble uranium compeuncs.

Thoroni

Ag in the cass of thoriwm, thers is sz yet Do gensrully sceepted MAC
but the Conference of Oovernmmental Indusirizl Bygpisnists has tenta-

tively proposed 1 curies liter, the walus used im this repert,
This is squivalent to i.lllgrqflxs;

Beryllivm:
The Commisszlon recomssndations for conirel of berylliom hasards ars:
8« The in-plant atmospheric concentrstion af beryllium at beryllicm

operations should mot exeesd 2 micTegrams per cuble meter as an
average concentration throughout an B hour day,
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b. Even thou mddhmed;ht‘btﬁ.ﬂ:hmmuﬂ'
rni:-l:ldfélm a, Do personnel should be expossd to 4 oOnceD=

tration greater than 25 micrograms per cublc meter for any
pericd of time, however short.

« Inth mﬂufulﬂpmtmm:shmlumcn-
¢ p:und:, the average monthly copcentration at the breathing
sene lavel should pot excesd .0l microgram per cuble metsr.

the course of the study, it was found that all thoron daughters ex-
- and, therefors, ﬂ:-: probable thoron exposure, except that of
the HF cperators, wers balow the parmissible limit and that one ealy
slightly sbove. The thorium exposures, on the other hand, were found
to be high in seversl cases, The operstors working with tumﬂnuh::r
tetrahydrate, thorium oxalate snd the galeined oxalats, in general,
mmmhuhuhuhnm:thhl o the maximue expos-
ure ocourring to the BF operaters of 3100 4/n/¥°. Thess individoal
valnes are given inm Table I, Tabla II, which shows the breakdown otm
sperations giving the individual szposures for sach, indicates thst
maripus erposures cecurrad on the trey handling eperations where u}uu
of 12,000 and 17,000 wers founds These are single ss=pls wriues
while those above are dally weiphted average exposures.

The follswing points wers made in the meeting between Fr. Harris of ihis
affice gnd various of the laboratory personnel:

5 t,
eneral, ventilmtien which is supplied to the areas appeaird ™o
1 E Edoquﬂ;. Most of the operations could be modified or controls

supplied withbout mejor expense.

2. Mmmumimmidmiuparlﬁmmum
for hougekseping is provideds

3 m;wuw-mumummmmmtmh-
ing sppears io be likely.

« Compr ed air bose plsaning and pam-cooling fans probably add sig-
b Mu:'wmﬁcﬂmﬂmhmm.-

] tan
fable III, which ﬁmm;wmlurmtnum,huu
very h&gh’mmnﬂm in Room 303 (drying and ealciping area) with
moderataly high concentrations in varicus areas of Room A

far it was possible to invesiigate it during the perlod of study,
:;u nﬁh& .mﬁu of exposures to beryllium are satinfectory. :::;.
dividual high exposures were found, however, - which sheuld be correc
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of gaamk
raddy peasurezents which were taken indiente values o
Thﬂgilthnuu;nto 22 mr/hr. It can be seen from Tabls IV that older
thorium billsts show ﬂdi;;.lun bu%u::: mlii G‘Irfh.r
glde of 12 boxes showed _ .
d"'hcttl.‘l.}:r‘,'ﬂ.s wm“. Tﬂ: old, 9 mr/hr near billets which were one weak ol

'

the repork. If thess recoEmen-
Seyeral recoumendations are included in

dations are followed, it should ba poasitle to reduce all exposurss

4o within scceptable limiis.

Escommendations

In order to redice airberne gontasimation in t.‘n:’:hnrim and beryllimm
¢r¢::, the fellowing recommendaiions arc presan 1

1. Thorium Production
2. Thorium Extraction ires
Eec., #1 Provids sdditional vantilation :: sit-‘:f loading
thoriom nitrate tetrahydrats into hepper. -y
O e me hood e e slao dnclude a1l
d. 8

e lpptnr:w required for the extraction opers-
tion and should be adequately ventilsted,

' Uge werums cleésner waleh
. #2 Eliminats brogm swneping.
Ree. £ should be exhansted out of dooTs.

feg. #3 Elininate usa of cooling fens.
Rec., §i Provids vall exhaust fan behind slurry tanke.
b, Caleiming and Hﬂuﬂwmﬁon Area

éhpmﬁdldltmt
" Imllmmtfmﬂ.hﬂ.anmﬂ
Rec. #5 nfﬁgmmmmu.

tuggy shoul mwwmmm
Rec. #6 :umm:ub:wmmmnwul
backs

Rec. #T Tmnighuﬂl:haulduimmﬂhdﬂﬂ:mlud-
ing hoods

Rec. #8 mmlmmmunmmuhmuhmuh-
: Hdorhﬂudld.

16
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e e 9 T2 deens ek b salonénd nto ey wihn e
e e eonfines of a hood, .

f ; this area.
Rec. F10 Portable vacmun cleaner snould be used in
= Eliminate all breca and foxiail sweeping.

Rec. #11 ALl dmxﬂmmtmu-mﬂdhmtmm.
L1 Thnriuﬂrudi

. 12 Frovide ventilated encloeure st sits af drum dumping
Rec. 1 of ThFy, iante grinder. Enclosure should be provided
with dmm sceess door, glove openings and cover un=

Ree. 713 Ventilation should be provided at charging and dip-
charging ends of mixer.

Ree. £l Central vacmm system should be ingtslled for use in
the thoriwe crude ares.

Rec. #15 Provide local exheost ventilatlem ai bomh loading and
bonb capping ATERS.

Rec. §16 Vaguum elean tops and sides of bomb before transpori-
ing mame to teppiog and capping areas.

4, Meotal Casting

=
. Provide floor grill type exhaust hood at site of dump-
nees 1T ing dezinced billets from graphite potas.

de local exhamst wentilation at site of loading
Rece £ P illet dnto beryllium eracible.

Llea in thorios
Rea. F19 F“muviﬁ:muntr&m Gmlﬂﬂ %ﬂlﬂ aTU=
elble. Clean out ares (Rooms 29=22 and 15)

Hee. ﬂnﬂmﬂhuunrmmmmnm off furnaeq
parts

Rec. #91 Provide sxhaust hood for furmnsce unloading, parts and
elean ont ares.

in use
. §22 Exhaust discharge portable wecuus cleansr now
m'“ # inte ventilation system or change t5 central yRCUDm

"'Itﬂt
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Rec, £23 Dischargs tha effluent of ithe Kinney vacuum pusp
ints the wentilation system.

: .l.. Machining Aress

Eea, #2li Provide local exhaust ventilation at milling machine,
Rocm 22. -

fec, #25 Provide exhaust ventilation at sew and lathe in Room

-

2, BReryllium tiona

Fec. .fzf- t:a.nrinu a11 loadng and welghing eperations within &
ventilsted hood.

Rec. £27 Provide ventilated enclosurs at site of dusping Bed and
lime eharge into large aixer.

Rec. §29 Provide ventilation at discharge of large mizer.
3, Operating Criteria

Heec. #2%

1. The following opersiing critéria should be met in the ¥atxllur-
gleal Building:

s. The daily mverage persomnel ﬂq:n:m te long=lived thorium
alphaz should be less than 70 d/n/¥.

b. Oasoms radistien - maximm or whole bedy or any part (except
hands or forearss) should not sxceed 300 mr/wk.

+ Beta gamm, whale body or mny part (excepl hands or
¢ feﬂlﬁ; should not m-?d 500 wreps/wk, no nore than 300
of which should be gamsa,

d, The hands and forearsms should be lass tham 1C00 mr gaesa
or 1500 mreps beta plos gamsa.

€. Weekly average concentyation of tharium dust should be no

than 0,7 &/ at all plases beyend the site perie
g:::r (Based on 1% of in-plant preferred Lavel)

Ree, #30
2. 1 weekly radiation survey of all prodacticn, lockir and lunch

rocm fasilitiss ghould be made.- In addition, & renthly “apot”
parvey should be made in the other Metallurgy Bullding facilities.

\ ey o o
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Rec. F11

e s suitable radistion werning signs should be provided in all

B F e m—

ractice of roping
drom, t gnd metal storage aredss The p

O Aioning off of areas vhere known direct radistion hasards
are present should be encourageds

:h. General

nstall & personnel monitering service which will inclode
Baa, 2 }ﬂ- hdzc gervice, radiation mond toring, ete.

Rec, #33 Provide work clothes, eover ghoes and shoes and hats for
21l operating persomnel,

Provide ; ted
tws room change lockers, one for conte=ina
Reo. #3% glothing snd the other for nan-contsminated street clothes.

Rec, #35 Provide showsr faeilities for personnel,

Res, #35 Provide swpervisory contrel to insure adequats bhousskeoping
threnghoot the opersting areas,
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- - TARELE I _
TATLY WEICETED AVERAGY EXPOSURE = AMES LABOPATORT
Ho. of Dally Hﬂghw“mmtimt
Job Exployess e &/ TS
Eimco Tnloader 1 17 22,000
Ertraction Loader
Opsrator 1 m 19,000
Drying Operator 1 1500 - 1,h00
BF Operators 2 3100 30,000
: Foreman, Thorium Crude 1 ek 1,800
Beat Unlsaders 2? kb 3,100
Bozb Loaders 2 gs2 1k, 000
Packing & Jolting 1 ] L6500
Weigh Man 1 71 19,000
Foreman Hetal Casting 1 0.89 1,500
Casting Operstor 1 0.06 1,000
Bslf-time Dezincing
Operators 3 he 1k, 000
Casting & DPezincing
Operators 3 &6 15,000
Meer e e & 6ho0
Thorimm Machining
peraticn S Z_ o W
TOTAL PERSONNEL 22
AVERAQE LATLY WEICHTEDL CONCENTRATION @ 530 13,000

# Thorium dats extrapolated to time of mampling,

Ihh.u———
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TABULATION OF AVERAGE BREATHING ZONE SAMPIES = AMES

Avg. Corcentration 3 Ko. of
Operation Thorim Sa=ples
* Thorium Extraction
1. Unlaading 190# Fibrs Fak
carton of TNT in hopper 1170 b6, 000 3
2. loods up correct wedght
THT 4in 3 mmnll cartons 3000 73,000 3
3. Duowpe Cartens containing
TN into tank ° 15,000 2
k., DBischarging thorium Cx-
" ylate inte 30 gals drums 7 52,000 3

Thorium Caleination & Brdrofluorinstion

1, Losding (1) tray(s) thorimm
oxylate (in beod) frem 30
gal, drum (outsice heod) &

conveying to drier 250 o L
2. Unlosding 2 trays from

drisr, conveying to bood

& dumping trayw _ 1770 10,000 3

3. Loading thorimm cxylate
into 2 trays for cal-
elning 1730 7,000 i

h. Transporting theriwm Oxy-
lste trays from load hood
to storage area o 25,000

5, Swesping uwp thorimm oxy-
laxte and thoriom oxide in
hood wring brosm and vacmum
elsanay k00O ]

6. Unlcading ﬂl&inlu fur-
nage remcving b trays
thoriom oxide 6000 100,000 _ 2

[
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T, TABLE TI (Cont'd)

St i it ' =
Avg. Concentration (d/a/M?) No. of
tien Thorium Thoren len

" imde s
-
etate T 1800 30,000 2

E. Unlasding 2 trays thoriom
oxice in bood (weighs
trays and then dmpa in

bood) 10800 125,000 2
9. Unlosding oo drun thor-

imm oxide in large bood ThE0 350,000 2

10, Leading L treys with
;:;:I.mex:dlhhrgt

ceou 17,000 3
11, Welghing h trays, making
up welght and trans-
porting to opan storsge
ATEE icr0 27,000 3
12, Levelling off thorium
oxlde in 6 trays 12000 120,000 2

13. Swceps w thorimm oxide
and thorium oxylate Looo o 1

1L, ZFemoving 12 thoricoe
) oxids trays from oool=
izg area {w}iﬁﬂ-
ingerting t
I“E:- gzmﬂptﬂm-l 132 ,lm 3

B e e inis Teaye
Bood. Veigh & duwpe 16800 o 1

15, Unloadisg tharimm fluor-
{da formace, Opening
3 furnaces. 270 13,000 1

17. Unloading 12 trayp thorium
flugrics in sets of L onte
bugzy carts 18 19,500 3

18, Transperting 12 treys en

3 bugzies from HF furnace
room to calcining room for

sooling, Unloadirg buggy. T30 19,000 N‘%’T
A e ammng o
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TABLE IT (Comt'd

e WEE

e e

A “J_‘_ur-\_h—d e Dnmm‘t-ﬂu“ﬂ { 3’ Ko, af
Operation —Eu‘ﬁ‘—_ﬁ%ﬂéﬁ&l Saxples

e - =

19, Swseping off thoriem
a0 215,000 2

20, Unlsading 3 trays thorim
{inoride from
rack, weighs & ﬂﬂ':,::“ .
m:f bood, hewme 3720 k0,000 3

?1, ZIoading thorimm flooride
to 5 gal, lined cans
into 5 % seals can : 7300 120,000 3

Theriua Crode

1 1.I tdrvm of
1. Dumplos L e imto prider LU0 100,000 3

2. IDmptying hooper into 30 0 3
gel. dnm ©

. Loading mixer with xine
? ehloride, thorios ﬂ:“"
1de &.r-a!-:iﬂ fluoride 2600 130,000 3

L. Unloeding sinc chlorida,
thorim fluoride k cal-
giem flooride from mixer Th00 150,000 3

bonb-1insr with
5. mun&unw 5200 80,000 3

6. Tramsporting besb to top-
plﬂziﬂi; u‘!lm

7. Opening 1 bosb and we-
t:;inglimefrul‘lﬂpﬂf o o 3

.8. Drilling out crucitle from
bomb
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T T, vERRSEpoEmEs e

TARLE 1T {Comt'd)

R
T .;‘:“h‘i-.l.'l\-.hn- 1
operution Avg. Comcentration (d/nf?) No, of
Thoriun Tharon Saxplen

% Tauwping & dumping
slez from bomb o 0 3

10, Chipping alay from
Hllet with hazsmer

& chisel L] 55000 3
11, Bemoving slsp with

&ir bammer o o ) 3
12, Cleaning work ares 0 4] 3
Metal Casting

4, UOoloading Dezinced Billet

1., Removing formaces by
cart to Loist, re=oving
querts cover tube &
insulation Wricks 0 k3,000 3

2. Remowve 2 pravhits pots
containing 2 cesineed
billets. Unloads by
dumping on floor, weighs

& removes to chipping
ares 20 80,000 3

3. Chipa 2 billets & blows i
off dust with air hose o 4] 3

B. lLoadinr Desinced RBillats

1, Inserting 2 desinced
billets into Be cruci-

bls, sdds thorium serep

and pleeces top on eru-
cible W53 10,300 3

2+ Flacing quarts tube
around Be erceible,
Adds graphite betwess
quert: tube & crucible.

hoxing wmit. 0 17,000 3

e

L 1-\:;"‘;\::.!"_
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TABLE II (Cont'd)
Operation Avg. Concentration {WHJJ Fo. of

Thariem Theron &l

3. Remving faroaces to
reselt areas. Sacures
cover tube with mealsr 0 o k|

L. Resoves quartz furnace
top, grsphits top &
vaouums furteoe [+ 3,500 2

5« Removes quarts inner tube

graphits. DBlows off fur-

nace 4] 3,000 2
6. Unloading formace insols-

tion & thorium metal

casting o 15,000 2

Te Cleaning off furnace parts
brick insulation 250 76,500 2

f. Cleaning out inzide fur-
naga cover tube with
seraper,brush & air hose 0 1] 2

% Cleanin- grephite heater
pots thet hold eruds bis=-
ouit 0 17,000 z

10, Losding 2 crude biseuits
inte pots, placs insula-
tion brick around pots,
plags quarty tubes oo fur-

nace. Alr hopas, 19 1,500 2
Yachining
1, ¥{1ling or cropping thoriom

matal pleces 9 6,100
2. Sawing thorium billst 310 1,700 3
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T i N ey

TARLE ITI

TADTLATION OF AVERACE CENFRAL ATR SAWPLES = AFES

Avg. Consentration d/a/M’ Nou of
Loeation Tharium Thoren Sarples
Thorimt
Extracilon Area (Rm. 203) ] 17,500 8
& Caloining Ares
ng-mi-m 1780 1,700 L
Hydroflnorination Ares

(Rm 307) 3k o 5
Therium Crude Area [Rm 33 55 3,600 1
Homb Storspe Area {Bw 33} 105 8,500 4
¥atal Casting Foom (R=m 29) 1 1,600 &
'East Control Panel (Fm 29) o 600 2
west Control Pansl (R 29) o 700 2
Furpace Cleancut Ares .

(A= 22} a 5,800 3
Corridor cutside Fm 203 o 1,h00 2
Sexinar Boom [Lunch frea) 0 2,800 2
Jolting Area (Rm 33) » 3,300 2
Lime Packing & Taaping

Area (Rn 33} b1 8,500 2

!ﬂuh-
Bs Furnace & Preparstiion .
Area (Rm 28) 0. vg/e 7

UsA 01 ?;529

NOTICE: This document has been reviewed to identify and redact any information that is protected by the
Privacy Act 5 USC §552a and has been cleared for distribution.




Effective Date: Revision No. Document No. Page No.

August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 109 of 159
TLRLE IV

E' ...,mu..ﬂ Eein iumrmn MEASTRENENTS

ATes Location Radiation Meastrement®
e:moo ont  mrwss/he rr/hr
Oenora . Padiati
Dtm B g Bg st oy gy
(v 203) %7 Welgh Seale " 34,000 .6 1.9
THT [rum Storage Area
Top Irum 2,000 o 15.0
Eide Drum 3,000 1.5 17.0
m 5,&00 D !ln
. 000 & 1L
THT lsad Hopper (an THT) ﬁ:m 4 0,95
»s INT m‘ﬂ {Ewpty) o .3 05
Outzice 4] 0 o
TRT Taok #1 (Full) ° 2.0 6.0
Cutsida o o Sa5
;h.g.in froot of 3 Slurry 3,000 o1 0.6
‘Eimes Pilter (Thox) material 50,000 2.5 L5
SSgal. rm ROz Elf M1 0 00 0 kS
. €5 gal. Drm Thox Foll 50,000 5.0 7.0
Filter Press
000 +] 0.1
i 3000 0.8 0.7
Process Floor
Avg. Rending st Pilter
Fress, Eimeso k Slurry
Tari Areas 2,000 0.1 075
0.1
1.5
USA 012530
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L pmaie t e o T e e
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TABLE IV (Comt'd)

:Eﬁmﬂz rreps/hr  we/he

Thoriem Ex-  Corridor Cutside Th,

traction Extraction Room 5,000 0.02 0,11
. (Rm 203)
Caleining &  Gensral Bkgd. Radiation
Bydvrofluorine- Room 0 0.3 0,5
ti
o Floor 30,000 0,05 1.8
Thop T * 11 x 23)
XAy —e 30 8
Cutslde —— (v} 5.0
Tray {Fresh from
E:hnana} {11 x 1% x 30)
Top ————— 1o k.0
Botiom —— 0.3 L0
Tray (cooled for 17
2y e
po el !-I 3.0
Bottom — 0.75 2.0

m:rmtﬁiiu: 23)
Top

— 2.0 6.5
Bottom —_— 0.1 3.0
fhuri.u I;nh General Ecom Ekpd. — 0 0.2
" {Room 33 .
Floor around Mizer — ] 1,0
S-gal, can - : ' )
Cover off-Yop Material 100,000 9.5 2.8
Cover on=Top material 2,000 o 1.5 d
Th¥) Can Storage A.sa
de = 7 cans - !!'DOU 4] 22
Cruds Billet 100,000 hes 5.5
Crode Billet Storage Area
(Floar ) 20,000 2.0 1.0
##2 Juno Contaminsted.
m— uUsa 012531 -
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R

TRLE IV SM‘GE -
n g E._;z“ e -+
drea Lscaticn: s . Beta  Oxa
/ofoom? _ prepathe _mefur
Th. Netal verage Tosiaced Billat 2 0.5
R E m & B ] L ]
Off Scals 10.5
Casting ol 2.5 5.0
hlrg: :-ut. Billet (Fresh) 1.0 5.0
- m o m— 19“ hlu
Top — 6.0 T.0 _ -
Aversge Cast Billet (20
bra old)
Battom — 18] L.0
Hiddle —— 3.0 1.0
’“ ————— 1.“ Jli
Oenarator Genersl Room Digd. — 4] 0.3
Thoriom Mash~ Pinished Billet Storage
ining &
Shop ﬁ Boxes (billets) 1 wk sld
Langth (Contact) — 2.0 15
End (Comtact) -— 0 12
Langth (67) —_ 2,0 9.0
Ena (67) — H 1.9
{1!; ——— =-° 6-‘5
Iod (1') — 0 L.O
12 Bores tu:u-r.-l wics old
Langth (Comtuet) }_':—- 1.0 off Ssals
End (Comtast) —ann 1.0 1
End {6"5 ——— 1.0 B.D
m (1.5 —— 1-0 ﬁ.-s
Corridor betwosr Crudes & Metal
m {after washing) 15,000 0.5 .05
Steps to Locker 3,000 - -
ci T e i
Rl oy
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Temporary Storage !
af !
Finished Billeta ! Table
]

50 KW Oen.Bm,

S0 KW GENERATOR ROOM & STORAOE

Storage of Cans | \\ fMpen . cabinf't
T Th Scrap, Saw Filings, : Cabine
‘\\ ]

etc.
-\'\.\ _________________ _J
_______ |
Sate r Storage of 1|
' { Cana |
De- [ .
Bench & I Crude & ) 0 X@ )
Cabinet Welgh ! sinced Biuauit* G?IRERAT §
Seale 1 1
. Casting
- G.A. Thorium R
- Breathing Zone —— -

[J- 6.i. Theren

VPSR epel,
i T P

. - : o oA
o AR o A i T el L ol e - B

NOTICE: This document has been reviewed to identify and redact any information that is protected by the
Privacy Act 5 USC §552a and has been cleared for distribution.



Effective Date: Revision No. Document No. Page No.
August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 114 of 159

C. C

CARTS SET TP & TORN DOwWN FOR IRGOTS
& COOLING LINE
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e 1
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| i
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APPENDIX C: 2006 BIHL MEMO

Ba"e"e Project No.

The Business of Innovation

Internal Digtribution

File/LB
Thater December 29, 2006

To NIOSH Dose Reconstruction Project Files

bon  DonBinl DBA)

Subject Estimated Releases from the Hot Laboratory in
Ames Chemistry Building

Maximum inventory allowed in the hot lab was 5 Ci (Spedding 1947).

Itwas assumed due to acfivities in the hot lab described as experiments on techniques for
separating the plutonium out of the irradiated fuel, that -002 of the inventory went airborne (from
DOE Handboaok 3010, worst case for boiling liquid, page 3-1 [DOE 1984}), that the hot lab exhaust
was filtered. HEPA filtration efficiency for particulates was 99.95% (penetration of 5E-4) (HEPA
filtration minimum standard in early HEPAs, Burchsted et al 1976); however, because HEPAs
were under development in the late 1940s, it is unlikely the Ames hot lab used a HEPA filter.
Other filters, such as woven fiberglass filters, were available and were almost as good except for
the smallest particles. (The 99.95% efficiency for HEPAs is for a particle size of 0.3 um: the
efficiency for other particle sizes is better.) Considering all particle sizes, a 99.5% efficiency was
consider reasonable. Since this was an experimental lab, not a production facifity, it was
assumed that the throughput was 10 times the maximum inventory, or 50 Cilyr.

Total release was (5E13 pCifyr)(.002)(5E-3) = 5E8 pCilyr.

Using X = F*Q/V from NCRP 123, where X is the annual average air concentration at ground level
in pCi/m’; F is fraction of time plume goes in any one occupied direction = 0.25; Q is release rate
per second; V is flow rate of the exhaust system in m%s with a default of 0.3,

Q = 5E8 pCifyr/3.15E7 sfyr = 15.9 pCils

X =.25*15.9/.3 = 13.2 pCifm*

Total activity breathed is X*2400 m*/yr breathed = 3.17 E4 pCifyr.

IMBA needs the daily intake, so 3.17E4/365 = 87.0 pCifd.

Anocther approach is to compare the release fractions from the hot lab to the early, unfiltered
releases from dissolution of irradiated fuel at Hanford. For particulates that unfiltered release
fraction was estimated to be 2.1E-5 (Till et al 2002). This results in a annual release of (5E13
pCilyr)(2.1E-5) = 1. 05E9 pCilyr, essentially within a factor of 2 of the prior estimate. Considering
that the Ames hot lab was on a college campus, it is unlikely that the releases were totally
unfiltered.

OTIB-0564 was developed to help interpret intakes of fission products from irradiated fuel when air

samples are just listed in terms of gross beta. Table E-2 from OTIB-054 gives the relative ratios
of fission products that deliver significant dose at several cooling times (10, 40, 180, 365 d). Of

L0 (8/98)
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these the 180-d cooling time was used under the assumption that short-cooled fuel with lots of
iodine still present would not have been shipped to Ames.

Table E-2. Default source term for intake calculations.

J Default ]
Radionuclides 10d 40 d 180 d 1y |
Ba-140 0.0334 0.0299 - -
Ce 141 0.0388 0.0887 0.0221 0.0818
Ce-144 L0209 0.0704 0.2191 0.3023
Cs-134 0.0004 0.0014 0.0054 0.0119
Cs-137 0.0016 0.0054 0.0208 0.0507
Eu-155 0.0001 00004 0.0014 0.0031
Fe-35 0.0022 00061 00172 [VATE]
| L131 0.6904 0.2366 — = |
| La140 0.0383 0.0297 - -
Nb 95 0.0368 01374 0.2492 01170
Pm-147 0004 0.0151 0.0346 0.1214
Ru-103 00296 0.0739 0.0321 s
Ru-106 0.0071 0.0265 0.0844 0.1461
Sr-89 0.0248 1 0.0693 0.0558 0.0119
$c-00 0.0013 100042 0.0157 0.0587
Y01 0.0304 0.0887 0.0911 0.0297
Zir-95 0.0396 0.1162 0.1311 [ 0.0543

So the intake of each radionuclide is just the fraction from the table under the 180 d column times
the total release of 87.0 pCi/d.

Radionuclide | Relagve Intake,
fraction pCi/d I
Ce-141 0.0221 1.92 |
| Ce-144 0.2191 19.1
Cs-134 0.0054 0.470
Cs-137 0.0208 1.81
| Eu-155 0.0014 0.122
Fe-55 0.0172 1.50
| Nb-95 0.2492 - 217
Pm-147 0.0546 475
Ru-103 0.0321 279 |
Ru-106 0.0844 7.34
Sr-89 0.0558 4.85
$:-90 0.0157 T 137
Y-91 0.0911 7.93
Z1-95 0.1311 11.4

Because maximizing assumptions were used for mo
distribution is an upper bound {constant).
radionuclide, as

used for strontium.
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APPENDIX D: 1947 FULMER REPORT (PAGES 36-42)

36

i ]

by means of HCl. This process was developed on a pilot-plant scale, at
Amz2s, to produce kilogram quantities, and turned over to the Madison
Square Area with a veiw to employment for large secale development at Oak

Ridge.

3. _Plutonium Chemistry

One of the major problems facing the Plutonium Project in 1942, was
to devise a number ofl processes for separating plutonium which it was
contemplated to produce the proposed piles, from the fuel urznium and
from the fission products which would be formed during the reaction. These
processes had to be simple, capable of being engineered on a large scale
and capable of operation under remote control with a minimum of operationsl

. maintenance. .

I 'I'he. radicactivity of the fission products was expected to be so
great that it would be necessary to conduct all gperations behind thick
concrete shields and the equipment was expected to be so containinsted at
the start of the operation that any subsequent repairs, replacement or
maintenance would also have to be done by remote control. Furthermore,
due to the great value of the plutonium its recovery had to be practically
a hundred per cent and it was necessary to obtain the material extremely
pure and free from residual radiocactivity from the fission products. The
problems were made more difficult by the fact that the plutonium was
expected 1o be extremely pcisonous in the form of the dust and that large
amounts of it could not be eccumulated in one place without danger of
explosion. The problem was still further complicated by the fact +hat

’ . almost no plutenium existed nor could it be obtained in any quantity until A

the piles were constructed and the regulred processes performed, . "%
]

£l
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."‘\ . The only plutonium avaiiable at that time consisted of a few miere—
, grams which could be cbtained by cyclotron bombardment. Therefore, one
of the first problems facing the chemists was to develop chemical and
ultra-microchemical techniques which would enable the chemists to determine
I the physical and chemical properties of the salts, solutions and metal
using such minmute quantities., The major emphasis on plutonium chemistry
was centered at Chicago. However, California and Ames glso contributed
to this program.

A number of processes for separating decontaminated plutonium were

worked out on the project on a laboratory scales TFinally, one of these

oped. at Chiczgo,

processes, the bismuth phosphate process primarily devel
was selected for development to large scale production at Hah.f'ord_. The I
- 2 altemaﬂve processes, although several of them could have been success=
. fully stepved up with further work, were deemphssized or discontinued at
h that time in order to advance the selected process. A& number of these
alternative processes were important as insurance and seemed capable; in
the long run, of being cheaper and more efficient than the one adopted.
It seems likely in the future that several of these will be put inte
operation in connection with the development of peacetime atomic energy
power piles.
Conferences were held in Chicago almost weekly, at which the in-
formation obtained in the several laboratories was correlated. Tt is
accordingly impossible te say that any process was solely developed by
‘a single laboratory. In one process a given laboratory might play a
major role while the reverse might be true for another process, The “ql

Ames Project took an active part in this program.

<

\\:D
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followed by conversion tc the tetrafluoride and then io the hexafluoride
gas. Subsequent reduction of the uranium hexafluoride to the tetraflvoride,
after separation from plutonium, was to provide a compound which could te
readily reduced to metallic uranium. This process was the out.grc,wth. of an
earlier ore, developed at Chicago, in which the uranium was converted into
UFg by reactions producing first U30g, then U0s, UF; and finally UFg, &
different temperature (500-750°C) was required for each step and some of
the gases were highly corrosive, for example the HF-Y,0 mixtures. The _

discovery of the hydride suggested an altemative procedure with many

advantages._ The tetrafluoride could be produced in two steps, hydride
formation and hydrofluorination, both at 250°C, with dry HF the only cor—
rosive gas. Studier on thls procedure shewed it to be feasible though
conversion of large amounts of U to UF 4, was slew, A simultaneous reaction
procedure was alsc tried in which both gas.as were zlloved to attzck the
uraniun at the same time. Thias was also shown to be feasible though again
slow due to caldng of the reaction products eround the urenium metal. Dur-
ing the process the rare geses of ‘he fission products were likerated and
it was demonstrated thzt they could be recovered from the other gases for
experirental use, if desired.

Since the final reaction, conversion of UF, to UFg, required fluorine
gas, methods for producing it were studied, A number of electrolytic
cells using XF«RIT as electrolyte and operating at a medium temperature
(75-99°¢) were designed and bullt. Principal features of the design were ;_ﬁ-

a trichlorethylene bath for tenperature regulation, a rectang ular iron : 2

NOTICE: This document has been reviewed to identify and redact any information that is protected by the

Privacy Act 5 USC §552a and has been cleared for distribution.




Effective Date: Revision No. Document No. Page No.
August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 126 of 159

=

py ‘ tank as cont.aim;r and cathode, a nickel plate af anode and the highly
resistant polytetrafluorcethylene plastic (Teflon) as gasket and in-
sulator material; They were considerably better than anything then in
tﬁe literature, although extensive work in another part of the Manhattan
Distriet, with which we had no conbact, had preceded this.

One of the chief problems in the drv wiﬁ‘_lum,-:td:a process was the question

of the volatility of the higher fluoride of plutonium., Work was done on

this problem by the Ames group which contributed to cur lmowledge but no
clear-cut understanding yet exists as to the volatility, stability and
formala of the higher fluorides of plutonium.

In the dry fluoride process the uranium and a few of the fission

products were removed from the rest of the fission product impurities

and from plutonium by volatilization of their higher fluorides. Thus a

. large percentage of the radiocactivity could be collected with the rlutonium

in a highly concentrated form, The uranium and the velatile fluorides of

or other methods; the uranium could be recovered, in a decontaminated state,

in a form which could be directly reduced to the metal by the procedure
described in the Metsllurgical section of this report. The specific gepara-
tion of radioactive columbium was studied at Ames as representative of those
volatile fission products whose fluorides could be removed from the plutonium

at the temperatures employed. Only preliminary work was completed on the
;*separation of plutonium from non-volatile fluorides by distillation with
subsequent collection of plutonium fluoride. It should be pointed out

that this separation could be effscted by other means than volatilization,
During this peried, attention was called to the fact that the dry fluorida ;_Ci

a
nA
r

NOTICE: This document has been reviewed to identify and redact any information that is protected by the
Privacy Act 5 USC §552a and has been cleared for distribution.



Effective Date: Revision No. Document No. Page No.
August 14, 2013 0 (Draft) SCA-TR-SP2013-0044 127 of 159

pes

4O

ﬁ. process might 'De. adapted, with further development, to the recovery of
uranium from the wranium wastes of the bismuth-phosphete process.
Considerable work was done at Ames on a metallurgical process for
the separation of plutonium which is described in the Metallurgical section

of this report.

An alternative process, worked on at Ames, was the development of

& separation method based gn the adsorption column procedure developed

at another site, but with additional steps ﬁeing a complexing reagent.

The reagent which proved successful, 7-iodo-8-hydroxyquinoline~S5-sulfonic

acid, known as ferron, forms a stable complex with Pu which, in a certain

pil range, is not adsorbed by the colum of ion-exchange resin which does

adsorb most of the fission products.

Since the plutonium and the bulk of the fission products had already been

separated from the uranium by the previous process, these materials eould

ba deaﬂsorbed, the plutonium could then be complexed with the reagent

and repassed through the column at the appropriate pll. Under these condi~

tions the fission producis would again be adsorbed but the plutonium wonld

pass through without being 3dsnrbéd. This process led to a high decontamina—

tion of the plutonium. A hot laboratory, capable of handling 5 curles

through the adsorption process, was designed and built. The method proved

successful in a number of runs. The uranium and plutonium were separated

from one another and from the fisaien products using 1 kg. samples o

uranium, from the pile, and which had an activity of 5 curies,

After appreciable amounts of plutonium became avazilable from the piles

it appeared that it would have to be obtained in the metallic state and

extremaly free from light element impurities s if it was to be used for 1

weapons. 4#n extensive "ourity™ program wes set up in cooveration with

S PN T |
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‘-'l\ ,
. the various sites and the Ames Project f_,ook part in this program,

One of the several lines of action, carried out at Ames, was to con-
duct an exhaustive study into the organic complexes of plutonium. A
nunber of these complexes should be extractable into organic solvents and
it was hoped that one of these would be specifie with respect to plutonium
or at least highlyselective. The most succesaful reagents were deriva-
tives of disalicylalethylenediamine which led to complete extraction of
the plutonium. Such a procedure would have been quite effective had not
the "purity" program been cancelled six months after its initiation. An
attempt was made to use these reagents in a decontamination process, but
they did not give sufficient separation from some of the fission products.
Scme of these complexes offer comslderable promise as reagents to be used
_ in the liquid-liquid separation processes for plutoniun which are now being
.‘ developed.

. Weighable amounts of neptunium were available much later than in the
case of plutonlum. Thus, although it was known that plutonium had stable
valences of 3, 4 and 6 with a less stable one of 5, similar information
was not available for neptunium. Experiments with tracer neptunium were
designed to determine -whethcr there was a stable valence lower than 4,
Rather surprisingly it appeared from the tracer experiments that a value
intermediate between the ‘lower valence (4) and the higher one (6) was
stable in aqueous solution. It was suggested that npt> existed, a sug-
gestion which was substantiated elsewhere when micro amounts of neptunium
bacame available,

Since the handling. of micro and ultra-micro quantities was a necessity,

some thought was given to the design of equipment specifically intended 2

®

for such uses Chief among the results was a magnetically controlled 3

%

quartz fidbre balance which could be operated externally to the system,
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weighings being made by means of a potentiometer. Development was also

m.é.de of a magnetic susceptibility balance using quartz fibre suspension.

%4s_ Thorium Chemistry

4s1 General Chemistry

As soon as the first piles were in operation, and it was gensrally
realized that thorium could be used to extend the available sources of
fissionable material, it became necessary to enlarge the then rather .
meager basic knowledge concerning the chemical, physical and nuclear
properties of this element. Practically all of the research programs
which had been set up for uranium studies had to be paralleled for thorium.
The Ames Project played a major role in this field, specializing in studiesl
on the properties of inorganic compounds of thorium. Among the results
which have been reported in numerocus project notes, reports and papers, it
might be mentioned that the therium-hydrogen system was found to consist
of two different hydrides.

4e2 Purification of Thorium Compounds
by Iliguid-Tiguid Extraction

Late in the summer of 1944, when the Ames Project started work on
the large scale production of thorium metal, research was initiated for
developing a methed of prepering thoriam salts free from elements having
ﬁigh neutron-capture cross-sections. Thorium salts available commercially
were sufficiently pure with respect to all of the undesirable elementa
e:ﬁlcept the rare earths. Hence, the problem became one of separating the
rare earths from thorium.

Teo aopreaches were considered in solving the problem: ora to find

ing 2zent wnich would facilitate the separation znd ’
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APPENDIX E: TELEPHONE INTERVIEW WITH
MR. ON JANUARY 3, 2007

Behling: Today is January 3™, 2007. This is Dr. Hans Behling, and | am interviewing I\/Ir.-
. Will you please identify yourself for the record and perhaps give us your mailing

address?

B s I - my acress is

Behling: Mr. , let me just ask a few questions that will clarify what your role was at
Ames Laboratory? Can you give us the years in which you were employed?

: Well, | am not really sure, but I believe that I started there in either ||| Jj and !
was there for. years.

Behling: So, you were there from approximately [Jffj through JJij-

. G

Behling: Can you give us a brief description and is it possible that you might have had several
types of jobs, but can you give us an overview as to what type of work you were doing at that
time?

: I worked at what they called the | ij Building, and we got I believe thorium,
but I am not really sure. It was a white substance that was put into trays that were long and
narrow and then they were put into a furnace to be heated and dried.

Behlini: Were you a member of the [ ij t=am? In other words, were you considered a

worker?

B e

Behling: Okay. And you believe that the material in question was thorium.
I \Vell, 1 was told that later on, but I really don’t know.

Behling: As a matter of record, | do believe that it had to be thorium because the uranium
production stopped before your time of employment. So, | agree with your recall that it was
likely thorium. Let me ask you, when you were working as ai worker, were you given
any special training about handling the material? Were you given respirators to wear during the
working hours? Were you given anti-contamination clothing or gloves? Can you describe the
working conditions?

. I was given none of the stuff you just mentioned. We did have to take a shower at the
end of the day, and we had khakis and a T-shirt or shirt that they laundered and furnished to us
and that is about it.
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Behling: So there were no anti-contamination clothing or gloves that you wore other than the
khakis and T-shirt that were given to you and washed by the Ames Laboratory facility — that was
the only precaution taken?

B ot

Behling: And the shower at the end of a day.

B hat is right.

Behling: Did people routinely take showers or do you know people who decided that they were
not interested in taking a shower?

. Well, the people that | worked with — we all had to take a shower, and we just
automatically did it.

Behling: Do you remember ever being monitored for internal exposure? In other words, was
there any attempt to assess what you may have breathed in in terms of thorium that would be
measured by various assays? Today, for instance, we would use urinalysis; we would ask you to
give us a urine sample and that would be analyzed for thorium or, in some cases, fecal analysis
where a 24-hour stool sample would be analyzed for thorium. Do you remember ever being
given any of these tests—urinalysis, fecal analysis to assess what you might have had in your
body?

I No. we were never given anything like that.

Behling: Okay. Let me talk about specific events, which, as | had mentioned to you, are part of
my interest here in talking to you. And that is, when we talk about discrete events, | am talking
about unusual events that are not necessarily part of the normal working environment. Events
that I am specifically looking to get some information on involve blowouts or explosions, as well
as potential fires that might have resulted. Do you remember any of those particular incidents
during the timeframe when you were working — explosions, blowouts, fires?

. Yes, basically there would be an explosion then a blowout where it would knock out an
outside wall of a building.

Behling: Let me ask you again, focusing on these discrete events—explosions, blowouts— what
happened when there was such an event? Was there an attempt to get people out of the building
or did you stay in the building? Were you asked in some instances to assist with the fire? What
happened during these explosions? And, | am going to ask you to describe not only what you
may have been doing but perhaps other coworkers who were sharing in that same work
environment.

: Well, I have to go back quite a ways; no, we stayed right in the building and we helped
with the cleanup; and we seemed like we took it for granted that there could be an explosion.

Behling: During these explosions, do you remember, was there visible contamination that you
could see in the air, such as a cloud of dust, material that was airborne that you were breathing
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in? Do you remember anything about the explosions that stands out in terms of visual things—
contamination that involved airborne dust or anything like that?

I | am afraid that | cannot bring myself to remember anything like that.

Behling: Was there any attempt to decontaminate after such an event? In other words, were
there vacuum cleaners used to pick up the dust that might have been dispersed into the work
environment or any attempt to clean up surface areas of any contamination that might have
resulted from the explosion? Do you recall any clean-up activities?

B No. No.

Behling: So, by in large, you would continue working unless you were involved in putting out
the fire or restoring a wall that may have been knocked out. But in essence, you did not run out
of the building and avoid any potential exposures.

I corect

Behling: Do you have any feel—and | am obviously asking a question that might be very
difficult for you—but do you have any feel for how often these events occurred?

I on. 1 would say maybe once a week.

Behling: Once a week?

B ! would say that - yes.

Behling: Is that correct? Let me ask you something else, during the timeframe when you said
that you were there between ] and [, do you remember an inspection that was done by
the Atomic Energy Commission in March of 1953? Do you recall that particular event? There
was a three-day inspection that was conducted by the Atomic Energy Commission. They
assessed the working conditions in various facilities, including theh Building, by the
Atomic Energy Commission. Do you remember that inspection?

-: No, | am afraid | don’t.

Behling: Do you keep in touch with any of the coworkers that you worked with during that
timeframe assuming that they may still be alive?

: Well, the [JJJfj} fellows that I worked with in the room where we
, thorium, I guess it was, I’m sure have passed on by now. They were older than I was by
quite a bit. But, no not from the || lij enc of it, 1 do not recall socializing with them.

Behling: So, right now, you do not have anyone that you stay in touch with that you worked
with during that timeframe.

B o
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Behling: Let me ask you this, and | guess I should have asked earlier, are you a claimant
yourself?

B A1 what?

Behling: Are you a claimant? In other words, have you filed a claim for any health effects—
cancer—that is associated with your work?

Behling: | needed to ask that question, and | am |Jij to hear that your answer isJJj. well,
unless you have something else to add, I thank you for your time; but let me give you my phone
number, if you think of something that | should have asked or you failed to mention, let me give
you my phone number. It is area code

Behling: That is correct. And, my first name is Hans H-A-N-S and last name Behling, B as in
boy E-H-L-I-N-G.

B 5 E-H-L-I-N-G.

Behling: Yes. I think that you have given me the information that | am looking for. And, | will
forward to you by mail a transcript of this interview so that you have assurance that I did not say
anything that you did not state in this interview; and, if you have any additional comments or
questions, do call me.

-: Okay.

Behling: Well, I appreciate your cooperation, Mr. ||}

: Well, I am glad that I could help.

Behling: Thank you so much.

B Thank you.
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APPENDIX F: THORIUM BIOASSAY DATA FOR AMES WORKERS
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APPENDIX G: DISCUSSIONS RELATING TO THE 250-WORKDAY
REQUIREMENT FOR SEC STATUS

WORKING DRAFT

THE RELEVANCE OF THE 250-WORKDAY REQUIRMENT TO POTENTIAL
EXPOSURES ASSOCIATED WITH A SINGLE BLOWOUT

Contract No. 200-2004-03805
Task Order No. 5

Prepared by

S. Cohen & Associates
1608 Spring Hill Road, Suite 400
Vienna, Virginia 22182

June 2007

DISCLAIMER

This is a working document provided by the Centers for Disease Control and Prevention (CDC) technical
support contractor, SC&A for use in discussions with the National Institute for Occupational Safety and
Health (NIOSH) and the Advisory Board on Radiation and Worker Health (ABRWH), including its
Working Groups or Subcommittees. Documents produced by SC&A, such as memorandum, white paper,
draft or working documents are not final NIOSH or ABRWH products or positions, unless specifically
marked as such. This document prepared by SC&A represents its preliminary evaluation on technical
issues.
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1.0 INTRODUCTION AND STATEMENT OF PURPOSE

For Special Exposure Cohort (SEC) class eligibility, regulations defined in Title 42, Part 83,
Section 83.13 of the Code of Federal Regulations (42 CFR Part § 83.13) currently specify a
minimum aggregate of 250 workdays. An exception to this requirement is provided in
883.13(c)(3)(i), which involves exposure to “...discrete incidents likely to have involved
exceptionally high levels of exposures, such as nuclear criticality incidents or events involving
similarly high levels of exposures resulting from the failure of radiation protection
controls.” [Emphasis added.]

In two previous draft reports (Review of the Ames Laboratory Special Exposure Cohort (SEC)
Petition SEC-0038 issued in June 2006 and An Assessment of Worker Eligibility Criteria issued
in January 2007), SC&A identified to the Advisory Board the relatively common radiological
incidents of chemical explosions or “blowouts” at the Ames facility in context with the
250-workday requirement. In response to SC&A’s concern, the Board appointed an ad hoc
working group chaired by Dr. James Melius to further evaluate this issue. The working group
requested SC&A to (1) review all available records/sources that would establish the frequency of
such events, and (2) provide scoping calculations that would assess reasonable estimates of
potential internal exposures associated with a single event. The enclosed draft report attempts to
satisfy this request.

2.0 RELEVANT BACKGROUND INFORMATION

Data regarding the potential quantities of uranium and thorium that might have become
volatilized and airborne as a result of blowouts during the reduction of UF4/ThF4 to metal at
Ames Laboratory can be found in a 1947 document entitled, History of the Ames Project Under
the Manhattan District to December 31, 1946. This document was compiled by E.I. Fulmer,
who served as Assistant Director to Dr. F.H. Spedding, Director of the Ames Project.

Sections 1.1 and 1.4 of the report provide the following information pertaining to the reduction
of UF4 and ThF4 to pure metal.

Section 1.1 of the report emphasizes that the principal objective of the Ames Project was the
production of uranium metal, which originally was based on the chemical reduction of UF4 by
calcium metal in a refractory-lined steel bomb. In the first quarter of 1943, however, calcium
was replaced by magnesium for the reduction, and by July 1943, uranium metal production
reached 130,000 pounds per month. Production of uranium metal was performed exclusively in
the remodeled one-story wooden building identified as the Physical Chemistry Annex I, known
locally as Little Ankeny.

Uranium production ceased by January 1, 1945, after producing a total of about

2,000,000 pounds. Over the 2-year production period, reduction of UF4 commonly involved
steel pipes measuring 6 inches in diameter by 36 inches in length (however, larger pipes of up to
10 inches in diameter by 36 inches in length were also used). A successful reduction yielded a
biscuit that was typically 42 pounds of uranium metal.
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In Section 1.4 of the report, Fulmer provided the following information regarding the production

of thorium metal.

Soon after the large scale bomb reduction of uranium was in successful
operation, similar approaches were made on the reduction of thorium. In August,
1943, attempts were made to reduce a number of thorium compounds in a bomb.
The first attempts were unsuccessful due to the high melting point of thorium and
the great stability of its compounds. Later, small amounts of thorium were
produced by reducing ThFs with metallic calcium using iodine as a “booster”.
The yields were low and the metal was obtained in small pellets which were very
difficult to recast into solid metal. In August, 1944, ZnCl> was tried as a
“booster” and solid biscuits of thorium-zinc alloy were obtained in good yields.
Within three months the conditions necessary for good yield had been well
enough established to allow expansion of the process to the use of a reduction

bomb 6 inches in diameter.

... By June 1946, most of the details had been

worked out successfully and the bomb reduction of thorium fluoride was ready for

expansion to large scale production.

The process, as use in December, 1946, was a metallothermic reduction of
thorium fluoride by metallic calcium. Zinc chloride was used to provide
additional heat, to give a more fusible slag, and to form a low-melting allow of
thorium which would collect in the form of a solid biscuit. The reduction was
carried out in an iron bomb 7 inches in diameter and 45 inches long. This bomb
was lined with a layer of dolomitic oxide compacted into place around a steel
mandrel with a pneumatic jolter. The charge was placed in the bomb which was
then closed and the reduction started by preheating in a gas-fired furnace. The
bomb was allowed to cool after the reaction and the biscuit of thorium-zinc alloy
removed and cleaned. This method produced a biscuit of about 39 pounds of
thorium-zinc alloy with better than 96 per cent yield of thorium. . .. By
December 31, 1946 over 4500 pounds of thorium had been cast for shipment to
other sites. [Emphasis added.]

On the unconservative assumption that the total of 4,500 pounds of pure thorium had been
produced between June 1946 and December 1946 by means of 39 pounds thorium-zinc biscuits
with ~96% vyield of thorium, a minimum of 120 reductions may be assumed for the 7 month

period (or about 4 reductions per week).

Production of thorium metal continued at Annex 1 (i.e., Little Ankeny) until 1949. Starting in
1947 and continuing through the end of 1953, production and casting of thorium metal was also
conducted in the Metallurgy Building. Total production of thorium at both facilities amounted to
65 tons (or 130,000 pounds).

Furthermore, assuming that the size of the bomb retorts remained constant after December 1946,
a total of around 3,500 ThF4 bombs were reduced between June 1944 and December 1953, when
thorium production ceased.
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3.0 FREQUENCY OF BLOWOUTS

As previously noted in two separate reports issued to the Advisory Board, official monitoring
records and radiological incident reports for Ames Laboratory are essentially non-existent. Since
the issuance of these reports, further efforts have yielded no additional documentation that would
quantify the number or frequency of blowouts, fires, and other radiological incidents.

However, previous SC&A reports included excerpts of official statements made by Dr. Frank
Spedding, Director of Ames Laboratory (as well as by others), that uranium and thorium
blowouts were commonplace events, as given in the following statements:

Interview with Dr. Frank H. Spedding by Dorothy Kehlenbeck, July 5, 1961 (page 7):

Interviewer: It seems to me I remember there were a few explosions over in Little Ankeny, too,
weren’t there? [Emphasis added.]

Spedding: Yes, these caused quite a bit of concern. We were reducing the uranium with
magnesium and the magnesium, of course, as you know, when ground into finely divided
state is the active ingredient in flash powder. The chopped up magnesium was mixed
with uranium salt and put in a steel container and then heated in a furnace. And
occasionally the magnesium and the uranium would start alloying with the steel
container, punching a hole in it and giving rise to an explosion which was intensely
brilliant, just as if they’d shot off a ton of flash powder inside the building. And the
building actually appeared to glow and expand, although actually it didnt, it was a
brilliant light coming out of it and this caused a good deal of comment. Well, one day—
the explosions were really set off, we found later, by moisture. We were buying line [SicC]
from St. Louis, having it hard fired, and then having it set up here. But in the spring
things became moist and the shipments got damp coming to Ames so we suddenly had a
flurry of explosions. Fortunately in chemistry, my experience has been that whenever
anyone expects that there might be an explosion, nobody gets hurt. It’s only when you
don’t expect something that you get hurt so our men were usually down behind a wall
when the explosion took place and it did no harm. Although I remember one night we
had an explosion that blew the whole south end of the building out and being an old
wooden building, when things quieted down we all went outside and shoved the wall
back in again and went to work. Another difficulty I had with explosions was, during
this same period we had employed a number of girls to do the business part of the project
and when we had six of these in one day and set the building afire they all resigned in
mass, although I did persuade about half of them to stay with us assuring them that the
explosions were under control and that they would not damage them. [Emphasis added.]
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Excerpts from F.H. Spedding Manuscript 2, Humorous Story Concerning Explosions and
Education

Mr. Premo Chiotti was working with Dr. Wilhelm' and me [i.e., Dr. F. Spedding] on the
reduction of thorium fluoride to thorium metal. Mr. Chiotti was adding a booster to the
reaction in a room a few doors down the hall from my office. Suddenly there was a
terrific explosion which blew out several of the windows in the front of the chemistry
building. When I came out of my office to see what had happened, the corridor was filled
with dust about six feet above the floor to the ceiling. I was relieved to see that Mr.
Chiotti had not been injured, but he looked very dazed and was pacing up and down the
corridor. As I passed him, I heard him muttering, “I must have misplaced that decimal
point, I must have misplaced that decimal point.”

These testimonials support the following assumptions:

(1) Blowouts involving the reduction of UF4 and ThFs were episodic events that were not
uncommon during the entire period of facility operation.

(2) From Spedding’s statement that “...I remember one night we had an explosion that blew
the whole south end of the building out and being an old wooden building, when things
quieted down we all went outside and shoved the wall back in again and went to
work,” it is reasonable to conclude that this and other blowouts were not perceived as
potential radiological threats, since no attempt was made to limit the time of exposure or
to mitigate subsequent exposure by decontamination efforts, engineering controls/
building modification, or the use of respiratory protection.

4.0 ASSESSMENT OF AIRBORNE CONTAMINATION LEVELS
ASSOCIATED WITH BLOWOUTS

Although no radiological incident/investigative reports were found in behalf of the Ames
Laboratory, there was a blowout incident at Fernald on April 5, 1954, which provides data that
are applicable to Ames.

Summarized below are descriptions and data contained in a report issued by J. H. Noyes et al. on

April 5, 1954, entitled Committee Investigative Report of Thorium Blender Incident — March 15,
1954.

From Section 2.0:

On March 15, 1954, personnel were attempting to blend a batch of thorium
fluoride, calcium metal and zinc chloride preparatory to the reduction of the
charge. After some delay in starting the blending operation and after
unsuccessful attempts to properly seat a Gemco valve on the blender, a puff of

! Dr. Harley Wilhelm was the Associate Director of the Ames Laboratory and Mr. Premo Chiotti was a
scientist at the Ames Laboratory when it was under contract to the U.S. Atomic Energy Commission.
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dust appeared at the mouth of the blender; then a short flame; followed at

3:13 p.m. by a sheet of flame that extended horizontally from the blender a
distance of about 45 feet over an arc segment of 38 feet. The duration of the
flame is estimated at less than 10 seconds during which time tow persons...
received serious burns which subsequently proved fatal, and two others received
minor burns. Three additional persons received minor hand burns while assisting
the injured. Physical damage to the equipment is estimated at about $700.
Approximately 50 Ib. of thorium were unaccounted for following the incident.
The buildings was vacated and all activities stopped until an adequate
investigation established such factors contributing to the accident as an
examination of the building and equipment could offer. [Emphasis added.]

From Section 7.1:

The blending of a charge of thorium fluoride using calcium metal and zinc
chloride is similar to the process utilized by Iowa State College, at Ames, Iowa...

[Emphasis added.]
The charge that was being blended when the incident occurred consisted of the
following:
100 Ib. thorium fluoride
10 lb. zinc chloride
35.9 lb. calcium metal

... Examination of the blender after the accident showed it to be nearly empty. . .

These data suggest that 50 Ibs. (or about 50%) of the 100 Ibs. thorium charge were likely to have
been volatilized and dispersed by the high temperature that characterizes this exothermic
chemical reduction of ThFa.

Applying these data to Ames, a 50% volatilization of a typical UF4 or ThF4 charge would have
released about 21 Ibs. of U and about 19.5 Ibs. of Th into the air/environs at the Ames” Annex |/
Little Ankeny facility.

5.0 ESTIMATES OF AIRBORNE CONTAMINATION LEVELS

Figure 1 provides a floor plan of Little Ankeny. The heavy dotted line identifies the original
building. Within the heavy dotted line, the lower right-hand side identifies the “Reduction
Area.” Unfortunately, the floor-plan does not include a scale that would permit an assignment of
physical dimensions of the reduction area and surrounding rooms. However, available
photographs, reproduced herein as Figures 2 and 3, depict the north and south view of the
building and offer a crude measure of the building’s physical dimensions. Based on relational
dimensions of windows, doors, and automobiles (parked on the north side), an estimate of about
800 ft? is appropriate for the reduction area; for the entire building (inclusive of add-ons), an area
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of about 6,000 ft? is estimated. The low profile of the building further suggests a standard
ceiling height of 8 to 9 feet.

Figure 1. Floor Plan of Little Ankeny Production Facility for Uranium and Thorium

Figure 2. Physical Chemistry Annex (Little Ankeny) North View
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Figure 3. South View of Little Ankeny

6.0 ASSUMPTIONS USED FOR MODELING AN ACUTE

INTAKE/DOSE FROM A BLOWOUT

Potential inhalation exposures from blowouts associated with the reduction of UFs or ThFs4 at
Ames Laboratory are affected by a host of parameters. While some parameters can be defined
empirically from historical data, others require reasonable but claimant-favorable assumptions.
For estimating potential workers’ doses, the following model is proposed.

(1) Assume one blowout per month for the entire period of facility operations.

(2) For either Unat or Thorium, a typical charge of 40 Ibs. is assumed. This value is based on
historical data for Ames.

(3) For a blowout, 50% of the charge is assumed to have been reduced to metal and 50% is
assumed to remain in the fluoride form.

(4) Due to the explosive nature of a blowout (i.e., blown-out windows, doors, etc.), it is
assumed that as much as 75% of the charge is released to the outside, with only 25%
remaining indoors.

(5) For the metallic form, solubility Type S is assumed; for the fluoride form, solubility
Type M is assumed.

(6) Based on the documented radiological incident data at Fernald, essentially all of the
charge is assumed to escape from the bomb retort.
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(7) For simplicity, about 10 Ibs. (or 4,540 g) of natural uranium or Th-232 (in equilibrium
with Th-228) are suspended uniformly in air at time zero throughout Annex | building
having an interior volume of about 50,000 ft3 (or ~1,350 m®). This would yield an initial
air concentration of 3.36 g/m3 of Unat or Th-232/-228.

(8) Due to the intense heat generated by the blowout, we will assume a 5-minute period for
contaminants to condense and settle out. During this 5-minute period, the worker is
assumed to have a breathing rate of 2 m3/hr with an air concentration of 3.36 g/m3, as
discussed in bullet #7 above. (In behalf of a radiological incident at Pantex, NIOSH
assumed a breathing rate of 3 m*/hr for a period of 5 minutes (see ORAUT-TKBS-0013-
5).

(9) In the absence of any cleanup effort, the uniform deposition of 4,540 g of Unat or
Th-232/-228 is assumed to have deposited onto 6,000 ft?> (or 540 m?), yielding a surface
concentration of 8.4 g/m?2.

(10)  Due to operation of machinery, human activity, building ventilation, and continued
production of uranium and thorium metal, resuspension of contamination from floors and
machinery would continue to create airborne levels for the next 30 days (or the next
blowout).

For the intermittent period of 30 days between successive blowouts, the following empirical data
may be used to estimate the air concentration and inhalation of thorium that is likely to have
reached a steady-state contamination level resulting from successive blowouts.

In a 1952 AEC survey/audit conducted at the Ames Laboratory, the working environment of
22 production workers was evaluated. A breakdown of the daily weighted thorium exposure of
the production personnel were as follows:

Average Weighted Daily Exposure: 530 dpm/m?
Max Weighted Daily Exposure: 3,100 dpm/m3

For modeling the 30-day post-episodic exposure, SC&A will use the unconservative average
value of 530 dpm alpha per m?, and further make the unconservative assumption that the thorium
alpha activity was contributed equally between Th-232 and Th-228.

For the post-incident period of 30 days, a normal breathing rate of 1.2 m*/hr is assumed for a
9-hour workday, yielding a total of 193 workhours.

Estimate of Thorium Intakes Per Blowout

(3.36 g/m*)(2 m3/60 min.)(5 min.)
0.56 g total thorium

e First 5 minutes
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The intake of 0.56 g thorium is equal to the intake of 0.06 uCi of Th-232 and 0.06 uCi of
Th-228.

(530 dpm/m?)(1.2 m*/hr)(193 hr/30 days)
122,748 dpm/30 days

e For balance of 30 days

Assuming an equilibrium condition, an intake of 0.028 uCi is estimated for Th-232 and
for Th-228.

Further, assuming that one-half of the thorium existed as metal (or oxide) with a
solubility Type S and one-half existed as ThF4 with Type M solubility, the following
dose estimates are derived.

Table 1. Internal Dose Estimates for a Thorium Blowout™ (rem)

Radionqc_lide/ ,IAanglIJer&t Bone Surface Lung
Solubility (uCi) 1yr 5yr 10yr | 30yr 1yr 5yr 10yr | 30yr
Th-232 TypeS | 44E-02 | 0.1 1.3 3.6 13.7 2.6 5.1 7.3 11.4
Th-228 TypeS | 44E-02 | 03 1.4 2.0 2.0 29.3 34.2 34.2 34.2
Th-232 TypeM | 4.4E-02 | 46 26.0 53.7 153 1.8 2.0 2.0 2.3
Th-228 TypeM | 4.4E-02 | 122 39.0 43.9 458 19.5 21.2 21.2 21.2
Total 127 | 677 | 103 | 2145 | 532 | 625 | 647 | 691

* Dose estimates include inhalation exposures resulting form the first 5 minutes of a blowout and from
resuspension of contaminants for a 30-day work-period. Not included are exposures to kidneys, liver, and other
organs.

Estimates of Uranium Intakes Per Blowout

(3.36 g/m®)(2 m*/60 min.)(5 min.)
0.56 g Natural Uranium

e For the first 5 minutes

The intake of 0.56 g Unat is equal to the following activities:

U-238 = 0.186 uCi
U-235 = 0.009 uCi
U-234 = 0.186 uCi

e For the 30-day post-incident period, the uranium air concentration will unconservatively
be scaled to the thorium data. This assumes a time-weighted average air concentration of
1.2 mg/m®. For a breathing rate of 1.2 m*/hr and 193 work-hours, an intake of 0.278 g is
estimated for the 30-day post-incident period. The intake of 0.278 g of Unat equals the
following activities:
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U-238 = 0.093 uCi
U-235 = 0.0044 uCi
U-234 = 0.093 uCi

Table 2. Internal Dose Estimates for a Uranium Blowout™ (rem)

Amount Bone Surface Lung

Radionuclide/
- Inhaled
Solubility (uCi) lyr 5yr 10 yr 30yr lyr 5yr 10yr 30yr

U-238  Type S 0.186 0.012 0.043 0.076 0.14 12.4 17.9 19.9 22.7
U-235  Type S 0.009 0.001 0.002 0.004 0.01 0.67 0.94 1.06 1.17
U-234  Type S 0.186 0.014 0.050 0.080 0.15 15.8 21.9 24.7 27.5
U-238  Type M 0.186 0.360 0.760 1.030 1.44 8.26 8.94 8.94 8.94
U-235 Type M 0.009 0.020 0.040 0.050 0.07 0.47 0.47 0.47 0.47
U-234  Type M 0.186 0.400 0.820 1.100 1.65 11.0 11.0 11.0 11.0

Total 0.81 1.71 2.34 3.43 50.94 61.15 66.07 71.78

* Dose estimates include inhalation exposures resulting form the first five minutes of a blowout and from
resuspension of contaminants for a 30-day work-period. Not included are exposures to kidneys, liver, and other
organs.

7.0 SUMMARY CONCLUSIONS

The Ames Laboratory operated on the lowa State University campus between 1942 and 1953. In
the beginning, the Ames Project was primarily a metallurgical research laboratory that
investigated the chemical properties of various heavy metals that were of interest to the
Manhattan Project. A major focus was the reduction of uranium and thorium compounds to pure
elemental metal.

Within months, Ames researchers pioneered a chemical reduction process for converting UF4to
a highly purified uranium metal. Because this process was efficient and cost effective, the Ames
Project was expanded to include the large-scale production of purified uranium and later thorium
metal. Thus, research and production became an integrated operation in which production
processes were an extension of research efforts, and ongoing research reflected failures and
problems encountered at the production level.

Of the many difficulties affecting worker health and safety was the ability to safely execute the
highly exothermic reduction of uranium and thorium in devices called bomb retorts. Chemical
impurities and trace amounts of water resulted in blowouts or chemical explosions that
frequently also resulted in fires.

Formal documentation or investigation of these incidents do not exist, but are acknowledged in
personal interviews and memoirs by key personnel, including the Director of the Ames Project.

After 1953, the production of uranium and thorium metal by means of the Ames protocols was
transferred to other facilities, including the Feed Materials Production Center (FMPC) in
Fernald, Ohio. Data involving a thorium blowout at FMPC in 1954 was used to model internal
exposures from inhaling airborne contaminants in the first few minutes following a blowout, and
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from resuspension of residual surface contamination for a period of 30 days (or 193 workhours).
This time interval was selected on the assumption that the frequency of blowouts may have
occurred on a monthly bases.

Exposure to the lungs and bone surface from a single incident suggests substantial doses that
increase with time, as shown in Table 1 and Table 2 above. The selection of 5-, 10-, and 30-year
periods corresponds to critical time intervals between exposure and the induction period for
cancer development.
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APPENDIX H: MEMORANDUM FROM DR. SKOOG TO DR. SPEDDING

A

i

September 12, 1952

W
&

H - i
.
i =1

; . s it e TR
Dr, ‘P, H. Spedding, Director
Ames Laboratory
ma, Iowa

Subjeect: ENVIRONMENTAL HEALTH CONDITIONS = AMES LADRORATORY
Dear Dr. Spedding:

I have before me & copy of a report dated August 18, 1952, from
Donald M, Cardiner, Stalf Biologist, Technical Services Division
to A, Tammaro, Manager. The report entitled "Envirommental Health
Conditions = Ames Laboratory™ was for distribution essentially
within the domain of the Chicago Operations Office and copies were
sent to W. W. Lord, Area Manager, Anes Laboratory, A. E. Gorman,
Sanitary Engineer, USAEC, Washihgton, Dr. Halter D. (laus,
Division of Biology and Medicine, USALC, Washington, L. R. Hafstad,

., Director, Division of Reactor Development, USAEC, Washington, and
D. J. Casey, Director, Engineering Divisien, £00.

Said report, which was recently brought to my attentlon, is so far
oat of line with certain facts that it 1s necessary that I take
tine now to put the receord straight.

: The lack of proper sequence and clarity in presentation, eoupled
i with misunderstanding on the pert of Mr. Oardiner, tend to muddle
the picture and falsely indicate a laxity on the part of the Ames
Laboratory Health Fhysies Oroup. Strong objection must be riade
to lir. Cardiner’s blunt statement that the Health and Safety
program at Ames is lacking in direction.

In the Tirst two paragraphs of the report kr. Gardiner attempis
to analyze, and to generally evaluaie, the hazards comnected with
thoriuwm handling. This brief treatment, althoush questionable in
certain quantitative aspecits, ia sufficlently peneral to be
ossuned &s a working basis for all AEC laboratories concerned with
thoriun handling and no implications were made specifically in
regard to the Ames Laborabory.

A report furnished by Dr. George Hardie from the Division of
Biclogy and Medlcine, UBAEC, Washington, referred Yo in the first
paragraph under Resume; was received here Hovenber 16, 1951.
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A copy of this report is atiached. Flease note that the last
paragraph states "Cther details of the medieal programa will be
covered in my general report of owr visit to the Anes Laboratory,.!
These details referred to have not yet been received., Helther
has a report from Mr, Elsenbud ever Lecn received here,

A1 recommendations referred to in the report of Dr. liardie were
put into effect at the Apes Laboratory by Jamuary 1, 1952, This
report has only one reference {Farazraph 5) to Radj.o Physles and
Industrisl Heslth Programs. .

. The specific recormendations referred to as made and discussed
with Dr. Spedding and me were covered in the Hardie report with
the exception of two points, One was a request for an Environ=
mental Health Survey and the other the hiring of 2 secretary for
the Fedlcal Department., The request for the Envirommental lealth
Survey made by W. W. Lord on January 18, 1952, was the result of
the request for this survey made by Dr, Spedding on Jamuary 1,
1952, The secretary was pub to work on February 13, 1952, and
this was about as early as interviewing, clearing and hiring
machinery would allow,

In the first paragraph on page two of the CGardinér repors the
statement "that health monitoring activiiies for radiation had
been neglected and that persornel exposure records had neilther
been made or kept® is grossly in ervor. Since the Health Physics
Group did the monitoring and kept the records, and eince no
exposwre approaching tolerance levels had been observed, the
Fedical Department__did not have the records concerning these
activities on file in its office. The [lenlth Physics Group had
the records of exposure readings on the production workere dating
back to June, 1951, in its files, In light of the risunderstand-
ing occasioncd by ins-aect:.on from r:mt::ide ezources, duplicate
records are now on file in the FHedical Deparitment office,

lir. Gardiner probably based his opinion on the records in the
liedical Department files at the fime; although 1e did wvislt the
Health Physigs Group.

-

Puring the requested survey of March 19 to 21, a short conference
was held by Mr. Larris and members of the Safety Group of the
Ames Laboratory. The deficiencies discussed referred to three
main items. (1) Housekeeping in general was fair but could be
irproved. (2) Ventilation in seneral was more than adequate but
could be ermployed better on certain cperations, (3) There was
apparently some tracking of radiocactive dust bebween the operating
areas. lir. Harris pointed out at this conference that romedial
measures could be taken better upon receipt of the written report
which would contain evaluations of the findings of the survey,

On & number of occasions attempts were made to obtain the results
of the survey in order that the recommendations could be carried
out. Two of these cccaslons were as follows: (L) At the
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Induatrial liealth Conference held at Cincimmati on April 2L and 25,
1952, whon kr, Hlevan uas asked concerning this report. Ie stated
that the report was not yebt finisked and he offored no recormenda=
tions at that time. !ire Flevan informed me that the reason for
delay in ecompleting his report was due to the fact that the merbers
- of the Hew York Cperations Office llealth and Safety Group were
busy pgathering and docunmcenting data on the Hevada bomb test which
was in progresa. Work on the report neceassarily had to be side-
tracked due to the more pressing businees concerned with the FHevada
activities. {2) At the Industrial Faysicians Conference of the ARC
and its contractors held at Rochester, Xew York, on May 15 and 16,
1952, Dr. George Hardie, of the Division of Biolory and Medicins,
USAEC, Vashington, hnd no information concerning the status of the
Invironmental jicalth Survey report, The reasons for Dr, Hardie
having no information on the data of the survey have been explsined
ahove, .

The survey was made, as stated, on March 1% through 21 but the
first report entitled "fmes Research Cecupational Zxposure to
Thorium and Derylliuvm" wac dated July 1, 1952, and came to my
sitention on July 25, 1752, Trom the above information it is quite
obvious that since the susnested corrcetive measures were not
definitely knom until July 20, 1702, soue of thesc sieps could
not be taksn until that date. It shouwld be enphasized, however, o
~ that continuous corrective stcps were boing taken as the proccss T
evolved, including some of thooe recommiended later in lr, Oordiner's
repore. 1hls accounits for the delay in ulacing cerbain correcilve
measures in effect during the perdiod relerred 1o by My, Cardiner as
a period when only "lip scrviece" was civen to ke problems Also,
we are otlll walting for a report on the determdination of rodio-
active material in theo wrinea of the men emloyed in thorium pro-
duction, These samples were cubndiied, Ly the ‘mcs laboratory, to
the Health and Safety Croup of the New York Operations Office in
April, 1952. It is readily understood by such a rescarch orzaniza-
tion as jmes Laboratory that there are difficulties in establishing .
methods of determination for dateciden of the products of the
decay chain in urine, I realize that this tokes time and I apprec=
iate all thc help given to the Ames Laboratory,.

Vhile on July 18 the thorium operations were interrupted due to

& failure in the IF processes; on the 2%th, nst the 20th, T, Vilhelm
clozed down the oxalate precipitation step which effectively soon
browght the entire thoriun operntlon to n standstills Tetl it be
understood that ihils interruption of ile oxalate precipitation
process wag based solely on the findings of sur aum llealtih Plysics
Group concerning mesoiliorium. This nroblen had nelther Leen stated
nor implicd by any visiting lealih or Safely surver rroup.  Sinee

we ourcelves desired to accomplish ceriain corvochive neasures
concersilng surface contanlnailon cad dust sroblens, it was felt
that the shmtdow: provided us with an opporiwaliy So insiiiute
these meagtres. Therclore, the recciving of the reopert Tron Lhe
Liew York Qpesations Ofllce s not Lo cruse of ok Gin, as 1% in
1tsell did ne’ seorest bhooo o G in ornder Lo institute
the cusgested correcotive measuraz. Ve are glad 4o receive the

CC
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eseistance of experts on these problems and to set thelr consiruce
tive recommendations, but regardless of how well we meeb suci
recormendations the resumption of production will not itake place.
until our own [lealth Fhysics Group is satdsfied that we have a
satisfactory solution to our health problens,

One couwld readily infer from M, Gardinerts report that the

activity data connected with the sewage problem came from some

outeide Health Swrvey report, Leb it bo emphasized that all data

in regard to radicactivity in the sewage included in Mr, Cardiner's

report vere very tentative and were gupplied by the Ames Laboratory
_ end not by wvisiting lealth Survey groups.

e R g AL 3 e e A A AT S

-

In connection with Annex 1, this building has not been dommt-.
Annex 1 has been in contimicus operational use for one process or
another in certain areas since late in 15L2 when ths original
uranium production plant was set up, We realize that it is not
e desirable operational area and ¥e have for & nunber of years
continued to ask for an adeguate replacement building where pilot
plant cperaticns could be concentrated and properly controlled,
Ve operabe our caleiun grinding egquipment ond some semd-works
operations for other proceases in this building, but we know of
no group of twenty empleyees that sre relining furnaces, moving
in new eguipment and preparinz for production in early September
in this building,

-

The numerous sussestlonz outlined in the lotter of 1, Cardiner
have becn studied and are discussed helew. .

HEALTH FIISICS
Develop a thorough and riporous health physics prosram that 1111.1

(n) nControl the flow of radicactive materials in the
: laboratory."

In regard to this sugpestion, we would like it called

to the attention of the aubhorities that all radiocactive
materials with the exceptlon of thoriwn and uranium

are under the direct conirol of our Health Fhysics Croup.
hrtificial radielsotopes are received by this group

and issued to proper personnel with instruections ss to
their use, The Health Physics Group alse monitors both
personnel end areas involved.

In connection with thorium and uranium processing the
health physicists work in close conjunciion with the
production sroups in all health matiers, It should be
¢alled te the atientlon of all concerned that the
operations in the production of thorium metil at the
Ames Laboratory are not stable inductrial processes,
The arca actually is a research pilet plant in which
nev developments are coi stanlly velng medes AL present
'; TT}‘L ?us pilot plant, wien 71:1 eperation, is called wpen to
do the work of peveral iincs the orijinelly-desirned
RIATION Cespacitys One of iite major problass in Lic nesothorium
disposal aspect of our goneral problem lies in tho raw
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(b)

(e)

(a)

materiel TO.T. Originally the T.M.7. wasg shipped diveetly
from the Lindsay Lisht and Chendcal Corporation and was
nevly manufactured. Since the first sesle-wp of thorium
production, this basic material !as been shipped by the
Hew Yoxio Office from its 1lddlesox, Yo J., storage areas
Recently, alter we noticed increased activity, we were
informed that thoy vere shipninz naterial which night

have been in sborase up to 6 yro. The radicacilve clemcnta,
eapecially mcsothmim, have 'built up by a factor of 5 to
10 in this older T.N.T. It is these problems that cause
most of our headaches,

AL shipments of thorivm metal from the Ames Laboratory
have been made under the supervision of the llgalth Fhyrsics
Group, Durins the past five to 2ix years occcasional

- surveys for radicactivity have been made throuchout the
‘process areas at points where high levels of activity might

be suspected.

"Egtablish and enforce standards of lab operations %o
reduce personnel axposures to subetolerance levels.!

.Coneerning thie subjeet it zhould be noted that no opera=-

tion at the Mmes Leboratory has subjected the persomnsl
to ghove=-tolerance levels of externsl radiation, Deter=
mination of exposure to possible internal radiation,

that is dust campling, heg been delayed uniil the arrival
of the nccessary egquinment for sauwpling and analygis.
Dust sanples have been taken at breathins-sone levels for

-operators of all processes in the thorium production

during the past week, The cata on the tests are not yet
available.,

rdequately gather and rlocumm exposure records on all
parsonnzl,! :

Dosime'jc.cr readings have been taken and recorded regularly,
by the Health Physics Group of the Ames Laboratory, on
the production workers since June 1991, Since it was the

- practice . of the Health j‘r:,'s.m::a Growp to maintain their own

records and notify me only in case any tolerance levels
were approached,; I wag uwpawere of the date recorded in
its files. 4% the present tdlne 2ll records of personnel
exposure from June 1551 to date are being deoumented in
the liedical Department records.

YZontinuously monitor lshoratory sevagze system (drains -
traps = ete,) and all effluents,”

. This suggection is beinz studled by the Heelth Physice

Oroup of the Ames Leborstory as to its feasibility of
cperation,

L kJ;\ri .t',..)_ﬁ I
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"Tnstitute an Indusirial Tlealth program that will materially reduce
the level ol airborne texile contaminanbs byt

' - Aa) "mvaluating hazards in thorium toxlecolozy.t

i o The literature has been surveyed on the iopic of thoriun
toxicology and is found to be both conflictinz and income
plete on the idear expressed, It 1s a lmown fach that
the VWelsbach Vantle Company has been working with thordium

I . for over 30 years and no case of internal radiation

R damege has been uncovered in its erployees, Tt is our
- Impression 2% the Anes Labheratory that complete toxicolops
ieal studies on thorium have been carried out by the staff

i et the University of Rochester, Their recent report
dated MNovewber 13, 1551, on the "iteute Toxieity on Inhaled

- : Thoriwn Compounds" pave negetive findings for mortality,

) urinary protein, blood N,F,N. and urea, plaswma fitrinogen
and serun proteins, [Fistological eraminations revealed
no pathological changes, [ am sure that 1t is not the
intentlon of this sugrestion by Mr. Gardiner thas we set
up at the Ames Laboratory eny toxicolozical group for the
study of thordiwn td xdcity, since this ig a iTiculd and
expensive field of research which requires the service
of a Wighly trained specialist not found ab hmes. Also
to do tihs requires laboratory space, which we do nod
have, ag well as equipient and supplies,

(b) "Establishing safety standards and practices for produce
tien personnel.”

These have been established as far ns is practical for
tids tyope of operation. Vith repard to ene particular
aspect, thet of surface contamination, the slituation seens
to he as followst the informetion on tolerance levels
surzeshad in the llterature concerning surface contamina-
tien is secanty. The only infersation we have is from the
Ergonne [lational Laboratory which states thal "one to two
thousand eounts pey minvbe per 100 square centiuetors is
e safe leovel of operation, At 20,000 counts popr rimte
per 100 square centlincters; a genoral eleamup of the area
is in order. At 50,000 counts por wimute ner 100 square
centbineters, the ares ls Yo be evacuated." e have
attenpted to keep below two thoussnd counts per minute

as 2 tolerance level in the production areas and Tind thet
this is preacileally impossilile, especizlly on some of the
processing equininent. A tolephooe commuiication between
Dr. Skooy and Fr. ¥W. B. Harrls of the Health and Safety
Group of the Hew York Operatlons Office revesled thet a
nuiber of environmental Heslth surveys have been made
recently in radium~dial painting establishmenis., Tlhese
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data have not yet been published. IMr, Harris feels that
there ieg no correlation beticen the measured surface
contamination and the air samples at breatidng-zone level.
Spot checlie on geveral industries handling this iype of
) - . maverial have Indicated that it is not thelir practice to
! e ' keep rurface contamination on equipment down teo thece
’ levels.

Thus it con be seen that it is dlffieult o establich
rotional standards soncerning swrface contasination, We
do have a firure of 70 édisintersrntions per ninute per
cubic reter as o standard level for airborne dust,
According to the Invironmentol Lealth Survey thore were
only a few arcas Iin wilch sbove-toleranse values were
ohoerved, Hevicions in eoperating procedure aand vaenitila-
tion will recduce tae airborae dust in these locations to
well below these somovwhat arbitrary tolerance valuce.

(e) vProcvre and distribute sefety cquipment such as protective
celothing, respirators, ete,M
These messures have been in effect in this Laboratory
- since 1242, )

' ' " (@) vEstahlish 'housekeeping' standards,®

I ' - © The pteff of ihe Sefety Oroup of fmss Laboratory has been

i unable to interpret evactly wiab is meant by this siate~
nent. It has always been the policy of the Ames Laboratory

i - to pmaintaln and to cophasize good Lousekeening, Our

! : Safety Growp has besn constantly warning the group leaders

‘ whensver had houselteeping was found, %ith research activ-

ities where the cenditions are constantly changing, it

iz inevitable that cceasionally, in some arcas, bad housee

keeping will oceur. Wiensver such occasilons arice they

are corrected 25 goon as feasible,

%

VEHT ILATION

"Improve Lhe individual rocn and building veatilation, using the
aid of & consultant if necesoory, Lyt

{a) M™eviewinz the alr supply and ecxliaust capacities of cntdre
bullding syoten.”

| The general air gupply as far se we con deteridne is

i betber then the woual proctices of noct chstical laboras

! tories with wiilch we arc fomiliar. The cpecial air supply
and exhaust syctems were designed by Lecpold, of Miila-
agelphia, and have been reviewed by the shos Laboratory
engineering division znd other campeient conzultants on
several occaslons and found to be more than adequate,
bagsed on limiis set by any recognized suthordty.
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(c)

(a)

(e)
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"Mevliewing the adequacy »f all exhoust outlets added
since tho orizinal grysten was installed., Check parti-

eularly all cutlels in the thorium and berylliua work
gpaces,

The air handling capacity of &1l exhsuet outlets 1s ade-
guzte, ns has been deberwined upon roview of the problem.
It w28 appareat frem the Invirommental fLealth Survey data,
however, that in =ome areas of tie preduction work, re-
vanping cerbain duct work was required., Moot of this
work has been done.

"Redueing air demand on present system by eliminating heods
or installing demper conirols wihere eliminations cannot be
made,” : .

The cost of installing avtonatic damper controls in hoods
is exorbitant, If thio sugzestion refers to Toloclones,

“ it conflicts with the ordjinal deslpn of the sysbenm which
sllewed for operation of all outlets mimultanecusly in
order to geb top efficiency from the dust collectovs,
Hend-eontrollod blest sates have boen installed in all
duets vhere they can be tolerated, Ve believe this design
is superior Yo an eubonatlc denper-conlrolled gyrien,

nzupplenenting systems by adding individual roon supplies
and exhousts.”

Individual roon supply and exhaust systems had been
included as a part of the production couipment with the
evcegbion of one area. The egquipnent for this area 1s
now on order,

nequipping all exhaust syoctems that rizhit carry radicactive
materials with aporoved filters.”

It should be pointed oubt that vwe do have speeial ventila=
tion and filters in those areas where we think the radio-
getivity justifies it. ldteral epplication of this recole
nendation would enconpases the whole building and weuld
require considersble more meiey than the foes Laboretory
has available st present since the additlon of Filters
requires much lprzer Llowers. [Alfo, itlere is the matter
of physicsl space znd power required lor the change which
in most cases ig not available.

Slncerely yours,

Mlea P, Dkoop, 1L D,
Ticad of the Safety Jroup
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