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1. PURPOSE OF APPLICATION

Refer to Form 313 (submitted as separate document) for which this document provides supplemental
information.

2. NAME AND MAILING ADDRESS OF APPLICANT

Refer to Form 313 (submitted as separate document) for which this document provides
supplemental information.

3. ADDRESS WHERE LICENSED MATERIAL WILL BE USED OR
POSSESSED

Refer to Form 313 (submitted as separate document) for which this document provides
supplemental information.

4. NAME OF PERSON TO BE CONTACTED ABOUT THIS
APPLICATION

Refer to Form 313 (submitted as separate document) for which this document provides
supplemental information.

5. RADIOACTIVE MATERIALS

a. Element and mass number: Natural uranium and thorium.
b. Physical form: Any, but primarily solid feed materials for plant operations.

c. Maximum amount possessed at any time: 400 tons, as elemental uranium and thorium.

6. PURPOSES FOR WHICH RADIOACTIVE MATERIAL WILL BE
USED

This application requests renewal of license number SMB-920 for Cabot Supermetals (CSM), formerly
Cabot Performance Materials. The company changed its name in 2002, but made no changes in its
location, operations, or corporate management personnel. CSM is a business unit of:

Cabot Corporation
75 State St.
Boston, MA 02109-1806

The parent corporation under which CSM operates is a $1.5 billion specialty chemical company. CSM is
one of 14 business entities that compose Cabot Corporation. Each of those 14 businesses has
responsibility for individual performance of operations. Neither CSM, nor Cabot Corporation is a foreign
owned business.

1 March 2004



Supplemental Information for Renewal
Application for License Number SMB-920
Cabot Supermetals — Boyertown, PA

The facility covered under this license and the headquarters for CSM are located at the following address:

Cabot Supermetals
County Line Road
Boyertown, PA 19512

Authorized uses include receipt, possession, and processing by CSM at the Boyertown, Pennsylvania
facility in accordance with the statements, representations, and conditions specified in this application for
license renewal and attached supplements. Statements, representations, and conditions specified in this
application replace in whole and supersede all prior submittals.

This license allows the receipt and possession of feed material containing uranium and thorium to be
processed for tantalum and niobium, two non-radioactive products that are used in the electronics
industry. CSM expects these operations to remain economically viable for the foreseeable future and
requests this license to be issued for the maximum period of time allowed by the regulations.

Although CSM is licensed to handle source material under the NRC category for uranium mills, CSM’s
Boyertown plant is not a uranium operation and is of a much smaller scale than most uranium mills. The
majority of the Boyertown plant is dedicated to chemical processing, so radioactive materials are handled
in a very limited number of buildings and work areas. The quantities of licensed material that are
received as feed material and processed or stored at the site are minimal compared to the massive
quantities that are handled at uranium mills. Incoming ores are contained in drums until they are fed into
the process, not exposed to the elements in large quantities while stored on open pad sites. None of the
radioactive constituents of the ore are concentrated, unlike uranium mills that concentrate uranium as an
end product. CSM’s tantalum and niobium products do not contain any of the licensed radionuclides.
Virtually all of the radionuclides in the feed material are retained in the presscake that is transferred to the
bulk storage bins until it is ultimately disposed off-site.

7. INDIVIDUAL(S) RESPONSIBLE FOR RADIATION SAFETY
PROGRAM AND THEIR TRAINING EXPERIENCE

The individual responsible for the execution of the radiation safety program at the Boyertown facility is
the Radiation Safety Officer (RSO). Duties and responsibilities of the Radiation Safety Officer are
described in section 10 of this application. CSM requires that the RSO will have the following training
and experience as a minimum:

* BS degree in biology or a physical science
*  Completion of a basic radiation safety course
* Atleast two years experience in the safe use and handling of radioactive material

The Radiation Safety Officer also attends a professional society meeting, seminar, or radiation safety
training session at least once every two years as part of CSM’s professional development program. The
RSO for this license is Timothy Knapp. CSM will notify the NRC in writing in the event that Mr. Knapp
vacates the RSO position. CSM will ensure that the duties of the RSO are assigned to and carried out by
a responsible, qualified individual at all times during plant operation, and will implement a system to
provide back-up, on-call support for the RSO to ensure that lapses do not occur.
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8. TRAINING FOR INDIVIDUALS WORKING IN OR FREQUENTING
RESTRICTED AREAS

Training for individuals working with radioactive material is described in Section 10.5 as part of the
Radiation Safety Program. Training for individuals working in or frequenting restricted areas will be
commensurate with the individuals’ duties and with the requirements of 10 CFR 19 and applicable
sections of Regulatory Guide 8.31.

9. FACILITIES AND EQUIPMENT

The description of facilities and equipment provided herein is accurate and current as of the date of this
application. CSM may change facilities and equipment as required to meet its business needs with the
stipulation that any changes expected to impact the handling, control, or monitoring of licensed
radioactive material will be made in accordance with the conditions of this license and all applicable
federal, state, and local rules and regulations. The U.S. Nuclear Regulatory Commission (NRC) will be
informed in writing of any significant changes in facilities and operations.

9.1 PLANT FACILITIES AND PROCESS DESCRIPTION

The Boyertown facility is sited on approximately 200 acres located along both sides of County Line Road
about 1.5 miles (2.4 km) northeast of Boyertown, Pennsylvania. The population of Boyertown was
determined to be 3759 during the 1990 census and has remained relatively constant since that time. The
site resides in two counties, Berks and Montgomery, with County Line Road marking the boundary
between the two. The topography is relatively flat with a slightly elevated knoll just northeast of the main
plant area. There is a stream running along the western site boundary, and site drainage is generally south
and west. There has been no significant change in the residential areas nearest to the site since the last
license renewal. Figure 9-1 presents the layout of the operations, and includes a legend to identify
pertinent features such as site buildings and structures, on-site roadways, points of vehicular and
pedestrian access, and locations where licensed materials are present. The areas where radioactive
materials are received, handled, stored, and processed represent a small fraction of the overall plant site.
It is also important to note that ore is typically received and stored in containers such as drums, not in
exposed bulk quantities as is common practice at uranium mills. The ore is emptied from the containers
under controlled and monitored conditions in Building 73.

9.1.1 General Plant Information

The Boyertown Plant is operated by Cabot Supermetals, Inc (CSM) and receives and processes low-grade
uranium ores to extract tantalum and niobium as product materials. The plant ore feed rate is
approximately 4,350 kilograms per day (9,600 pounds per day), 5 days per week or 1,200 ton/yr. Based
on analytical results from 207 samples collected throughout 2001, the ore averages 0.165% uranium and
0.057% thorium. Feed materials qualify as uranium and thorium ore, but those source materials are not
processed by CSM with the intent of concentrating the source material. The uranium and thorium
constituents of the ores would be contaminants in the product and remain in the residual ore materials
stored on-site or transported and transferred to another source material licensee. Other significant
differences that exist between typical uranium mills and the Boyertown plant operations include the
following:

*  Ores are generally received in drums, not in bulk shipments such as train cars or large capacity
haul trucks.
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* The Boyertown facility processes much smaller quantities of material than a uranium mill.

* CSM does not stockpile its ore in exposed piles that are susceptible to wind and rain erosion.
Rather the ores are retained in their shipping drums until they are placed inside a building and fed
into the process.

*  The ores received by CSM are typically sand-like and require far less grinding and crushing than
most uranium ores.

e Uranium and thorium are not concentrated in the CSM process, and residual ore materials are
stored temporarily inside buildings so they are not susceptible to wind erosion and do not require
engineered cover materials.

Ore residues in the form of presscake are transported on-site to the bulk storage bins for temporary
storage until they are shipped off-site. Virtually all the radioactivity present in the ore is transferred into
these residues, except for the trace amounts that are passed into the wastewater filtercake that is described
below. The plant produces about 1,000 tons/yr of the presscake. In 1997 and 1998, CSM shipped
approximately 18,000 tons of presscake for reprocessing as alternate feed at a uranium recovery facility
(mill) in Utah. The average concentration of the shipped material was 2,800 pCi/g for a total calculated
uranium and thorium activity of 45 Ci.

Wastewater is treated with the addition of lime and filter pressing to adjust the pH and remove solids.
The levels of radioactivity in the filtercake are marginally greater than background, and the largest
contributor is the lime that is added to treat the water. Daily accumulations of the residue are transported
to a landfill for final disposal after the content of uranium and thorium in the material is determined to be
less than 10 pCi/g. From 1999 through September 2002, the uranium and thorium content averaged 4.2
and 1.0 parts per million (2.8 and 0.1 pCi/g), respectively. CSM produces about 19,000 tons/yr of this
residue.

9.1.2 Improvements to Control of Licensed Material

The bulk storage bins are designed to contain the ore residues (presscake) in a secure manner that isolates
them from the environment. In 2002 CSM initiated a project to maintain and improve the bins after
noting that the roof to wall interface was no longer preventing precipitation from entering the bins. The
improvements have effectively eliminated the potential for surface water and precipitation intrusion into
the bins. All but one of the bins were empty because of the previous shipments of the presscake to sites
licensed to accept alternate feed materials, facilitating the following improvements:

*  Placing rubber liners across the concrete floors and up the walls to further ensure that potential
freestanding liquids would be retained in the bins,

* Replacing concrete blocks that had loosened or fallen repaired upper sidewalls,

» Extending the upper sidewalls to meet with the roof to prevent windblown precipitation from
entering the bins, and

* Repairing and improving rain gutters and grading around the bins to prevent runoff from entering
the bins.

An additional structural improvement was made to Building 73, where the drums of ore are temporarily
stored prior to emptying them into the circuit. A roof extension and sidewalls were added to the
northwest end of the building to provide a more secure and weather-protected storage location for the
small quantity of drums that are staged there. This structural shelter supplements the protection that was
already provided by the containers that hold the ore until it is introduced into the circuit.
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9.2 SITE ACCESS AND RESTRICTED AREAS

The perimeters of the Boyertown plant site are fenced into the two areas separated by County Line Road.
The two primary access gates (pedestrian and vehicle access) are staffed with security guards to prevent
inadvertent or unauthorized access. Secondary access gates are equipped with automatic identification
card readers that release the magnetic locks when an authorized card is presented.

Controlled work areas include the buildings in which radioactive materials are handled and processed
(Building 73), and where ore and ore residues (presscake)are stored temporarily in the Bulk Storage Bins
on the northeast end of the site. Access to those areas is controlled administratively through general site
access procedures, as described above, signs posted in accordance with regulations, and training provided
to employees, visitors, and contractors.

The Bulk Storage Bins are constructed to prevent erosion, migration, or dispersal of the residues. Each
bin is constructed with a concrete floor, block walls, and a metal roof to fully contain the presscake and
ensure secure storage and prevent erosion and dispersion. They are located in an area surrounded by a
chain-link security fence with a single point of access that is controlled by a locked gate. The key to the
gate is retained at security, and authorized individuals must sign a logbook in order to receive a key.
Plant security guards patrol the access road to the bulk storage bins periodically.

The flow of licensed material is as follows. Ores contained in closed drums are received on trucks at the
receiving area. They are assayed and transported to the process staging area while still in their containers.
Individual drums are moved into the ore feed area in Building 73, as needed. The ore is fed through a
grinding circuit into the plant processing tanks where acid is used to separate the tantalum and niobium
from the ore. Ore residues are separated from the process as sludge or moist solids and transported to the
Bulk Storage Bins. Solid materials from an on-site acidic wastewater neutralization plant are analyzed to
ensure they contain concentrations of uranium and thorium that are below the release limits established in
this license, and shipped off-site for disposal at a nearby landfill.

9.3 FACILITY OR SITE CHANGES

CSM considered, but never commissioned, the “second stage digester” as described in the previous EA.
In addition, under current business conditions CSM does not intend to reprocess ore residues onsite;
however, CSM may contract this service to a third party that is licensed and permitted to perform such
work. The only current project potentially affecting the plant process is the proposed new wastewater
treatment system. This system will upgrade CPM’s current treatment technology and minimize
operational costs. This change has been approved by the NRC on August 27, 2002 and is described
below. CSM will incorporate applicable review and permitting procedures as required by other federal,
state and municipal authorities.

CSM plans to modify its wastewater treatment process by segregating the “raffinate” wastewater from its
composite wastewater stream. Currently CSM combines the raffinate wastewater stream with other
wastewater streams to precipitate fluoride by adding lime. The segregated raffinate wastewater stream
could be characterized as a mixed hazardous waste based on corrosivity (D002) and gross alpha
concentrations in the range of 0.001 - 0.021 pCi/l.

Wastewater treatability studies have shown that the fluoride complexes contained in the raffinate
wastewater stream, when combined with the other wastewater streams at the facility, reduce the
effectiveness of precipitation by lime addition. These studies also showed that segregation of the raffinate
wastewater stream and treatment with a combination of lime and de-watered wastewater treatment sludge
allows for effective treatment of both the remaining combined stream and the segregated raffinate stream.
The resulting stream would contain 40-50% solids.
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In addition, the treatability studies have shown the resultant solids would not exhibit any hazardous waste
characteristic, and the radiological constituents would be well below the filtercake release limit justified
by the dose assessment provided referenced in Section 11 of this document, and the related license
condition. Therefore, CSM believes that the solids generated by the proposed segregation and on-site
treatment of this mixed hazardous waste stream would continue to qualify for ultimate disposal as a
residual waste.

10. RADIATION SAFETY PROGRAM

CSM has conducted operations at the Boyertown facility under license SMB-920 for more than 20 years,
and has successfully completed renewals and amendments to that license on several occasions. The
processes and facilities have not significantly changed other than to add capacity or improve the
efficiency of the plant operations. In addition, license inspections have been completed at the facility on
several occasions and the most recent inspection was conducted in September / October 2001 and resulted
in only minor (Severity Level IV) violations. This application for renewal of the license summarizes the
current conditions and ongoing programs at the facility, including the latest improvements that have been
designed to address input from the on-site inspection.

10.1 COMMITMENT TO RADIATION SAFETY PROGRAM IMPLEMENTATION

CSM is committed to establishing, implementing, and maintaining a Radiation Safety Program that meets
or exceeds the regulatory requirements, including 10 CFR 20 Subpart B, and complies with accepted
industry practices. It shall be the objective of the program to ensure that exposures to employees and
members of the general public from radioactive materials used by CSM are kept as low as reasonably
achievable (ALARA). The Radiation Safety Program is currently maintained by CSM at the Boyertown
facility in accordance with the conditions defined in source material license SMB-920. It is worth noting
that, beginning in calendar year 2000, CSM initiated changes in the organizational structure and
management personnel in the Safety, Health, and Environment (SH&E) Department into which the RSO
reports. The radiation safety programs have been improved under this revised structure and the following
subsections describe the current programs. Changes from past programs are specifically identified
throughout these subsections.

10.2 ORGANIZATION AND PERSONNEL QUALIFICATIONS

This section describes the organizational structure of the Boyertown facility and the roles and
responsibilities of managers and staff that are relevant to the radiation safety programs at the site. An
organizational chart showing the individuals whose responsibilities may directly impact the success of the
radiation safety programs is presented in Figure 10-1. CSM may revise its management structure in order
to address the changing needs of its operations and business sector. A license revision or notification to
the NRC is required only for changes that negatively impact the independent reporting path for the RSO,
the authorities of the RSO, or the involvement of the RSO in the operational management of the facility.
Additional information regarding those individuals is provided in the following subparts of section 10.2.

10.3.1 Corporate Management

CSM corporate management is lead by the Vice President and General Manager (VP/GM) of the
Boyertown facility. He has overall responsibility for the activities at the site, and profitability of the

7 March 2004



Manager,
Capital
Engineering

Manager,

Supply
Chain

Mgr, NA
Cap Powder
Sales

Cabot Supermetals

VP / General
Manager

Supplemental Information for Renewal
Application for License Number SMB-920
Cabot Supermetals — Boyertown, PA

General Manager
North America

Chief Financial
Officer

Director, Ta R&D Director, Raw
and ACM Material
Acquisition

Mar,
Human
Resources

Manager SH&E and
Facility Services

Director, Boyertown
Manufacturing

Director,
Quality

Controller

Environmental Safety and Health
Manager

Manager, Radiation
Safety Officer

Chemicals
Manufacturing Manager

Administrative and
Non- Radiological
Operations

Production Supervisors

Operations Potentially Impacting NRC-licensed Activities

Figure 10-1. Boyertown Facility Organizational Structure

March 2004



Supplemental Information for Renewal
Application for License Number SMB-920
Cabot Supermetals — Boyertown, PA

operations. He is ultimately responsible for the health and safety of the site employees, and protection of
the environment and members of the general public.

Additional corporate managers include the directors and managers who report to the VP/GM. As
represented in Figure 10-1, there are four individuals reporting to the VP/GM who have responsibilities
that may directly impact the license or the implementation of the radiation safety programs. The
managers responsible for SH&E functions and Manufacturing operations report to the General Manager,
North America (GM/NA). Those managers have the authority to halt operations that appear to be unsafe,
and may be called upon to approve the restart of operations after such a shutdown. The Manager, SH&E
and Facility Services is responsible for the development and implementation of the SH&E programs and
is the direct supervisor of the Radiation Safety Officer (RSO). The Manager, SH&E and Facility Services
has overall responsibility for the technical quality and adequacy of the radiation safety program. He
ensures that the RSO has the support and resources necessary to conduct his work activities. He also
provides routine feedback to corporate management regarding the status of his programs and interacts
with the other directors as necessary to ensure they understand and implement the radiation safety
programs. The SH&E functions and operations functions report independently to the GM/NA to provide
objective audit, review, and control activities for the SH&E programs. In this independent role, the
SH&E staff and managers provide a mechanism by which any employee can report potentially unsafe
conditions or safety concerns. The SH&E managers promptly assess and resolve any reported concerns.

The remaining three key individuals that report to the VP/GM are the Chief Financial Officer, the
Director, Tantalum Research and Development and ACM, and the Director, Raw Material Acquisition.
They are responsible for individual aspects of the day-to-day operations of various CSM facilities. They
ensure that the plant operations comply with the company’s policies and procedures.

10.3.2 Site Management

The Chemicals Manufacturing (CM) Manager reports to the Director, Boyertown Manufacturing and has
responsibility on a day-to-day basis for ensuring that the Boyertown plant complies with the company’s
policies and procedures, including the site radiation safety programs. The CM Manager has the authority
to immediately terminate any activity that is found to be an imminent threat to health, safety, or property
and must approve startup of operations after any such shutdown.

The Radiation Safety Officer reports directly to CSM’s Manager, SH&E and Facility Services and is
responsible for monitoring compliance with the conditions of the radioactive materials license and
relevant local, state and federal regulations. The RSO has access to all levels of operational management
as necessary for the execution of his/her duties. The RSO has the authority to immediately terminate any
activity that is found to be an imminent threat to health, safety, or property, or that is likely to violate the
license conditions or radiation safety program requirements, and this authority cannot be revoked. A full-
time employee fills the RSO position and the Manager, SH&E and Facility Services provide staff as
necessary to support the position. Specific qualifications and training for the RSO are described above in
ITEM 7 of this document.

Specific duties of the RSO include, but are not limited to the following:

*  Membership on the ALARA committee

* Monitoring activities involving radioactive material, including conducting routine measurements
and special surveys of areas where radioactive material is used.

* Determining compliance with rules and regulations and license conditions.
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* Providing guidance on the proper shipping of all radioactive material from the CSM facility and
ensuring compliance with applicable regulations of the U.S. Department of Transportation (DOT)
and other appropriate agencies.

*  Assuring that an accurate inventory of source material is maintained.

*  Managing the radioactive waste program.

*  Monitoring the storage of source material not in use.

* Performing and arranging for calibration of instruments.

* Assuring leak tests are performed on generally licensed gauging devices.

*  Coordinating the radiation safety training of personnel before they are allowed to work
independently in restricted areas, and ensuring that class information is current, correct, and
appropriate.

*  Training and supervising radiological technicians who conduct radiation monitoring program
activities to ensure that procedures are followed and results are correct.

»  Offering timely feedback on aspects of radiation safety to employees, management, and to the
Director of Safety, Health, and Environment.

* Maintaining files of information relevant to future site decommissioning and managing
radiological decontamination efforts.

*  Maintaining files for records related to the Radiation Safety Program.

* Maintaining radiological contingency plans and overseeing and coordinating the response to any
radiological emergency related to the Boyertown operations.

Detailed position descriptions for any of the positions listed above may be acquired from CSM upon
request.

10.4 ALARA COMMITTEE

CSM maintains an ALARA Committee to ensure that its operations are conducted in a manner that meets
the ALARA commitment. The primary responsibility for oversight and continuous improvement of the
radiation safety program is assigned to the ALARA Committee. The objective of the committee is to
ensure that exposures to, and releases of licensed radioactive materials are maintained at levels that are as
low as reasonably achievable, that operations comply with license conditions, and that unexpected
circumstances or changed conditions are appropriately considered and addressed. The members of the
committee are selected according to their positions at the facility and are as follows:

*  Chemicals Manufacturing Manager — Chairman

* Radiation Safety Officer — Senior Technical Support

* Maintenance Manager — Member

* Safety and Health Manager — Member

*  Production Supervisor — alternating member, annually

*  Manager, SH&E and Facility Services — invitee

* Director, Boyertown Manufacturing — invitee

* One representative from each of the union locals with workers at the plant
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The committee membership and leadership have been modified to better develop interaction between
operational management and radiation safety staff. Each year the committee will establish goals for the
radiation safety program in support of the ALARA objectives.

The ALARA Committee shall meet at least quarterly to review the radiation monitoring results.
Previously, the committee met only once each year. In addition, the Chairman shall call special meetings
of the committee whenever a new process or procedure in production is initiated that he determines
should be reviewed for ALARA considerations. Any employee at the site may submit to the Chairman a
request for a special meeting to address processes, procedures, or program implementation that may
impact compliance with the ALARA philosophy. The committee will conduct annual reviews of the
radiation safety programs and monitoring results, and may commission independent third party reviews to
meet this requirement. Written documentation of meetings and activities of the ALARA Committee are
maintained by the Chairman.

Previous applications for license renewal have described additional safety-related committees, including
the Preparedness, Prevention, and Contingency Plan Committee, the Health and Safety Committee, the
Labor—Management Health and Safety Committee, the Safety Council, the Plant Safety Committee, and
the Laboratory Safety Committee. Those committees will no longer have any direct role in the radiation
safety programs. The members of the ALARA Committee will coordinate their actions with the other
committees by contacting appropriate committee participants as necessary.

10.5 WRITTEN PROCEDURES

CSM establishes and maintains written procedures to address the routine activities of its radiation safety
program. The current list of written procedures includes, but is not limited to, the following topics:

*  Source material inventory

* Personal dosimetry

* Air sampling

*  Sludge sampling and storage

*  Filter cake sampling

*  Ground water sampling

*  Surface water sampling

*  Sediment sampling

* Incoming ore surveys

* Contamination surveys using wipe samples
* Radiation surveys of roll mil thickness gauges
* Instrument calibration and use

* Radiation safety orientation.

Existing procedures are reviewed during the annual radiation safety program reviews and revised as
necessary to keep them current and accurate. New procedures are developed, reviewed, authorized, and
implemented as necessary to document new processes. Procedures are tracked and maintained in
compliance with ISO-9000 requirements. Official copies of procedures are maintained in electronic
format and the RSO keeps a current set of procedures for the radiation safety programs available for
review during on-site inspections by the NRC.

10.6 TRAINING IN THE USE OF RADIOACTIVE MATERIAL

CSM has developed and implemented a radiation protection-training program for its employees and
visitors to the facility. This program was designed to meet the requirements of Parts 19 and 20 of Title 10
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of the Code of Federal Regulations. Training classes serve as part of the indoctrination for new workers
and incorporate topics such as the following:

»  Basic principles of radioactivity and characteristics of radioactive material

* Radiation hazards and potential health impacts from overexposure / prenatal exposure
*  Proper methods for safely working with radioactive materials

*  Methods for reducing radiation doses and controlling contamination

* Regulatory limits and ALARA philosophy

*  Monitoring methods and instruments

* Employees’ rights and access to records

*  Personal protective equipment

* Cabot’s radiation safety programs, roles and responsibilities

New workers complete a written test as part of their indoctrination. The information imparted during
radiation safety training is reviewed and revised during the annual review of the radiation safety programs
conducted by the ALARA Committee. Cabot includes reviews of radiation safety topics and training on
new or revised radiation safety procedures and protocols on an on-going, as needed basis as part of its
continuing safety training and employee meetings. In addition to this continuous retraining, restricted
area workers are required to attend a refresher course at least once every three years. CSM retains written
documentation of participation in all of these retraining sessions. Training requirements are established
for three categories of individuals, as indicated below.

* Restricted Area Workers — All employees whose work activities are expected to require access to
restricted areas will complete general radiation worker training prior to working without
supervision in those areas. Class agendas and sign-up sheets are maintained as records of
training. Agendas and materials used for this training are subject to minor changes in content
without prior notification of the regulatory agencies. Topics that are typically covered in the class
are listed below.

— Fundamentals of radiation safety including--
¢ Characteristics of radiation and contamination;
¢+ Units of radiation dose and quantity of radioactivity;
¢+ Hazards of exposure to radiation, including internal, external, and acute, and
chronic exposures, and stochastic and non-stochastic effects;

¢+ Levels of radiation from licensed material;

¢+ Methods of controlling radiation dose (hygiene and administrative controls such
as controlled area procedures, engineering controls such as ventilation, protective
equipment such as respirators, and general concepts for reducing doses such as
time, distance, and shielding); and

+ Reporting responsibilities and procedures, and proper responses to incidents,
accidents, emergencies, and releases.
— Locations and physical forms of licensed material;
— Locations and markings of restricted areas and airborne radioactivity areas;

— Radiation detection instruments including use of personnel monitoring equipment; and
operation, and limitations of radiation survey instruments
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— Storage, control, and disposal of licensed material; and

—  The requirements of pertinent Federal regulations.

* Ancillary Personnel — Ancillary personnel such as clerical, security, and administrative staff
whose routine work activities at the Boyertown plant do not require their presence in restricted
areas will not normally have access to the areas where radioactive materials are stored and
handled. However, they will be provided basic hazard recognition and emergency notification
training that addresses the radiological hazards at the site. Topics that are typically covered in the
class include hazard recognition, locations of radioactive materials, and procedures to follow in
case a radiological release is encountered.

» Non-employees — Appropriately trained Cabot employees will accompany non-employees such as
visitors and subcontracted workers who are expected to require access to restricted areas while
on-site. The plant is enclosed by a security fence and staffed by full-time guards who ensure that
visitors are logged in, provided safety equipment, and accompanied by a Cabot escort prior to
accessing the plant site. The Cabot escort provides basic hazard recognition information,
determines if the visitor will need to access restricted areas, and is responsible for the safety of
the non-employee while on-site. If non- employees need to access restricted areas of the site
without a Cabot escort they will first receive the Restricted Area Worker training required for
Cabot employees.

10.7 METHODS OF EXPOSURE CONTROL

CSM has established routine work practices and procedures designed to minimize exposures to
radioactive materials for employees and members of the general public. Detailed procedures are available
for review as described in Section 10.4, and a general description of methods used at the site is provided
in the following subsections.

10.7.1 Administrative Controls

CSM employs administrative controls such as designating restricted access areas, requiring training
courses for workers, prohibiting undesirable activities in designated work areas, and displaying signs,
postings, and labeling as required. Work areas in Building 73 where ore containers are opened and fed
into the circuit, and the highest potential exists for airborne radioactive particulates are restricted from
access by employees whose duties do not involve the grinding process. Workers are prohibited from
eating, drinking, smoking, or chewing in the plant processing areas, and they are informed of these
restrictions during training sessions and by signs in the work areas. Work areas are posted with signs and
informational postings as required by the regulations and consistent with their conditions.

10.7.2 Engineering Controls

CSM incorporates engineering controls such as general and local ventilation in enclosed work areas to
control radioactive contaminant levels at their sources and reduce the need for respirators in work areas
where levels may approach or exceed occupational derived air concentrations specified in 10 CFR Part
20, Appendix B, Table 1. Ore grinding equipment is enclosed within rooms to isolate potential releases
from the general work areas in Building 73. Ventilation systems are designed, installed and tested by a
qualified engineer, and included in routine plant maintenance plans. Concentrations of contaminants in
exhaust are controlled to ensure that occupational and environmental releases do not exceed regulatory
limits. Atmospheric releases from the ore handling area are controlled with scrubbers and a baghouse.
Particles collected in the baghouse are recycled into the process. The performance of these systems is
monitored as described in the section titled “Environmental Monitoring”.
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Liquid effluents are retained in on-site lagoons to control their release from the site. They are only
discharged when stream flow conditions are adequate to ensure compliance with regulatory limits. No
additional control of the effluent is required at this time; however, CSM monitors the effluent to detect
conditions that might indicate a need for additional control. Alternate methods of disposal in compliance
with regulatory requirements may be implemented in the event that stream flow is inadequate to keep up
with site effluent requirements. CSM will ensure that liquid effluents are released from the site only in a
manner that complies with regulatory release limits.

10.7.3 Personal Protective Equipment

Respirators are used in work areas where airborne concentrations are expected to exceed the occupational
derived air concentration specified in 10 CFR Part 20, Appendix B, Table 1 for the radionuclides of
concern. The SH&E Department maintains a respiratory protection program in compliance with OSHA
and NRC requirements that incorporates the following components to ensure that respirators are properly
fitted, used, and maintained to prevent excessive employee exposures:

* Employee training

*  Medical evaluations, including pulmonary function tests prior to respirator use and annually for
routine respirator users

* Fit-tests to ensure adequate face to facepiece seal

* Air monitoring to determine when conditions warrant respirator use and to ensure that respirator
protection factors are not exceeded

Protective clothing, such as disposable or washable coveralls, gloves, and shoe covers may also be used to
minimize the potential for surface contamination of clothing and skin surfaces where transferable
contamination may be present.

10.7.4 Hazard Monitoring Systems

CSM has installed various controls on the process tanks in Building 73 since the last renewal application.
These control devices are outlined below:

* Level monitoring of the digester and reslurry tanks. Each tank is continuously monitored
using Krohne radar level gauges with local displays and connections to the Building 073 PLC
system. The PLC logic includes programmed high level and high-high level alarms that trigger
audible and visual alarms. These alarms are also interlocked through the logic to halt transfers of
material into the vessels in the case of such alarm conditions. These devices were installed in
1999.

*  Scrubber monitoring. The scrubber pressure drop and make-up water flows are continuously
monitored to verify proper operation of the scrubber system that ventilates the operation. These
devices have local displays and are connected to the building PLC system. The operators monitor
these readings on a routine basis.

* HF tank monitoring. The HF bulk tank and weigh tank are each mounted on Weigh-Tronix
load cells with local displays and connections to the PLC system. In addition, both tanks have
Ametek Drexelbrook high-high level capacitance probes connected to the PLC system.

For all of these systems, extensive interlock logic halts transfers in the event of unexpected weight and/or
level loss, overweight and/or high level, and high-high level conditions, as well as in the case of scrubber
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malfunction. This logic is also programmed to prevent certain concurrent transfers if such transfer would
compromise the ability to detect fault conditions.

10.8 RADIATION MONITORING INSTRUMENTS

The RSO maintains various radiation-monitoring instruments for conducting surveys and measurements
and analyzing samples. A qualified, licensed contractor calibrates the instruments on at least an annual
frequency. The following types of instruments, or their functional equivalents, are maintained at the site,
at a minimum,

TYPE PURPOSE
Micro-R meter (Nal) General area surveys
Geiger-Mueller tube General area surveys
Dose assessment, area monitoring
Geiger — Mueller pancake probe Contamination surveys, fixed and removable
Dual scaler (alpha — beta) Sample counting (air particulates, smears)
Alpha/beta surface probe Contamination surveys (100 sq. cm.)

Instruments used to show compliance with applicable regulations are calibrated before first use and after
repair. Each instrument that is available for use is calibrated at least annually thereafter. Calibration
records are retained for each instrument for at least the two most recent periods to establish
documentation that the annual frequency is being maintained.

Hand-held survey instruments used for the estimation of contamination will be calibrated by determining
the detection efficiency of the system using a reference source appropriate to the use of the instrument.
The efficiency and reference radionuclide will be noted on the calibration label.

The RSO maintains on-site offices and facilities to support the radiation safety programs. These facilities
are used to maintain and source-check the radiation-monitoring instruments, count samples such as
airborne particulate filters that are analyzed on-site, provide office space for the RSO and his staff, and
maintain files for the records that document compliance with the conditions of the radioactive materials
license.

The RSO’s office is located in an area that is not significantly affected by elevated levels of radiation
from site operations and is separate from other work areas associated with daily site operations. Records
are kept in lockable file cabinets. The sample counting area is cleaned and monitored at least monthly to
ensure that contaminated material does not accumulate and negatively impact the work environment or
the sample counting statistics.

10.9 RADIATION SURVEYS AND MONITORING PROGRAMS
10.9.1  Occupational Monitoring

Occupational monitoring programs are designed in compliance with the requirements of 10 CFR 20 to
measure concentrations of radioactive material and radiation levels in the work environment, and evaluate
personnel dose equivalents when those concentrations or levels exceed administrative limits. The RSO is
responsible for the technical oversight and implementation of the monitoring programs. He oversees
activities performed by technicians, reviews the data, evaluates potential changes in the programs or
procedures, determines if follow-up actions are required, and maintains files of the results.
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The following subsections describe, in general, the types of measurements that are performed.
Monitoring program details are provided in site-specific procedures and documents that are maintained by
the RSO at the plant and have been reviewed by NRC personnel during past inspections.

10.9.1.1 Exposure to External Radiation

Personal or area dosimeters are used to track levels of radiation exposure in the work areas where ores
and residues are handled. Area dosimeters are considered an acceptable alternative to personal
dosimeters in some areas of the plant because of the low levels of radioactivity in the materials, the small
quantities of materials that are handled, and the short periods of time that workers are close to the
material. Area dosimeters are placed in locations where highest dose rates are found as determined by the
RSO.

10.9.1.2 Monitoring Airborne Radionuclides

There are two primary airborne radiological contaminants of concern in the plant. They are radon gas, of
concern inside buildings where the ores or residues are located, and ore dust, found wherever dry ores are
ground or disturbed. Passive radon monitors are located at designated places selected by the RSO inside
structures where large quantities of ore or residues are stored or handled. Locations for these monitors are
selected indoors, at typical breathing zone heights in areas of the structures where ventilation is limited
and concentrations of the heavier-than-air gas would be the greatest. Locations are adjusted as necessary
by the RSO.

Work area air particulate samples or personal lapel samples are used to collect air particulate samples.
Those samples are collected at a frequency that is determined by work activities that may generate
airborne radioactive particulates, such as feeding ore into the grinding circuit. Filters are counted for
alpha and beta activity to determine if workers are exposed to concentrations that exceed administrative
limits. Air particulate sampling results are also used to determine if employees are likely to have inhaled
or ingested quantities of radioactive material that would require further evaluation using bioassay
methods. Bioassay measurements are not required unless air sample results indicate that an individual is
likely to have received in one year an intake in excess of 10% of the applicable Annual Limit on Intake.
CSM has developed a technical basis document, “Review of the Occupational Air Sampling Program at
the Cabot Supermetals, Incorporated Boyertown, Pennsylvania Plant” (June 9, 2003), provided in
Appendix A, that describes and justifies the air particulate program and the process for evaluating and
implementing follow-up measurements. In addition, CSM reviewed the bioassay requirements and site
conditions that could result in internal deposition of radioactive materials. The results are reported in a
document titled “Review of the Bioassay Program at the Cabot Supermetals, Incorporated Boyertown,
Pennsylvania Plant” (June 9, 2003) provided in Appendix B. CSM is committed to maintaining its air
sampling and bioassay programs while incorporating all of the recommendations and program revisions
contained in those two documents. The NRC reviewed draft versions of both documents and comments
were addressed in these final versions.

10.9.1.3  Surface Contamination Surveys

Ores and residues are not handled in a manner or in quantities that are likely to result in significant
surface contamination. However, wipe samples are routinely collected monthly from locations where
surface contamination would be most likely to accumulate or would present the greatest potential for
transfer to personnel. Samples are counted for alpha activity and corrective actions are implemented to
clean surfaces if levels are increasing or above administrative limits.
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10.9.1.4 Miscellaneous Radiological Surveys

Additional instrument surveys are performed as directed by the RSO to check incoming ore shipments or
other site conditions to ensure that radiological conditions are not significantly changed. Ore shipments
typically present external dose rates of less than 2 mR/hr. Any shipment that exceeds that dose rate will
be segregated in a fenced or barricaded area and labeled as appropriate. Instrument surveys and leak tests
are also performed as required for several sealed sources maintained at the site under general license.

10.9.1.5 HF Monitors

Each digester and reslurry tank and both filter presses in Building 073 have local Scott-Bacharach HF
monitors (one at each tank, two at each press) that continuously monitor the air quality in the work areas.
These devices have local displays and are connected to the building programmable logic control (PLC)
system that provides audible and visual alarms at programmed "warning" and "high" HF concentrations.
Two units were installed in 2001, and the remainder was installed in 2002.

10.9.2 Environmental Programs

The NRC issued an Environmental Assessment (EA) for the Boyertown site in September of 1996 as part
of the last license renewal. The plant operations and facility conditions are generally unchanged from the
descriptions in the 1996 document. The following description of the Environmental Monitoring Program
at the site and conditions around the Boyertown plant is provided as an update to the information in that
document, and to describe the monitoring program for the renewed license.

The need for the proposed action and the environmental consequences of the proposed license renewal are
consistent with the information in the 1996 EA. The plant operations are as described in that document
with minor exceptions as noted in this application for renewal of the license. This information and the
lack of environmental impacts from ongoing operations demonstrated in the following data summaries
continue to support a finding of no significant impact.

In addition to its NRC license, CSM acquires all necessary permits and licenses required by local, state,
regional, and other federal agencies for its on-site activities. CSM maintains contact with those agencies
and complies with the permit requirements, and with regulations that apply to the ongoing operations.

10.9.2.1 Climatic Conditions

Adverse climatic conditions that can be expected at the site include the types of events that are typical for
the region and have been experienced during the decades that the plant has been in operation; severe
thunderstorms, heavy precipitation and floods, severe winter storms with significant snow accumulations,
and occasional strong winds. Extreme weather conditions are not typically experienced because the site is
far enough inland to be spared the direct impact of coastal storms such as hurricanes, and because the
surrounding topography minimizes the potential for tornadoes to affect the site, although tornadoes are
occasionally reported in the region.

Adverse weather conditions were taken into account when the plant was designed, and are considered
when changes are planned in the site grading, process buildings, or materials storage configurations on-
site. Wind-loading, snow-loading, and precipitation run-off calculations are part of any design plans for
structures and site configuration. There is minimal potential for adverse weather to impact the licensed
material at the site in a manner that would disperse significant quantities of the material into the
environment because of the small quantities of material that are present at the site, and because virtually
all of the material contained throughout the process. The ore is received in a variety of containers such as
individual drums or similar containers, and remains in those containers until they are emptied directly into
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the process circuit. Most of the drums are stored in protected areas around the process buildings until
they are fed into the circuit; the ore is not stored outside in a dispersible form. Additional facility
improvements that provide better control and protection of licensed material are described in Section
9.1.2 of this application.

After processing, all significant quantities of radioactive material are present in the ore residues
(presscake) that are stored temporarily in small quantities in hoppers kept in a covered area. The
presscake is then transported to the bulk storage bins for interim storage. The bulk storage bins are
concrete brick buildings that are constructed to withstand severe weather conditions and have been
maintained to ensure that the residues are protected from the weather. Details of the current condition of
the bulk storage bins are provide in Section 9.1.2 of this application.

The site is graded to contain precipitation run-off from the immediate plant areas on the site, using the on-
site settling ponds as retention areas. Water from the ponds is released to the nearby stream in accordance
with the site NPDES permit after CSM ensures that effluent standards are met. Site areas that are not
impacted by licensed materials or process chemicals are graded toward the natural drainages in the area,
ultimately flowing into the nearby stream.

Updated summaries of meteorologic and climatic data are provided in Section 10.9.2.12.

10.9.2.2 Cultural and Historic Resources

CSM will administer a cultural resource inventory before engaging in any developmental activity in an
area of the site not previously assessed for cultural and historic resources. All disturbances associated
with the proposed development will be completed in compliance with the National Historic Preservation
Act (as amended) and its implementing regulations (36 CFR 800), and the Archaeological Resources
Protection Act (as amended) and its implementing regulations (43 CFR 7).

In order to ensure that no unapproved disturbance of cultural resources occurs, CSM will halt any work
that results in the discovery of previously unknown cultural artifacts. Exposed artifacts will be
inventoried and evaluated in accordance with 36 CFR Part 800, and CSM will ensure that no further
disturbance of the area occurs until a cultural and historic resource assessment is completed in compliance
with the applicable regulations, as listed above, or CSM has received authorization from the NRC to
proceed.

10.9.2.3 Land Use

Commercial and residential development around the Boyertown area has been marginal over the past 10
years, and a recent survey of the area within a 5-mile radius of the CPM facility indicates little change in
the demographics of the Boyertown area. The primary land use is still farming to support dairy herds. A
single, new residential subdivision has been identified in the vicinity of the plant. Located approximately
two miles from the site boundary, the subdivision consists of about 30 homes, all connected to city water
and sewer lines. There is no impact to plant operations expected from the subdivision, as there are no
resources or infrastructure shared between them. The stagnant residential and commercial development
in the area is expected to continue and CSM does not foresee problems with water accessibility or quality.

10.9.2.4 Floodplains and Wetlands

In order to assess site conditions associated with floodplains and wetlands a number of information
sources were reviewed, including:
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¢ Environmental Assessment for Renewal of Source Material License No. SMB-920, Docket 40-
6940; Cabot Performance Materials; September 1996;

*  Wetland Jurisdictional Determination Report — Cabot Performance Materials Corporation; Soil
Services Company, Inc.; November 2002;

* National Wetlands Inventory; U.S. Fish and Wildlife Service; June 2003.

Information in this report is based solely on the surveys conducted in support of the above-mentioned
reports and references, and the results documented in those reports. As reported in the September 1996
EA report, and confirmed through review of current (June 2003) National Wetlands Inventory (NWI)
maps, the site does contain several wetland areas. Specifically, as mapped by the NWI, two (2) distinct
wetland areas are noted along the southeast portion of the site. These wetland areas have been classified
as “Inland Forested Wetlands”.

As noted in the September 1996 EA report portions of the site are located within the 100-year floodplain,
including lagoons 1, 2, 3 and 4; the settling pond; and building 055. This report also noted that the base
flood level within the area of these structures ranged from 95 to 96 meters above sea level. The ponds are
diked to an elevation of approximately 1.8 meters above grade. Current site conditions and grade
elevations have not changed significantly from conditions noted in the 1996 EA report to indicate an
increased risk of site flooding.

A report prepared in November 2002 by Soil Services Company, Inc., titled, “Wetland Jurisdictional
Determination Report” was also reviewed in preparation of this discussion of site conditions associated
with wetlands. This report was prepared in support of a proposed office development at the subject site in
accordance with the U. S. Army Corps of Engineers Wetlands Delineation Manual (Technical Report Y-
87-1). This report summarizes wetland delineation activities completed for the area in the vicinity of this
office expansion project, not the entire project site. As noted in this report, limits of delineated
jurisdictional wetlands and waters of the Commonwealth of Pennsylvania and the United States of
America appear to have been accurately defined and no impacts to these wetland areas have been
identified from the recent office development project.

In summary, the proposed action, the renewal of the U.S. Nuclear Regulatory Commission source
material license for the Boyertown, Pennsylvania facility is not associated with modifications or changes
to manufacturing processes, facility structures or infrastructure. Therefore, impacts to floodplains and
wetlands associated with site operations have not been identified.

No mitigative measures are required or proposed for floodplains or wetlands protection associated with
the proposed action.

10.9.2.5 Biota

The following information source was reviewed in order to assess site conditions associated with biota:

¢ Environmental Assessment for Renewal of Source Material License No. SMB-920, Docket 40-
6940; Cabot Performance Materials; September 1996.

No surveys of site flora and fauna were conducted in support of the current environmental assessment. It
was assumed that, based on the lack of site development that has occurred from September 1996 to date,

site conditions associated with flora and fauna have not changed significantly.

According to the former EA (September 1996), the natural climax vegetation in the region is classified as
Appalachian oak forest. Dominant species include white and red oak. Other common species include red
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maple, sugar maple, swamp hickory, and several other species of oak and hickory. Farming and
urbanization have significantly impacted regional native vegetation over the prior 200 years.
Montgomery County woodlands consist primarily of second and third growth stands of red oak, ash
maple elm, eastern red cedar, and sugar maple beech and yellow birch.

The 1996 EA estimated that 30% of the site has been developed with plant facilities. The remaining 70%
consists of equal areas of woodlands and open fields. Common trees on and in the vicinity of the site
include a number of species of oak, hickory, maple, elm and ash. Open fields consist of grasslands and
agricultural lands, planted primarily with corn. As noted in the 1996 EA approximately 55 species of
reptiles and amphibians, 42 species of mammals, and 176 birds range throughout the area.

Common field animals noted include the eastern cottontail rabbit and ring-necked pheasant. Based on
assessment of site habitat it is anticipated that bobwhite quail, mourning dove, and red fox may also be
present. Woodland habitats are expected to contain gray squirrel, red squirrel, raccoons, opossums, and
striped skunks. Waterfowl have been identified present within the on-site lagoons, including Canada
geese, mallards, green-winged teal and black ducks.

As noted in the 1996 EA flora and fauna was surveyed within West Swamp Creek during a May 1967
biological survey. Twelve species of fish were identified, including shiners, dace, suckers, chubsuckers,
killifish and sunfish. Major plant species identified in West Swamp Creek include duckweed, waterweed,
mud plantain, arrowhead, and pondweed.

In summary, the proposed action, the renewal of the U.S. Nuclear Regulatory Commission source
material license for the Boyertown, Pennsylvania facility is not associated with modifications or changes
to manufacturing processes, facility structures or infrastructure. Therefore, impacts to site biota
associated with site operations have not been identified.

No mitigative measures are required or proposed for protection of site biota associated with the proposed
action. Site-specific, updated information regarding the relevant endangered species is provided in the
following section of this report.

10.9.2.6 Threatened and Endangered Species

In order to assess whether threatened and endangered species were known to exist within or adjacent to
the site boundaries, a current site survey of candidate, threatened and endangered species was completed.
The U.S. Nuclear Regulatory Commission (NRC) in a letter dated 10 January 2003 to Mr. Timothy
Knapp of Cabot Supermetals recommended this approach. Written species impact review responses were
requested from the following agencies:

» U.S. Fish & Wildlife;

* Pennsylvania Fish & Boat Commission;

* Pennsylvania Natural Diversity Inventory;
*  Berks County Conservation District;

*  Montgomery County Conservation District.

Outlined below are the results of the species impact reviews. Copies of the written responses received
from each agency are provided in Appendix C.

USF&W:

As outlined in their February 3, 2003 response, no Federally listed, proposed or candidate species were
identified within the site boundaries. However, the site lies within the known range of Bog turtle
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(Clemmys mulhlennbergii). Provided that wetlands occurred within or near the project and if the
proposed project activities would adversely affect the species, USF&W advised that a habitat assessment
be performed. As the Boyertown facility has been in continuous operation since approximately 1950 and
no modifications to the facility, associated processes and facility infrastructure are associated with the
NRC license renewal, no impacts to this potential species have been identified associated with the
proposed action.

Pennsylvania Fish & Boat Commission:

As outlined in their January 23, 2003 response, no fishes, amphibians or reptiles listed by the PAF&B as
threatened or endangered were known to occur at or in the immediate vicinity of the project area.

Pennsylvania Natural Diversity Inventory:

As outlined in their January 17, 2003 response, the PNDI records indicated that no occurrences of species
of special concern were known to exist within the project area; therefore, they do not anticipate any
impact on endangered, threatened, or rare species at the project location.

Berks County Conservation District:

As outlined in their screening response dated January 2, 2003 on the Supplement No.l Pennsylvania
Natural Diversity Inventory Form; no potential conflicts with ecological resources of special concern
were encountered during their review.

Montgomery County Conservation District:

As outlined in their response letter dated January 3, 2003 no potential conflicts with ecological resources
of special concern were encountered during their review. The County initially interpreted the review
request to be associated with anticipated earth disturbance and therefore their response letter requested a
National Pollutant Discharge Elimination System General Permit plan (NPDES); however, as no earth
disturbance is anticipated, there will be no need to formally submit a finalized plan.

In summary, the proposed action, the renewal of the U.S. Nuclear Regulatory Commission source
material license for the Boyertown, Pennsylvania facility is not associated with modifications or changes
to manufacturing processes, facility structures or infrastructure. Therefore, impacts to species and habitat
associated with site operations have not been identified. Each of the five involved agencies contacted
regarding the proposed action did not identify threatened or endangered species, or species of special
concern, associated with the proposed action at the Cabot Boyertown facility.

Based on this site survey no threatened or endangered species have been identified at the Cabot
Boyertown facility. Although the Bog turtle has been identified as a species that may exist at the facility
no activities associated with the proposed action would result in an impact to the Bog turtle or it’s
associated habitat.

No mitigative measures are required or proposed for threatened and endangered species protection
associated with the proposed action.

10.9.2.7 Environmental Monitoring

The Environmental Monitoring Program measures radiological conditions in air, water, and wastes at the
Boyertown facility, along its site boundaries, or at effluent release points. Surface waters, sediments,
ground water, and air samples are collected on a regular frequency not less than quarterly. Samples are
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analyzed for pertinent radionuclide concentrations and the results compared to administrative and
regulatory limits, as well as past results to identify potential trends. Sampling locations have been
selected to monitor background conditions near the facility and conditions along the site boundary at
points of expected maximum potential releases to the environment, such as downwind, down gradient,
and downstream from the plant. Other significant locations, such as the nearest occupied residence, may
also be designated for sampling if there is potential impact from the site. Sampling frequency and
analyses have been selected to determine if CSM is in compliance with license or permit conditions, and
to identify trends that could eventually result in non-compliance if not corrected.

The individual components of the environmental monitoring program are described in the following text
and summarized in Table 10-1, below. Monitoring locations are shown on the site drawing provided in
Figure 9-1.

» Passive radon monitoring devices measure concentrations in air at the site boundaries.

* Air particulate samples collected at background and downwind site boundary locations.

* Surface water and sediment samples collected at upstream, and downstream locations.

*  Ground water samples collected at locations that are up gradient from the site (background), and
down gradient from site locations where the largest quantities of radioactive material are stored.

Table 10-1. Summary Table of Environmental Monitoring Programs,
2004 License Renewal

Sample No. of Analytical Sample Type Type of Analysis
Medium Stations Frequency
Air 4 Semi-monthly Continuous Fluoride
Air 3 Quarterly Continuous Isotopic uranium/thorium
Air 4 Quarterly Continuous Radon (track-etch)
Sediment 2 Quarterly Grab Natural uranium, radium-
226, and radium-228
Surface Water 2 Quarterly Grab Natural uranium, radium-
226, and radium-228
Ground Water 7 Quarterly Grab Natural uranium, radium-
226, and radium-228

The data in the summary table do not concur with information in the last license renewal application of
the associated Environmental Assessment (EA, 1996) for two reasons. First, the EA for the last license
renewal application (1996) erroneously included the outfall at West Swamp Creek as a surface water
sampling location. That outfall is an effluent point for treated water released from the facility and is not
an environmental surface water location. Thus, the outfall has been excluded from the current list of
surface water locations and the number of locations is correctly identified in this table. The outfall will
continue to be monitored as an effluent source.

Second, the analytical parameters represented in this table address only the requirements that apply to this
license, and they include only the measurements that were recommended during the most recent annual
ALARA Review of the site radiological programs. Gross alpha and gross beta measurements were
included in the past for most of the sample media. However, those data provide only a general indication
of the radiological conditions at the site and there are no NRC regulatory limits that can be applied to
gross alpha and beta values. The isotopic analyses listed in Table 10-1 will allow direct comparison to
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NRC limits and allow better differentiation between contributions from natural background sources and
plant sources of radioactive material. CSM acquired tentative concurrence from the NRC that the types
of analyses listed in the table are adequate to track and document license conditions at the site.

Text and tables provided in the following sections provide summaries of the environmental monitoring
results from recent years. The data are compared to CSM administrative action levels or limits calculated
by applying site-specific information to applicable. Compliance is evaluated for each type of data, and
there have been no results that exceed regulatory limits, nor indications of significant releases of licensed
radioactive material to the environment.

10.9.2.8 Ambient Air Monitoring

Ambient air is currently sampled around the site for gaseous and particulate effluents. The Walker Road
location is in the predominantly upwind direction from the plant and serves as a background location.
The others are downwind of plant operations and typically along the site boundary. Three locations are
monitored weekly for gross alpha activity and quarterly for isotopic concentrations. Four locations are
monitored semi-monthly for ambient fluoride. Four locations are monitored quarterly for radon.

Radiological contaminant concentrations at the downwind site boundary air sampling stations are
summarized for the period from 1999 through 2003 in Table 10-2. These results are calculated from the
isotopic analyses of air filters composited for each quarter of a year and are compared to a concentration
limit calculated from the relevant values in 10 CFR 20, Appendix B, Table 2. Each quarterly value is
compared to the annual average concentration limit and the resulting percentage is presented. The
maximum value represents 27% of the concentration limit, and 33 of the remaining 41 values are at or
below 10% of the concentration limit. These data, along with the fact that doses from external sources
measured at the site boundary are less than 2 mrem/hour, demonstrate compliance with the annual dose
limits in 10 CFR 20.1302(b)(2).

It is worth noting that the isotopic ratios found in these environmental air particulate samples represent
typical weathered soils, not the ores or residues that are handled at the plant. Thus, the results probably
are influenced more by resuspended soils than releases from the plant operations. Both of these
downwind locations are near County Line Road, and public traffic on that paved road resuspends much of
the dust that is collected by those samplers, resulting in higher dust levels than would be present from
plant activities only.

Table 10-2. Summary of Background-Corrected Ambient Air Samples

County Line Road Boiler House
Effective Average Fraction of Average Fraction of
AEC* for 10 effluent Effective AEC effluent Effective
mrem/ concen.tration (%) concentration AEC (%)
Quarter | year:(uCi/ml) (nCi/ml) (nCi/ml)
1-99 6.45E-15 6.1E-16 9 3.1E-16 5
2-99 6.45E-15 7.6-16 12 3.2E-16 5
3-99 6.45E-15 4.3E-16 7 9.6E-17 1
4-99 6.45E-15 7.0E-17 1 2.9E-16 4
1-00 6.45E-15 6.7E-16 10 4.0E-16 6
2-00 6.45E-15 4.0E-16 6 4.7E-16 7
3-00 6.45E-15 6.0E-17 1 9.8E-17 2
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County Line Road Boiler House
Effective Average Fraction of Average Fraction of
AEC* for 10 effluent Effective AEC effluent Effective
mrem/ concen.tration (%) concentration AEC (%)

Quarter | year:(nCi/ml) (nCi/ml) (nCi/ml)
4-00 6.45E-15 5.8E-16 9 2.7E-16 4
1-01 6.45E-15 6.3E-16 10 nd 0
2-01 6.45E-15 5.3E-16 8 8.0E-16 12
3-01 6.45E-15 2.9E-16 4 3.9E-17 1
4-01 6.45E-15 1.9E-17 0 nd 0
1-02 6.45E-15 4.9E-17 1 7.1E-17 1
2-02 6.45E-15 1.7E-16 3 3.2E-16 5
3-02 6.45E-15 4.2E-16 6 nd 0
4-02 6.45E-15 8.9E-16 14 5.6E-16 9
1-03 6.45E-15 1.4E-15 22 8.1E-16 13
2-03 6.45E-15 2.4E-17 0 3.1E-16 5
3-03 6.45E-15 9.7E-16 15 1.7E-15 27
4-03 6.45E-15 4.7E-16 7 5.9E-16 9

AEC = average effluent concentration.
nd = not detected; negative value after background correction.

Table 10-3 presents the worst-case doses to the general public calculated from the air effluent monitoring
results collected at the downwind site boundary. The calculated doses are compared to the 10 mrem/year
limit established by the “Constraint Rule” in 10 CFR 20.1101 and Regulatory Guide 4.20, Constraint on
Release of Airborne Radioactive Material to the Environment for Licensees Other Than Production
Reactors, December 1996. The results in Table 10-3 demonstrate that a worst-case scenario in which a
member of the general public might be present at the downwind Boyertown site boundary on a full-time
basis would result in a dose well below the limit.

Table 10-3. Annual Doses at Site Boundary Calculated from Air Effluent Data for

Comparison to 10 mrem/year Constraint Limit (mrem/year)

Year County Line Boiler House
Road
1999 0.72 1.78
2000 0.66 0.48
2001 0.57 0.32
2002 0.59 0.37
2003 1.12 1.32

The results of the environmental monitoring for fluoride are summarized in Figure 10-2 for the period
1999 through 2003. During this time period there have been no results that exceeded the Commonwealth
of Pennsylvania fluoride standard of 5 pg/m’. The legend indicates sampling location abbreviations that
are as follows:

*  SW —swamp at the south end of the site property,
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PT — the 69 pit at the far west end of the site property, near Swamp Creek Road.

Cabot Performance Materials Ambient Air Fluoride Concentration

(Expressed in Micrograms Per Cubic Meter)

— sw
— BH

EN
— PT
—LIMIT

Figure 10-2. Average Ambient Air Fluoride Concentrations.

Results of track-etch monitoring of radon concentrations at site boundary locations are provided in
Table 10-4, below. Results are in the range of background for the area and do not approach the limit of
10 pCi/L provided in 10 CFR 20, Appendix B, Table 2 for radon-222.
abbreviations are explained below:

County Line Road — at the site boundary along County Line Road,

SE Fence —

Bldg 16 Lab —

EN — Engineering Building 119.

The monitoring location

Table 10-4. Results of Quarterly Radon Monitoring at the Plant Site Boundary (pCi/L)
Quarter County Line Road® SE Fence® Bldg 16 Lab°“ EN
1-99 1.5 2.8 0.4
2-99%** 0.6 1.4 0.2
3-99%** 0.5 1.4 0.2
4-99 0.5 1.2 0.2
1-00 0.6 1.6 0.3
2-00 1.4 1.5 0.7
3-00 0.2 0.9 0.8
4-00 0.5 1.0 0.5
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Quarter County Line Road” SE Fence’ Bldg 16 Lab“ EN
1-01 0.5 1.0 0.5
2-01 0.9 1.2 1
3-01 0.6 1.2 0.3
4-01 1.4 1.2 0.9
1-02 2.1 1.2 1.1
2-02 2.1 1.2 1.1
3-02 2.5 1.0 1.3
4-02 1.0 1.4 1.2
1-03 0.5 0.2 0.2
2-03 0.7 0.7 0.7 0.3
3-03 2.1 1.6 1.4 1.5

a The County Line Road location was positioned at Bldg 89 prior to the second quarter of 2003.
b The SE Fence location was established in the second quarter of 2003.
¢ The Bldg 16 location was positioned at Bldg 10 prior to the second quarter of 2003.

10.9.2.9 Forage Crop Sampling

Under a determination by the NRC in 1996 and as stipulated in the 1996 EA, CPM no longer performs
forage crop sampling. Appendix D provides copies of letters documenting the 1996 determination by the
NRC and notification from CSM to the NRC in 2002 verifying that forage crop sampling was terminated
as aresult. The chart referred to in the notification letter from CPM appears as Figure 10-2, above.

10.9.2.10 Surface Water and Sediment Sampling

The data for water and sediment analyses are summarized in Tables 10-4 and 10-5. Gross alpha and beta
results are provided as general indicators of the conditions in surface waters under the assumption that a
potential release of licensed radioactive material would be detectable in those analyses. Isotopic uranium
and thorium analyses are performed on surface water samples, and those results are commonly below
detection limits and always well below CSM administrative action levels, which supports using the gross
alpha and beta results to represent the lack of surface water impacts in recent years.

The liquid waste treatment system generates liquid and solid streams that have a very limited potential to
contain radioactive material. The liquid stream is routed to lagoon 5, then to lagoon 6 for final pH
adjustment, and then released from Outfall 001 to West Swamp Creek. As indicated in the 1996 EA, the
volume of water that flows in the creek is insufficient to be used as a drinking water source, but the
constant flow is adequate to dilute contaminant concentrations far in excess of those that have been
measured at Outfall 001. The water flow rate through the outfall is monitored continuously under the
NPDES program.

Outfall 001 (which is an effluent source, not a surface water location) and locations upstream and
downstream form the outfall have been monitored quarterly and analyzed for isotopic U and Th and gross
beta activity. Action levels for uranium and thorium are 15 and 1.5 pCi, respectively, and isotopic results
have been at or below detection limits and have not exceeded the action levels during this period. Actions
in case limits are exceeded may include re-analysis, investigation and correction of cause, and verification
of correction. Current minimum detection levels are reported as 1.0 pCi/l or better for isotopic U and Th.

The variability and range of radiological conditions in the effluent and in surface water upstream and
downstream from the outfall are represented by the gross alpha and beta data in Table 10-5. Gross beta
values at Outfall 001 and for the 3™ quarter of 2002 at the downstream location appear elevated due to
potassium-40 that occurs naturally in the potassium chloride that is added during the tantalum salt
conversion process, and does not indicate the presence of licensed material. This fact was verified by
gamma spectroscopy analyses that identified levels of potassium-40 that compared closely with the gross
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beta values. Title 10 CFR Part 20 Appendix B, Table 2 does not include gross alpha and beta limits for
water. However, the Tale 2 limits for uranium and thorium isotopes that are primarily alpha emitters are
in the range of 100 pCi/l. Limits for the beta emitters are in the range of 1000 pCi/l. The maximum
downstream surface water results do not exceed 50% of those limits.

The average alpha and beta emitter concentrations of the upstream sediment sampling for 1999 through
2003 are 7.6 and 21.7 pCi/g, respectively, allowing for no contribution from samples that were below
detection limits. The average downstream concentrations of alpha and beta emitters for the same time
period are 6.7 and 21.8 pCi/g, respectively. There is not much variability in the values for either
parameter, and there is no significant distinction between the average concentrations at upstream and
downstream monitoring locations. None of the recorded concentrations have approached CSM’s
100-pCi/g action level for gross alpha in sediment samples.

Table 10-5. Gross alpha and beta results (pCi/g) for upstream,
downstream, and outfall monitoring locations

Upstream Downstream QOutfall 001
Year- Gross Gross Gross Gross Gross Gross
Quarter Alpha Beta* Alpha Beta* Alpha Beta*
1-99 nd nd nd nd 210 nd
2-99%**
3-99%**
4-99 nd nd nd nd nd 15
1-00 nd nd 34 nd nd nd
2-00 nd nd nd 74.6 nd nd
3-00 nd nd nd 5.3 nd 4220
4-00 nd nd nd 39.7 nd 3970
1-01 nd nd nd 137 nd 3160
2-01 nd 61.8 nd 107 nd 793
3-01 nd 3.33 nd 88.2 nd 4090
4-01 1.02 1.98 3.59 77.3 nd 4470
1-02 nd nd nd 98.3 nd 4010
2-02 0.971 1.51 3.18 148 54.9 3370
3-02 nd 2.1 nd 422 nd 3350
4-02 nd 10.4 nd 12.5 nd 2260
1-03 nd nd nd nd nd 1700
2-03 nd nd nd nd 13.8 1650
3-03 nd nd nd 93.2 nd 2640

*QGross Beta results include contribution from K-40.
**No data are available from these quarters due to the departure of the RSO and the difficulty in
acquiring a replacement.

Table 10-6. Gross alpha and beta results (pCi/g) for sediment in upstream
and downstream monitoring locations

Upstream Downstream

Year-Quarter Alpha Beta® Alpha Beta®

1-99 5.4 1 6.4 0.91

2-99°

3-99°

4-99 19 0.85 6.2 0.86

1-00 8.4 1.2 10 0.99

2-00 5.04 27 5.99 25

3-00 nd 23.1 3.56 20.8

4-00 12.5 31 4.48 19.2
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Upstream Downstream
Year-Quarter Alpha Beta® Alpha Beta®
1-01 3.72 24.4 nd 25.7
2-01 7.63 28.6 4.59 27.8
3-01 3.67 26.1 3.7 22.6
4-01 6.47 29.4 10.1 34.8
1-02 2.85 22.9 6.02 21.2
2-02 8.29 28.6 8.04 34.1
3-02 7.5 26.3 6.9 22.8
4-02 5.53 27.3 5.59¢ 27.4°
1-03 10.6 21.8 6.92 29
2-03 8.65 25.9 10.8 23.1
3-03 6.89 23.3 8.06 33.9

Gross Beta results include contribution from K-40 associated with process chemicals.
No data are available from these quarters due to the departure of the RSO and the difficulty in

acquiring a replacement.
Results presented from reanalysis of samples on 3/6/03.

10.9.2.11 Groundwater Monitoring

Groundwater monitoring wells exist in two categories defined by the section of the site that they monitor;
facility wells are associated with the general plant operations, and Bulk Storage Bin wells are associated
with the storage area for the presscake. Gross alpha, gross beta, and isotopic analyses are performed on
well samples. Groundwater-monitoring results for the past 5 years are summarized in Tables 10-7 and
10-8 using gross alpha and beta results from the past 5 years. As with the surface water samples, gross
alpha and beta results are adequate indicators of the radiological condition of the groundwater, the
isotopic data are frequently below detection limits, and none of the data approach an action limit of 100
pCi/l that compares to the 10 CFR 20, Appendix B, Table 2 value that would apply to for most of the
uranium and thorium isotopes.

Table 10-7. Ground water monitoring results (pCi/L) for Facility wells

Year - Gross Alpha Gross Beta
Quarter MW-1a MW-2 MW-3 MW-4 MW-1 MW-2 MW-3 MW-4

1-99 nd 5.8 nd 4.2 nd nd nd nd

2-99*

3-99%*
4-99 nd nd nd nd nd nd nd 21
1-00 3.7 7.6 nd 3 nd nd nd nd
2-00 4.4 nd nd nd nd nd nd 32.7
3-00 6.99 9.86 4.24 nd 6.01 nd 4.73 39.2
4-00 4.62 4.01 nd 1.99 nd 4.98 7.58 43.1
1-01 4.34 3.01 nd nd nd nd nd 36.2
2-01 7.52 nd nd nd nd nd nd 45.5
3-01 5.04 7.12 1.12 nd 3.37 nd nd 52.3
4-01 8.36 11.5 16.9 nd 6.52 nd 21.3 49.8
1-02 6.88 8.81 2.71 nd nd nd nd 36.7
2-02 5.59 10.8 nd nd 4.13 4.18 3.9 41
3-02 6.66 6.43 nd nd nd nd nd 46.1
4-02 nd nd nd nd nd 4.31 3.18 40.9
1-03 5.52 9.06 nd nd nd nd nd 36.1
2-03 4.77 73 nd nd 2.41 5.61 nd 39
3-03 492 5.54 nd nd nd nd nd 44
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* No data are available from these quarters due to the departure of the RSO and the difficulty in acquiring a
replacement.

Table 10-8. Ground water monitoring results (pCi/L) for Bulk Storage Bin wells

Year - Gross Alpha Gross Beta
Quarter | MMW-1 | MMW-2 [ MMW-3 | MMW-4 | MMW-5 [ MMW-1 | MMW-2 | MMW-3 | MMW-4 | MMW-5

1-99 nd nd 7.8 nd 7 nd nd nd nd nd
2-99*

3-99*
4-99 nd nd 45 nd nd nd 8 63.00 nd nd
1-00 2.1 3.2 6.5 nd nd nd nd nd nd nd
2-00 2.01 4.03 29.8 4.01 10.1 5 nd 11.50 nd 4.55
3-00 nd 2.95 9.55 6.84 4.68 nd nd nd nd nd
4-00 41.8 4.33 11.5 nd 6.04 nd nd nd nd nd
1-01 nd 3.99 20.6 nd 7.21 nd nd 10.60 nd 4.28
2-01 nd 5.08 14.15 nd 10.2 nd nd 10.46 nd nd
3-01 2.55 5.26 14.8 2.13 7.12 2.99 nd 9.29 2.68 2.91
4-01 1.79 2.81 14.3 4.05 7.96 nd 5.08 6.22 nd 4.56
1-02 33 9.08 14.8 11.3 12.2 nd nd 30.80 4.20 56.50
2-02 nd 5.02 13.1 nd 7.61 5.93 nd 5.36 nd nd
3-02 nd 5.34 9.87 4.64 10.8 nd nd nd nd 5.07
4-02 2.45 4.89 7.73 5.78 7.74 2.62 3.55 8.02 6.72 3.23
1-03 nd 3.65 12.1 4.87 6.56 nd nd 4.42 nd 2.06
2-03 nd nd 12.2 3.59 7.62 nd nd 4.97 nd 3.64
3-03 nd 3.65 12.3 nd 9.76 nd nd 5.46 nd nd

No data are available from these quarters due to the departure of the RSO and the difficulty in acquiring a replacement.

CSM re-developed the MMW-3 well, replaced the bladder inside the well, and replaced the wellhead in
2002. In the summer of 2002 CSM also completed a $250,000 project to redirect the sheet run off from
around the Bulk Storage Bins. CSM consulted with a groundwater expert in 2002 to determine the
optimum locations for all wells based on a refined (2000) groundwater flow conceptual model. The
findings are presented in a report titled “Technical Basis for the Location and Screen Interval of
Groundwater Monitor Wells at Cabot Performance Materials Corporation Boyertown, Pennsylvania
Plant” (August 9, 2002) provided in Appendix E. Supplemental information is provided below regarding
groundwater conditions and site wells.

Potentiometric Surface Map

Three figures provided in Appendix F (Figures 1, 2, and 3) illustrate groundwater flow elevations and
interpreted groundwater flow directions for the Boyertown facility. These figures, which illustrate
groundwater flow in September 2000, September 2001, and September 2002, show that groundwater
consistently flows to the southwest towards a local discharge point at West Swamp Creek.

Environmental Standards, Inc. (Environmental Standards) evaluated groundwater elevation contour maps
for more than 30 sampling events. Although absolute elevations fluctuate depending on water supply
conditions (drought vs. normal or high groundwater events), the overall flow direction is consistently to
the southwest as shown in the Appendix F figures.

Well Construction Information

Table 10-9 provides summary data for wells at the facility, as requested by the NRC. The wells proposed
for inclusion in the NRC license renewal are highlighted.
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Table 10-9. Groundwater Monitoring Well Construction Specifications
Cabot Performance Materials Boyertown, Pennsylvania

Well Date Total Depth Well Screened/Open Monitoring Well Purpose or
Identification Constructed | (ft bgs) (1) Material Interval (ft bgs) Regulatory Program
MW 90-1D 06/01/1990 89.5 PVC 69.5-89.5 Plant Area Assessment Program
MW 90-1Sr 01/09/1999 31.0 PVC 10.0-30.0 Plant Area Assessment Program
MW 90-2D 06/01/1990 86.3 PVC 56.3-86.3 Plant Area Assessment Program
MW 90-2S 05/30/1990 31.9 PVC 21.9-31.9 Plant Area Assessment Program
MW 90-3D 06/01/1990 89.2 PVC 69.2-89.2 Plant Area Assessment Program
MW 90-3S 05/31/1990 36.8 pPVC 16.8-36.8 Plant Area Assessment Program
MW 90-4S 05/30/1990 31.6 PVC 11.6-31.6 Plant Area Assessment Program
MW 90-5S 05/31/1990 30.8 PVC 20.8-30.8 Plant Area Assessment Program
MW 90-6S 09/25/1990 47 PVC 17-47 Plant Area Assessment Program
MW 90-7S 09/27/1990 54 PVC 29-54 Plant Area Assessment Program
MW 95-01 02/21/1995 60 PVC 30-60 PA DEP Residual Waste Program
MW 95-02 02/22/1995 57 PVC 37-57 PA DEP Residual Waste Program
MW 95-03 02/22/1995 38 PVC 28-38 PA DEP Residual Waste Program
MW 95-04 02/23/1995 60 PVC 40-60 PA DEP Residual Waste Program
MW 97-05 02/24/1998 34 PVC 14-34 PA DEP Residual Waste Program
MW 97-06 02/24/1998 94 PVC 74-94 PA DEP Residual Waste Program
MW 97-07 02/24/1998 64 PVC 44-64 PA DEP Residual Waste Program
MW 00-08 03/21/2000 56.8 PVC 40-55 Plant Area Assessment Program
MW 00-09 03/20/2000 36.5 PVC 25-35 Plant Area Assessment Program
MW 00-10 06/23/2000 56.8 PVC 35.5-55.5 Focused Impoundment
Investigation
MW 02-11 06/17/2002 40.83 PVC 20.8-40.8 Plant Area Assessment Program
MMW-1 10/08/1985 101 PVC 43.3-73.3 NRC Permit Monitoring
MMW-2 10/09/1985 101 PVC 45-75 NRC Permit Monitoring
MMW-3 10/09/1985 101 PVC 44.3-743 NRC Permit Monitoring
MMW-4 10/07/1985 101 PVC 45-75 NRC Permit Monitoring
MMW-5 10/08/1985 101 PVC 40-70 NRC Permit Monitoring
Well 1A/ 06/28/1957 405 PVC 21-405 NRC Permit Monitoring
Production Well 8
Well 2/ Production| 11/10/1959 528 PVC 16-528 NRC Permit Monitoring
Well 2
MW-3 ND 15.6 PVC ND NRC Permit Monitoring
MW-4 ND 14.5 PVC ND NRC Permit Monitoring

Notes: (1) All depths referenced to land surface and expressed in feet below ground surface (ft bgs).
ND Indicates no data were available on a given well specification.
Well 1A / Production Well 8 & Well 2 / Production Well 2 are completed as open borehole wells with no sand pack or bentonite seal.
Highlighted wells are proposed to be included in the new NRC permit.

Travel Time

In order to calculate potential groundwater travel times (seepage velocities) from the bulk storage area to
the proposed new monitoring well locations, Environmental Standards reviewed CSM’s hydrogeologic
setting and the currently accepted site conceptual model as presented in the Environmental Standards
document titled Supplemental Assessment of March 2000 Water Sampling Program, Cabot Performance
Materials, Boyertown, Pennsylvania Plant (Environmental Standards, 2000).

As presented in the conceptual model, the Boyertown facility is located in the Triassic Basin of the
Piedmont Physiographic Province. The shales of the Brunswick Formation, the youngest lithologic unit
of the Late Triassic Stage Newark Group, underlie the area. The Newark Group is contained in a
southwest trending basin that reaches from Rockland County, New York, through Adams County,
Pennsylvania. The Newark Basin is the largest of three basins included in one of six major Triassic rift
valleys that run in a sinuous belt for more than 1,000 miles from Nova Scotia to South Carolina. These
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rift valleys formed as a result of tensional stress along the Atlantic coast that caused downward normal
faulting.

The Newark Group consists of 16,000 to 20,000 feet of non-marine sedimentary rocks (and associated
intrusive and extrusive igneous rocks) deposited in the Triassic rift valley from Paleozoic source rocks to
the northwest. The lowest member of the Newark Group is the Stockton Formation, which consists
primarily of light yellowish gray to pale reddish brown well-sorted arkose and subordinate conglomerate
and mudstone. In the vicinity of the project site, weathered arkosic and sand zones within the Stockton
Formation are the sources for most of the potable water withdrawn from the Stockton Formation.

The Stockton Formation is conformably overlain by the Lockatong Formation, a large lacustrine lens that
ranges from 3,750 feet thick in the center of the basin to 500 to 750 feet thick in the subsurface west of
Staten Island. The Lockatong Formation, as an aquifer, is reportedly the poorest groundwater producing
unit in the Newark Group (Hall, 1974). The Lockatong Formation grades conformably upward into the
reddish brown shales of the Brunswick Formation.

The Brunswick Formation consists of a thick sequence of interbedded brown, reddish brown, and gray
shale, sandy shale, sandstone, and some conglomerate. The thickness of the Brunswick Formation is
estimated to range from greater than 16,000 feet in the southwest portion of the basin to several thousand
feet in the vicinity of the Boyertown facility. Regional bedding generally strikes in a northeast direction,
with the dip between 10° and 30° northwest, but this can vary significantly on a local scale.

Environmental Standards determined that the Brunswick Formation, over which the site is located, can be
locally characterized by complicated hydrogeology, with groundwater flow controlled by a combination
of local and regional topography, formation bedding, fracturing, and regional groundwater usage.
Secondary permeability developed in discrete bedding planes and fractures normally control groundwater
flow.

The number and width of secondary openings and, consequently, formation hydraulic conductivity
controls (to some degree) the seepage velocity of the Brunswick Formation. Impermeable bedding
surfaces in the Brunswick Formation often limit the potential degree of vertical compound migration,
particularly in local areas where groundwater pumping is limited.

In the Brunswick Formation, local and regional topography significantly influences groundwater
conditions. For example, in high ridgetop areas, a localized perched water zone in the upper bedrock
(approximately 10-20 feet below ground surface [bgs]) overlies a deeper regional groundwater flow
system. By contrast, in low-lying areas such as valleys and well-developed flood plains, the entire
sequence may be saturated.

Locally, the Boyertown facility is located in a north-south trending drainage sub-basin that discharges
groundwater and overland flow to West Swamp Creek. Drainage patterns and the conceptual flow model
developed for the local area suggest that water flow in this sub-basin, as expected, is relatively separate
and distinct from the surrounding sub-basins that also discharge to West Swamp Creek (Figure 4 in
Appendix F).

The diabase dike intrusives, northeast of the facility, have caused additional fracturing of the Brunswick
Formation in the area, and thus, secondary porosity is more abundant in the vicinity of these diabase dikes

than when relatively distant from these igneous intrusive rocks.

An interpretation of historical groundwater elevation contour data indicates that groundwater beneath the
Boyertown facility consistently flows in a south-southwest direction and discharges to West Swamp
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Creek. The hydrogeologic flow model developed for the local groundwater system suggests that the area
upgradient (north and northeast) of the facility property is an upland zone of relatively significant
groundwater recharge and high groundwater gradients. This area is characterized by a strong downward
vertical hydraulic gradient and a rapid groundwater seepage velocity to the south and southwest.

Environmental Standards performed a search of available hydrogeologic data and studies on the
Brunswick Formation in order to calculate the potential travel time from the bulk storage area to the
newly proposed monitoring well locations (these monitoring wells include wells MW 95-03, MW 95-04,
and MW 97-06; see Figures 1, 2, and 3 in Appendix F). The review evaluated publicly available
literature, Boyertown facility site-specific studies, and Environmental Standards hydrogeologic reports
prepared for other client projects in the Brunswick Formation. The review specifically focused on
projects located in the general vicinity of the Boyertown facility.

Based on its review, Environmental Standards elected to use both site-specific data and the results from a
bromide tracer study conducted on the Brunswick Formation aquifer from another local industrial facility
located in Perkasie, Pennsylvania (less than 19 miles east of the Boyertown facility). The Perkasie site
which is located in the same relative geologic position in the Newark Basin, is in southeast Pennsylvania,
is underlain by the Brunswick Formation, and is proximal to the same local diabase intrusive complex
(Figure 5 in Appendix F).

The bromide tracer study results were used for this travel time estimation because Environmental
Standards considered the results to more accurately reflect the influence of both primary and secondary
porosity on groundwater seepage velocity rather than standard pump test or slug test results. For
example, in the original Rogers, Golden and Halpern (RGH) groundwater engineering report completed
on behalf of CSM in December 1985, slug test results suggested that formation hydraulic conductivities
were very low (averaged 0.3 ft/day) (RGH, 1985). In addition, porosity values used in the RGH
calculations reflected primary porosities and neglected to account for secondary porosities (a porosity
value of 5 percent was assumed by RGH).

Much has been learned regarding fractured bedrock flow since the RGH report was prepared.
Environmental Standards determined that calculating groundwater (and subsequently radionuclide) travel
times using only primary porosity hydraulic conductivities in fractured bedrock may well lead to
erroneous (perhaps even dangerous) assumptions regarding licensee response times to react to an
inadvertent release of radionuclides into groundwater (if such a release were to occur). Environmental
Standards’ experience in the Brunswick Formation in this area suggests that the RGH-reported hydraulic
conductivities are reflective of primary porosity conductivities but are not reflective of not secondary
(fracture, weathered bedding plane) conductivities. Thus, a revision of the original RGH travel time
calculation is appropriate.

Environmental Standards’ hydrogeologists generally model the Brunswick Formation using a dual
porosity-modeling paradigm. The dual porosity paradigm emerges from considering both primary
porosity (matrix porosity) and secondary porosity (fracture and weathered bedding plane). While
modeling is a simulative exercise, the bromide tracer study referenced above relied on direct empirical
observation of groundwater transport behavior. Environmental Standards elected to use the groundwater
seepage velocity developed from the nearby bromide tracer study because this velocity accounts for both
primary and secondary porosity and relies on the results of direct observation. In addition, the
extrapolation of these data seems appropriate given the previously enumerated similarities between the
two sites.

In order to calculate travel times, Environmental Standards used the following equations in its analysis.
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* Potential travel time = Seepage velocity in groundwater x distance from the bulk storage area to
the potential new monitoring well.

*  Seepage velocity in groundwater = Hydraulic gradient x ratio of hydraulic conductivity to
effective porosity.

A groundwater seepage velocity of 27 feet per day was used in the calculations. This value was derived
from the sodium bromide tracer study conducted in the Brunswick Formation at the manufacturing
facility near Perkasie, Pennsylvania (Environmental Standards, 1999). The seepage velocity of 27 feet
per day was determined at the Perkasie site when the hydraulic gradient was measured to be 0.026 at the
site. Using these two input variables for the site near Perkasie, the ratio of hydraulic conductivity to
effective porosity was calculated to be 1038.5 ft/day for the site.

The distance from the Bulk Storage Bins to the proposed new monitoring wells was measured using an
Autocad map and the Pennsylvania-licensed surveyor data for each well. The distances from the bulk
storage area to the proposed monitoring wells are as follows.

e MW 95-03 — 745 feet
e MW 95-04 — 700 feet
e MW 97-06 — 810 feet

Using the site-specific hydraulic gradient from the bulk storage area to the proposed new monitoring
wells (0.025) and the ratio of hydraulic conductivity to effective porosity (1038.5 ft/day) derived from the
sodium bromide tracer study, the travel time equations were solved for each monitoring well and the
following results were obtained.

e MW 95-03 — 29 days
e MW 95-04 — 27 days
e MW 97-06 — 31 days

Further, the travel time from the Bulk Storage Bins to West Swamp Creek (the nearest surface water
discharge point and radionuclide receptor, 1900 feet downgradient of the bulk storage area) is 268 days.
This estimate is based on assuming a hydraulic gradient from the bulk storage area to the monitoring
wells of 0.025 and a hydraulic gradient from these wells to the creek of 0.0048. As shown on the
groundwater elevation contour maps in Appendix F, the gradient in the aquifer beneath the Boyertown
facility is substantially reduced in the Swamp Creek flood plain.

It should be noted that the preceding values represent minimum radionuclide travel times from the bulk
storage area to the proposed new monitoring wells and West Swamp Creek. Other physical-chemical
processes that would inhibit travel of radiological contaminants accidentally released from the Bulk
Storage Bins to the proposed new downgradient monitoring wells were not considered. Some of these
processes include ion-exchange phenomenon (cation adsorption, for example), complex formation, anion
adsorption and exclusion mechanisms, and equilibrium/kinetic adsorption considerations.  Other
processes that retard the radionuclide and elemental mobility in soils have also not been considered, thus,
the travel times presented represent travel time minimums.

Water Use

Process water is taken from the stream that flows along the plant site boundary, treated to remove
impurities, used in the plant process, sent to the wastewater treatment plant to adjust the pH, and returned
to the stream in accordance with the site NPDES permit. The process wastewater is returned to the
stream at a rate of 150,000 gal/day, along with an additional 120,000-gal/day contribution from site
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runoff, non-contact cooling water, and steam condensate. Surface water sampling locations in the stream
are monitored to ensure that effluent does not exceed regulatory limits. The removal, use, treatment, and
return of the surface water imparts no significant impact to the environment because the effluent is treated
to ensure that its pH, temperature, and particulate content do not alter conditions in the stream.

Throughput, production rates, and process water requirements have been steady in recent years at the
Boyertown Plant. There are currently no planned changes to operations that would impact the rate of
water use or require alternate water supplies.

The current subdivision under construction as identified in the October 4, 2002 evaluation is supplied
with potable water by a public water purveyor. The source of this water is several miles from the
Boyertown facility and the plant is not considered to be a realistic source of impact to this system’s

supply.

Further, there have been no increases in water use adjacent to or downgradient of the plant. CSM
purchased real estate downgradient of the plant to improve site-lines at the Swamp Creek Road/County
Line Road intersection. Two residences were purchased as part of this transaction. Both residences relied
on groundwater for potable supply. The residences have been razed, and these potential groundwater
receptors no longer exist, further reducing the potential exposure of nearby properties to accidental plant
releases (if such releases were to occur).

CSM is committed to maintaining its groundwater-monitoring program while incorporating the
recommendations and revisions contained in the document in Appendix E. The minor changes in the
selection of wells to be monitored will use wells that currently exist at the site and will be incorporated
into the program upon renewal of this license.

10.9.2.12 Climatology and Meteorology

CSM collected weather data from September 1999 to June 2002 using a DAVIS - Weather Monitor 11
weather station unit. The meteorological data collected on site includes air temperature, relative
humidity, wind speed, wind direction, and barometric pressure. Collected data was stored in hourly
increments. Rainfall data for this time period were acquired from the National Climatic Data Center, a
product and service information center provided by the United States National Oceanic and Atmospheric
Administration (NOAA).

On June 28, 2002, CSM installed a WeatherLog™ Weather Monitoring System. This new system
monitors air temperature, relative humidity, dew point, barometric pressure, wind direction, wind speed,
and rainfall. Located in CSM’s security and main communications center, this weather monitoring
system is equipped with real-time weather condition monitoring to be used during emergency response in
the event of a spill or release. The new system is also equipped with a 4 to 20-milliamp signal-output that
is received by CSM’s central environmental monitoring system. All weather station parameter data
points are then stored for future use.

The mean monthly temperatures and extremes are shown in Table 10-10. The maximum-recorded

temperature during the period of record was 100.2 degrees F and the minimum was 3.8 degrees F. The
annual mean temperature for the period of record was 52.8 degrees F based on the data collected on site.
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Table 10-10. Mean and extremes of monthly average temperature (°F)

Month Monthly Mean Monthly Maximum Monthly Minimum
January 30.1 68.2 3.8
February 34.5 64 6.6
March 41.9 80.8 16.2
April 53.1 94.1 26.2
May 62.4 97.7 34
June 71.8 98.9 423
July 71.5 96.6 373
August 73.3 100.2 41.3
September 63.7 91.4 34.6
October 52.4 84 25.2
November 44.6 70.7 17.7
December 33.7 70.4 7.4

Precipitation data from September 1999 to June 2002 were acquired through NOAA at the neighboring
town of Bechtelsville, Pennsylvania (40 degrees 23’ N / 75 degrees 37 W). These data are summarized
in Table 10-11. The annual mean precipitation was 45.53 inches. The maximum daily rainfall took place

on September 17, 1999.

Table 10-11. Mean, maximum daily and monthly mean rainfall.

Average Maximum Average

Month Daily Rainfall Daily Rainfall Monthly Rainfall
January 0.1 1.04 3.02
February 0.1 0.92 1.7
March 0.2 3.07 4.93
April 0.1 1.73 3.63
May 0.2 3.92 5.79
June 0.1 1.8 3.92
July 0.1 1.41 3.72
August 0.2 2.83 5.18
September 0.2 5.21 5.97
October 0.1 1.41 1.92
November 0.1 1.29 2.2
December 0.1 2.05 3.55

Wind direction data were recorded in hourly increments. Calm wind speed (which resulted in a non-
detectable wind direction) was observed approximately 30% of the total observed time. The remaining
70% of observed wind directions are shown as the total detectable wind direction observations, as shown
in Figures 10-8 and 10-9. The predominant wind direction group was north to west-northwest, which was
observed 45% of the observed time.
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Figure 10-3. Wind Direction as a percentage of total time with wind.
Wind Direction by Group
(Sept. 1999 - June 2002)
50
45
40 |
(V]
E 35
S 30
o
g 25
£ 20
8 15
& 10 -
5 1
0
E to NNE N to WNW W to SSW S to ESE
Wind Direction Groupings
O Percentage

Figure 10-4. Wind Direction by groups.

10.9.2.13 Inventory Tracking and Documentation

A continuous inventory tracking system is currently in place using ore receipts, assay results, and
calculations on spreadsheets to ensure the license limit of 400 tons of elemental uranium is not exceeded.
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In addition, the sealed sources that are maintained under a general license are inventoried at the time of
each required leak test.

10.9.2.14 Emergency Procedures

CSM maintains redundant power supply systems including on-site generators to ensure that the plant is
never without the power necessary to continue operations. An emergency response vehicle is maintained
to respond to site emergencies. Valves that control wastewater discharges are designed to close when
power is interrupted to prevent uncontrolled releases of radioactive materials or chemicals in the event of
an emergency. CSM also maintains a fire truck and trained staff to perform as a fire fighting and
emergency response team.

11. WASTE MANAGEMENT

CSM manages one primary waste stream and one minor waste stream at the Boyertown plan as described
in the following text.

11.1 PAST PRACTICES AND DISPOSAL HISTORY

The extraction process results in one principal radioactive waste stream, the presscake that remains after
processing and contains virtually all the uranium and thorium that was in the ore, and a minor secondary
waste stream, the wastewater filtercake. The presscake has not been considered as a waste because it
contains economically recoverable quantities of CSM’s product materials or other valuable minerals and
metals. It has historically been accumulated in enclosed buildings (the Bulk Storage Bins) on-site with
the intent of recovering those product materials. However, CSM may no longer accumulate that material
and will handle it as described in Section 11.2, below.

The filtercake that is generated from the onsite treatment of acidic wastewaters has historically been
released for disposal at nearby landfills as non-radioactive material. On an annual basis CSM produces
approximately 19,000 tons of filtercake, which has been composite sampled at least quarterly and
analyzed for U and Th to ensure that the total concentration remains below the release limit stated in
CSM’s license condition. In addition, CSM uses ore assay data to track uranium and thorium
concentrations in individual ore batches and to isolate occasional batches that may contain higher
concentrations than normal. Those batches are either rejected or are isolated during processing so that the
related filtercake can be monitored closely to detect materials that exceed the landfill release limits.

Three shipments of low-level radioactive material have been sent off-site since the last license renewal.
The first was shipped in 1997 and 1998. CSM emptied all eight Bulk Storage Bins on-site and shipped
approximately 18,000 tons of ore digestion filtercake for reprocessing at a uranium recovery facility in
Utah. The concentration of this material was calculated at 2,800 pCi/g for a total calculated U and Th
activity of 45 Ci for the entire shipment. The second was shipped in September of 2000, with the NRC’s
approval. CPM shipped approximately 1,000 cubic yards of material to Waste Control Specialists (WCS)
in Andrews, Texas, as “unimportant quantity” material as defined in 10 CFR Part 40.13. The third and
most recent shipment of radioactive material was shipped in July of 2002 to RACE, LLC in Memphis,
Tennessee, for consolidation and final disposition at WCS. This shipment, which was mostly old process
equipment, was shipped as “Radioactive Material, Excepted Package-Limited Quantity of Material.” The
total volume of this shipment was 370 cubic yards, with a total calculated U and Th activity of 10.33 mCi.

11.2 WASTE DISPOSAL PLANS FOR ONGOING OPERATIONS

There are currently four feasible alternatives for handling the ore residues and any radiological wastes
from the process. First, CSM could continue to store the material on-site until operations ceased,
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additional tantalum recovery processes were employed, storage capacity at the site was exceeded, or the
possession limits of this license were approached. The plant could proceed for many years in this manner
at the current rate of processing and if the quantity of stored material someday exceeded the values used
in the Decommissioning Funding Plan Cost Estimate, CSM would revise the cost estimate and the
financial assurance vehicle to adequately address the additional cost of disposal for the larger quantity.
Second, the material could be disposed at a licensed disposal site for radioactive wastes. The material
would be characterized, packaged, and transported to an acceptable disposal facility in accordance with
applicable regulations of the U.S. Department of Transportation and the U.S. NRC.

Third, the material could be transferred to another operation that was licensed to receive uranium and
thorium. For instance, the presscake could be packaged and transported in accordance with applicable
regulations for transfer to another licensee as alternate feed material. The recipient would take ownership
of the material to process and dispose of it as appropriate for their operation. The fourth alternative
involves the possible qualification of all or part of the material as unimportant quantities of radioactive
material under the exemptions given in 10 CFR 40.13. CSM may pursue any of these alternatives in the
future. CSM has established a contract with a facility in Utah to accept the material as alternate feed, and
this will be the preferred alternative for waste disposal. It is CSM’s intent to package and dispose of the
material in this manner on a frequent and routine basis to prevent significant accumulations in the Bulk
Storage Bins.

The filtercake that represents the minor waste stream from the plant operations will continue to be
disposed as non-radioactive material at nearby landfills. The average concentrations of Th and U in the
filtercake and the isotopic composition of the material have been evaluated. In addition, doses were
assessed for ongoing landfill disposal to establish a regulatory basis for a release limit that will be listed
as a condition to the license upon renewal. Average uranium and thorium concentrations in the filtercake
and results from dose calculations are described in a document titled “Dose Assessment for Disposal of
Wastewater Treatment Sludge from the Cabot Supermetals Facility in Boyertown, Pennsylvania”, April
22 2003 provided in Appendix G. Revised sampling and analysis protocols have been developed that will
require analysis of filtercake samples more frequently (monthly) than in the past, and will implement the
new release limit. The ore assay data will continue to be used to identify and isolate any ore batches that
contain higher than usual concentrations of uranium and thorium and may result in filtercake that exceeds
the release limits. In the event that batches of filtercake someday exceed the annual average activity limit
such that it cannot be released to the landfill, CSM will consider applying the presscake disposal
alternatives described above.

CSM will employ other disposal options as may be approved in the future by the NRC. If at any point
CSM generates mixed wastes they will be managed in accordance with the most recent regulatory
guidance.

11.3 DECOMMISSIONING FUNDING PLAN

CSM continues to maintain a mechanism to provide assurances that funds will be available for
decommissioning the Boyertown facility. CSM has adequate financial resources to continue operating
and ultimately decommission the facilities covered by this license. Recent financial reports from the
company were supplied to the NRC in support of this assertion. The supporting basis for the value of the
current funding mechanism is the “Cabot Supermetals, Inc. 2004 Decommissioning Cost Estimate for the
Boyertown, Pennsylvania Site”, March 11, 2004, which is provided as Appendix H with this application.
Upon acceptance by the NRC of the cost basis provided in Appendix H, CSM will establish an
Irrevocable Standby Letter of Credit as directed by the NRC for a value that equals or exceeds the total of
the cost estimate.
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The estimated cost to close and remediate the plant and the value of the “Irrevocable Standby Letter of
Credit” are reviewed by the RSO every two years in accordance with the requirements of 10 CFR 40.36.
The expiration date of the letter of credit is extended annually for a term of one year unless CSM and the
NRC are notified at least 90 days prior to the expiration date. The next biennial review will be performed
within 24 months of the license renewal date, and the bond will be adjusted as appropriate at that time.

12. LICENSE FEES

* Fee category: 2.a.1

* Amount assessed: Full cost, payable upon notification from the NRC.
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1. EXECUTIVE SUMMARY

This report provides a review of the occupational air-sampling program at the Cabot
Supermetals, Inc. (CSM) plant in Boyertown, Pennsylvania. The CSM plant receives and handles
radioactive materials under license SMB-920, which was issued by the U.S. Nuclear Regulatory
Commission (NRC). Tantalum and niobium are extracted from ore materials that contain low
concentrations of natural uranium and thorium. The radioactive constituents are not extracted or
concentrated from the ore during this process. A second operation involving radioactive
materials at CSM is thorium doping. This process uses thorium nitrate and is described in

section 2.9 of this report.

Historical air sample data have demonstrated that workers are exposed only to low
concentrations of airborne uranium, thorium, and their radioactive progeny during routine ore
processing operations and thorium doping activities. Data are not available to document airborne
concentrations that occasionally may be present during non-routine operations such as
maintenance activities. These non-routine exposures are limited in duration and so the dose

consequences are usually not expected to be significant.

This report documents the results of an evaluation of the CSM occupational air-sampling
program and it represents an update of a detailed evaluation of the air-sampling program that was
performed during 1995 by Applied Radiological Control, Inc. (1995). The review documented in
this report was initiated in response to item B of a Notice of Violation issued on October 23,

2001 by the NRC (Kinneman 2001).

This report touches on several topics that affect the current sampling program, including derived
air concentration (DAC) values for the ore processing and thorium doping activities at the plant,
and placement of samplers to obtain representative dust samples. In addition, this document
provides current area and breathing zone sample data and makes recommendations for

calculation of a gross alpha DAC, effective DAC, and continued air sampling.

This report is an update of a draft occupational air-sampling program evaluation that was
submitted for review by the NRC in September 2002. It now incorporates revisions that address

comments provided in a letter to CSM from the NRC dated 14 January 2003 titled “Request For
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Additional Information On The License Renewal Application For The Cabot Boyertown Facility,
SMB-920 (L52461)”. John McGrath of the NRC, Region I reviewed that draft. This revision of
the air sampling evaluation does not pursue a prior request for approval to use dust cyclones.
Instead, it provides a rationale for why CSM should be permitted to use a DAC based on a 10-
micron activity median aerodynamic diameter particle size distribution for ore processing
activities. It then calculates mixture DAC values and gross alpha DAC values based on this
particle size. All mixture DAC and gross alpha DAC values presented herein are strictly based
on standard ICRP Publication 30 metabolic models and methodology, which form the basis of
the system of dose limitation adopted by the NRC.

This document proposes DAC values based on an activity ratio in ores of 3 U-238: 1 Th-232 in
place of the previous DAC, which was based on a ratio of 2 U-238: 3 Th-232. A technical
description of how the earlier ratios were chosen has not been found, but the ratios presented
herein are based on a rigorous statistical evaluation of analytical data from 207 ore samples
collected throughout 2001, as presented in Section 2.1. In addition, this report concludes that
respirators are not required for adequate protection of workers during routine operations and that
specific work control plans, such as radiation work permits, should document appropriate worker

protection and special monitoring requirements for non-routine operations.

2. DERIVATION OF GROSS ALPHA DAC VALUES

This section establishes a rationale for a gross alpha DAC that may be used to estimate a
committed effective dose equivalent from inhalation of ore dust at the CSM Boyertown plant.
The DAC is believed to be protective of workers and is reflective of the historical variability of

the uranium-238 to thorium-232 ratio.

2.1 COMPOSITION OF THE ORE MATERIALS

This evaluation of the uranium and thorium content of ores processed by CSM is based on the
ores received and sampled in 2001. During 2001, CSM received a total of 207 shipments. The

uranium and thorium concentrations in each of those ore shipments are listed in Attachment A.
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The data in Attachment A were sorted by the rank of the uranium-238 activity fraction, that is,

by how much of the radioactivity in an ore batch was produced by uranium-238:
U-238 activity / (U-238 activity + Th-232 activity).

Figure 1 is a graph of the activity percent uranium-238 versus the rank of the uranium-238
activity fraction for the ore received in 2001. This is an important factor because the dose per

picocurie (pCi) of intake increases as the ratio decreases.
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|
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Activity Percent, U-238/(U-238+Th-232)

10

0 T T
0 50 100 150 200
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Figure 1. Plot of the Activity Percent Uranium Versus the
Rank by U-238 to Th-232 ratio

Figure 1 illustrates that most of the ore materials processed by CSM during 2001 had high
activity ratios of uranium-238 to thorium-232. To be conservative, the 95% lower confidence
limit on the 0.1-quantile uranium-238 activity ratio for 2001 data is recommended for derivation

of the gross alpha DAC.' This corresponds to 75% uranium-238 activity and 25% thorium-232

! This is based on statistics of rank. The 0.1 quantile activity ratio is the activity ratio for the ore lot that has a rank of
21 out of 207. The 95% lower confidence limit on the 0.1 quantile value is the activity ratio that corresponds to
the rank of: 21 — (1.645*%[207%0.1 * 0.9]° ) or rank 14, which is 75% uranium-238: 25% thorium-232.
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activity (or a ratio of 3:1). Ninety percent of the ore mixtures processed at the Boyertown site
will have an activity ratio of uranium-238 to thorium-232 of 75% to 25% or greater. Summary

statistics for ores received in 2001 are provided in Table 1.

Table 1. Summary Statistics for Ore
Shipments Received by CSM During 2001

Average activity ratio: U-238 / U-238 + Th-232 0.91
Median activity ratio: U-238 / U-238 + Th-232 0.95
0.1 quantile activity ratio: U-238 / U-238 + Th-232 0.78 (Rank 21 of 207)
95% lower confidence limit on 0.1 quantile activity ratio 0.75 (Rank 14 of 207)

2.2 DEGREE OF EQUILIBRIUM IN THE DECAY CHAINS

The ore material processed by the Boyertown plant is expected to have uranium and thorium
more or less uniformly distributed through its volume since the ore is composed of
niobium/tantalum minerals in which uranium and thorium are randomly substituted for calcium
and rare earth elements (Frondel 1958). Therefore, radon is formed throughout the matrix of
these materials. Very little of the radon in the ore materials is produced at the surfaces of mineral
grains, and so very little is expected to emanate from mineral grains. Since very little radon is
expected to emanate from the ore, a high degree of equilibrium in the uranium-238 and thorium-

232 decay chains is also expected.

Like the ore processed at CSM, oil field barite pipe scale contains radioactive materials (radium-
226) that are distributed more or less uniformly throughout the matrix of the scale. As with
niobium/tantalum minerals, very little of the radon is available for emanation. The EPA has

assigned pipe scale materials a radon emanation fraction of 5% (EPA 1993).

To assess the equilibrium of the CSM ore materials, gross gamma was counted on a sample of
feed material. A sample of ground ore material weighing 800 grams was placed into a 410-ml
low-form polyethylene container that was allowed to sit open for 12 hours. The container was
then sealed shut using black electrical tape. The sample was counted for a series of 10-minute
counts in the configuration shown in Figure 2. The net count rate in counts per minute (cpm) was
plotted versus time, as shown in Figure 3. The time scale on the graph represents the elapsed

time in days since the sample was sealed.
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Figure 2. Counting Container Configuration
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Figure 3. Net Count Rate Versus Time Since Sealing.

The gamma emitters in the uranium-238 and thorium-232 chains are largely progeny from radon-
222 and radon-220. Therefore, a significant increase in the count rate with time since sealing
would indicate that a significant amount of radon was lost when the container was open for the
12-hour period. Figure 3 indicates that the count rate remained essentially constant after sealing;

therefore the material must maintain a high degree of equilibrium between radium and radon
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progeny during handling. It is concluded that the material would retain nearly all of its radon
during handling and grinding, and the elements below radium-226 and radium-224 are assumed
to be at 90% of their equilibrium activity. The 10% loss takes into account the 5% emanation

loss described earlier and allows an additional 5% loss as a conservative factor.

2.3 DAC VALUES FOR THE URANIUM-238 DECAY CHAIN (ORE PROCESSING)

The uranium-238 decay chain is depicted in Figure 4. The degree of equilibrium and number of

alpha emissions per uranium-238 decay are given in Table 2.

e

U-238 (U1 U-234 (UIl)
45 x 10% 25x10%
4.2 MeV 4.7 - 4.8 MeV

Pa-234m (UX;
12m

1 2.3 MeV

Th-234 (UX,) Th-230 (lo)
4 80x104y

0.2, 0.1 MeV 4.6- 4.7 MeV

Po-214 %Flac'] Po-210 (RaF)
1.6x10*s 138d
7.7 MeV 5.3 MeV
Bi-210 (RaE)
50d

1.2 MeV 3
Pb-210 (RaD) Pb-206 (RaG)
<0.1 MeV e

Beta Decay Bi-214 (RaC)
Alpha Decay 19.7 min
} 0.4 -3.3 MeV
L F5274 (Rab)

26.8 min
0.7, 1.0 MeV

Figure 4. Uranium-238 Decay Chain (after NCRP 1988)

Table 3 provides stochastic derived air concentration (SDAC) values for the isotopes in the U-
238 decay chain for 10-micron activity median aerodynamic diameter (AMAD) particle sizes.
Title 10 CFR Part 20, Appendix B provides a DAC for the grinding and milling of natural
uranium, which is based on a 10-micron AMAD. Tantalum ore grinding is a very similar process
to grinding uranium ore, so the assumption of a 10-micron AMAD is reasonable for CSM’s feed
material grinding, too. The SDAC values were calculated for 10-micron AMAD aerosols using
equations 5.8 and 2.1 of ICRP publication 30 along with data provided in the supplements to
ICRP publication 30. Additional details on the calculations for the 10-micron values are provided

in a technical calculation provided to CSM (Weston Solutions, 2003a).
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Table 2. Uranium-238 Decay Chain and Equilibrium Assumptions

Minimum
Number of Fraction of pCi Alpha
Equilibrium pCi Alphas per Equilibrium | Activity per pCi | pCi activity per
Isotope per pCi U-238 Decay expected U-238 pCi of U-238

U-238 1.00E+00 1 1 1 1.00E+00
U-234 1.00E+00 1 1 1 1.00E+00
Th-234 1.00E+00 0 1 0 1.00E+00
Th-230 1.00E+00 1 1 1 1.00E+00
Rn-222 1.00E+00 1 0.9 0.9 9.00E-01
Ra-226 1.00E+00 1 1 1 1.00E+00
Po-218 1.00E+00 1 0.9 0.9 9.00E-01
Po-214 1.00E+00 1 0.9 0.9 9.00E-01
Po-210 1.00E+00 1 0.9 0.9 9.00E-01
Pb-214 1.00E+00 0 0.9 0 9.00E-01
Pb-210 1.00E+00 0 0.9 0 9.00E-01
Pa-234m 1.00E+00 0 1 0 1.00E+00
Pa-234 1.30E-03 0 1 0 1.30E-03
Bi-214 1.00E+00 0 0.9 0 9.00E-01
Bi-210 1.00E+00 0 0.9 0 9.00E-01

Total 1.40+01 7.6 13.2013

Table 3. U-238 Decay Chain Stochastic Derived Air Concentration Values

Isotope SDAC, 10-Micron AMAD, puCi/ml
U238 8.7E-11

Th234 1.4E-07

Pa234 6.1E-06

U234 7.8E-11

Th230 2.8E-11

Ra226 8.0E-10

Pb210 1.3E-10

Bi210 5.5E-08

Po210 4.6E-10
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The mixture DAC for the uranium-238 decay chain (UDAC) is calculated from the data in
Tables 2 and 3 as follows:

(Equation 1)

UDACZI/(U2138+ 141 41 4 1 4 1 4 09 4 09 4 0,9))

Pa234 Th234 U234 Th230 Ra226 Po210 Pb210 Bi210

In this equation, the concentrations of uranium-238, uranium-234, thorium-230, radium-226 and
protactinium-234m are equal. The concentrations of polonium-210, bismuth-210 and lead-210
are equal to 0.9 times the concentration of uranium-238. The isotope values in the denominator

are the DAC values for the respective isotopes and particle sizes given in Table 3.

When the values for 10-micron AMAD particles are substituted into Equation 1, a mixture DAC
of 1.4 E-11 pCi/ml uranium-238 is obtained. From Table 2 the number of alpha decays per decay
of uranium-238 is 7.6. The corresponding gross alpha DAC for the uranium-238 decay chain is

1.1 E-10 pCi/ml.

2.4 DAC VALUES FOR THE THORIUM-232 DECAY CHAIN (ORE PROCESSING)

The thorium-232 decay chain is shown in Figure 5. The mixture DAC for the thorium-232 decay

chain is calculated from the data in Tables 4 and 5 as shown in Equation 2.

The second column of Table 5 provides SDAC values for the thorium-232 decay chain based on
a l-micron activity median aerodynamic diameter (AMAD). These values are calculated to 2
significant figures based on data provided in the supplements to ICRP 30 and are used in a later

section of this report.

The third column of Table 5 provides the SDAC values for the thorium-232 decay chain based
on a 10-micron AMAD. The DAC values for 10-micron aerosols were calculated using
equations 5.8 and 2.1 of ICRP publication 30 along with data provided in the supplements to
ICRP publication 30. Additional detail on the calculation for the 10-micron DAC values is
provided in a technical calculation provided to CSM (Weston Solutions, 2003a).
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Figure 5. Thorium-232 Decay Chain (after NCRP 1988).

Table 4. Thorium-232 Decay Chain and Equilibrium Assumptions

Equilibrium| Number of Fraction of

pCi per pCi | Alphas per Equilibrium pCi Alpha Activity | pCi Activity per pCi
Isotope Th-232 Decay Expected per pCi Th-232 of Th-232
T1-208 3.61E-01 0 0.9 0.00E+00 3.25E-01
Pb-212 1.00E+00 0 0.9 0.00E+00 9.00E-01
Bi-212 1.00E+00 0.36 0.9 3.24E-01 9.00E-01
Po-212 6.43E-01 1 0.9 5.79E-01 5.79E-01
Po-216 1.00E+00 1 0.9 9.00E-01 9.00E-01
Rn-220 1.00E+00 1 0.9 9.00E-01 9.00E-01
Ra-224 1.00E+00 1 1 1.00E+00 1.00E+00
Ra-228 1.00E+00 0 1 0.00E+00 1.00E+00
Ac-228 1.00E+00 0 1 0.00E+00 1.00E+00
Th-228 1.00E+00 1 1 1.00E+00 1.00E+00
Th-232 1.00E+00 1 1 1.00E+00 1.00E+00

Total 1.00E+01 --- 5.70E+00 9.50E+00
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Table 5. Thorium-232 Decay Chain Stochastic DAC Values.

Isotope SDAC, 1-Micron AMAD, uCi/ml |SDAC, 10-Micron AMAD, pCi/ml
Th232 1.8E-12 5.8E-12
Ra228 4.9E-10 9.4E-10
Ac228 1.9E-08 9.4E-08
Th2228 6.8E-12 3.4E-11
Ra224 7.1E-10 3.4E-09
Pb212 1.3E-08 1.6E-08
(Equation 2)
ThDAC = !
1 o4 1 4 1 4 1 4 1 4 09

Th232 Th228 Ra?228 Ra224 Ac228 Pb212

All isotopes above radon-220 in the decay chain are assumed to be in equilibrium in the thorium-
232 chain. Radon-220 and progeny below it in the decay chain are assumed to be present at 90%
of the equilibrium values. This leads to 5.7 alpha decays per thorium-232 decay, as given in
Table 4. The isotope values in the denominator are the DAC values for the respective isotopes
given in Table 5. When these values for 10-micron AMAD aerosols are substituted into Equation
2, one DAC for the thorium-232 chain corresponds to 4.9E-12 pCi/ml thorium-232 and the
corresponding gross alpha DAC is 2.8E-11 uCi/ml.

2.5 DAC VALUES FOR MIXTURES OF URANIUM-238 AND THORIUM-232 DECAY
CHAIN ISOTOPES

Equation 3 gives the DAC for mixtures of the two decay chains. The factor ThtoU is one-third
for a mixture that has the activity ratio (ThtoU) of 1 thorium: 3 uranium, which is equivalent to

the activity ratio of 25% thorium to 75% uranium, as explained in Section 2.1 of this report.

(Equation 3)

MixDACIl/{ThtoU{Th;32+ Lo gL gL 09 1y

Th228 Ra228 Ra224 Ac228 Pb212

1 1 1 1 1 0.9 0.9 0.9
{U238 + U234 + Th230 + Ra226 + Pa234 + Po210 + Bi210 + Pb210}}
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The same assumptions about degree of equilibrium from Tables 2 and 4 are made. This leads to
9.5 alpha decays per uranium-238 decay for this mixture. Substituting the DAC values from
Tables 3 and 5 into Equation 3, one DAC (10-micron AMAD) corresponds to 7.2E-12 pCi/ml as
uranium-238. One DAC of gross alpha activity (10-micron AMAD) corresponds to 6.9E-11
pHCi/ml.

2.6 COMPARISON WITH PREVIOUS DAC FOR ORE PROCESSING

Table 6 provides a comparison of the proposed DAC and the DAC derived in 1995. The previous
DAC was based on the assumption that only U-nat (uranium-238, thorium-234, protactinium-

234m, uranium-234, thorium-234, and radium-226) and thorium-232 were present in the ore.

The DAC for U-nat given in Title 10 CFR Part 20, Appendix B was used to derive the 1995
DAC. It is based on the assumption that the AMAD of the material is 10 microns and that
uranium-238 is in equilibrium with thorium-234, protactinium-234m, uranium-234, thorium-230,
and radium-226. Other DAC values used in 1995 for other radionuclides were based on 1-micron
AMAD aerosols despite a lack of justification for that value in the CSM operations. The
proposed DAC values developed herein are entirely based on 10-micron AMAD aerosols in
accordance with the Title 10 CFR Part 20, Appendix B values for grinding and milling of natural
uranium ores. As explained in Section 2.1, the uranium to thorium activity ratio that is used in
this report is based on a rigorous analysis of all ore materials received in 2001. It was chosen

with the objective of having a gross alpha DAC that over-estimates dose 90 percent of the time.

Table 6. Comparison of the Proposed and Previous DAC Values for Ore Processing

Factor Proposed DAC DAC Derived in 1995
Isotopes considered All isotopes in U-238 and Th-232 Unat (U-238, Th-234, Pa-234m, U-234,
decay chains. Th-230 and Ra-226) and Th-232.
Assumed Particle size 10-micron AMAD Mixed: 1-micron AMAD Th-232 + 10-
micron Unat
Number of Alphas in U-238 7.6 4
decay chain
Number of Alphas in Th-232 5.7 3
decay chain
Activity ratio 25 % Th-232: 75% U-238 60% Th-232: 40% U-238
Gross Alpha DAC 6.9 E-11 puCi/ml 5.4E-12 pCi/ml

H:\Project\CABOT\LicAppFinal2004\AppxACabotOccAir_FNL.doc 1 4




2.7 COMPARISON OF PERSONAL AND AREA AIR SAMPLE DATA IN
BUILDING 73

Personal breathing zone and area air samples have been collected simultaneously in Building 73
work areas at CSM. In general, each breathing zone sample was collected over a work shift. Area
air samplers are usually allowed to operate continuously, and the air filter media are replaced
once a week. All area air and breathing zone sample results to date have been collected as total

dust samples.

Most breathing zone air samples were collected during ore dumping and grinding operations.
These area and breathing zone sample results are provided in Table 7 for the time period of April
22,2002 to June 10, 2002. The breathing zone and area air samples were collected as total dust
samples. Based on Table 7, the breathing zone concentrations during ore dumping averaged
4.1% of the DAC (10-micron AMAD). The average airborne concentrations translate to a
concentration of less than 10% of the SDAC for the mixture so it is not necessary to demonstrate
that the air sampled by area samplers is representative of air in the breathing zones of workers, in

accordance with guidance in Regulatory Guide 8.25.

Table 7. Comparison of Breathing Zone and Area Air samples for
Ore Dumping and Grinding Activities.

Area Gross Alpha Breathing Zone Gross Alpha
SampleEndDate Concentration, uCi/ml Date Concentration, uCi/ml

8-Jan-02 7.7E-13
14-Jan-02 1.6E-13
21-Jan-02 1.9E-13
28-Jan-02 5.5E-13
4-Feb-02 1.8E-13
11-Feb-02 2.6E-13
18-Feb-02 24E-13
25-Feb-02 1.3E-13
6-Mar-02 1.8E-13
12-Mar-02 1.2E-13
19-Mar-02 9.8E-14
25-Mar-02 1.9E-13
2-Apr-02 1.8E-13
8-Apr-02 2.8E-13

11-Apr-02 5.3E-12

12-Apr-02 2.9E-13 12-Apr-02 2.0E-12
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Area Gross Alpha

Breathing Zone Gross Alpha

SampleEndDate Concentration, uCi/ml Date Concentration, uCi/ml
16-Apr-02 4.3E-12
18-Apr-02 6.8E-13
19-Apr-02 3.3E-12

22-Apr-02 2.0E-13 22-Apr-02 3.7E-13

29-Apr-02 2.3E-13 24-Apr-02 3.6E-13

30-Apr-02 4.3E-13

30-Apr-02 2.2E-12

01-May-02 1.5E-12

04-May-02 7.1E-13

6-May-02 2.3E-13 06-May-02 9.9E-13

08-May-02 1.1E-12

09-May-02 5.9E-13

09-May-02 1.6E-12

10-May-02 9.2E-13

10-May-02 5.9E-14

13-May-02 1.1E-13 13-May-02 4.2E-12

14-May-02 7.7E-13

15-May-02 2.2E-12

17-May-02 2.3E-12

20-May-02 6.3E-13 20-May-02 49E-14

21-May-02 6.4E-12

21-May-02 1.1E-12

22-May-02 7.1E-13

22-May-02 3.9E-13

28-May-02 3.2E-13 23-May-02 2.5E-12

30-May-02 1.6E-12

31-May-02 1.0E-11

3-Jun-02 2.2E-13 31-May-02 1.1E-12

06-Jun-02 1.8E-13

06-Jun-02 1.7E-12

07-Jun-02 3.4E-14

10-Jun-02 4.0E-12

10-Jun-02 6.1E-13 10-Jun-02 1.8E-12

11-Jun-02 7.4E-13

12-Jun-02 2.2E-12

13-Jun-02 1.5E-12

17-Jun-02 1.0E-13 17-Jun-02 5.8E-13
24-Jun-02 1.4E-13
1-Jul-02 2.1E-13

8-Jul-02 2.2E-13 02-Jul-02 1.3E-12
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Area Gross Alpha

Breathing Zone Gross Alpha

SampleEndDate Concentration, uCi/ml Date Concentration, uCi/ml
10-Jul-02 3.0E-12
11-Jul-02 0.0E+00
15-Jul-02 4.4E-13

15-Jul-02 3.5E-13 15-Jul-02 1.6E-12
17-Jul-02 6.1E-13

17-Jul-02 6.1E-13

19-Jul-02 2.9E-12

22-Jul-02 2.7E-13 22-Jul-02 34E-12
23-Jul-02 1.3E-12

24-Jul-02 1.1E-12

25-Jul-02 4.1E-12

25-Jul-02 9.2E-12

29-Jul-02 5.5E-13 29-Jul-02 4.1E-13
30-Jul-02 2.9E-12

30-Jul-02 1.5E-12

30-Jul-02 4.7E-13

01-Aug-02 4.8E-13

01-Aug-02 4.0E-13

02-Aug-02 6.9E-13

02-Aug-02 2.4E-12

5-Aug-02 7.1E-13 05-Aug-02 1.6E-12
06-Aug-02 2.3E-12

06-Aug-02 3.1E-13

09-Aug-02 3.7E-12

13-Aug-02 2.3E-12

14-Aug-02 8.7E-13

15-Aug-02 4.3E-13

21-Aug-02 4.6E-13

22-Aug-02 2.7E-13

26-Aug-02 7.8E-13

28-Aug-02 9.9E-14

29-Aug-02 7.3E-13

17-Sep-02 1.6E-12

17-Sep-02 3.4E-12

18-Sep-02 4.4E-13

20-Sep-02 3.1E-13

24-Sep-02 7.2E-12

24-Sep-02 3.9E-13

24-Sep-02 8.5E-13

25-Sep-02 2.8E-12
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Area Gross Alpha Breathing Zone Gross Alpha
SampleEndDate Concentration, uCi/ml Date Concentration, uCi/ml

30-Sep-02 1.4E-12

01-Oct-02 3.2E-13

01-Oct-02 4.2E-13

02-Oct-02 4.6E-12

02-Oct-02 3.7E-13

03-Oct-02 4.3E-13

04-Oct-02 1.4E-13

07-Oct-02 1.7E-11

09-Oct-02 2.7E-12

10-Oct-02 7.8E-11

Breathing Zone Average 2.8E-12

Breathing Zone Maximum 7.8E-11

Only two breathing zone sample results were obtained for ore screening activities; these results
are presented in Table 8. The average breathing zone concentration during this activity was 3.2E-
12 uCi/ml. This is 4.6% of the DAC (10-micron AMAD), which is generally consistent with the
levels documented by the area air sample results. At these concentrations, it is not necessary to
demonstrate under Regulatory Guide 8.25 that area air samples are representative of the air

inhaled by workers.

Table 8. Air Sample Results for Ore Screening Activities.

Sample End Date Area Sample (nCi/ml) Breathing Zone Sample Breathing Zone
Date Concentrations, (nCi/ml)
13-May-02 1.1 E-13 10-May-02 1.2E-12
28-May-02 3.2E-13 16-May-02 5.3E-12
Average 3.2E-12

2.8 THORIUM DOPING ACTIVITIES

Thorium is added to tantalum powder in the Thorium Doping Room located in building 29. This
process involves a number of steps. First, thorium nitrate is weighed on a balance and dissolved
in water. The thorium nitrate solution is poured onto a layer of tantalum powder that has been

spread in a layer on a drying table. A steam heating system heats the tabletop to drive off the
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water. The material is then collected into a drum using a HEPA vacuum system. Finally it is

mixed using a shaker.

The Thorium Doping Room is the size of a walk-in closet, about 7 feet wide by 10 feet long.
The layout is provided in Figure 6. There are two local exhaust ventilation devices in the room.
A slot hood is located adjacent to drying table, and a canopy exhaust hood is located on the
opposite side of the room adjacent to the weighing table. Figure 7 provides a view of the end of
the room where the steam table is located. The HEPA vacuum is located on the weighing table
under the canopy hood. The air sampler head is located at breathing zone height near the HEPA
vacuum, as shown in Figure 8. Makeup air comes into the room via the entrance, which has no

door.

_aminar flow hood|

Drying table

@oﬂecﬁon drum

Figure 6. Thorium Doping Room Layout
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Figure 7. Slot hood, steam table and drum into which
thorium-doped powder is collected.

Figure 8. Canopy hood, weighing table and
area sampler head (blue)
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2.8.1 Derivation of Mixture and Gross Alpha DAC for Thorium Doping

The basis for a DAC for thorium doping activities is provided in this section. The detailed
derivation is provided in a technical calculation provided to CSM (Weston Solutions, 2003a).
The radioactive material is in the form of a thorium nitrate. Thorium nitrate has been assigned to

lung clearance class W material under the ICRP Publication 30 system of dosimetry.

The Th-232 and Th-228 SDACs given in Table 9 were calculated from data in Federal Guidance
Report 11. The remaining values used to calculate the mixture DAC were taken from column 2

of Table 5 of this document.

Table 9. Stochastic DAC values for class W thorium isotopes.

Isotope SDAC, pCi/ml
Th-232 1.3E-12
Th-228 8.3E-12

Freshly prepared thorium nitrate is assumed to initially contain equal activities of thorium-232
and thorium-228. The progeny of thorium 232 and thorium-228 are not assumed to be present in
the freshly produced thorium nitrate because the chemical separation used to generate the
thorium would likely isolate these other metals or nuclides. The thorium nitrate reagent used by
CSM is assumed to have aged for some time prior to use. This results in ingrowth and decay of
radium-228 as well as thorium-228 and its progeny, which would result in a DAC that is less
restrictive than the one that is used herein. The minimum possible activity ratio of thorium-228
to thorium-232 is 0.424 (Weston Solutions, 2003a). Based on this ratio the minimum number of
alphas emitted per decay of thorium-232 is 3.52. The most restrictive possible stochastic gross
alpha DAC for thorium nitrate occurs at an effective age of 4.5 years. The minimum gross alpha
DAC for thorium doping is 4.2E-12 UCi/ml. This corresponds to a thorium-232 concentration of
1.2E-12 pCi/ml if no thorium-230 is present.

The gross alpha DAC for thorium nitrate varies by almost a factor of two with age. The most
restrictive DAC values are used as long as the age is not known. If the actinium-228 to thorium-
232 ratio has been determined by alpha and gamma spectroscopy, then the appropriate DAC

value from Figure 9 can be used for dose calculations. Some thorium-230 may also be present in
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the thorium nitrate reagent. As the amount of thorium-230 increases, the minimum gross alpha

DAC proposed for thorium doping (4.2E-12 pCi/ml) becomes increasingly conservative.

Gross Alpha DAC for Thorium Nitrate
versus Ac-228:Th-232 Activity Ratio

7.5E-12
7.0E-12 -
6.5E-12 -
6.0E-12
5.5E-12 -
5.0E-12
4.5E-12 /
4.0E-12 — ‘ —
0 0102030405060.70809 1

Ac-228:Th232 Activity Ratio

Stochastic DAC, uCi/ml

Figure 9. Dependence of thorium nitrate gross alpha DAC
on the ratio of Ac-228 to Th-232.

2.8.2 Breathing Zone Air Sample Data during Thorium Doping Activities

Table 10 provides workshift breathing zone gross alpha concentrations during thorium doping

operations. The reference time period was January through April 2003. Out of the 29 workshift
breathing zone samples, the maximum gross alpha concentration was 6.3 E-13 uCi/ml, which
was 9% of the thorium nitrate gross alpha SDAC of 4.2 E-12 pCi/ml. The average concentration
was 2.3E-13 puCi/ml, or 5.5% of the SDAC. Since thorium doping only occurs 2 to 3 days per
week, annual intakes of thorium nitrate by workers will be well below 10% of the stochastic ALI

per year.

Table 10. Breathing Zone Sample Results for
Thorium Doping Operations.

Date Gross Alpha Concentration, nCi/ml
1/24/2003 7.2E-14
2/6/2003 1.2E-13
2/7/2003 7.2E-14
2/8/2003 2.7E-13
2/19/2003 4.6E-13
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Date Gross Alpha Concentration, pCi/ml
2/21/2003 2.3E-13
2/22/2003 1.7E-13
2/24/2003 1.2E-13
2/25/2003 1.2E-13
2/26/2003 1.6E-13
2/27/2003 2.3E-13
2/28/2003 1.2E-13

3/1/2003 1.4E-13
3/3/2003 9.9E-14
3/4/2003 3.1E-13
3/5/2003 1.3E-13
3/6/2003 2.1E-13
3/7/2003 3.0E-13
3/17/2003 4.6E-14
3/18/2003 4.7E-13
3/19/2003 4.3E-13
3/20/2003 4.1E-13
3/21/2003 6.3E-13
3/25/2003 1.5E-13
3/26/2003 1.8E-13
4/2/2003 24E-13
4/3/2003 1.8E-13
4/4/2003 3.5E-13
4/5/2003 3.4E-13

3. RECOMMENDATIONS AND CONCLUSIONS CONCERNING THE
AIR SAMPLING PROGRAM

The following recommendations are based on observations from the air sampling program

review.

3.1 ORE PROCESSING OPERATIONS AND GENERAL RECOMMENDATIONS

1. The gross alpha SDAC values for ore materials and thorium doping presented herein are
suitable for calculating the committed effective dose equivalent (CEDE) from inhalation. If
the CEDE exceeds 1 rem in a year, then the committed dose equivalent to the bone surface

will also need to be calculated and reported.

2. Respirator use during routine ore-processing activities should not be necessary to maintain

doses as low as reasonably achievable.
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Use an activity ratio of 3 uranium-238 : 1 thorium-232. The 3:1 activity is expected to
overestimate inhalation doses from airborne material 90% of the time. This ratio is based on

a rigorous statistical evaluation of data from 207 lots of ore material processed during 2001.

Use the 10-micron AMAD gross alpha DAC of 6.9E-11 uCi/ml to obtain an initial estimate
of the inhalation exposures from airborne ore dust at CSM.? All area sample filters should be
saved after gross activity has been counted and they should be submitted as 3-month
composite samples for each location and analyzed for isotopic uranium and isotopic thorium.
The gross alpha DAC that is calculated from the actual thorium to uranium isotopic ratio for
the quarter should be used to determine the DAC hours that are recorded on a person’s
official exposure record. On average, it is expected that the quarterly gross alpha isotopic

data will reduce the initial DAC-hour estimate by 30%.

Enough data have been collected to demonstrate that gross alpha air concentrations during
routine ore-processing activities will, on average, be well below 10% of the DAC (10-micron
AMAD). Area air samplers are located at the ore dumping stations and should be
representative of the dustier routine operations. However, Regulatory Guide 8.25 does not
require that area samples be representative of the air inhaled by workers for such low

concentrations.

Breathing zone air sampling during routine ore-processing activities can be curtailed.
Archive past breathing zone filters and maintain the chain of custody once gross counting has
occurred. The radiation safety officer should decide when the filters are no longer useful and

can be discarded.

3.2 THORIUM DOPNG AND NON-ROUTINE OPERATIONS

I.

Data have been collected from enough breathing zone samples in the thorium doping room to
demonstrate that gross alpha air concentrations during routine thorium doping activities will,
on average, be well below 10% of the SDAC. The thorium doping room is small and an area

air sampler is used to monitor conditions in the work area. In accordance with Regulatory

? Unless NRC has an objection to the 10-micron AMAD assumption.
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Guide 8.25, area samples are not required to be representative of the air inhaled by worker

for such low concentrations.

2. Non-routine operations that create dusty conditions can produce elevated airborne
radionuclide concentrations. Fixed location area air samplers probably cannot give results
that are representative of non-routine activities that involve contact with licensed materials.
Workers should wear breathing zone air samplers whenever these non-routine activities
occur. Non-routine activities, which involve the use of temporary engineering controls or
respiratory protection, should be managed under activity-specific work control document,

such as radiation work permits.
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ATTACHMENT A

URANIUM AND THORIUM CONTENT OF FEED
MATERIALS PROCESSED BY CSM IN 2001
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Rank by

Activity % | %U-238

Cabot Lot No| % Th % U U-238 Activity
4987 0.015 0.522 99 207
4985 0.015 0.446 99 206
4954 0.015 0.420 99 205
228628004 0.015 0.416 99 204
4969 0.015 0.395 99 203
4995 0.015 0.380 99 202
4933 0.015 0.369 99 201
1008 0.015 0.318 98 200
4967 0.015 0.299 98 199
4955 0.015 0.287 98 198
1006 0.015 0.264 98 197
228624003 0.015 0.237 98 196
4986 0.015 0.206 98 195
4921 0.015 0.198 98 194
4932 0.015 0.194 98 193
5027 0.015 0.192 98 192
4945 0.015 0.191 98 191
224035003 0.015 0.191 98 191
4988 0.015 0.189 97 189
4992 0.015 0.188 97 188
4907 0.015 0.182 97 187
224035005 0.015 0.178 97 186
0.015 0.177 97 185
5019 0.015 0.175 97 184
4976 0.015 0.172 97 183
5127 0.015 0.172 97 183
5127a 0.015 0.172 97 183
1012 0.015 0.171 97 180
4993 0.015 0.170 97 179
4943 0.015 0.166 97 178
5204 0.015 0.163 97 177
224035006 0.016 0.171 97 176
228623001 0.015 0.159 97 175
228623002 0.015 0.158 97 174
228623004 0.015 0.156 97 173
5129 0.015 0.151 97 172
5154 0.015 0.151 97 172
S154A 0.015 0.151 97 172
228624002 0.015 0.149 97 169
4904 0.015 0.148 97 168
5063 0.015 0.148 97 167
5074 0.015 0.148 97 167
4946 0.015 0.145 97 165
224035007 0.015 0.144 97 164
5098 0.015 0.143 97 163
1005 0.015 0.140 97 162
5064 0.015 0.138 97 161
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Rank by

Activity % | %U-238

Cabot Lot No| % Th % U U-238 Activity
5219 0.022 0.200 97 160
4944 0.015 0.134 96 159
4968 0.015 0.131 96 158
228623003 0.015 0.131 96 157
4960 0.015 0.130 96 156
5025 0.015 0.129 96 155
4903 0.015 0.128 96 154
228618001 0.031 0.262 96 153
5048 0.015 0.126 96 152
4949 0.015 0.125 96 151
228623005 0.015 0.123 96 150
228624008 0.018 0.144 96 149
4916 0.015 0.120 96 148
228624007 0.015 0.119 96 147
228624011 0.015 0.119 96 147
4913 0.015 0.118 96 145
5107 0.017 0.131 96 144
4964 0.015 0.116 96 143
5128 0.015 0.114 96 142
4953 0.015 0.114 96 141
4991 0.015 0.113 96 140
4994 0.015 0.112 96 139
5061 0.015 0.112 96 139
228625004 0.015 0.112 96 139
228623009 0.015 0.111 96 136
4947 0.015 0.109 96 135
5184 0.021 0.153 96 134
5014A 0.015 0.108 96 133
5046 0.015 0.108 96 133
4905 0.015 0.106 96 131
4958 0.015 0.104 96 130
4959 0.015 0.104 96 130
228623008 0.015 0.104 96 130
228623010 0.015 0.103 95 127
228608002 0.026 0.180 95 126
4931 0.015 0.102 95 125
228623015 0.015 0.102 95 125
228626003 0.062 0.416 95 123
228625007 0.018 0.119 95 122
1009 0.015 0.100 95 121
228623011 0.015 0.100 95 121
228627001 0.097 0.647 95 119
5055 0.021 0.141 95 118
5011 0.015 0.099 95 117
228623006 0.015 0.099 95 117
1007 0.015 0.098 95 115
4984 0.015 0.098 95 115
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Rank by
Activity % | %U-238
Cabot Lot No| % Th % U U-238 Activity
228620002 0.015 0.098 95 115
5024 0.015 0.097 95 112
228627002 0.088 0.568 95 111
228625002 0.018 0.117 95 110
4971 0.015 0.094 95 109
228623007 0.015 0.094 95 109
4952 0.021 0.132 95 107
228625006 0.015 0.093 95 106
228624006 0.015 0.093 95 106
228628001 0.056 0.349 95 104
4972 0.015 0.092 95 103
228628003 0.088 0.534 95 102
228626002 0.070 0.424 95 101
4961 0.015 0.090 95 100
4996 0.015 0.090 95 100
4948 0.015 0.089 95 98
5177 0.023 0.135 95 97
4906 0.059 0.346 95 96
228626001 0.068 0.397 95 95
224035004 0.031 0.179 95 94
4983 0.015 0.086 95 93
228625008 0.018 0.102 95 92
4930 0.015 0.086 95 91
5049 0.015 0.086 95 91
228628002 0.084 0.481 95 89
228628002 0.084 0.481 95 89
5108 0.069 0.390 95 87
231006002 0.015 0.085 95 86
228625003 0.015 0.083 94 85
5056 0.020 0.112 94 84
0.015 0.081 94 83
4918 0.015 0.080 94 82
4920 0.015 0.080 94 82
4970 0.015 0.080 94 82
5051 0.015 0.080 94 82
4915 0.015 0.079 94 78
5013 0.015 0.079 94 78
5186 0.018 0.092 94 76
5149 0.018 0.092 94 75
228623014 0.015 0.076 94 74
228625001 0.018 0.094 94 73
228618003 0.016 0.081 94 72
228608001 0.035 0.178 94 71
5218 0.018 0.093 94 70
4902 0.015 0.075 94 69
5053 0.112 0.549 94 68
4919 0.015 0.073 94 67
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Rank by

Activity % | %U-238

Cabot Lot No| % Th % U U-238 Activity
5054 0.035 0.170 94 66
228618002 0.038 0.176 93 65
228619001 0.015 0.070 93 64
228623012 0.015 0.069 93 63
226594001 0.015 0.068 93 62
228623018 0.015 0.068 93 62
226599001 0.015 0.068 93 62
226600001 0.015 0.068 93 62
228625005 0.018 0.083 93 58
0.015 0.067 93 57
228614004 0.015 0.066 93 56
5007 0.046 0.199 93 55
5012A 0.015 0.063 93 54
4957 0.015 0.062 93 53
228623013 0.015 0.059 92 52
228623016 0.015 0.059 92 52
228623017 0.015 0.059 92 52
228646001 0.097 0.382 92 49
4914 0.015 0.059 92 48
4917 0.015 0.058 92 47
5073 0.015 0.053 92 46
5050 0.024 0.075 91 45
228615005 0.149 0.458 90 44
5020 0.015 0.042 90 43
228646003 0.016 0.044 89 42
5028 0.062 0.168 89 41
228621001 0.098 0.257 89 40
1011 0.015 0.035 88 39
5176 0.030 0.065 87 38
228614005 0.161 0.338 87 37
5047 0.027 0.057 86 36
4963 0.015 0.027 85 35
228614003 0.225 0.375 84 34
4965 0.118 0.193 83 33
5052 0.157 0.243 82 32
5058 0.082 0.126 82 31
5057 0.233 0.336 81 30
4962 0.015 0.021 81 29
228614001 0.263 0.370 81 28
228622001 0.158 0.220 81 27
228621003 0.156 0.215 81 26
5060 0.112 0.140 79 25
228615004 0.185 0.229 79 24
5125 0.120 0.146 79 23
5185 0.015 0.018 78 22
5178 0.032 0.036 78 21
226589001 0.103 0.118 78 20
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Rank by

Activity % | %U-238
Cabot Lot No| % Th % U U-238 Activity
5006 0.129 0.147 78 19
5023 0.483 0.543 77 18
228621002 0.172 0.192 77 17
5005 0.120 0.126 76 16
231006001 0.193 0.195 75 15
5059 0.158 0.157 75 14
1010 0.054 0.050 74 13
228615003 0.176 0.153 73 12
228646002 0.176 0.136 70 11
4966 0.160 0.120 70 10
1013 0.172 0.128 69 9
5021 0.129 0.081 66 8
5022 0.049 0.031 65 7
228615001 0.253 0.153 65 6
5124 0.319 0.165 61 5
1004 0.232 0.058 43 4
4956 1.128 0.251 40 3
4922 0.607 0.086 30 2
5192-ORE 0.962 0.086 22 1
Total
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1. EXECUTIVE SUMMARY

This report provides a review of the bioassay program that is in place at the Cabot Supermetals,
Inc. (CSM) Boyertown plant. The Boyertown plant receives and handles radioactive materials
under license SMB-920 issued by the U.S. Nuclear Regulatory Commission (NRC). Several

recommendations are provided based on this technical evaluation.

The Canberra Special Services Division performed a previous evaluation of the bioassay
program in 1995 under contract to CSM (Canberra 1995) that is superseded by this document.
This report was prepared in response to item A of a Notice of Violation issued on October 23,
2001 by the NRC (Kinneman 2001). It is an update of a draft report that was submitted to the
NRC for review in September 2002 and now incorporates revisions to address comments
provided in a letter to CSM from the NRC dated 14 January 2003 titled “Request For Additional
Information On The License Renewal Application For The Cabot Boyertown Facility, SMB-920
(L52461)”. Mr. John McGrath of the NRC, Region I reviewed and commented on that draft. This
revision now evaluates the excretion and retention of both ore dust radionuclides (10-micron

AMAD) and thorium nitrate.

This document is a companion report to the Review of the Occupational Air Sampling Program
at Cabot Performance Materials Corporation Boyertown, Pennsylvania Plant, which was
prepared for CSM by Weston Solutions, Inc. in June 2003 (Weston Solutions, Inc. 2003). The air
sampling program review develops the basis for the mixture derived air concentration (DAC)
and gross alpha DAC used in this report. The whole body retention and excretion characteristics

of the radioactive materials of concern are described in the present report.

A purely technical memo (Weston Solutions 2003a) provides the actual Berkeley Madonna (a
commercially distributed dynamic simulation software package) simulation input files,
calculation of stochastic DACs, and other supporting documentation related to the air sampling

and bioassay program evaluations.

CSM’s current annual whole body counting program was found to be inadequate in a Notice of
Violation issued on October 23, 2001 (Kinneman 2001). An independent review of the program

has been conducted and deficiencies in the program evaluated. The following sections are
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intended to provide the basis for an acceptable bioassay program. Conclusions and

recommendations are provided at the end of the document.

2. EXPOSURE SCENARIOS AT THE BOYERTOWN PLANT
2.1 ORE PROCESSING ACTIVITIES

The CSM plant in Boyertown, Pennsylvania, extracts tantalum and niobium from ore materials
that contain low concentrations of natural uranium and thorium. Almost all of the ores contain
less than 1 percent uranium plus thorium (U + Th) by weight. The radioactive constituents are
not extracted or concentrated from ore material during this process. Consequently, workers may
be exposed to low concentrations of airborne uranium and thorium plus their radioactive progeny

during routine plant operations.

During non-routine operations such as maintenance of scrubbers and grinders, however, air
concentrations may occasionally exceed the DAC. Respirators may be worn during particularly
dusty operations, in concurrence with requirements of a task-specific radiation work permit

(RWP) to ensure that doses are as low as reasonably achievable (ALARA).

The average airborne concentrations in building 73 were demonstrated to be below 10 percent of
the proposed 10-micron activity median aerodynamic diameter (AMAD) DAC (Weston
Solutions, 2003). Consequently CSM will rely primarily on area air sampling to assign doses
from ore processing activities in the future. The occasional use of respirators for non-routine
tasks will trigger the need for bioassay of workers performing those tasks as required by Title 10

Code of Federal Regulations, Section 20.1703(C)2 (10 CFR 20.1703(c)2).

2.2 THORIUM DOPING ACTIVITIES

Thorium doping activities occur in a room in building 29. This activity is described in section
2.9 of the air sampling review mentioned previously (Weston Solutions 2003). The potential of
this activity to result in inhalation exposures to radioactive material is still being evaluated.
CSM would like to assign doses from this activity based on area air sampling. The detection
limit that would be required to demonstrate that air concentrations are less than 10% of the DAC
is difficult to achieve through lapel sampling unless filters are bulked and submitted as a

composite.
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Respirators are currently used during thorium doping activities, and this triggers the need for

bioassay under 10 CFR 20.1703(C)2.

3. BIOASSAY PERFORMANCE REQUIREMENTS

NRC Regulatory Guide 8.9 (NRC 1993) provides the technical performance requirements for a
bioassay program. Under Regulatory Guide 8.9, the bioassay program must be designed to detect
acute intakes of radioactive materials that correspond to no more than 40 DAC hours of exposure
from the mixture. The bioassay program applies to all workers who wear respirators for

protection against radioactive materials.

4. DERIVATION OF INTAKES OF ORE MATERIAL THAT WOULD
CORRESPOND TO 40 DAC HOURS AND 200 DAC HOURS

A referenced document (Weston Solutions 2003) provides the basis for the gross alpha stochastic
derived air concentration (SDAC). This section summarizes the basis, provides the individual
SDAC values, and derives intakes that represent 40 SDAC hours and 200 SDAC hours. The
gross alpha SDAC is believed to be protective of workers and is reflective of the historical

variability of the uranium-238 to thorium-232 ratio.

4.1 ASSUMPTIONS

The DAC values for ore material that were derived in the air sampling review (Weston Solutions

2003) are based on the following assumptions:

* 10-micron activity median aerodynamic diameter (AMAD)),

* ICRP 30 Lung Model, as provided in ICRP 30 Figures 5.1 and 5.2, and the equations
provided in section 5.2 of that document,

* ICRP 30 GI Tract Model, as provided in ICRP 30, Equations 6.1a through 6.1d and 6.3
and data in in Figure 6.1,

* 100% deposition efficiency in the respiratory tract,

* Regional deposition fractions for 10-micron AMAD aerosols, per ICRP 30 Figure 5-1.
DNP = 087, DTB =0.08 and DPZOOS

* ICRP 30 metabolic data for gastrointestinal uptake fraction, F;, and systemic fraction
excreted in urine, Fy, as follows:
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— Uranium, Class Y lung clearance: F; = 0.002, Fy = 1.0
— Thorium, Class Y lung clearance: F; = 0.002, Fy = 1.0

— Radium, Class W lung clearance: F; = 0.2, Fy = 0.05 (given in ICRP 54, page
183).

* Equilibrium in decay chains from parent to radium,
*  90% degree of equilibrium between radium and radon or thoron,
e Equilibrium between (1) radon and its progeny and (2) thoron and its progeny,
* Respiration rate of 0.02 m’/minute
4.2 COMPOSITION OF THE ORE MATERIALS

A conservative composition of ore materials was developed in the air sampling review (Weston
Solutions 2003). That evaluation of the uranium and thorium content of ores processed by CSM
was based on 2001 as the reference year and used a rigorous statistical evaluation to establish the
composition of the ore. Figure 1 is a graph of the activity percent uranium-238 versus the rank of
the activity ratio for the ore received in 2001. Summary statistics for ores received in 2001 are

provided in Table 1.
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Figure 1. Plot of the Activity % Uranium Versus the
Rank by U-238 to Th-232 Ratio
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As the ratio U-238/[U-238 + Th-232] gets smaller, the dose per picocurie (pCi) of intake
increases. The assessment presented in this document is based on the ratio of 0.75 U-238 : 0.25
Th-232, which corresponds to the 95% lower confidence limit on the 0.1 quantile of the ratio
distribution during 2001. Therefore, at least 90% of the time the ore composition proposed in the
air sampling review (Weston Solutions 2003) is expected to overestimate the dose (i.e. it is

prudently conservative).

The basis for the old isotopic ratio, 0.4 U-238: 0.6 Th-232, that formed the basis for the old gross
alpha DAC is not known, however it appears to have been based on a worst case evaluation. It is

believed to overestimate dose to a significant degree and is reasonably replaced by the ration of

0.75 : 0.25.

Table 1. Summary Statistics for Ore
Shipments Received by CSM During 2001

Average activity ratio: U-238/[U-238 + Th-232] 0.91
Median activity ratio: U-238/[U-238 + Th-232] 0.95
0.1 quantile activity ratio: U-238/[U-238 + Th-232] 0.78
95% lower confidence limit on 0.1 quantile activity ratio 0.75

4.3 DECAY CHAINS FOR PRINCIPAL ISOTOPES

The U-238 decay chain is depicted in Figure 2. An equilibrium value of 90% is assumed for the
nuclides below Ra-226 in the decay chain due to the 10% emanation of Rn-222.

U-238 [UI)
4.5 x 10
4.2 Me'

T4 [UK)
24
0.2, 0.1 MeV

Pa-234m (UX;,
1.2m
2.3 MeV

Po214 (Dﬂam Po-210 (HaF)
16x10s 138d
7.7 MeV 5.3 MeV
Bi-210 (Rak)
50d
1.2 MeV

PB-210 (RaD) o
22y
<0.1 MeV Stable

Bata Decay l 91-21; (RaC)
1 min

0.4-3.3 MeV
Pb-214 (RaB)
26.8 min
0.7, 1.0 MeV.

Figure 2. Uranium-238 Decay Chain (after NCRP 1988)
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The Th-232 decay chain is depicted in Figure 3. The nuclides below Ra-224 in this decay chain

are assumed to be present at 90% of their equilibrium values due to 10% emanation of Rn-220.

Th-232 Th-228 (RdTh)
1.4x10% 1'91K1e
4.0 MeV 5.3, 5.4 MeV
Ac-228(MsTh II)
6.13h
0.4 -2.2MeV A
Fla~223&MsTh [} Ra-224 (ThX)
58y 3.64d
<0.1 MeV 5.7 MeV
An-220 (Tn)
55s
6.3 lfe\t"
Po-216 (ThA) Po-212 (ThC)
0.15s 3x107s
6.8 MeV 23l BBMeV |
Bi-212 (ThC)
60.6 min
2.2 MeVp
6.1 MeVa i 4
Pb-212 (ThB)
Beta Decay Pb-208 (ThD)
10.6h 1/3
Alpha IDecay 0.3, 0.6 MeV v Stable
‘ TI-208 (ThC")
3.1 min
1.0 - 1.8 MeV

Figure 3. Thorium-232 Decay Chain (after NCRP 1988)

4.4 ANNUAL LIMITS OF INTAKE AND RELATED FACTORS FOR ORE MATERIAL

Tables 2 and 3 provide the stochastic annual limits of intake (SALIs) and related factors that
were considered in developing a bioassay program. The detection limits for beta emitters are
generally much higher than those for alpha emitters; thus beta emitters such as radium-228 (Ra-

228) and lead-210 (Pb-210) were not considered suitable for bioassay analysis.

Table 2. Stochastic Annual Limit of Intake and Related Factors for
10-micron AMAD Ore Having an Activity Ratio of 75% U-238 : 25% Th-232

SDAC SALI 0.02 SALI Intake
ICRP 30 Lung | 10-micron AMAD | 10-micron AMAD for Mixture
Isotope Clearance (uCi/ml) (nCi) (pCi)
U-238 Y 8.7E-11 0.209 348
Th-234 Y 1.4 E-7 342 348
Pa-234 Y 6.1 E-6 14634 348
U-234 Y 7.8 E-11 0.188 348
Th-230 Y 2.8 E-11 0.0668 348
Ra-226 W 8.0 E-10 1.92 348
Pb-210 D 1.3 E-10 0.305 313

H:\Project\CABOT\LicAppFinal2004\AppxBCabotBioassay_FNL.doc 6



SDAC SALI 0.02 SALI Intake
ICRP 30 Lung |10-micron AMAD | 10-micron AMAD for Mixture
Isotope Clearance (uCi/ml) (nCi) (pCi)
Bi-210 W 5.5E-8 131 313
Po-210 w 4.6 E-10 1.11 313
Th-232 Y 5.8 E-12 0.0139 116
Ra-228 w 9.4 E-10 2.27 116
Ac-228 Y 9.4 E-8 225 116
Th-228 Y 34 E-11 0.0816 116
Ra-224 w 34E-9 8.20 116
Pb-212 D* 1.6 E-8 37.7 104

*Degree of equilibrium assumed to be as stated in section 4.1

Table 3. Airborne Concentrations That Correspond to 1 SDAC for a
Radionuclide Mixture of 3 U-238: 1 Th-232

Concentration (uCi/ml) When the

Isotope Mixture is Equal to One SDAC.
U-238, Th-234, Pa-234, U-234, 7.2 E-12
Th-230, Ra-226 (each)
Rn-222 and Progeny (each)® 6.5 E-12
Th-232, Ra-228, Ac-228, Th- 24 E-12
228, Ra-224 (each)

Rn-220 and Progeny (each)® 22E-12
Gross Alpha 6.8 E-11

*Degree of equilibrium assumed to be as stated in section 4.1

5. ORE MATERIALS: RETENTION AND ELIMINATION OF
RADIONUCLIDES FROM THE BODY

Consistent with Regulatory Guide 8.9 requirements (NRC 1993), this section provides retention
and elimination models that conform to the models provided in ICRP 30 (ICRP 1977) and ICRP
54 (ICRP 1988). The retention and excretion models for thorium-class Y, uranium-class Y, and

radium-class W were implemented in Berkeley Madonna version 8.0.1, a commercially
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distributed dynamic simulation software package.' The models were validated by comparison
with retention and excretion curves that were published in ICRP 54 and by mass balance

considerations.

The excretion rate curves provided in Figures 4, 5, 6 and 7 do not differ perceptibly from ICRP
54 excretion rate curves. These figures present the excretion rate averaged over one day. The

timing convention used is that day 1 starts at the time of exposure and ends 24 hours later.

Daily excretion rate data are provided in Tables 4, 5, and 6; these values were obtained by
subtracting the cumulative amount excreted for each day from the cumulative amount excreted
as of the previous day. These tables also provide the amount of thorium-232, uranium-238, and
radium-226 that are expected to be excreted per day following an acute intake of uranium-238
and thorium-232 (both with progeny) that is equivalent to 40 DAC hours. Chronic intakes are not
addressed because the average airborne concentration from routine work activities is less than
10% of the applicable DAC (Weston Solutions, 2003), and chronic overexposures are not
considered credible as long as air sample data continue to indicate low values. Ongoing
occupational air sampling results will indicate a need for corrective actions long before chronic

exposure problems can develop, and at lower levels of intakes than can be detected by bioassay.

These estimates are based on an activity ratio of 3 uranium-238 : 1 thorium-232 and the degree
of equilibrium stated in section 4.1. Based on this activity ratio, the activity of thorium-230
excreted per day would be three times the amount of thorium-232 excreted per day; a separate

table is not provided for thorium-230.

" A freeware version of Berkeley Madonna is available at www.berkeleymadonna.com. Copies of the model
definition files are available on request.
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Th-230 or Th-232 Body Burden and Daily Excretion (Y, 10-
micron AMAD)
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Figure 4. Daily Thorium-230 or Thorium-232 Excretion Rate Versus Time

Th-228 Body Burden and Daily Excretion (Y, 10 -
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Figure 5. Daily Thorium-228 Excretion Rate Versus Time.
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U238, U234 or U235 Body Burden and Daily Excretion (
Y, 10-micron AMAD)
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Figure 6. Daily Uranium Excretion Rate Versus Time.
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Figure 7. Daily Radium-226 Excretion Rate Versus Time.
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Table 4. Thorium-232, Thorium-228 Daily Excretion Rates (Class Y, 10-micron AMAD)

Day Body Burden Fractional (day™) 40-DAC hour mixture (pCi/day)
Fecal Urine Fecal Urine
1.0 8.87E-01 1.1E-01 7.2E-04 1.3E+01 8.3E-02
1.5 7.21E-01 2.6E-01 3.8E-04 3.1E+01 4 4E-02
2.0 5.45E-01 3.4E-01 1.9E-04 4.0E+01 2.2E-02
25 3.94E-01 3.3E-01 9.9E-05 3.8E+01 1.1E-02
3.0 2.79E-01 2.7E-01 5.1E-05 3.1E+01 6.0E-03
3.5 1.97E-01 2.0E-01 2.7E-05 2.3E+01 3.2E-03
4.0 1.41E-01 1.4E-01 1.5E-05 1.6E+01 1.8E-03
4.5 1.04E-01 9.3E-02 9.1E-06 1.1E+01 1.1E-03
5.0 8.00E-02 6.1E-02 6.0E-06 7.1E+00 7.0E-04
5.5 6.47E-02 3.9E-02 4 4E-06 4 6E+00 5.1E-04
6.0 5.50E-02 2.5E-02 3.7E-06 2.9E+00 4.2E-04
6.5 4.89E-02 1.6E-02 3.3E-06 1.8E+00 3.8E-04
7.0 4 .50E-02 1.0E-02 3.1E-06 1.2E+00 3.5E-04
7.5 4.26E-02 6.3E-03 3.0E-06 7.3E-01 3.4E-04
8.0 4.11E-02 3.9E-03 2.9E-06 4.6E-01 3.4E-04
8.5 4.01E-02 2.5E-03 2.9E-06 2.9E-01 3.3E-04
9.0 3.95E-02 1.6E-03 2.9E-06 1.8E-01 3.3E-04
9.5 3.91E-02 9.9E-04 2.9E-06 1.1E-01 3.3E-04
10.0 3.89E-02 6.3E-04 2.8E-06 7.3E-02 3.3E-04
10.5 3.87E-02 4.1E-04 2.8E-06 4.8E-02 3.3E-04
11.0 3.86E-02 2.7E-04 2.8E-06 3.1E-02 3.3E-04
11.5 3.85E-02 1.8E-04 2.8E-06 2.1E-02 3.3E-04
12.0 3.85E-02 1.3E-04 2.8E-06 1.5E-02 3.3E-04
12.5 3.85E-02 9.2E-05 2.8E-06 1.1E-02 3.3E-04
13.0 3.84E-02 6.9E-05 2.8E-06 8.0E-03 3.3E-04
13.5 3.84E-02 5.4E-05 2.8E-06 6.3E-03 3.3E-04
14.0 3.84E-02 4.5E-05 2.8E-06 5.2E-03 3.3E-04
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Table 5. Uranium Daily Excretion Rates (Class Y, 10-micron AMAD)

Body Fractional (day'1) 40-DAC hour mixture (pCi/day)
Day Burden Fecal Urine Fecal Urine
1.00E+00| 8.82E-01 1.1E-01 5.5E-03 3.9E+01 1.9E+00
1.50E+00| 7.16E-01 2.6E-01 2.2E-03 9.2E+01 7.6E-01
2.00E+00| 5.40E-01 3.4E-01 1.0E-03 1.2E+02 3.6E-01
2.50E+00| 3.90E-01 3.3E-01 6.1E-04 1.1E+02 2.1E-01
3.00E+00| 2.74E-01 2.7E-01 4 4E-04 9.2E+01 1.5E-01
3.50E+00| 1.92E-01 2.0E-01 3.6E-04 6.9E+01 1.2E-01
4.00E+00| 1.36E-01 1.4E-01 3.2E-04 4.8E+01 1.1E-01
4.50E+00| 9.92E-02 9.3E-02 2.9E-04 3.2E+01 1.0E-01
5.00E+00| 7.51E-02 6.1E-02 2.8E-04 2.1E+01 9.6E-02
5.50E+00| 5.97E-02 3.9E-02 2.6E-04 1.4E+01 9.1E-02
6.00E+00| 4.98E-02 2.5E-02 2.5E-04 8.7E+00 8.6E-02
6.50E+00| 4.36E-02 1.6E-02 2.4E-04 5.5E+00 8.2E-02
7.00E+00| 3.97E-02 9.9E-03 2.3E-04 3.5E+00 7.9E-02
7.50E+00| 3.72E-02 6.2E-03 2.2E-04 2.2E+00 7.5E-02
8.00E+00| 3.56E-02 3.9E-03 2.1E-04 1.4E+00 7.2E-02
8.50E+00| 3.45E-02 2.5E-03 2.0E-04 8.6E-01 6.9E-02
9.00E+00| 3.38E-02 1.6E-03 1.9E-04 5.4E-01 6.6E-02
9.50E+00| 3.33E-02 9.9E-04 1.8E-04 3.4E-01 6.3E-02
1.00E+01| 3.30E-02 6.3E-04 1.7E-04 2.2E-01 6.0E-02
1.05E+01| 3.28E-02 4 1E-04 1.7E-04 1.4E-01 5.8E-02
1.10E+01| 3.26E-02 2.7E-04 1.6E-04 9.4E-02 5.5E-02
1.15E+01| 3.24E-02 1.8E-04 1.5E-04 6.3E-02 5.3E-02
1.20E+01| 3.23E-02 1.3E-04 1.5E-04 4 4E-02 5.1E-02
1.25E+01| 3.22E-02 9.1E-05 1.4E-04 3.2E-02 4 9E-02
1.30E+01| 3.21E-02 6.9E-05 1.3E-04 2.4E-02 4.7E-02
1.35E+01| 3.20E-02 5.5E-05 1.3E-04 1.9E-02 4 5E-02
1.40E+01| 3.19E-02 4 5E-05 1.2E-04 1.6E-02 4.3E-02
1.50E+01| 3.18E-02 3.4E-05 1.1E-04 1.2E-02 4.0E-02
1.60E+01| 3.16E-02 3.1E-05 1.1E-04 1.1E-02 3.7E-02
1.70E+01| 3.15E-02 2.9E-05 9.8E-05 1.0E-02 3.4E-02
1.80E+01| 3.14E-02 2.8E-05 9.2E-05 9.7E-03 3.2E-02
1.90E+01| 3.13E-02 2.7E-05 8.5E-05 9.4E-03 3.0E-02
2.00E+01| 3.12E-02 2.7E-05 7.9E-05 9.4E-03 2.8E-02
2.10E+01| 3.11E-02 2.7E-05 7.2E-05 9.4E-03 2.5E-02
2.20E+01| 3.10E-02 2.7E-05 6.7E-05 9.4E-03 2.3E-02
2.30E+01| 3.09E-02 2.7E-05 6.3E-05 9.4E-03 2.2E-02
2.40E+01| 3.08E-02 2.7E-05 5.9E-05 9.3E-03 2.1E-02
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Table 6. Radium-226 Daily Excretion Rates (Class W, 10-micron AMAD)

Body Fractional (day'1) 40-DAC hour mixture (pCi/day)

Day Burden Fecal Urine Fecal Urine

1.0 8.19E-01 1.8E-01 4.9E-03 6.1E+01 1.7E+00
1.5 6.68E-01 2.7E-01 4.0E-03 9.3E+01 1.4E+00
2.0 5.23E-01 2.9E-01 2.8E-03 1.0E+02 9.6E-01
25 4.04E-01 2.6E-01 1.8E-03 9.1E+01 6.2E-01
3.0 3.15E-01 2.1E-01 1.2E-03 7.2E+01 4 1E-01
3.5 2.52E-01 1.5E-01 8.2E-04 5.3E+01 2.8E-01
4.0 2.07E-01 1.1E-01 6.2E-04 3.7E+01 2.1E-01
4.5 1.77E-01 7.4E-02 5.0E-04 2.6E+01 1.8E-01
5.0 1.56E-01 5.1E-02 4.4E-04 1.8E+01 1.5E-01
5.5 1.42E-01 3.5E-02 3.9E-04 1.2E+01 1.4E-01
6.0 1.32E-01 2.4E-02 3.6E-04 8.4E+00 1.2E-01
6.5 1.24E-01 1.7E-02 3.3E-04 6.1E+00 1.1E-01
7.0 1.19E-01 1.3E-02 3.1E-04 4 .5E+00 1.1E-01
7.5 1.14E-01 1.0E-02 2.9E-04 3.5E+00 1.0E-01
8.0 1.10E-01 8.0E-03 2.7E-04 2.8E+00 9.3E-02
8.5 1.07E-01 6.7E-03 2.5E-04 2.3E+00 8.8E-02
9.0 1.04E-01 5.8E-03 2.4E-04 2.0E+00 8.2E-02
9.5 1.02E-01 5.1E-03 2.2E-04 1.8E+00 7.7E-02
10.0 9.95E-02 4.6E-03 2.1E-04 1.6E+00 7.2E-02
10.5 9.74E-02 4.2E-03 2.0E-04 1.5E+00 6.8E-02
11.0 9.54E-02 3.9E-03 1.8E-04 1.3E+00 6.4E-02
11.5 9.36E-02 3.6E-03 1.7E-04 1.3E+00 6.0E-02
12.0 9.19E-02 3.4E-03 1.6E-04 1.2E+00 5.7E-02
12.5 9.03E-02 3.2E-03 1.5E-04 1.1E+00 5.3E-02
13.0 8.88E-02 3.0E-03 1.4E-04 1.0E+00 5.0E-02
13.5 8.74E-02 2.8E-03 1.4E-04 9.8E-01 4 8E-02
14.0 8.60E-02 2.6E-03 1.3E-04 9.2E-01 4 5E-02
15.0 8.35E-02 2.4E-03 1.1E-04 8.3E-01 4.0E-02
16.0 8.13E-02 2.1E-03 1.0E-04 7.4E-01 3.6E-02
17.0 7.93E-02 1.9E-03 9.2E-05 6.7E-01 3.2E-02
18.0 7.74E-02 1.8E-03 8.3E-05 6.1E-01 2.9E-02
19.0 7.58E-02 1.6E-03 7.5E-05 5.6E-01 2.6E-02
20.0 7.42E-02 1.5E-03 6.8E-05 5.1E-01 2.4E-02
21.0 7.28E-02 1.3E-03 5.9E-05 4.5E-01 2.0E-02

5.1 IMPLICATIONS FOR URINE BIOASSAY

The urine excretion rates following a 40-DAC hour exposure to the anticipated mixture of
radionuclides at CSM’s Boyertown Plant are provided in the extreme right columns of Tables 4,

5, and 6. On average, a person excretes about 2 liters (L) of urine per day, so the typical

H:\Project\CABOT\LicAppFinal2004\AppxBCabotBioassay_FNL.doc 1 3



concentrations in pCi/L of the radionuclides in urine would be about one-half of the values given
in the last column of Tables 4, 5, and 6. Appendix C of ANSI/HPS N13.30-1996 (HPS 1996)
provides reasonably achievable minimum detectable concentrations (MDC) for urine bioassay

samples, which are summarized in Table 7.

Table 7. MDC Values for Urine Sample Analyses by Alpha Spectroscopy

Thorium-232, Thorium-230 0.1 pCi/L
Uranium-234, Uranium-238 0.1 pCi/L
Radium-226 0.1 pCi/L

Alpha spectroscopy is the current best commercially available technology for urine sample
analysis. Thermal ionization mass spectroscopy (TIMS) is a new technology that would
markedly improve the detection limits for urine bioassay if it becomes commercially available,
and urine bioassay may be re-evaluated in that event. Based on the excretion rates given in
Tables 4, 5, and 6 and the MDC values in Table 7, routine urine bioassay samples collected less
frequently than weekly would be of very limited value in detecting a 40-SDAC hour exposure
because the quantities of radionuclides excreted after one week would not meet the MDC, as
shown in Table 8. The third column presents the maximum time that bioassay could be useful in
detecting a 200-SDAC hour intake, which represents an extreme exposure in comparison to the

extremely low routine exposures documented via air sampling at the CSM site.

Table 8. Maximum Time Following an Intake of Ore Material
That Urine Bioassay Would Be Useful®

Isotope Detected and Clearance 40-DAC hour intake 200-DAC hour intake
Class (days) (days)
Thorium-232, Class Y Not recommended 2
Thorium-230, Class Y 1 3
Uranium-234, Uranium-238, Class Y 4 24
Radium-226, Class W 7 21

?Assuming that the intake is instantaneous, the urine sample is collected over the 24 hours
following the exposure, and that the laboratory ensures that they can achieve an MDC of 0.05
pCi/L. ANSI/HPS N13.22-1995, Bioassay Programs for Uranium, (HPS 1995) does not
recommend urine bioassay for Class Y uranium.
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5.2 IMPLICATIONS FOR FECAL BIOASSAY

The fecal excretion rates following a 40-SDAC hour exposure to the anticipated mixture of
radionuclides at CSM’s Boyertown Plant are provided in the fifth columns of Tables 4, 5 and 6.
Appendix C of ANSI/HPS N13.30-1996 (HPS 1996) provides reasonably achievable minimum

detectable activities (MDAs) for fecal samples that are restated in Table 9.

Table 9. MDA Values for Fecal Sample Analyses by Alpha Spectroscopy

Thorium-232, Thorium-230

1 pCi/sample aliquot, from ANSI/HPS N13.30-1996 (HPS 1996)

Uranium-234, Uranium-238

1 pCi/sample aliquot, from ANSI/HPS N13.30-1996 (HPS 1996)

Radium-226

0.5 pCi/sample aliquot.”

Based on the excretion rates given in Tables 4, 5, and 6 and the MDA values in Table 9, fecal

bioassay samples would be useful for quantifying acute intakes for a few days following the

event, as shown in Table 10.

Table 10. Maximum Time Following an Intake of Ore Material
That Fecal Bioassay Would Be Useful® (days)

Isotope and Clearance Class 40-DAC hour 200-DAC hour
intake intake

Thorium-232, Class Y 6 8
Thorium-230, Class Y 7 9
Uranium-234, Uranium-238, Class Y 7 9
Radium-226, Class W 9 21
*Each fecal sample will be split into two parts at the lab for quality assurance purposes,
effectively cutting the sample volume and detectable activity by one-half, and reducing
the time-after-intake for which the MDC would be excreted.

5.3 IMPLICATIONS FOR WHOLE BODY COUNTING

The Canberra Special Services Division performed whole body counting for CSM during 1995

(Canberra 1995). Canberra reported the MDAs provided in Table 11 for that work.

? Conversation with Eberline Services, Inc. Laboratory Manager, Karen Schoendaller, August 28, 2002.
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Table 11. Whole Body Counting MDA Values
Provided by Canberra Special Services Division

Isotope Minimum Detectable Activity
Thorium-232 (based on Thallium-208) 1,000 pCi
Radium-226 (based on Bismuth-214) 1,300 pCi

Thorium-232. Based on the data in Table 2, the amount of thorium-232 that represents a 2,000-
SDAC hour exposure to an ore dust mixture is 5800 pCi [= 116 pCi/0.02 SALI from Table 2]. At
a deposition efficiency of 100%, a 5800-pCi intake of thorium-232 corresponds to a deposition
of 5800 pCi of thorium-232. This is 5.8 times the MDA of the whole body counter and would be
detectable for 3.5 days. Annual whole body counting lacks the sensitivity to detect intakes that
correspond to 40 SDAC hours or 200 SDAC hours.

Uranium-238. Uranium-238 cannot easily be directly detected by whole body counting. A
uranium-238 intake can be inferred from the gamma emissions of bismuth-214. A 2000-DAC
hour exposure to the ore dust mixture would result in an intake and deposition of 17,400 pCi of
bismuth-214. Because this exceeds the 1,300-pCi MDA for the system, the uranium-238 and

daughters could be detected for only about 4.5 days, assuming Class Y lung clearance behavior.

6. THORIUM DOPING: RETENTION AND ELIMINATION OF
RADIONUCLIDES FROM THE BODY

6.1 DERIVATION OF INTAKES OF THORIUM NITRATE THAT WOULD
CORRESPOND TO 40 DAC HOURS AND 200 DAC HOURS

The air sampling review (Weston Solutions 2003) provides the basis for the gross alpha SDAC
for thorium nitrate. This section summarizes the basis, provides the individual SDAC values,
and derives intakes that represent 40 SDAC hours and 200 SDAC hours. The gross alpha SDAC

is protective of workers.

3 According to the ICRP 30 lung model (ICRP 1977), inhalation of radioactive particulate having a 10-micron
AMAD results in a deposition of 100% in the respiratory tract. Virtually nothing is exhaled.
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It is CSM’s intention to assign inhalation doses from thorium doping activities on the basis of air
sampling. Bioassay would serve primarily as an independent means of confirmation that

significant intakes of radioactive materials did not occur during respirator use.

6.2 ASSUMPTIONS

The gross alpha SDAC values for ore material that were derived in the air sampling review

(Weston Solutions 2003) are based on the following assumptions:

e ICRP 30 Lung Model, as provided in ICRP 30 Figures 5.1 and 5.2, and the equations
provided in section 5.2 of that document,

* 1 -micron activity median aerodynamic diameter (AMAD) is used to be consistent with
ICRP 30 standard assumptions as explained in the air sampling review (Weston
Solutions 2003),

*  63% deposition in respiratory tract,
* Regional deposition fractions for 1 micron AMAD per ICRP 30 Figure 5-2,

e ICRP 30 GI Tract Model, as provided in ICRP 30, Equations 6.1a through 6.1d and 6.3
and data in in Figure 6.1,

¢ ICRP 30 metabolic data for radionuclides,
* Lung clearance class W for thorium and radium,
* Equilibrium in decay chains from parent to radium,

* Decay products following radium in the decay series are omitted from consideration for
in vitro bioassay because they are short-lived,

42.4 pCi Th228
as

* The absolute minimum activity ratio that is physically possible is
100 pCi Th232

explained in the air sampling review (Weston Solutions, 2003),

e ICRP 30 metabolic data for thorium and values in ICRP 54 (page 183) are used
including lung clearance class W, GI uptake fraction, F;, of 0.0002, and Systemic
fraction excreted in urine, Fy, of 1.0,

* Equilibrium is assumed throughout the Th-232 decay chain, and

*  Respiration rate of 0.02 m*/minute.
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6.3 ANNUAL LIMITS OF INTAKE AND RELATED FACTORS FOR THORIUM
DOPING

The degree of equilibrium of the thorium nitrate used in thorium doping is not known, but as
indicated in the air sampling review (Weston Solutions, 2003) it is incapable of having an

activity ratio of less than

42.4 pCi Th228
100 pCi Th232

In addition, the amount of thorium-230 that is present in thorium nitrate as an impurity is not
known at this time, but can be significant. Table 12 shows how the ratios of thorium-
228:thorium-232 and thorium-230:thorium-232 affect the amount of thorium-232 that
corresponds to 1 SDAC for the mixture. Fortunately, thorium-232 is the isotope that dominates
the dose in thorium nitrate, and this allows useful and bounding recommendations to be provided
in this report concerning bioassay even though the ratios of thorium isotopes are unknown. All
bioassay recommendations in this report are based on an assumed isotopic activity ratio of: 1
pCi Th-232: 1 pCi Th-228: 1 pCi Th-230, which is conservative compared to the ratio given at
the start of this section. Table 12 can be consulted to adjust these recommendations for other

activity ratios, if isotopic ratios are later determined.

Table 12. Thorium-232 intakes corresponding to the SDAC, the SALI,
and 0.02 SALI for the mixture of Radionuclides

Th-228:Th232 |Th-230:Th-232|Th-232 Concentration| Th-232 Activity at 1 | Th232 activity, 0.02
Activity Ratio | Activity Ratio at 1 SDAC for Mixture SALI, pCi Mixture SALI, pCi
Mixture, uCi/ml

0.4 0 1.20E-12 2870 57.4

0.4 0.5 1.09E-12 2625 52.5

0.4 1 1.01E-12 2418 48.4

0.4 1.5 9.34E-13 2242 44.8

0.6 0 1.16E-12 2788 55.8

0.6 0.5 1.07E-12 2556 51.1

0.6 1 9.83E-13 2360 47.2

0.6 1.5 9.13E-13 2191 43.8

0.8 0 1.13E-12 2710 54.2

0.8 0.5 1.04E-12 2491 49.8

0.8 1 9.60E-13 2304 46.1

0.8 1.5 8.93E-13 2143 42.9
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Th-228:Th232 |Th-230:Th-232|Th-232 Concentration| Th-232 Activity at 1 | Th232 activity, 0.02
Activity Ratio | Activity Ratio at 1 SDAC for Mixture SALI, pCi Mixture SALI, pCi
Mixture, pCi/ml
1 0 1.10E-12 2637 52.7
1 0.5 1.01E-12 2428 48.6
1 1 9.38E-13 2250 45.0
1 1.5 8.74E-13 2097 41.9

7. THORIUM DOPING: RETENTION AND ELIMINATION OF
RADIONUCLIDES FROM THE BODY

Consistent with Regulatory Guide 8.9 requirements (NRC 1993), this section provides retention
and elimination models that conform to the models provided in ICRP 30 (ICRP 1977) and ICRP
54 (ICRP 1988). The retention and excretion models for thorium-class W were implemented in
Berkeley Madonna version 8.0.1.% Excretion and retention data are not presented for radium-228
because it has rather high detection limits and would not be readily mea