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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

'

RELATED TO THE-DlSMANTLING Of FACILITY AND :

-DISPOSITION-Of COMPONENT PARTS

U.S. ARMY MATERIALS TECHNOLOGY LABORATORY RESEARCH REACTOR
'

AMENDED FACILITY LICENSE NO. R-65

DOCKET NO. 50-47

1.0 INTRODUCIlQN

- By letter dated October 8,1991, as supplemented on March 16, 1992, and
March 31, 1992, the U.S. Army Materials Technology Laboratory (AMTL or the
licensee) submitted a request for authorization to dismantle and dispose of-,

component parts of the AMTL Research Reactor Facility (AMTLRR) located in
Watertown, Massachusetts,.and to terminate Amended Facility License No. R-65.
The AMTLRR-has been defueled and shut down since March 1970. Release of the

-reactor building and site for unrestricted use will be requested following
completion of decommissioning.

2.0 EVALUATION-

2.1 Introduction

The staff of-the U.S. Nuclear Regulatory Commission (NRC) has reviewed the
licensee's application to decommission the AMTLRR and to-terminate the
facility. license.-

The licensee submitted a Decommissioning Plan (DP_or Plan), written in the'

format and content specified in the NRC document, " Guidance and Discussion of
Requirements _for an application-to Terminate a Non-Power _ Reactor Facility
Operating-License", (Revision 1, dated September 15,_-1984).- The_ licensee's DP
was-reviewed by comparison-with this' guidance.

The DP-states that all-of- the reactor fuel, fission chambers-containing U-235-
and radioactive: calibration and check sources have been shipped offsite or
otherwise disposed of in accordance with the then in place Facility Operating
License-- and applicable regulations. Accordingly,-the NRL amended the Facility-

.

Operating License in 1971 to allow possession only of the unfueled reactor _ and
associated radioactivities.

The staff's review considered the DP's discussions of: -(a)~ management-

responsibilities and commitments to continue following applicable regulations,
regulatory guides, standards, and personnel protection plans, including-
procedures; (b)-use of appropriate equipment and instrumentation, radiation

'

survey methods, training, personnel dosimetry, radioactive waste disp; sal; and
(c) the final radiological survey of the facility.
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Termination of the , ended Facility License requires NRC to conclude that
sufficient reactor-related radioactivity has been removed to allow release of
the facility for unrestricted use. The acceptance criteria to be used by the
NRC_ staff are stated in the guidance document noted above, which includes both
limits-on potential whole body exposures, and limits on surface contamination
as listed in Regulatory Guide 1.86, " Termination of Operating Licenses for
Nuclear Reactors."

2.2 f2cility Descriotion and History

The AMTLRR was designed to meet the needs of the research programs on materi-
als for the U.S. Army Ordnance Corps. Initial criticality was achieved ci,
June 15, 1960, at a power level of 1 MW.

The:AMTLRR consists of the reactor containment building (Building 100) which
houses the reactor and its associated components, liquid water systems
remaining inside tlw reactor facility laboratory (Building 97), an underground
pool water. retention tank (Cistern 242), and remaining components of the
secondary coolant system.

The reactor containment building is a cylindrical pressure vessel 80 ft in
diameter and approximately 67 ft. high from ground level, with an elliptical
top. A cross-section of the containment shell is shown in Figure 1. The
basement foundation is approximately 19 ft. below ground level. The perimeter
walls of the gas-tight containment shell are 2 ft. thick concrete and extend
up to the crane rails e4 ft. above ground level. The abovegroend walls and
the roof are_ covered with 1/2-in. welded steel plate. There are two large
penetrations in-the perimeter wall for personnel airlocks permitting access to
the interior of the containment shell. The containment shell completely
encloses-the-reactor and all of its associated equipment, with the exception
'of the underground pool water retention tank and the seconrtary coolant system.

The-reactor is a version of the " swimming pool" type, the pool having been
lined because of_ leaks by an octagonal open tank, completely above ground.
The internal dimensions of-the tank are 10-1/2 ft. in diameter by a depth of
30 ft., which provided 4 ft. of water shielding from the fuel horizontally and

.

22 ft. of water shielding above the center 1Ir.e of the fue? vertically. The
concrete-biological shield consists of an approximate inner 16 in, of ordinary
concrete and 4 ft. of-high-density concrete. Neutron beam facilities
consisted of 16-horizontal 6 in, beam tubes, one horizontal 6 in, through
tube, and six slant 6 in. beam tubes.

The fuel elements used in the reactor were Materials Testing Reactor-type
(MTR) assemblies fitted into a gridplate. The core was made up of a 7 by 9
array of fuel elements, reflector elements, and grid plugs. The grid plate
size permitted changes of core configuration and provided the greater fuel
loading needed to overcome reactivity losses to the beam tubes and for
operation at higher power levels.

.
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The AMTLRR was initially licensed to operate at thermal power levels up to
1 MW. In 1966 the reactor was authorized to operate at power levels up to
2 MW and in 1969, 5 MW. Reactor operations were terminated on March 27, 1970.
After shutdown, the following radioactive materials were removed from the
reactor building: irradiated and unirradiated fuel elements; beryllium-oxide '

reflector elements, shim-safety rods, armatures, and stainless-steel pieces
from the control rod guide tubes; fission chambers containing U-235; ioniza-
tion chambers; and radioactive sources used for calibration and check of
survey meters. '

The following liquid-waste system equipment was also removed and disposed of:
three 3,000 gallon liquid waste storage tanks; disposable ion-exchange system;
pool fill, make-up, and laboratory demineralizer system; and pumps, valves, ,

and piping associated with the dove systems.

Additionally, the reactor stack, and the secondary system cooling towers were
removed and disposed of.

The major equipment that re ins to be removed and disposed of during decom-
missioning include the stait.,ess-steel pool liner, reactor pedestal, grid
plate, and portions of the concrete biological shield- aam tubes, control
rods, instrument racks, primary coolant system, and secondary coolant system
components.

The decommissioning of the facility is part of the closure program as defined
by the Defense Authorization Amendment and Base Closure and Realignment Act
(Public Law 100-526), which directed the Army to close AMTL. This

; necessitated the proposed decommissioning option of decontamination followed
'

by total dismantlement (the decommissioning option labeled Decon in the NRC
1984 Guidance) as oeing the only acceptable disposition of the reactor. The
licensee has made a reasonable estimate of the total cost of the project.
Funding will come from U.S. Army sources and are mandated under Public Law
100-528.

The staff notes the DP's statement that there were no indications that any
fuel was breached during reactor operations or during fuel transfers.
However, during the initial criticality, leaks of reactor coolant water
through the concrete biological shield occurred. Additionally, an unplanned
release of approximately 14,000 gallons of radioactive liquid waste with a
total estimated activity of 30 pCi occurred from Cistern 242 into the sgr-
rounding soil.

However, neutron-activated materials and components are the predominant source
of radioactivity. The licensee's plans address this status, and the staff
finds these discussions acceptable.

2.3 Pi m 4tkaround

The DP briefly discusses the history of the reactor facility and its use in
various materials studies. The DP notes that, in addition to all fuel
assemblies having been shipped offsite, the water from the primary and
secondary coolant systems, secondary coolant sump, main reactor pool, fuel
storage tank and Cistern 242 have also been disposed of appropriately,

c
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The DP outlines the organizational structure by which the decommissioning will-

be canaged and implemented (Figure 2). As the licensee, the ANTL Commander is
responsible for the overall decommissioning project and has authority in all
associated matters, including safety. The decom issioning operation will be
performed and managed by a decommissioning contractor (DC). Tbc DP was
developed and written by a nuclear engineering company under contract to the
licensee. The licensee and a contractor will provide personnel and services
during decommissioning. The DC will supply personne: protection staff and
engineering / implementation staff. The DC will report to the licensee. The
licensee has specified that the DC will have decommissioning experience with a
facility similar to the AMTL reactor facility. The DC will arrange for
radioactive waste packaging and shipping, and develop and implement radiologi-
cal control functions, with the overall objective of completing the dismantle-
ment in accordance with all applicable regulations and standards, and in
consonance with the licensee's commitment to limit radiation exposures to the
public, environment, and workers to as low as reasonably achievable (ALARA).

The DP proposed a time-table for the major tasks and for the removal of
radioactivities down to the levels that will meet NRC's criteria for license
termination. The licensee has committed to require the DC to develop and
implement a quality assurance (QA) plan that ensures compliance with accept-
able QA principles, and is consistent with ANS 15.8 (1976), " Quality Assurance
Program Requirements for Research Reactors."

The DP includes estimates of the total whole body collective radiation doses
anticipated during decommissioning. Surveys for alpha, beta, and gamma
radiation sources will be performed frequently to plan and limit radiation
exposures. Furthermore, personal dosimeters will be worn by appropriate
personnel. All radiation-related activities will be controlled by written
radiation / hazardous work permits. The licensee has committed to maintain
accurate and up-to-date records of personnel radiation exposures during
decommissioning, and to plan and perform all decommissioning activities with
exposures ALARA.

- The DP describes the tasks to be performed by the DC, including the final
radiation survey and a complete report of results, and the acknowledgement
that accurate measurements of low level radiation fields will be performed to
show compliance with NRC's decommissioning criteria of less '' E pR/h above
background at 1 m from the surface, and surface contaminatio .<ve.s in
accordance with Regulatory Guide 1.86, Table 1.

The staff considers the discussions and commitments in the DP appropriate and
acceptable.

2.4 Current Radioloaical Status of the Facility

The current radiological status of the facility is based on results of
radiological characterization and estimated neutron activation analysis.
Radiation measurements were made with portable beta-gamma radiation instru-
ments. Contamination smears were taken and counted at the Idaho National
Engineering Laboratory with a decade scaler.
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The reactor containment building (Building 100) was surveyed throughout the
basement, the o)erations floor, the first and second phtforms, the reactor
control room, tie top of the reactor, the reactor vessel, the reactor pedes-tal, and the reactor annulus.

All smears, except one, had values less than the mnst restrictive part of NRCRegulatory Guide 1.86. The one exception was from the inside storage tubes of
the storage facility which read 293 dpm/100 cmr beta-gamma and less than 20
dpm/100 cmr alpha. Contact radiation levels throughout the building ranged
from levels not readily distinguishable from background on the platforms, to a
few mR/h in the basement, up to 550 mR/h on the reactor vessel internals, and
a maximum of 1,300 mR/h below the reactor gate in the reactor annulus.

The reactor facility laboratory (Building 97) originally contained the liquid-waste handling system for the reactor. All that presently remains is the
piping connecting Buildings 97 and 100. All smears taken from the piping
indicate that the radioactivity levels are less than 200 dpm/100 cmr beta-
gamma and less than 20 dpm/100 cm r alpha.

Water from Cistern 242 was-sampled and analyzed and showed no measurable gamma
activity, other than the natural potassium-40 and radon / thoron daughters from
the natural uranium and thorium decay chains. Samples of the sludge and
concrete structure were not taken due to water in the tank. The licensee has
committed to perform a complete characterization of Cistern 242 during
decommissioning.

Soil samples were collected from areas around the reactor facility. Back-
ground samples were collected 25 ft. south of the fence surrounding the

-

residence of the Base Commander. These samples were analyzed for gamma
emitting radionuclides by gamma spectroscopy. Out of 28 analyzed samples,
only three contained statistically significant concentrations. Two samples
containing positive indications of Co-60 were taken from the area between-
Building 97 and Cistern 242. The highest concentration of Cs-137 and Co-60
detected in the samples from around the reactor building are 4.8 pCi/g and 6.3
pCi/g respectively. Only one soil sample contained statistically positive
Am-241 and Pu-238, with a value of 0.21 pCi/g.

I

Determining neutron activation of the various reactor components and support,

i

structures was complicated due to the AMTLRR being nonfunctional for the past i

20 years. Rough orders of magnitude estimates were performed to support the
planning of wastes to be generated and worker radiation exposures. Actual| samples were not taken of reactor materials to support the activation calcula- ,

|tions. Actual measurements of radiation fields in the reactor pool and
annulus were used to form the basis for the worker exposure estimates. The
licensee will conduct an accurate characterization of neutron activated
components during the decommissioning project.

_ . . . . . .. ... . . . . .
.
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The DP indicates that the licensee is adequately aware and prepared to make
the necessary radiation characterization during the decomm!!sioning. The
staff considers the licensee's estimates of the radiological conditions to be
reasonable, and the planning for additional characterization to be acceptable.

2.5 Decommissignina Alternative

The DP notes that only decontamination down to the levels required by the NRC
for termination of the license (the Decon alternative) is considered accept-
able to the licensee, because the Army Base is scheduled for closure and will
be turned over to the public for unrestricted use. The staff concurs with the
licensee's plan on this method of decommissioning.

2.6 Decommissionina Orcanization and Responsibilities

The DP identifies the overall organization strur.ture by which the licensee
will manage the decommissioning of the facility. An organization chart
(Figure 2) identifies the roles of both licensee and ( /*ractor personnel,
identifying key positions for both implementation and ove *ight of the
project. The staff judges that the licensee is adequately . are that experi-
enced and highly competent staff are required to dismantle a research reactor
while maintaining due regard to protecting the workers, public, and the
environment from significant radiological risk. Accordingly, the staff
considers the licensee's plan acceptable in this respect.

2.7 Reaulations. Reaulatory Guides. and Standards

The licensee acknowledges responsibility for both their and the contracter's
compliance with all applicable regulations. The DP cites that adherence willi

be maintained during decommissioning to such regulations as 10 CFR Parts 19,
20, 30, 50, 51, 61, 71, and 140; 29 CFR Parts 1910 and 1926; 40 CFR Parts 61,
41, and 260-262; and 49 CFR Parts 170-199. The licensee also acknowledges the
NRC Regulatory Guides applicable to the decommissioning project. The licensee
has committed to follow the guidance provided in " Guidance and Discussion of
Requirements for an Application to Terminate a Non-Power Reactor Facility
Operating License," (Revision 1, 1984) and Regulatory Guide 1.86. These
documents contain the criteria by which the NRC will assess acceptability to
terminate the license. Additionally, the licensee recognizes the use of
standards from a number of institutions or technical societies, such as the
American Society for Testing and Materials (ASTM), the International Commis-
sion on Radiological Protection (ICRP), the National Committee on Radiation
Protection-and Measurement (NCRP), and the American Natior.al Standards
Institute (ANSI). The staff judges-the licensee's awareness of their respon-
sibilities to be acceptable.

2.8 Trainina and Oualifications

The DP discusses the need for training the decommissioning staff in certain
specific functions, and outlines both these functiore and the key individuals
who will do the training. The licensee commits that the training and
qualifications of all personnel to be involved with, or in the vicinity of,
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radioactive materials will comply with the criteria specified in ANSI 3.1.'

The staff; considers the DP's discussion of personnel training to be
acceptable.

2.9 Occupational and Radiation Protection Proorams

The-DP discusses at length the licensee's occupational and radiation protec-
tion programs. There are requirements to monitor radiation and radioactive
materials, to control distribution and releases of radioactive materials, and
to keep radiation exposure for individuals and the collective radiation
exposure ALARA through the appropriate use of good health physics practices
It is clear that both industrial and radiological health and safety are
consioered by the licensee to be top prfority for 'the entire dismantling and
decommissioning project. The Ed designatts direct responsibilities and
oversight functions of key positions in the decommissioning organization. All
relevant tasks will be evaluated to include specific ALARA objectives. All
work will be controlled through the use of radiation / hazardous work permits
(RHWP), a dose control program, and a contamination control program. The
RHWPs allow health physics personnel to manage tasks while the contamination
control program is used to minimize the potential contamination of workers or
. adjacent- facilities, and to protect the public. The contamination control
program will employ contamination surveys and will maintain access control and
contamination containment to limit the s
dismantling and decommissioning process.pread of radioactivity during theThe dose control program is to
maintain radiation exposures ALARA by means of administrative limits, proce-
dural limits, engineered. controls, monitoring surveys, posting, and temporary
shielding. .The-DP lists administrative limits that will ensure even the
maximally exposed worker will accumulate doses that are well below regulatory
limits. Personnel will be monitored for gamma and beta dose using TLDs and/or
film dosimetry accredited by NVLAP. Additionally, in high radiation areas, a
direct reading radiation dosimeter will be worn in conjunction with personnel
dosimetry badges. The DP also discusses the use of respiratory protection
equipment, as necessary, to protect workers, and the installation of various
systems of tents and filters to prevent the release of airborne radioactive
material either to the reactor building or to the environment. No release of
airborne radioactivity to the environment is expected, therefore, the public
should not receive any radiation exposure related to the AMTLRR dismantlement
and decommissioning. The staff considers that the licensee's plan places
adequate emphasis on control of radiation exposures, and is acceptable.

2.10 Occupational Exoosure
to

The licensee has estimated that the collective occupational exposure for the
entire dismantling and decommissioning project to be approximately 10 person-
rem. This estimation is based on the expected low levels of radioactivity
from all sources.and the manner in which staff members perform-their tasks,
with the aim of maintaining personnel exposures to a minimum. The measures
for assuring that the collective exposure will be ALARA and the estimate of
collective occupational exposure are acceptable to the staff.

. _ _ _
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2.11 Industrial Safety and Hvaiene Proaram

The Industrial Safety and Hygiene Program (ISHP) for the decommissioning
project is concerned with the protection of all personnel from potential
-nonradioactive exposures and hazards. The licensee commits that the ISHP
- will be developed by the DC, and will include a hazard analysis. The ISHP
will be administered in accordance with Occupational Safety and Health
Administration (OSHA) regulations. The licensee's plan discusses at length
the various specific plans, protective equipment, and training to control and
' limit potential non-radiological risks and hazards. In the event of an
accident, an agreement concerning the transport and treatment of injured
personnel at a local hospital has been negotiated. The staff considers these
steps acceptable.

-2.12 Fitness for Outy Proaram

The licensee commits to develop and implement an appropriate fitness for duty
program to comply with NRC guidance. The staff acknowledges that the estab-
lishment of this program exceeds the requirements for a DP and considers it
acceptable.

2.13 fontractor Assistance

The licensee hired an experienced nuclear engineering contractor to develop
and write the DP. A separate contract will be issued to an Independent
Quality Assurance Evaluator / Health Physicist (IQAE/HP) experienced in decom-
missioning projects. The IQAE/HP will report to the licensee and will ensure
contractor compliance with all provisions of the contract including safety
requirements. The dismantling and decommissioning will be implemented through
a contract with a company experienced in dismantling radioactive systems and
radioactive waste handling and shipping. This contractual arrangement should
lead to-the appropriate checks and balances in achieving a competent disman-
tling of the AMTLRR. The licensee, however, acknowledges that they are still
ultimately responsible for protecting the health and safety of the workers,
the public and the environment. Accordingly, the staff finds the plan
acceptable in this respect.

2.14 Cost Estimate and Fundinc

The DP r esents a cost estimate to complete the tasks. Funding for decommis-
sioning the AMTL facility will come from appropriate U.S. Army sources. The
closure action at AMTL and the funds required for this action are mandated
under Public Law 100-528. The staff finds the cost' estimate and funding

-

commitment acceptable.

2.15' Dismantlina'and Decontamination Tasks and Schedules

The DP presents task -ar.alysis, schedule for completion, ano descriptions of
dismantling and decommissioning tasks for specific tasks. The DP discusses
the steps to be taken for site preparation, project management, auxiliary

._ -__. _ _ _
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structure removal, reactor building decontamination, termination survey, and
backfill and grading of the site. The staff considers these sections of the
plan to be acceptable.

2.16 -Safeauards and Physical Security

The fuel has been shipped offsite, so the physical security task has been
reduced to ensuring that control of the facility will prevent inadvertent
exposure to members of the public. The DP addresses these issues acceptably.

2.17 R1dioloaical Accident Analysis

Because the fuel has been shipped offsite, there are no credible accidents
that could result in significant exposures to members of the public in an
unrestricted area. Potential accidents have been reduced to those involving
inadvertent overexposures of workers to the residual radioactive materials.
However, because of the training of all involved personnel, the quantity
of radioactive material onsite, and the radiation protection program, the
possibility of such incidents are expected by the staff to be highly
improbable.

2.18 Radioactive Materials and Waste Manaaement

The DP addresses the potential sources of solid, liquid, and airborne radioac-
tive wastes and discusses provisions for their minimizing, transportation, and
disposal. The licensee is committed to follow all applicable regulations in
-identifying'and disposing of radioactive waste. Solid wastes will consist
primarily of reactor components, the stainless steel pool liner, demolished
concrete, steel racks, and various tools. These items will be packaged and
shipped to a low-level radioactive waste disposal facility licensed by the
NRC. Liquid waste may result from tool coolant, washing contaminated
surfaces, or dust-suppression activities. The disposition will either be in
accordance with 10 CFR 20.303, or by solidification and treatment as low-level
radioactive solid waste. Any airborne particulate waste will probably be
created during the demolition process. These particulates will be contained
by ventilation exhaust systams equipped with roughing filters to capture large
particles, and with high eiriciency particulate absorption (HEPA) filters to
provide up to 99.99 percert retention. These filters will be disposed of with
the other radioactive solid wastes. The DP also discusses contingency plans
in the event that access to a commercial licensed burial facility is lost.
The staff considers these aspects of the plan acceptable.

2.19 Technical and Environmental Specifications

The Facility Operating License was amended in 1971 following fuel shipment, to
allow possession only of the residual reactor systems. At that time, the
Technical Specifications were modified to be compatible with the facility
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status. Technical and Environmental Specifications presented in the DP will
be implemented by the DC to control conditions, parameters, and variables so
that during decomnissioning, the radiation exposure to workers and the public
will be maintained ALARA.

2.20 Proposed Termination Radiation Survey Plan

The DP describes the methodology and instrumentation to be used for the final
radiological survey of the facility. The termination radiation survey will be
performed in two phases. Each phase will require both the DC and the U.S.
Army Environmental Hygiene Agency (USAEHA) to conduct independent surveys.
The contractor's survey will be conducted to ensure that no residual radioac-
tivity above releasable levels remain at the facility. The USAEHA survey,
conducted after the DC's survey, will serve as the means of validating the
DC's results. The first phase of the termination survey will include the
reactor building interior and the trenches and pits formed during excavation
outside the reactor building. The second phase of the survey will consist of
the soil area outside the reactor building and will be performed following
backfilling and grading the excavated regions of the site. The licensee will
use NUREG/CR-2082, " Monitoring for Compliance with Decommissioning Termination
Survey Criteria," for guidance in performing this survey. After the
radioactivity has been removed down to the NRC release criteria levels, and
before any covering of surfaces or removal of ostensibly nonradioactive
materials, the licensee will lay out grid works. Radiation levels within
these grids will be measured with appropriate instruments sensitive enough to
provide statistically significant results, and the data will be adequately
processed and recorded. All potentially radioactive surfaces and areas will
be surveyed.

When the licensee's results show that there are no areas, components, or
materials for.which the radiation levels are greater than 5 pR/h above
background at~ 1 m distance, or no likelihood for the maximum annual individual
dose to exceed 10 mrem above background, and no surface contamination above
the limits in Table 'l of Regulatory-Guide 1.86, the licensee will include all
relevant results in a final report to the NRC, requesting license termination.
The staff finds this aspect of the plan acceptable.

3.0 CONCLUSION

Based on the staff's review of the licensee's DP, it is concluded that the
licensee is adequately cognizant of their continuing responsibilities to
protect the health and safety of both workers and the public from undue
radiological risk until the NRC terminates the reactor facility license. The
DP provides reasonable evidence that the licensee is prepared to dismantle and
decommission the reactor and dispose of all significant reactor-related
radioactivities in accordance with applicable regulations and applicable NRC
guidance.
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The staff concludes that the dismantling and decommissioning perations can be
conducted without undue risk to the health and safety.of the workers or the
public and_without any significant impact on the environment. The staff,
therefore, finds the licensee's plan to be acceptable and will verify its
acceptance with a closecut field survey prior to terminating the license.

Principal Contributor: S. Klementowicz

Attachments:
- Figures I and 2

Date: June 3, 1992
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