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I. DECLARATION OF THE RECORD OF DECISION

SITE NAME AND LOCATION

HIGH FLUX BEAM REACTOR
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK

CERCLIS Number NY 7890008975

STATEMENT OF BASIS AND PURPOSE

This Record of Decision (ROD) documents the selected remedial action for the High Flux Beam
Reactor (HFBR) at the U.S. Department of Energy’s (DOE) Brookhaven National Laboratory
(BNL) facility in Upton, New York.

The remedial action was selected in accordance with the Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CERCLA) as amended (hereinafter jointly
referred to as CERCLA), and is consistent, to the extent practicable, with the National Oil and
Hazardous Substances Pollution Contingency Plan (National Contingency Plan). This decision
is based on the documents included in the Administrative Record for the BNL Site.

The State of New York concurs with the selected remedial action.

ASSESSMENT OF THE SITE

Potential releases of hazardous substances from the HFBR complex present a threat to public
health, welfare, or the environment if they are not addressed by implementing the remedial
action selected in this ROD.

DESCRIPTION OF THE SELECTED REMEDY

The HFBR is Area of Concern (AOC) 31 and comprises of the HFBR complex and the Waste
Loading Area. Several alternatives were evaluated for cleanup of the HFBR complex. Based on
these evaluations, DOE and EPA selected a cleanup action (called the remedy) summarized
below. The public was invited to comment on the proposed remedy as well as on the other
alternatives considered.

Based on the evaluation of the alternatives, discussions with the regulatory agencies, and
community input, the cleanup alternative that best balances the National Contingency Plan’s
remedy selection criteria is Phased Decontamination and Dismantlement with Near-Term
Control Rod Blade Removal. This alternative is known as Alternative C in the Proposed
Remedial Action Plan. This remedy includes all interim actions either completed or ongoing as
described in Alternative C.
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A number of interim actions have been completed or are currently underway.

Completed activities include the following:

= The HFBR fuel was removed and sent to an off-site facility.

» The primary coolant was drained and sent to an off-site facility.

= Scientific equipment was removed and is being reused.

» Shielding and chemicals were removed and are being reused at BNL and other facilities.
= The cooling tower superstructure was dismantled and disposed.

» The confinement structure and spent fuel canal were modified to meet Suffolk County
Acrticle 12 requirements.

= Stack Monitoring Facility (Building 715) was dismantled and disposed.

= Cooling Tower Basin and Pump/Switchgear House (Buildings 707/707A) were dismantled
and disposed.

= Water Treatment House (Building 707B) was dismantled and disposed.

» Cold Neutron Facility (Building 751) contaminated systems were removed, the building was
decontaminated, and the clean building has been transferred to another organization for re-
use.

= Guard house (Building 753) was dismantled and disposed.

Activities currently underway include the following:

» Cleanup of the Waste Loading Area performed as a non-time-critical removal action
authorized by the Action Memorandum, High Flux Beam Reactor, Removal Action for Waste
Loading Area of October 2007

= Removal and disposal of the control rod blades and beam plugs performed as a non-time-
critical removal action authorized by the Action Memorandum, High Flux Beam Reactor,
Removal Action for Control Rod Blades and Beam Plugs of July 2008

Remaining activities included in the selected remedy are as follows:

= Dismantlement and disposal of ancillary buildings, and confirmation and/or cleanup of
associated soils

= Fan house (Building 704) and stack (Building 705)
= Fan house (for Building 801) and tritium evaporation facility (Building 802)

= Removal of contaminated ducts and underground piping systems including the confirmation
and/or cleanup of associated soils and disposal

= Removal and disposal of beam plugs

= Removal and disposal of other activated components:
o Reactor vessel
o Reactor internals
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o Thermal shield
= Biological shield

= Removal and disposal of confinement building (Building 750) including all structures,
systems, and components

» Confirmation and/or cleanup of accessible HFBR Complex contaminated soils
= Continued implementation of surveillance and maintenance

o Periodic physical examination of the confinement building and interior structures,
including inspection for water infiltration

= Routine maintenance of the confinement building, and repair of deficiencies found during
confinement building inspections in order to preserve the physical barriers that contain
the radioactive materials in the HFBR Complex.

= Continuation of air effluent monitoring

= Continuation of groundwater monitoring and other actions in accordance with the
Operable Unit (OU) 111 ROD

= Periodic reporting to the Environmental Protection Agency (EPA) and the New York
State Department of Environmental Conservation (NYSDEC)

» Continued implementation of land use and institutional controls (LUICs)
= HFBR access control

= Restrictions on excavation or any other physical activities that could disturb residual
contamination at the HFBR Complex

= Controls to ensure that future land use does not result in potential threats to human health
and the environment

= Periodic certification to NYSDEC

STATUTORY DETERMINATION

The selected remedy is protective of human health and the environment, complies with Federal
and State requirements that are legally applicable or relevant and appropriate to the remedial
action, and is cost effective. This remedy uses permanent solutions to the maximum extent
practicable for the HFBR Complex. Treatment of contaminated soil was not found to be
practicable; therefore, this remedy does not satisfy the statutory preference for treatment as a
principal element. However, techniques that minimize waste volumes or further stabilize wastes
to meet disposal facility waste acceptance criteria will be factored into the detailed design work
plan.

Because this remedy will result in some hazardous substances remaining above levels allowed
for unlimited use and unrestricted exposure during the safe storage (decay) period, five-year
reviews will be conducted pursuant to CERCLAS8121(c) to ensure that the remedy continues to
provide adequate protection of human health and the environment.
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IT DECISION SUMMARY

1.0 SITE NAME, LOCATION, AND DESCRIPTION

BNL is owned by the U.S. Department of Energy (DOE), one of the 17 DOE national
laboratories. BNL conducts research in the physical, biomedical, and environmental sciences, as
well as in energy technologies and national security. The Laboratory also builds and operates
major scientific facilities available to university, industry, and government researchers.

BNL is located in Suffolk County on Long Island, about 60 miles east of New York City (Figure
1.1). Approximately 1.4 million people reside in Suffolk County and approximately 450,000
reside in Brookhaven Township, within which BNL is situated. The BNL site covers almost
5,300 acres, much of which is wooded. BNL has operated since 1947 as a research facility for
national science and technology programs, and is expected to continue this mission for the
foreseeable future.

Most BNL facilities are located near the center of the site in a developed portion that covers
about 1,700 acres. The HFBR Complex is within this central portion (Figure 1.2) of the BNL
property. The complex covers about 13 acres, which is less than one-hundredth of the overall
BNL site.

The HFBR Complex consists of multiple structures and systems that were necessary to operate
and maintain the reactor (Figure 1.3). Portions of the HFBR Complex structures, systems, and
components, some of which are underground, are contaminated with radionuclides and
chemicals as a result of previous HFBR and Brookhaven Graphite Research Reactor (BGRR)
operations.

The most recognizable feature of the HFBR is the hemispherical dome, which is the
superstructure of the confinement building (Building 750). This structure is formed of welded
steel plates supported on an integral 1-beam framework resting on a cylindrical base. The steel
plates in the hemispherical section are 0.250 in. thick, and those in the cylindrical base are 0.375
in. thick. The hemispherical portion of the dome is insulated on the outside, and the insulation is
covered with aluminum sheets. The inside diameter of the hemisphere at its base is 176 ft 8 in.
The cylindrical base is 22 ft 4 in. high and rests on a bedplate that is bolted to the reinforced
concrete foundation ring. The foundation of the confinement building is a 5-ft thick reinforced
concrete mat bearing on the soil beneath the building.

Access to the confinement building is provided by four airlocks: a personnel airlock (3 ft 3 in. by
7 ft by 9 ft) located between the equipment and experimental levels on the south side of the
building; a forklift airlock (6 ft by 8 ft 9 in. by 18 ft) located on the north side of the
experimental level; and two tractor trailer airlocks (12 ft by 14 ft by 65 ft), one entering on the
north side of the experimental level and the other on the east side of the equipment level. The
interior of the confinement building (Figure 1.4) contains the reactor and biological shield and is
further divided into equipment, experimental, balcony, and operations levels.

Reactor and Biological Shield - The HFBR core consisted of 28 individual fuel assemblies
arranged in a close-packed array (Figure 1.5). The fuel material was highly enriched (93
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percent) uranium alloyed in aluminum and clad with aluminum in curved plates. Heavy water
(D20) served as the moderator/reflector and primary coolant. The reactor vessel was fabricated
from a 6061-T6 aluminum alloy and contained the active core, reflector, and control rods. The
enclosed volume provided space and access for 16 experimental facilities which utilized the high
neutron flux in the core region. The vessel consists of an 82 in. (inside diameter) spherical
section welded via a transition piece to a 46 in. (inside diameter) cylinder. The overall height of
the vessel assembly is 24.75 ft. The nine horizontal beam reentry tubes are integral parts of the
vessel’s spherical section.

There are 16 control rod blades (CRBs) within the reactor vessel, separated into main and
auxiliary groups, each containing eight CRBs. The CRBs operated in the reflector region just
outside the core. The CRBs are angle-shaped in cross-section, and are made of stainless steel,
encapsulating europium oxide (Eu,O3) and dysprosium oxide (Dy,03), both neutron absorbers.

A 9 in. thick thermal shield surrounds the reactor vessel. The thermal shield consists of a carbon
steel shell lined with lead. Surrounding both the reactor vessel and the thermal shield is an 8 ft
thick biological shield (Figure 1.6). It consists of an inner and outer steel shell filled with high-
density concrete, which also serves as an essential component of the structural integrity of the
confinement building. The biological shield supports the center of the operations level above.

Equipment Level - The equipment level is located at an elevation of 93 ft above sea level. It
houses most of the reactor and building support equipment such as pumps, heat exchangers,
filters, wastewater storage tanks, and piping networks. Shielded cells for the primary cooling
water system pumps and heat exchangers are located in the center of the level. The spent fuel
cooling and storage canal (also referred to as the spent fuel canal) is located to the east of the
shielded cells. The canal is 8 ft wide, 43 ft long, and 20 ft deep for most of its length. A small
bay, 8 ft by 10 ft, is located on the north side of the canal and was used primarily for cutting
operations to remove the aluminum transition pieces from the spent fuel elements. At the west
end of the canal, a 30 ft deep section is located immediately below the fuel discharge chute. The
primary coolant purification system and one of its two D,0O storage tanks are installed in pits
below the floor in the northeast quadrant. Along the south wall are three cells partitioned from
the rest of the level by a confinement wall. These are the transformer room, blower room, and
generator room. Each of these rooms has access from outside the building.

Experimental Level - The experimental level, located at an elevation of 113 ft 6 in., was for
scientific users. The reactor biological shield which surrounds the reactor occupies the central
portion of this level. The large open space surrounding the biological shield housed the
substantial amounts of equipment used in the conduct of external neutron beam experiments.
Laboratories and offices are located along the perimeter wall of this level.

Balcony - The balcony, located at an elevation of 128 ft 6 in., is approximately 21 ft wide, with
its outer circumference at the confinement shell. Offices, locker rooms, toilets, and HVAC
equipment are contained on this level. Two 30-in. diameter duct penetrations that provide fresh
air intake are also located on the balcony.

Operations Level- The operations level is located at an elevation of 141 ft 6 in. The reactor
biological shielding structure, which begins on the experimental level, rises to 7.5 ft above the
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operations level at the center of the building. The southwest quadrant of this level contains a
steel building that houses pumps, a heat exchanger, and piping associated with the cooling water
system for the experimental facilities. The second of the two D,0 storage tanks is also located in
this area. Offices and workrooms are located on the east side of this level, with the reactor
control room occupying the second story above the offices. A two-story cinderblock structure
containing the instrument shop and offices is located on the west side of this level.

Ancillary buildings and services — The HFBR Complex includes several ancillary structures and
underground duct and piping systems as shown in Figure 1.3 and 5.6. These facilities include:

» Building 704 — Fan House: This facility was initially constructed to provide primary and
secondary cooling air for the BGRR. It encloses the BGRR discharge plenum. The building
houses the electrical switchgear and the normal and emergency power batteries for the
HFBR. This switchgear also provides normal power to Building 703 and in turn to Building
701. It also provides the pathway for the HFBR Building 750 exhaust through underground
ductwork and filter banks.

» Building 705 — Stack: The 100-meter tall stack was initially constructed to provide an
elevated exhaust of the BGRR primary and secondary cooling air. Subsequently, additional
building exhausts were connected to the stack. They include multiple exhausts streams from
Buildings 801, 815, 830, 901 and the HFBR confinement building (Building 750).

» Building 802 — Fan House: This structure houses the fans and equipment that provided the
building exhaust flow for Buildings 801, 815, and 830. It also housed the equipment for
evaporation of low-level tritiated water.

In addition to the exhaust ductwork connecting the buildings described above, there is a lined
liquid waste pipe (D/F waste line) that transported contaminated liquids from the HFBR to
Building 801.
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Figure 1.2 HFBR in Relation to BNL Property
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2.0 SITE HISTORY AND ENFORCEMENT ACTIVITIES

The U.S. Army occupied the BNL Site, formerly Camp Upton, during World Wars I and II.
Between the wars, the Civilian Conservation Corps operated the BNL Site. It was transferred to
the Atomic Energy Commission in 1947, to the Energy Research and Development Administration
in 1975, and to DOE in 1977. Brookhaven Science Associates (BSA) operates BNL under a
contract with DOE.

In 1980, the BNL Site was placed on the New York State Department of Environmental
Conservation’s (NYSDEC) list of Inactive Hazardous Waste Sites. In November 1989, the BNL
Site was included on EPA’s National Priorities List because of soil and groundwater contamination
that resulted from the Laboratory’s past operations. Subsequently, the EPA, NYSDEC, and DOE
entered into a Federal Facilities Agreement (CERCLA-FFA, 1992) (also referred to as the
Interagency Agreement; [IAG]) that became effective in May 1992.

The HFBR operated from 1965 to 1996, and was used solely for scientific research providing
neutrons for materials science, chemistry, biology, and physics experiments. During a routine
maintenance shutdown in 1996, tritium from the spent fuel canal was found in groundwater south
of the reactor. Investigations revealed that the source of the tritium was a small leak in the ceramic
tile lined concrete pool where spent nuclear fuel was stored. Operations at the HFBR were
suspended and the DOE considered what to do. All of the spent fuel was removed and sent to
DOE’s Savannah River Site in 1998. The pool was drained and a freestanding, double-walled,
stainless steel liner with an instrumented low point sump was installed to eliminate the potential
for leakage to the environment. In November 1999, DOE announced it was permanently closing
the reactor. The HFBR has been continuously maintained under a surveillance and maintenance
(S&M) program from its initial operation in 1965. A number of actions have been taken to remove
contaminated structures, systems, and components from the HFBR Complex. These actions are
tabulated in Table 4.1. Most of the HFBR reactor systems have been put into a lay-up condition,
and only some systems, such as the building heating, ventilation, and cooling (HVAC) systems
remain in service.

Remediation of the Waste Loading Area (WLA) is also included in the scope of this ROD. The
Waste Loading Area is an area of radiologically contaminated soil along the eastern boundary of
the Former Hazardous Waste Management Facility (FHWMF, AOC 1). It was left in place (with
contaminated soil) for its possible use as a waste staging and railcar loading area for the BGRR
and HFBR projects. The remediation of this area (approximately two acres) was transferred to
the HFBR project scope. Cleanup of the WLA using the dose-based cleanup goal and
methodology specified for the FHWMF in the Operable Unit I ROD is in progress.
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3.0 HIGHLIGHTS OF COMMUNITY PARTICIPATION

3.1 BNL Community Relations

The BNL Community Involvement Plan was published April 15, 1999. It is supplemented by
project-specific plans. In the case of the HFBR, a Communications Plan for the Regulatory
Decision-Making Process for Decommissioning the High Flux Beam Reactor was developed. In
accordance with these two plans and CERCLA Sections 113 (k)(2)(B)(i-v) and 117, the
Community Relations Program focuses on informing and involving the public in the decision-
making process to ensure that the views of the internal and external stakeholder communities are
considered. A variety of activities are used to provide information and to seek public
participation, including distribution of materials to a stakeholders’ mailing list; holding
community meetings, information sessions, tours, and workshops; and preparing and distributing
fact sheets.

The Administrative Record, which documents the basis for removal and remedial actions, was
established and is maintained at the libraries listed below:

Brookhaven National Laboratory
Research Library, Bldg. 477A
Upton, NY 11973
631-344-3483 or

631-344-3489

U.S. EPA - Region Il

Records Room

290 Broadway, 18th Floor

New York, New York 10007-1866
212-637-4308

3.2 Community Involvement in the Record of Decision

The community involvement process is and has been an integral part of making cleanup
decisions at BNL. Community involvement and participation have been solicited for all
significant documents and decisions associated with this ROD. The HFBR Feasibility Study and
the Proposed Remedial Action Plan (PRAP) were made available for public review during a 68-
day public comment period (January 10 through March 17, 2008), but community input and
participation in the process began almost a decade earlier.

The HFBR began operating in 1965, providing neutrons for materials science, chemistry,
geology, and physics experiments. Tritium was found in groundwater monitoring wells south of
the HFBR in 1996. The tritium leak and contamination of the groundwater sparked significant
public interest and concern over activities at BNL. In response, a Community Advisory Council
(CAC) consisting of 32 representatives of local business, education, civic, employee,
environmental, and health organizations was formed in 1998 to advise the Lab Director on this
issue, and on other environmental, safety, and health issues. The CAC, which meets monthly,
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was involved in the decision-making process for the HFBR from the earliest days, including the
DOE decision to permanently shut down the HFBR in 1999, the stabilization activities, and the
interim actions that have occurred at the HFBR from 1999 through 2007. The CAC has been
meeting regularly for 10 years and continues to serve as an essential component of the Lab’s
outreach efforts. In fact, the public comment period for the PRAP was specifically designed to
cover three of the CAC’s meetings, to give the CAC the opportunity to review the PRAP in
detail and provide comments.

In addition to CAC input in the decision-making process for the PRAP, the Community
Relations Office sought input from other stakeholders including the general public, employees,
elected officials, the Brookhaven Executive Roundtable (BER), and civic associations. A
timeline of significant community involvement activities is presented in Appendix A.

BNL’s Environmental Restoration Project staff made numerous presentations to the CAC
beginning in 1999, from the decision to close the reactor through the release of the PRAP.
Periodic presentations and updates have kept the CAC abreast of actions taken to stabilize the
HFBR, so that it could be maintained in a safe condition while waiting for decommissioning.
The CAC had the opportunity for early input into the draft remedial alternatives. In 2005 and
2006, it was provided presentations on the history, operations, and characterization of the
radiological inventory of the HFBR. The CAC had the opportunity to raise concerns, including
those with regard to leaving the control rod blades in place, and issues surrounding maintenance
of the confinement building. The CAC had a workshop and a tour of the facility in August 2006.
Numerous updates on the progress of the project were given in 2007. The public comment
period was designed to cover three regular CAC meetings: January 10, February 14, and March
13, 2008. CAC members reviewed the PRAP and had the opportunity to have all of their
questions answered by a panel of subject matter experts. At the March CAC meeting, the CAC
reached a consensus recommendation which was submitted to DOE on March 17, 2008.

Another group with early (2005 and 2006) access and input opportunities to the draft HFBR
remedial alternatives was the BER. BER was established in 1997 by the DOE Brookhaven Site
Office. Its membership consists of executive-level representation from DOE, BNL, EPA,
NYSDEC, Suffolk County Department of Health Services (SCDHS), Suffolk County Planning
Commission, Suffolk County Water Authority, Long Island Pine Barrens Commission, and the
Town of Brookhaven, as well as federal, state, and local elected officials. BER was updated on
the project throughout 2007 and given a presentation on the PRAP in January 2008.

In July of 2005, elected officials whose districts encompass the Laboratory were contacted by
phone and faxed an overview of the pending planning process for decommissioning the HFBR.
The elected officials were contacted again in January 2008 and notified of the release of the
PRAP.

Between April and May 2006, a survey was taken of individuals and organizations that might
have an interest in the red-and-white stack. Forty contacts with a historical or navigational
interest were identified and surveyed to determine their level of interest in the decision-making
process regarding possible demolition of the stack. Of the 40 contacts, 13 expressed interest in
being contacted in the future with detailed information. The 13 contacts from the initial survey
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were sent letters announcing the start of the public comment period, together with the PRAP fact
sheet, on January 8, 2008.

In April 2006, 26 letters were sent to local civic associations informing them that the
decommissioning process was underway. As a result, presentations were made to the Manorville
and East Yaphank civic associations. In January 2008, letters were again sent to these and other
civic associations, together with copies of the PRAP fact sheet. Four civic associations requested
additional information. Presentations were made to:

= Manorville Taxpayers & Civic Association, February 7, 2008
= East Yaphank Civic Association, February 7, 2008

= Affiliated Brookhaven Civic Organizations, February 18, 2008
= Middle Island Civic Association, February 21, 2008

The January 2008 East Yaphank Civic Association newsletter and the February 2008 Mastic
Beach Property Owners Association newsletter included information on the HFBR
decommissioning, the public comment period, and information sessions and the public meeting.
The newsletters reached more than 300 additional residents south of the Laboratory.

A Notice of Availability announcing the availability of the PRAP for review and comment was
published in the Suffolk Life newspaper on January 9, 2008 and in the Suffolk County edition of
Newsday on January 10, 2008. Also on January 10, a news release, “DOE Seeks Public
Comment on BNL Reactor Cleanup,” was sent to the BNL media list (more than 80 recipients).

A PRAP fact sheet was mailed to more than 200 individuals. An additional 300 copies were
distributed to the CAC, BER, and regulators, and at civic meetings and in the lobby of Building
400.

A new web site for the HFBR, http://www.bnl.gov/hfbr, was launched in January 2008. The web
site gave background information on the HFBR and the decision to decommission it, and
provided links to information on characterization, transportation, surveillance and maintenance,
and groundwater monitoring. Also included was a Community Input page that listed information
on the public comment period and the information session and public meetings, and explained
how to submit comments. The URL for the web site was included in the PRAP, the PRAP fact
sheet, and other publications.

BNL employees were provided with numerous opportunities to learn about the PRAP and to
submit comments. An article about the decommissioning plan was published in the January 11,
2008 edition of the employee newsletter, The Bulletin. An article also appeared in the January 7,
2008 Monday Memo, which is distributed to all employees. On February 14, 2008, an
Environmental Restoration Project staff member gave a presentation to the Envoys, a group of
Lab employees who meet regularly to learn about the Lab and give feedback to the Lab on the
perspectives of community organizations they are involved in. Additionally, broadcast e-mails
were sent out and the BNL home page carried information on the March information sessions
and public meeting.
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Information sessions on the HFBR PRAP were held on March 4 from noon to 2 p.m. and from 7
to 9 p.m., and the public meeting was held from 7 to 9 p.m. on March 6, 2008 at BNL. The
times and dates for the information sessions and the public meeting were listed in the PRAP, the
PRAP fact sheet, and on the HFBR, BNL, and CAC web pages. Advertisements for the two
information sessions and the public meeting were published in the Suffolk County edition of
Newsday, in Suffolk Life, the North Shore Sun, the News Review, Southampton Press, Long
Island Advance, and the Port Times Record the week prior to meetings. The public comment
period closed on Monday, March 17, 2008.

The Responsiveness Summary section of this ROD (Section I11) provides the comments received
during the public comment period and DOE’s responses to these comments.
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4.0 SCOPE AND ROLE OF HFBR RECORD OF DECISION

This ROD selects the remedial action for the HFBR Complex. Several interim actions have been
completed and others are currently underway.

These interim actions were considered in determining the proposed remedy and are consistent
with the selected remedy. These interim actions are being adopted as final actions in this ROD.
In summary, this ROD addresses the remedial action necessary to complete the remedy for the
HFBR Complex that is more fully described below and also in Section 10.0, Selected Remedy.

4.1 Completed Interim Actions

Following the permanent closure of the HFBR in 1999, a number of interim actions were
completed. They are listed in Table 4.1.

4.2 Interim Actions Currently Underway

Cleanup of the Waste Loading Area

The Waste Loading Area (WLA) is an area (about two acres) along the eastern boundary of the
Former Hazardous Waste Management Facility (HWMF). The Former HWMF is located in the
southeastern portion of BNL. It was used during the period between 1947 and 1997 as the
central receiving facility for storage, processing, and limited treatment of waste generated at
BNL. Soil contamination at the Former HWMF resulted from spills during past waste handling
operations.

The cleanup of the WLA was transferred to the HFBR scope of work in September 2005,
through a modification to the Remedial Design Implementation Plan (RDIP) for the Former
HWMF.

The cleanup of the WLA is currently in progress, performed as a non-time-critical removal
action authorized by the Action Memorandum, High Flux Beam Reactor, Removal Action for
Waste Loading Area of October 2007. The remediation (by excavation) of this area is being
performed using the same cleanup goals and methodology required for AOC 1 in the OU | ROD.

Removal and Disposal of the Control Rod Blades and Beam Plugs

The removal/disposal of the CRBs and beam plugs is being performed as a non-time-critical
removal action authorized by the Action Memorandum, High Flux Beam Reactor, Removal
Action for Control Rod Blades and Beam Plugs of July 2008.

4.3  Remaining Actions within the Scope of this Record of Decision

The scope of this ROD also includes the remedial activities necessary to complete the selected
remedy. These activities include the near-term (by FY2020) removal of the ancillary structures
(stack, fan houses and tritium evaporation facility) and associated contaminated soils, and
contaminated underground ducts and piping and associated soils; the complete removal of the

16



High Flux Beam Reactor
Record of Decision FINAL February 2009

HFBR Complex (with the possible exception of the subsurface concrete structures of the
confinement building base mat and stack foundation) after a decay period not to exceed 65 years;
and the continuation of S&M and the use of land use and institutional controls (LUICs) during
the decay period to ensure the protection of human health and the environment.

The decision to leave subsurface concrete structures of the confinement building base mat and
stack foundation in place will be determined on the basis of radiological sampling and dose
assessment performed in accordance with the methodology specified in the OU I ROD to satisfy
the cleanup goal (for residential use) specified in the OU | ROD.

Completion of this remedial action will be documented through submittal of the closeout report
associated with this ROD.
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Table 4.1 Summary of Completed Interim Actions
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Year Material Addressed / Removed Quantity Disposition
1998 All spent nuclear fuel 1,050 elements to SRS for storage
1999 Cooling tower super structure NA waste

2000 275,000 gal. cooling water holdup tank 74 tons waste

2000 Shield blocks 500,000lb reuse

2000 Shield blocks 168,000Ib reuse

2000 Contaminated lead brick 40,000Ib to MIT for reuse
2000 Chemicals (used in operations and experiments) 1,300 cont. reuse

2000 Lead 250,000 Ibs waste

2001 Cadmium nitrate/gadolinium nitrate 350 gal waste

2001 Primary coolant (tritiated heavy water) 10,000 gal to SRS for storage
2001 Acid 1,500 gal reuse

2002 Assorted low-level rad waste 11-B12's waste

2002 Mixed waste 1B12 waste

2002 H-6 Beam plug 1 waste

2003 Co-60 sources 21uCi waste

2003 15 gal of used scintillation cocktail liquid (tritiated) 5,000 uCi waste

2003 Assorted low-level radioactive waste (two B52 boxes) 22 yd3 waste

2003 Sr-90 source 4Ci waste

2003 CI-36 sources 0.14 pCi waste

2003 CNF liquid nitrogen storage tanks 2 reuse

2003 Lead-lined sample hutch (8'x5'x3) 1 reuse

2004 Suffolk County Sanitary Code — Article 121 certification NA NA

2004 Beryllium filters and goniometers NA to ORNL for disposal
2004 20,000 gal double walled long-term cooling water tank 1 Saved for possible re-use
2004 Miscellaneous radioactive sources 15Ci waste

2004 Assorted low-level radioactive waste (connex boxes) 160 yd? waste

2004 Assorted industrial waste (CNF shed, MH-1A spacers) 35 yd3 waste

2004 Tritiated oil 55 gal waste

2004 Lead-lined drums and assorted mixed waste 4200 pCi waste

2004 Assorted mixed waste 55 gal drum waste

2004 Lead shielding 53,572 1b waste

2005 Shield blocks 30 waste

2005 RaBe source removed from Sigma Pile 1Ci waste

2006 Stack Monitoring Facility (Bldg. 715)

2006 Cooling Tower Basin and Pump/Switchgear House (Bldg 707/707A)

2006 Water Treatment House (Bldg. 707B)

2006 Guard shack (Bldg. 753)

100 yd® debris
620 yd? concrete recycled
30 tons metal recycled

2006 Cold Neutron Facility (Building 751) contaminated systems (the
building was transferred to another organization for re-use.)

2142 ft high bay reuse
bldg w/ bridge crane

Note: Compliance with the codes pertaining to toxic and hazardous material storage and handling controls for the purpose of safeguarding the water resources

of the County of Suffolk by controlling or abating pollution from such sources.

18




High Flux Beam Reactor
Record of Decision FINAL February 2009

5.0 SUMMARY OF SITE CHARACTERISTICS

5.1 Nature and Extent of Contamination

Between 2000 and 2005, comprehensive sampling and analyses were performed to characterize
the HFBR Complex. The non-radiological and radiological characterization results were
published in several reports included as references to this ROD.

Certain chemicals and hazardous materials were used during the construction and operation of
the HFBR. They include PCBs, asbestos and lead in materials of construction, organic solvents
for degreasing equipment, and elemental mercury in certain instruments used in facility
operations. Non-radiological characterization findings include the following:

» Asbestos-containing material (ACM) intrinsic to older floor and ceiling tiles, in gaskets,
piping and wiring insulation, switchgear spark arrestors, and roofing materials.

» PCBs intrinsic to original paint, and hydraulic fluids.
= Lead intrinsic to paint, lead blocks and dust, shielding, and batteries.

= Other heavy metals of concern include zinc that was frequently detected and cadmium and
beryllium that were found sporadically.

= Sampling for mercury revealed negative results but is intrinsic to capacitors, light ballasts,
gearboxes, and in motor-operated valve lubricating oils.

» Solvents, degreasers, lubricants, oils, and petrochemicals intrinsic to equipment such as
motors and compressors.

» Sodium hydroxide and sulfuric acid were used for water treatment. Chemical storage tanks
were drained and rinsed.

= Lithium arsenite used in the confinement building air conditioning system.

= Suspected trace amounts of cadmium nitrate and gadolinium nitrate on the operations level
due to leaks and spills.

The radiological characterization of the facility included activation analyses of the reactor vessel
and its internal components, thermal shield, and biological shield. Radiological characterization
also included the reactor building structures, systems, and components and the ancillary
buildings comprising the rest of the HFBR Complex. Characterization of the outside areas
included surface and subsurface soils and various underground duct and piping systems.

The total of the radioactive material remaining at the HFBR Complex predominantly consists of
activated components within the reactor and the surrounding thermal and biological shields.
There are small amounts of contamination contained within the confinement building structures,
systems, and components and some of the ancillary structures. There are also isolated small
areas of radiologically contaminated soils in the HFBR Complex. The entire radiological
inventory of the HFBR Complex was estimated, as of January 2007, to be 65,000 curies (Ci).
The nature and extent of this radiological contamination is described in Sections 5.2, 5.3, and
5.4.
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5.2 Activated Components

Neutron activation of HFBR reactor components and immediately adjacent structures has
resulted in a substantial inventory of radioactive material within the reactor and the inner region
of the surrounding biological shield. The activated components inventory is calculated to be
65,000 Ci as of January 2007, which is more than 99 percent of the total radioactive material
remaining at the HFBR Complex. Table 5.1 shows the total amount of activity and isotopic
distribution contained within the activated components, with radiological decay calculated
through 2107. Most of the activated iron (Fe-55) is in the thermal shield, CRBs, and the
remaining reactor internals. Most of the cobalt (Co-60) and long-lived nickel (Ni-59 and Ni-63)
is in the stainless steel components of the reactor internals and CRBs, while all of the europium
(Eu-154 and Eu-155) is contained in the CRBs. Figure 5.1 illustrates the composite radiological
decay of all activated components through 2107. Figure 5.2 provides the distribution of activity
among the various activated components.

The physical form of these components, activated metal and concrete, makes the hazard
primarily a direct exposure risk rather than a risk of environmental contamination through
dispersal. The reactor vessel, internals, thermal shield, and the activated portion of the biological
shield are well shielded in their current configuration. There are no significant radiological
hazards from those materials until they are disturbed during dismantling and decommissioning.

It is important to note that the calculated dose rates associated with these components are very
high. For example, the maximum CRB calculated dose rate is as high as 13,000 rem/hr at 1 ft.
The calculated high dose rates developed in this document are based on standard calculation
models that calculate dose rate from total activity and physical size and shape of the components.
Dose rates are important to know so that effective controls and methods of handling can be
developed. The actual dose rates to which workers would be exposed would be controlled by
such means as remote handling, use of robotics, conduct of operations underwater, and the use of
shielding. Typically, dose rates would be limited to much less than 100 mrem/hr. Worker
radiation exposure would be controlled to stay within administrative and regulatory limits.

The dominant isotope driving these calculated dose rates is Co-60, with a half-life of 5.3 years.
With Co-60 as the dominant dose rate driver (see Table 5.1), there is a rapid decrease in
calculated dose rate as a function of time because of radioactive decay. Typical calculated dose
rates for some of these components are shown in Table 5.2. For the CRBs, short-term dose rate
is governed by the decay of Co-60 and Eu-154. The decay in activity for each component over
the next 100 years is shown in Table 5.3. The corresponding dose rate reductions are shown in
Figures 5.3 and 5.4. Figure 5.5 shows the dose rate reduction for the limiting large activated
component, the thermal shield.

53 Contaminated Structures, Components, and Underground Ducts/Pipelines

The areas within the HFBR confinement building (Building 750) contain almost all of the
radioactive contamination remaining in the reactor complex. The confinement building structure
itself is contaminated to a small extent. All of the concrete floors and walls within the
confinement Building 750 are estimated to contain approximately 0.1 Ci, primarily H-3 and Co-
60, of fixed and/or removable contamination. While the Co-60 contamination is mostly found on
the equipment level, the H-3 contamination discussed here is found on all levels of the
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confinement building. The extent of this contamination is noted “Interior of the confinement
shell is contaminated with removable H-3" on the Conceptual Site Models (CSMs), included in
Section 6, Figures 6.1 and 6.2 just under the title “Building 750: Confinement Structure.” The
total contamination inventory inside of the reactor systems within the confinement structure is
approximately 45 Ci. Estimates of the radiological inventory contained within Building 750,
exclusive of the activated components, are detailed in Table 5.4.

Some of the ancillary buildings and underground duct and piping systems outside of the reactor
confinement building, shown in Figure 5.6 contain small amounts of radioactive contamination.
Contamination of these ancillary buildings and underground duct and piping systems is
summarized as follows:

» Building 704 - Fan House: Concrete samples indicate concentrations of strontium (Sr-90) up
to 92 pico curies per gram (pCi/g) in the fan cells concrete, and activity in the underground
duct concrete of up to 6,900 pCi/g of Cs-137, 429 pCi/g of Sr-90, 503 pCi/g of H-3, and 36
pCi/g of americium (Am-241). The contamination was generally contained within the first
half-inch of the concrete structures. Fixed radioactive contamination levels up to 75,000
dpm/100cm? exist in an area near the filter bypass facility. There are also elevated
contamination levels near the underground plenum area. It is estimated that the total
radioactive material inventory content in the steel, concrete, and soils is about 0.1 Ci,
consisting primarily of Cs-137 and Sr-90. It should be noted that the Cs-137, Sr-90, and Am-
241 contamination is attributable to previous operation of the BGRR.

» Building 705 - Stack: Smears of the interior lower portion of the stack indicated removable
contamination up to 22,000-dpm/100 cm?. Cs-137 was detected. Core bore samples were
analyzed, and the average contamination concentrations over the first half-inch in depth were
141 pCi/g Sr-90, 77 pCi/g H-3, and 344 pCi/g Cs-137. Essentially all the contamination was
found in the first 0.5 to 0.75 in. of depth. It is calculated that the total radioactive material
inventory content present in the stack concrete is approximately 0.03 Ci. Again, the Cs-137
and Sr-90 contamination is attributable to previous operation of the BGRR.

* Building 802 - Fan House and Tritium Evaporation Facility: Based on process
knowledge, the facility is contaminated with low levels of H-3 and Co-60. It is estimated
that the total radioactive material inventory content in the steel, concrete, and soils is less
than 0.01 Ci.

» Stack underground ventilation ducts and lines: Radiological characterization of the
interconnecting ducts indicates that the ducts from Building 750, Building 801, and Building
802 are contaminated. Short sections of the ducts from Buildings 901 and 701 are also
contaminated where they are connected to the stack or to other interconnecting ductwork.
The activity is a combination of fixed and removable contamination, and it was identified as
a combination of H-3, Co-60, Ni-63, and Cs-137. The total activity in these ducts is
estimated to be less than 0.1 Ci.

= D/F Waste Line: Based on process knowledge, this double-walled underground pipeline
that runs between Buildings 750 and 801 is contaminated. It is estimated that less than 0.1 Ci
is present in this line, with an isotopic content of H-3, Co-60, Ni-63, and Cs-137.
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5.4

Sanitary Sewage Line from the HFBR: — Based on process knowledge the sanitary sewage
line is contaminated. It is estimated that less than 0.1 Ci is present in this line, with an
isotopic content of H-3, Co-60, Ni-63, and Cs-137.

Contaminated Soils

The soils surrounding and beneath the HFBR and support buildings were surveyed and sampled
for radioactive contamination. The majority of the HFBR yard area as shown in Figure 1.3 is
free of contamination. There are several, small isolated areas of soil contamination as
summarized below:

Soils under Building 704 - fan house: Sampling indicated soil contamination in the soil
floor of the basement containing up to 33 pCi/g Sr-90, and 217 pCi/g Cs-137. It is estimated
that the total radioactive material inventory in the soils under building 704 is less than 0.1 Ci.
The detection of these radionuclides indicates the source to be the BGRR.

Soils around Building 705 — stack: Samples indicated Cs-137 concentrations slightly above
background levels of about 1 pCi/gram, but less than the values typically used at Brookhaven
as cleanup criteria (23 — 67 pCi/g). The highest sample was 6.4 pCi/g. It is estimated the
soils around Building 705 contain less than 0.01 Ci of radioactive material.

Soils under Building 750: Samples indicated soil concentrations up to 47 pCi/g H-3, and up
to 7,130 pCi/liter H-3 in the groundwater. It is estimated that the total radionuclide inventory
in the soils beneath Building 750 is less than 1.0 Ci. Although the sample locations were
chosen to be the most likely for detecting tritium contamination, it is possible that higher
levels of tritium are present in soils, especially in isolated pockets.

Soils around the HFBR Complex as shown in Figure 5.7: Twenty-one isolated areas of
contamination were initially identified during site characterization. Because of their limited
size, many of these areas were actually cleaned up through the process of obtaining the
samples required for characterization. The eight soil contamination areas remaining are
posted in accordance with DOE procedures. The soil contamination in the vicinity of the
HFBR confinement building, sample points 3, 4, 11, 12, and 13, is Co-60 and exhibits dose
rates ranging from 5 tol1 purem/hr at 1 ft. The soil contamination in the vicinity of the fan
house, sample points 16, 17, and 18, is Cs-137 and exhibits dose rates from 12 to 20 prem/hr
at 1 ft. The isolated areas of contamination are shown in Figure 5.7. It is estimated the soils
around the HFBR Complex contain less than 0.01 Ci of radioactive materials.

22



High Flux Beam Reactor
Record of Decision FINAL February 2009

70,000

60,000

50,000

40,000

Curies

30,000

20,000
10,000
0

N~ N~ N~ N~ N~ N~ N~ ~ N~ N~ N~

o - o [op) < 7o) © N~ © o o

o o o o o o o o o o -

N N ~ I3Y I3Y I3Y I3V N N ~ 3N

Figure 5.1 HFBR Activated Components — Decay through 2107
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Figure 5.4 HFBR Dose Rate Reduction 2047 — 2107
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HFBR Thermal Shield Dose Rate at 1 ft
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Figure 5.5 HFBR Limiting Large Activated Component
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Figure 5.7 HFBR Remaining Soil Contamination Areas
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Table 5.1 HFBR Total Activated Components Activity Decay by Radionuclide

Half-Life

(yr) 2007 2012 2017 2020 2026 2037 2047 2057 2067 2075 2087 2097 2107

Total Total Total Total Total Total Total Total Total Total Total Total Total
Half-Life | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity | Activity

Nuclide 1) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 12.32 7 5 4 3 2 1 1 0 0 0 0 0 0
C-14 5,715 26 26 26 26 26 26 26 26 26 26 26 26 25
Fe-55 273 | 31,155 | 8750 | 2456 | 1,147 250 15 1 0 0 0 0 0 0
Co-60 5271 | 16,387 | 8489 | 4,396 | 2963 | 1,345 316 85 23 6 2 0 0 0
Ni-59 76,000 62 62 62 62 62 62 62 62 62 62 62 62 62
Ni-63 101 11,932 | 11529 | 11,140 | 10913 | 10473 | 9,711 | 9,066 | 8465 | 7,903 | 7481 | 6,889 | 6432 | 6,005

Eu-154 | 8593 | 3610 | 2412 | 1611 | 1264 779 321 143 64 28 15 6 3 1
Eu-155 4.75 1,336 644 310 200 83 17 4 1 0 0 0 0 0

Total N/A 64,500 | 31,900 | 20,000 | 16,600 | 13,000 | 10,400 9,400 8,600 8,000 7,600 7,000 6,500 6,100
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Table 5.2 Calculated Dose Rates at 1 Foot from Components

Component rem/hr
Reactor Internals* 35,000
Single (maximum) control rod blade 13,000
Reactor vessel 15
Thermal shield 471
Biological shield (inner region) 3

Note: Calculated dose rates at 1 ft from components as of January 2007.

* Represents the calculated dose rate from all of the reactor internals excluding the control rod blades.
However, this value is the calculated dose rate at 1 ft from the transition plate which because of its radionuclide
inventory and physical location would mask the dose rate contribution from the 