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1.0 EXECUTIVE SUMMARY

S. Cohen and Associates (SC&A, Inc.) evaluated the following documents related to historical
occupational exposures at the Hanford Site: ORAUT-TKBS-0006-1, Technical Basis Document
for the Hanford Site — Introduction (Scalsky 2004ba); ORAUT-TKBS-0006-2, Technical Basis
Document for the Hanford Site — Site Description (Selby 2004); ORAUT-TKBS-0006-3,
Technical Basis Document for the Hanford Site — Occupational Medical Dose (Scalsky 2003);
ORAUT-TKBS-0006-4, Technical Basis Document for the Hanford Site —Occupational
Environmental Dose (Savignac 2003); ORAUT-TKBS-0006-5, Technical Basis Document for
the Hanford Site — Occupational Internal Dose (Bihl 2004); and ORAUT-TKBS-0006-6,
Technical Basis Document for the Hanford Site — Occupational External Dosimetry (Fix 2004).
The evaluations focused on the completeness, technical accuracy, adequacy of data, and
compliance with stated objectives, as stipulated in the SC&A Standard Operating Procedure for
Performing Site Profile Reviews (SC&A 2004) approved by the Advisory Board on Radiation
and Worker Health (Advisory Board) on March 18, 2004. (A fifth objective, “consistency
among various site profiles,” was limited to a comparison with the Savannah River Site Profile.)
Although SC&A is aware that there was a recent Rev. 01 to ORAUT-TKBS-0006-4 in April
2005, this Rev. 01 has not been evaluated in this report.

In addition, SC&A evaluated and made use of technical information bulletins (TIBs) that relate
to the Hanford Site Profile:

e ORAUT-OTIB-0002, Technical Information Bulletin — Maximizing Internal Dose
Estimates for Certain DOE Complex Claims (Rollins 2004)

e ORAUT-OTIB-0007, Technical Information Bulletin — Occupational Dose from Elevated
Ambient Levels of External Radiation (Strome 2003)

The National Institute for Occupational Safety and Health (NIOSH) Technical Basis Documents
(TBDs), which together constitute the NIOSH site profiles for specific U.S. Department of
Energy (DOE) and Atomic Weapons Employer sites, are designed to support the conduct of
individual dose reconstructions under the Energy Employees Occupational Illness Compensation
Program Act of 2000 (EEOICPA). This is accomplished by compiling and analyzing data such
as those related to facility operations and processes over time, radiological source term
characterization, chemical and physical forms of the radionuclides, historic workplace conditions
and practices, and incidents and accidents involving potential exposures. As the support
contractor to Advisory Board, SC&A has been charged with independently evaluating the
approach taken in NIOSH site profiles (encompassing TBDs and supporting TIBs) to gauge their
adequacy, completeness, and validity. This information will be used by the Advisory Board to
advise the Secretary of Health and Human Services on the scientific validity and quality of dose
reconstruction efforts performed.

These TBDs are used by NIOSH, along with individual dose data provided by DOE and
information gathered in interviews with claimants, to reconstruct doses for Hanford employees
(including contractor and subcontractor employees). This review is designed to fulfill the
objectives set by the Advisory Board for assessing the accuracy and adequacy of the Hanford
Site Profile to serve as the main set of TBD documents that informs dose reconstruction for
claimants. For instance, it provides the data on the limits of detection of radiation monitoring
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methods as well as descriptions of facilities and processes that resulted in the worker exposures.
The site profile also provides direction for assigning internal and external doses to monitored and
unmonitored workers.

Hanford was and remains a complex operation involved in numerous missions, each of which
has its own unique exposure hazards. Occupational risks of exposure to ionizing radiation are
generally defined by Hanford’s past and current missions:

(1) Production of nuclear weapons materials and nuclear energy research and development
(1943-1990)

(2) Environmental restoration, waste management, nuclear material stabilization, and facility
decontamination and decommissioning for permanent site closure (1990-2033)"

In the context of these missions, facilities of concern include:

* “Nine graphite-moderated, light-water cooled reactors were constructed near the
Columbia River in the Hanford 100 Areas over a period of 20 years commencing in 1943
(Carlisle 1996). The production reactors were used to produce plutonium by irradiating
metallic uranium fuel elements with neutrons during the fission reaction in the reactor
core. Other defense-related radionuclides that were experimented with included:
irradiation of thorium to produce ***U, irradiation of depleted uranium to produce **°Pu,
irradiation of neptunium targets to produce ***Pu, and irradiation of americium to produce
medical grade Z**Pu.”? Radiological hazards included external photon, beta, and neutron
exposure from fission products and neutron radiation, and internal exposure to fission and
activation products.’

* Seven physical testing, research, and demonstration reactors.

* Five chemical separation plants and associated fuel separation facilities, including the T
and B plants, the REDOX plant, the PUREX plant, and U Plant, where radiological
hazards included potential for internal and external exposure to a variety of
radionuclides.”

» “Three facilities for fuel fabrication, i.e., the Uranium Metal Fuels Fabrication facility,
the Uranium Metal Extrusion facility, and the Fuel Cladding facility. There were also two

"'U.S. Department of Energy, Performance Management Plan for the Accelerated Cleanup of the Hanford
Site, DOE/RL-2002-47, Rev. D., page ii.

2 Selby, J, Technical Basis Document for Hanford Site — Site Description, ORAUT-TKBS-0006-2,
Revision 00, PC-1, Oak Ridge Associated Universities, Oak Ridge, TN, December 29, 2004.

Jus. Department of Energy, Hanford Site Waste Management Units Report, DOE/RL-80-30, Revision 12,
January 2003.

* Chemical separation activities included: (1) Bismuth Phosphate (BiP04) Process (1944-1956), (2)
REDOX Process (1952-67); (3) Solvent uranium extraction from waste tanks (1952-1958); (4) PUREX Process
(1956-1972, 1983-1990); and (5) Radiocesium and radiostrontium solvent extraction from high-level tank wastes
(1968-1985).
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support facilities; the Uranium Storage and Oxide Burner facility and the Reactor Fuel
Manufacturing Pilot Plant.”

*  “Two plutonium finishing facilities, 231-Z (Plutonium Isolation Building) and 234-5Z
(Plutonium 18 Finishing Plant Complex) operated at Hanford from 1945 to present. The
latter is still involved in 19 plutonium stabilization efforts as a part of the Hanford
cleanup program. Both of these complexes are located in the 200-W Area.”®

» Twenty-one research, development, and testing facilities where a variety of exposures to
radioisotopes occurred.

» Waste handling and storage facilities, one in each of the 200-W and 200-E areas, a trench
facility, a settling tank area, an evaporator facility, chemical separations exhaust filtration
facilities, and three liquid waste handling buildings, all providing a potential for external
and internal exposure, as well as exposures via the environmental transport pathway.

* Some 2,710 waste disposal sites and burial grounds in the 100, 200, 300, and 1100 Areas,
currently being characterized and remediated.” The preponderance of these sites poses
radiation exposure risks.

*  High-level radioactive waste (HLW) storage in 177 large underground tanks.® High-level
radioactive tank waste stabilization and removal from underground tanks, scheduled for
processing and disposal over the next 30 years, pose ongoing risks of exposure to
radionuclides.

* An estimated 2,750 surplus facilities, many of which are contaminated with
radionuclides, are either scheduled or are now undergoing deactivation, decontamination,
and decommissioning.’

It has not been possible within the time and resources available for this review to examine all
aspects of the site profile in detail due to the immense complexity and long history of the
Hanford facilities, and the many changes that have occurred over the decades. SC&A has
selected certain issues for detailed discussion because they may significantly affect dose
reconstruction.

Based upon a review process, which included not only a review of the TBDs and supporting
TIBs and documentation, but also interviews with the authors of the documents and site experts,

> Scalsky, E. D., Technical Basis Document for the Hanford Site Introduction, ORAUT-TKBS-0006-1,
Rev. 01, January 9, 2004, page 5.

6 Selby, J., Technical Basis Document for Hanford Site —Site Description, ORAUT-TKBS-0006-2, Rev.
00, October 2, 2003, page 14.

Tus. Department of Energy, Hanford Site Waste Management Units Report, DOE/RL-80-30, Revision 12,
January 2003.

® Between 1944 and 1988, some 530 million gallons of high-level wastes containing more than 800
megacuries (uncorrected for decay) were generated at Hanford. High-level wastes stored at Hanford currently
contain approximately 194 megacuries in 54 million gallons or 204,000 cubic meters.

> Us. Department of Energy, Office of Environmental Management, Linking Legacies, Chapter Five,
Surplus Facilities, http://legacystory.apps.em.doe.gov/text/link/link5.htm.
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SC&A has identified a number of issues. These issues are sorted into the following categories,
in accordance with SC&A’s review procedures:

(1) Completeness of data sources
(2) Technical accuracy

(3) Adequacy of data

(4) Consistency among site profiles
(5) Regulatory compliance

Following the introduction and a description of the criteria and methods employed to perform the
review, the report discusses the strengths of the TBD, followed by a description of the major
issues identified during our review. The issues were carefully reviewed with respect to the five
review criteria. Several of the issues were designated as findings because they represent
deficiencies in the TBDs that need to be corrected, and which have the potential to substantially
impact at least some dose reconstructions.

1.1 SUMMARY OF STRENGTHS

For the purpose of reconstructing internal doses based on historical operations, NIOSH compiled
an enormous amount of data describing the radioactive materials and operations at the various
facilities and their associated processes.

Attachment D.3 of the internal dosimetry TBD includes a series of eight tables that provide
guidance to dose reconstructors for assigning inhalation intakes of various radionuclides when
the results of urinalysis are below the MDA. The intakes, in units of dpm/d, are normalized to an
MDA of 1 dpm/d (based on a 24-hour urine sample). The tables also list cumulative intakes, in
both dpm and pCi, based on exposure durations of 1 to 50 years. A second set of 11 tables
provides similar guidance for whole body counters, normalized to an MDA of 1 nCi. These
tables are helpful for dose reconstructions for claimants who worked at the Hanford Site, and are
carried out to 50 years. According to the internal dosimetry TBD, plutonium urinalysis started in
September 1946 (page 13), reliable uranium urinalysis started sometime in 1948 (page 24), and
routine fission product urinalysis started in January 1947 (page 27). These urinalysis data were
available in the late 1940s and generally provide a better means than air sampling data for the
dose reconstructors to determine daily and cumulative intakes. However, some limitations of the
data, discussed below, need to be factored in.

The use of the hypothetical intake described in ORAUT-OTIB-0002 (Rollins 2004) by NIOSH
likely overestimates the dose to nonradiological workers and minimally exposed workers. For
sites with reactors, such as Hanford, each claimant is assigned 28 radionuclides considered
representative of potential sources of intake.

In compiling the atmospheric source terms for deriving outdoor occupational exposures, NIOSH
made a concerted effort to compile the source term data needed to reconstruct the doses to
unmonitored workers. This applies especially to the early period, prior to 1968.
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1.2 SUMMARY OF FINDINGS

Finding 1: The NIOSH-derived neutron-to-photon dose ratios for use in pre-1972 neutron dose
reconstruction are technically deficient and based on nonconservative assumptions, making them
claimant unfavorable for use in dose reconstruction. For many Hanford workers, neutron
exposure contributed a large fraction of the total dose derived from external radiation. In fact,
when they are adjusted to account for the current International Commission on Radiological
Protection (ICRP) neutron-weighting factor, neutron doses at the Hanford 200 and 300 Area
plutonium facilities dominate the external dose. SC&A found various combinations of
deficiencies that include: (1) the use of inappropriate data, (2) the use of incomplete or
insufficient data, (3) the use of unconfirmed assumptions, and (4) the failure to account for
critical variables, which limits the use of extrapolated data over time. It is also clear that historic
neutron exposures to reactor workers in many areas are not adequately characterized.

Finding 2: The lack of bioassay data during the early period makes it difficult to properly
quantify internal doses during that period. It is particularly a problem when dealing with the
potentially high exposures that occurred during that time. Plutonium bioassay did not begin until
September 1946; uranium bioassay did not begin until the first half of 1948. Fission product
urinalysis data are unreliable until 1948. Uncertainties in the actual bioassay techniques and
instruments used to quantify internal dose and the MDAs used in the years following 1946 need
to be more thoroughly evaluated. Use of air monitoring data as a surrogate for worker intake
during this early period is insufficiently substantiated, particularly given the lack of a basis for
the assumed statistical distributions.

Finding 3: No guidance or direction for the dose reconstructor is provided regarding how
adjustments are to be made or uncertainty factors calculated based on film badge and
thermoluminescent dosimeter (TLD) error data provided in the TBD. In fact, no adjustments are
recommended in recorded penetrating or gamma dose, with the exception of penetrating dose
recorded for the two-element dosimeter used prior to 1957 for workers in the 200 Area.
Likewise, adjustment factors are lacking for the large variety of exposure geometries
experienced by workers at Hanford.

Finding 4: There is a significant potential for missed internal dose at Hanford that is
insufficiently addressed in the TBD. Issues not adequately addressed include estimation of
uncertainties for bioassay measurements prior to 1981, uncertainty corrections for whole-body
counting prior to 1986 (and even default radionuclides until 1993), and potential contribution of
radioactive contaminants in recycled uranium. The uncertainties in the case of plutonium in vivo
counts are especially large. While the TBD recognizes the problem, the approach for dealing
with them is not scientifically persuasive and does not appear to be consistently claimant
favorable.

Finding 5: Modeling of occupational exposures due to Hanford environmental releases is not as
claimant favorable as it should be, because the RACHET puff advection model is apparently not
being applied to daily episodic airborne releases. Given that there were a number of relatively
large short-term, ground-level, and elevated atmospheric releases at Hanford, it is important that
these are modeled as hourly, not continuous annual releases, as indicated by Tables A-1 through
A-21 of the TBD (Scalsky 2003). Lack of adequate parametric modeling of episodic releases
also presents a significant potential for missed dose if releases are treated as continuous releases,
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e.g., plutonium releases from the T and B reprocessing plants, '’Ru and '°°Ru releases from the
REDOX plant, and fission product releases as part of the Green Run and other operational
release episodes.

Finding 6: The Tank Farm characterization in the TBD (Bihl 2004) is inadequate for dose
reconstruction guidance in several respects. The list of radionuclides cited in the TBDs is
incomplete, increasing the potential for missed dose. The site profile relies primarily on
ORIGEN calculations to identify radionuclides that occur in large quantities and has not
consulted field characterization data to verify the calculations (see Attachment 2 of this report).
The TBD also does not reflect a complete description and characterization of past and current
environmental restoration and waste management operations from which radiation exposure is
likely to result.

Finding 7: Hanford was involved in both minor and major special campaigns, most notably
those involving production of thorium and polonium. NIOSH needs to provide a detailed
revision in the Hanford Occupational Internal and External Dosimetry TBDs to properly account
for doses from the production of **°U in the 100, 200 and 300 Areas, particularly in the 1960s to
1970s during peak production of **U. For workers exposed to thorium in the 1950s and 1960s,
NIOSH needs to confirm such thorium exposures by urinalysis data for individual claimants, and
dose reconstructors should carefully review potential doses in the 1960s and 1970s from
irradiated thorium.

Finding 8: The TBD is incomplete with respect to remediation and disposal sites. Although
NIOSH has included descriptions of key production and storage facilities, they have not
addressed the numerous environmental waste streams and cribs that have been cleaned up in the
past at Hanford disposal sites (e.g., ERDF). These areas pose radiological risks to those workers
involved in the remediation and disposal process. Also, as these areas continue to age, the
radionuclides of concern may be different from those in the original operations. Dose
reconstructors need to take into account the risks associated with these areas at the Hanford site
and the variability in radionuclide concentrations.

Finding 9: The method of locating, evaluating, and integrating incident data into the dose
reconstruction is not clear in the Hanford TBDs. The Hanford occupational internal dose TDB
(Bihl 2004) gives no specific information as to the spread of contamination in the reactor
building, 231-Z Plutonium Isolation Facility, concentrator buildings, and uranium metal
fabrication shops during the period 1943—1946. NIOSH should search for records that can
provide additional information on doses resulting from accidents and incidents.

1.3 OPPORTUNITIES FOR IMPROVEMENT

Oro-Nasal Breathing: NIOSH should take into account oro-nasal breathing in the estimation of
inhalation and ingestion doses. The dose conversion factors for light and heavy breathing should
take account of the fact that many workers switch from nasal to oro-nasal breathing as the work
becomes heavier. An upward adjustment to the percentage of heavy exercise and the
consideration of oro-nasal breathing would ultimately increase the total uptake of radioactive
material and be more claimant favorable given the uncertainties involved.
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Addressing High-Risk Jobs: NIOSH should create a list of high-risk jobs and incidents for
consideration as a complement to the site profile to inform the dose reconstructor during the
individual dose reconstruction process and develop likely maxima and uncertainties for high-risk
job categories.

Dose Calculation Example: NIOSH should provide in the TBD text an example of a
hypothetical individual dose reconstruction using recorded records, missed dose assignment, and
dose assignments when dosimeters read zero dose.

Consistent Air Dispersion Model: NIOSH should use a consistent methodology for calculation
of occupational dose that is appropriate for application to onsite workers. The components of
environmental dose should be consistent between DOE facilities. Hanford has provided a
superior RATCHET puff advection model that is especially helpful in the evaluation of acute
episodic releases.

Recycled Uranium: The dose contribution from trace radionuclides in recycled uranium should
be evaluated in terms of dose to particular organs of concern and the relative impact on internal
dose reconstruction. NIOSH should evaluate the lack of formal policies for trace radionuclides
in recycled uranium and develop bounding conditions that can be applied to DOE facilities,
including Hanford.

Beta/Gamma Dosimeter Adjustments and Uncertainties: A method to consistently account
for laboratory, radiological, and environmental uncertainties in dosimeter readings should be
developed and appropriately applied to recorded dosimeter results, so that it is clear what sigma
value should be entered into Interactive RadioEpidemiological Program (IREP) Parameter 2.

Tank Farm Worker: NIOSH should complete an evaluation of the relative hazards associated
with work at the Tank Farms and the completeness of monitoring related to Tank Farm workers,
including subcontractor and construction workers.

Use of Site Expert Input: NIOSH should make a greater effort to take into account site expert
information and investigate worker accounts. First-hand experience and association with the
Hanford Site enable them to provide original perspectives and information concerning site
practices and exposure histories. A limited amount of worker input has been incorporated into
the latest versions of the TBD.

Missed Dose and Off-normal Practices: NIOSH should evaluate the significance of off-
normal practices for missed dose by analysis of film badge data and site expert interviews. This
is essential to determine if there were areas or periods, where badges may not have been
consistently worn when the actual dose was near the administrative control limit.
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2.0 SCOPE AND INTRODUCTION

The Hanford site encompasses an area of approximately 600 square miles. The
site was chosen in January 1943 and construction of the facilities at Hanford
commenced in March of that year, when several major nuclear facilities were
started. These included 105-B (Production 3 Reactor); 221-T (Separation
Facility); 305 (Test Pile); and 313 (Fuel Element Fabrication). The production
reactors designed to produce plutonium by irradiating metallic uranium were
constructed in the 100 Area located along the Columbia River on the north side of
the Hanford site. The separation facilities were built in the 200 Area located on a
high plateau in the center of the Hanford site. The fuel fabrication facilities, test
reactors, and research and development laboratories were built in the 300 Area
located on the south side of the Hanford site. The facilities represent more than
500 major facilities where nuclear activities were conducted. '

By 1990, all defense production at Hanford was halted. Since 1990, the dominant risks of
radiation exposure stem from fissile material stabilization, environmental restoration, and waste
management activities. The U. S. Department of Energy’s environmental mission at Hanford is
scheduled for termination by 2033."

Under the Energy Employees Occupational Illness Compensation Program Act of 2000 and
Federal regulations defined in Title 42, Part 82, Methods for Radiation Dose Reconstruction
Under the Energy Employees Occupational 1liness Compensation Program, of the Code of
Federal Regulations (42 CFR Part 82), the Advisory Board on Radiation and Worker Health is
mandated to conduct an independent review of the methods and procedures used by the National
Institute for Occupational Safety and Health (NIOSH) and its contractors for dose reconstruction.
As a contractor to the Advisory Board, S. Cohen and Associates (SC&A, Inc.) has been charged
under Task 1 to support the Board in this effort by independently evaluating a select number of
site profiles that correspond to specific facilities at which energy employees worked and were
exposed to ionizing radiation.

This report provides a review of the following documents related to historical occupational
exposures at the Hanford Site: ORAUT-TKBS-0006-1, Technical Basis Document for the
Hanford Site — Introduction (Scalsky 2004ba); ORAUT-TKBS-0006-2, Technical Basis
Document for the Hanford Site — Site Description (Selby 2004), ORAUT-TKBS-0006-3,
Technical Basis Document for the Hanford Site — Occupational Medical Dose (Scalsky 2003);
ORAUT-TKBS-0006-4, Technical Basis Document for the Hanford Site — Occupational
Environmental Dose (Savignac 2003); ORAUT-TKBS-0006-5, Technical Basis Document for
the Hanford Site — Occupational Internal Dose (Bihl 2004); and ORAUT-TKBS-0006-6,
Technical Basis Document for the Hanford Site — Occupational External Dosimetry (Fix 2004).
Although SC&A is aware that there was a recent Rev. 01 to ORAUT-TKBS-0006-4 in April
2005, this Rev. 01 has not been evaluated in this report. SC&A, in support of the Advisory
Board, has critically evaluated the Hanford site Technical Basis Documents (TBDs) in order to:

10 Selby, J., Technical Basis Document for Hanford Site — Site Description, ORAUT-TKBS-0006-2,
Rev. 00, October 2, 2003, page 7.

" DOE/RL-2002-47, Rev. D.
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e Determine the completeness of the information gathered by NIOSH in behalf of the site
profile with a view to assessing its adequacy and accuracy in supporting individual dose
reconstructions

e Assess the technical merit of the data/information
e Assess NIOSH’s use of the data in dose reconstructions

SC&A’s review of the six TBDs focuses on the quality and completeness of the data that
characterized the facility and its operations and the methods prescribed by NIOSH for its use of
these data in dose reconstruction. The review was conducted in accordance with the objectives
stated in Standard Operating Procedure for Performing Site Profile Reviews (SC&A 2004).
The review is directed at “sampling” the site profile analyses and data for validation purposes.
The review does not provide a rigorous quality control process whereby actual analyses and
calculations are duplicated or verified. The scope and depth of the review are focused on aspects
or parameters of the site profile that would be particularly influential in deriving dose
reconstructions, bridging uncertainties, or correcting technical inaccuracies. This review does
not explicitly address the issue of radiation exposures to cleanup workers and decommissioning
workers, as that is not addressed in the TBDs.

The six TBDs serve as site-specific guidance documents used in support of dose reconstructions.
These site profiles provide the health physicists who conduct dose reconstructions on behalf of
NIOSH with consistent general information and specifications to support their individual dose
reconstructions. This report was prepared by SC&A to provide the Advisory Board with an
evaluation of whether and how the TBDs can support