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SUBJECT:

SPENT FUEL MISSING FROM MILLSTONE UNIT 1

SECY-01-0175

PURPOSE:
To inform the Commission of licensee activities to date and NRC staff plans associated with the
two fuel rods apparently missing from the spent fuel pool at Millstone Unit 1.
BACKGROUND:
In November 2000, the licensee for Millstone Unit 1 informed the NRC that the location of two
spent fuel rods could not be determined.
In 1972 a once-burned spent fuel assembly with damaged fuel rods was disassembled to allow
testing. During the disassembly, one of the fuel rods was bent and could not be reinserted into
the assembly. Another fuel rod was displaced by the installation of a new tie rod in the fuel
assembly. These two fuel rods were put into a fuel rod canister used to store individual fuel rods.
Records dated 1979 and 1980 show the fuel rods stored in the canister in the northwest corner of
the spent fuel pool. Records after 1980 do not identify the location of the spent fuel rods or
canister in the fuel pool. Significant work, including two reracks and shipments of miscellaneous
irradiated components from the spent fuel pool, took place from 1980 to 1990. In November 2000,
a records reconciliation and verification effort, undertaken by the licensee (Northeast Utilities) to
support the sale of the Millstone site to Dominion Resources, determined that the location of two
full-length irradiated fuel rods was not properly reflected in special nuclear material records.
The licensee has formed a Fuel Rod Accountability Project with a dedicated investigative team.
Additionally an independent oversight team is reviewing the overall investigative effort. Although
the current licensee for Millstone Unit 1 is Dominion Nuclear Connecticut, the Fuel Rod
Accountability Project is directed, staffed, and funded by Northeast Utilities, the former
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licensee for the Millstone units. The continued involvement of Northeast Utilities was a condition
of the purchase of the Millstone units by Dominion. Licensee actions taken to locate the fuel rods
and determine how they were misplaced include the following:
! physical inspections
! development of plausible scenarios to be investigated
! document reviews
! personnel interviews
! root cause analyses
The scenario investigation by the Fuel Rod Accountability Project has included review of
documentation of the shipments from the site that could have contained the fuel rods. Due to the
high contact radiation levels of the rods, only removal from the spent fuel pool in a shielded cask
has been considered plausible. The project staff has looked primarily at the recorded dose rates
from the packages but has also considered the dates of shipments and the sizes of packages.
Although the package size has been an evaluation factor, a wide range of sizes is considered
plausible. This is because some radioactive components in the pool, including local power range
monitors, are routinely cut into smaller lengths before packaging, and the fuel rods, if mistaken for
such components, could also have been cut into smaller lengths.
The NRC staff anticipates that the Fuel Rod Accountability Project will complete its investigation in
September 2001. It appears increasingly likely that the fuel rods will not be found on site at
Millstone, which leads to the possibility that the fuel rods may have been disposed of in the lowlevel waste disposal facilities at either Barnwell, South Carolina, or at Richland, Washington, or
shipped to the GE-Vallecitos facility.
DISCUSSION:
STATUS
Health and Safety Issues
The current risk to human health from the missing fuel rods, based on the staff's knowledge to
date, appears to be low. If the rods were in and are still in the spent fuel pool in an undetermined
location (which appears highly unlikely based on the Fuel Rod Accountability Project's
investigations to date), they would have been and are subject to all of the controls for protecting
workers and the public that are in place for handling spent fuel in that area. If the rods were
mistaken for some other non-fuel component, such as a local power range monitor and were
inadvertently shipped offsite, they would have been packaged in shielded shipping containers due
to their high radiation levels, and would therefore have met the requirements for external exposure
limits. This is because the licensee's radiation monitoring program would have detected the high
radiation levels from the rods, an easily identifiable characteristic of the hazard if they were
unshielded. Furthermore, the radiation detection instruments at the potential offsite locations
would also have detected unshielded spent fuel. If the rods were shipped offsite, there are only
three plausible locations – transferred to the GE-Vallecitos facility, where
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they would be safely stored in a manner similar to the spent fuel rods at the Millstone site, or a
low-level waste (LLW) disposal site, either the Barnwell, South Carolina facility, or the Richland,
Washington facility.
At an LLW disposal site, there are two potential risks to members of the public associated with
unintended disposal of spent fuel rods. The first is a possible exposure to an inadvertent intruder
into a disposal cell. The Commission’s regulations in 10 CFR Part 61 (and the compatible
regulations of the States of Washington and South Carolina) rely on a combination of 100 years of
active institutional controls (to control the use of the disposal facility land), government ownership
of the land, siting, waste form, and engineered barriers or depth of burial to protect against
inadvertent intrusion. Thus, there is no present hazard from the possible disposal of the fuel rods
at an LLW site because inadvertent intrusion is not possible until after the sites are closed. After
closure, there is some residual risk from the disposal of LLW (which also has long-lived
radionuclides in activated metals), and the staff intends to work with the States of Washington or
South Carolina to review and evaluate the incremental risk if the rods are determined to be
disposed of at an LLW site.
Another potential hazard at an LLW site is the long term release of radionuclides from the fuel
rods. Northeast Utilities estimates the amount of radioactivity in the fuel rods to be approximately
300 curies. (Although the staff has not independently verified that estimate, it appears to be
reasonable.) This amount of radioactivity is a small part of the total inventory of several million
curies at either disposal site that must already be isolated to protect public health and safety. The
specific hazard would depend on such factors as the amounts of specific radionuclides in the
spent fuel rods, and site characteristics, such as the rate of potential groundwater transport of
radionuclides to offsite locations. The staff also plans to review and evaluate in more detail the
risk from offsite releases. Results from the ongoing environmental monitoring and radiation
protection programs at the sites have demonstrated that there is no significant risk to the public or
workers at this time from operations at each site.
A final consideration in the risk evaluation is the potential dose to workers from finding and
exhuming the rods, if they are determined to be buried at a disposal site and if recovery of the
rods is deemed necessary. The staff will also review and evaluate the potential doses from these
efforts as well as whatever longer term risks might result from leaving the rods in place.
Nuclear Proliferation Issues
The very high radiation level of the material (contact radiation level of approximately 1600 R/hr in
1980) makes theft difficult, dangerous, and very unlikely. The radiation levels also make the
material of limited or no economic value. Moreover, the amount and chemical form of the fissile
material contained in the two spent fuel rods make it unlikely that the rods could be used to
manufacture a weapon. The uranium in the fuel rods is low-enriched uranium (2.44 percent
U-235, 97.56 percent U-238). The amount of U-235 in each rod is about 50 grams. The
plutonium created in each rod during its time in the reactor core is estimated to be approximately
20 grams. The 40 grams of plutonium and 100 grams of U-235 contained in the rods would result
in the missing material being considered special nuclear material (SNM) of low strategic
significance (10 CFR 73.2, “Special nuclear material of low strategic significance”).
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Staff Monitoring and Inspection of Licensee’s Investigation
Routine inspections have been conducted by Region I inspectors and by the Unit 2 resident
inspector, who was formerly the resident inspector at Unit 1. Regional inspectors were on site
during January, February, May, June, and August for routine inspections, including oversight of
the Fuel Rod Accountability Project’s spent fuel investigation. On December 19, 2000, Region I
management, in a conference call with the licensee, discussed the investigation status and
requested a written update, which the licensee provided to NRC and, during the conference call,
NRC offered to conduct weekly conference calls. The calls began on January 2, 2001, and are
expected to continue through the end of the Fuel Rod Accountability Project’s investigation. The
Office of Nuclear Reactor Regulation (NRR), the Office of Nuclear Material Safety and Safeguards
(NMSS), and Region I staff have regularly participated in these teleconferences. Dominion
Nuclear Connecticut, Inc. (DNC) visited Region I on April 23, 2001, to present a status report.
State Interactions
NRC staff has closely coordinated with the States of Connecticut, Washington, and South
Carolina on this matter. Connecticut, Washington, and South Carolina staff participate in the
weekly status calls with Northeast Utilities, during which they have an opportunity not only to
understand the status of the Fuel Rod Accountability Project’s activities but also to ask questions
and request assistance. Washington, for example, has requested assistance from Northeast
Utilities in a number of areas such as identifying possible shipments to Hanford and the type of
disposal container that could have been used. Washington and South Carolina staff have also
closely coordinated with NRC staff on their preparatory activities and have informed their
respective Governor’s Offices of the possibility that the fuel rods may have been shipped to the
Hanford or Barnwell sites for disposal. Connecticut staff has continued to closely monitor the Fuel
Rod Accountability Project’s investigation and is preparing to brief the Governor’s office. The
Washington Governor’s Office asked the State Department of Health staff to take the lead in the
State and to complete a number of preparatory activities. The preparatory activities have included
briefing key State management, developing background materials, including a set of questions
and answers, reviewing disposal facility records and coordinating with U.S. Ecology, the operator
of the Hanford LLW site. The Washington State Department of Health staff has requested
assistance from NRC staff in several areas, particularly in the development of responses to
questions in its set of questions and answers.
NRC staff has also initiated periodic (approximately monthly) conference calls between South
Carolina and Washington staff and key NRC staff to discuss the status of the investigation and to
coordinate and share information on actions being considered or planned. During a recent call,
Department of Energy (DOE) Hanford staff also participated. DOE will help Washington
determine whether it is possible to “verify” the placement of the fuel rods at Hanford if shipment to
Hanford as LLW is finally identified as a credible scenario by Northeast Utilities. DOE staff will
also assist in answering a question from Washington on whether the placement of the fuel rods at
Hanford would affect DOE’s ability to assume title for the land in 2063, when State of Washington
lease of the U.S. Ecology LLW disposal facility from DOE ends.
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Northeast Utilities has met with key State staff, including the Governor’s Office staff, to discuss the
investigation at Millstone.
The staff has not actively engaged in discussions with the State of California regarding this issue
since the Fuel Rod Accountability Project’s only plausible scenario involving California proposes
that the fuel rods were shipped to the General Electric fuel examination facility at Vallecitos. Since
the General Electric facility at Vallecitos is licensed by NRC to receive and store spent nuclear
fuel, among other activities, this scenario would not involve any State licensing issues. In
addition, radiation protection and safeguards programs at Vallecitos would be sufficient to ensure
adequate protection of the public if the fuel had been inadvertently transferred there.
Press and Local Interest in Event
The local newspaper for the Millstone area (The Day) has reported on the missing spent fuel rods
since 3 weeks after the licensee identified the issue. Copies of several recent articles are
attached. (Attachment 1).
On February 1, 2001, NRC staff from Region I and from NRR made presentations on the status of
NRC activities related to the missing spent fuel to the Millstone 1 Decommissioning Advisory
Committee (M1DAC), a subcommittee of the Connecticut State Nuclear Energy Advisory
Committee (NEAC). Region I presented an update to the M1DAC on May 3, 2001, and met with
the NEAC on May 17, 2001.
Congressional Interest
Congressional interest expressed to NRC involved a request from Congressman Markey dated
December 20, 2000, for answers to multiple questions on the situation. Chairman Meserve
responded to Congressman Markey on February 1, 2001. Copies of both letters are attached.
(Attachments 2 and 3).
Material Control and Accounting (MC&A) Inspections
The inspection of MC&A at power reactors was a regional responsibility until 1988, when
resources for MC&A inspections were deleted from the regions’ budgets. After 1988 the regions
performed MC&A inspections at reactors only in response to events. NRR has oversight
responsibility for the regions’ safeguards programs at reactors.
The Inspection Procedure (IP 85102, “Material Control and Accounting - Reactors”) that the
regions followed has objectives to (1) determine whether the licensee has limited its possession
and use of SNM to the locations and purposes authorized under license, and (2) determine
whether the licensee has implemented an adequate and effective program to account for and
control the SNM in its possession. The procedure’s inspection requirements include the following:
“Conduct a random spot-check of new fuel, irradiated fuel in spent fuel pool, sources, test
specimens, etc., by comparing actual location with that indicated on loading diagrams, transfer
forms, or other accounting records, as applicable. Check ten assemblies or bundles of new and
irradiated fuel, and one source, test specimen....” The inspection procedure does not specifically
address individual fuel rods.
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Discussions with some NRC staff who had experience conducting MC&A inspections at reactors
10 years ago indicated that the inspectors would have taken random samples from each of the
distinct populations, such as fuel elements, fuel assemblies, and sources. Therefore, unless the
inspectors were made aware that fuel elements were stored separately from the assemblies, a
sample for inspection would be drawn from the total spent fuel pool’s population of fuel elements
whether in assemblies or separated from assemblies, rather than a portion from the population in
assemblies and a portion from the population separated from assemblies. It is not likely that an
inspector following IP 85102 would have discovered the discrepancy in the records. The version
of IP 85102 discussed here was issued on March 29, 1985. NRC staff was unable to locate
records of the MC&A inspections conducted at Millstone Unit 1.
An ANSI standard (ANSI N15.8-1974 , “Nuclear Material Control Systems for Nuclear Power
Plants,” endorsed by Regulatory Guide 5.29) that was in effect in 1979-1980 reads:
“The basic unit of control for nuclear material shall be the nuclear fuel assembly.
Each nuclear fuel assembly shall be identified in the material control records by its
serial numbers and location. Nuclear material contained in fuel elements, not part
of an assembly, shall be separately identified in all material control records.”
Under 10 CFR 70.51 and 70.58, a reactor licensee is required to keep records showing the
receipt, inventory (including location), disposal, acquisition, and transfer of all SNM. Each record
of receipt, acquisition, or physical inventory of SNM must be retained as long as the licensee
retains possession of the material and for three years following transfer of such material. Physical
inventories of SNM must be performed annually.
Nuclear power reactors are required to report to the NRC:
1.
2.
3.

Semiannual material balance reports concerning SNM received, produced, possessed,
transferred, consumed, disposed of, or lost.
Semiannual statements of the composition of the ending inventory .
A Nuclear Material Transaction Report whenever the licensee transfers or receives SNM,
or when it makes corrections to its material balance.

Reports submitted to the NRC under these provisions did not indicate that the two fuel rods were
no longer in the licensee’s inventory, because the licensee did not apparently recognize at the
time that it may have transferred the rods to another licensee.
Discrepancy in NUREG-0725
A representative from Millstone called the Spent Fuel Project Office staff in mid-May 2001 to ask
why the NRC revised the spent fuel shipment data for shipments of spent fuel from Millstone to the
GE-Vallecitos facility in the 1991 issuance of “Public Information Circular for Shipments of
Irradiated Reactor Fuel,” NUREG-0725, Revision 7. The earlier issuances of NUREG-0725
beginning with the first issuance in 1980 (Revision 0) through the 1989 issuance (Revision 6)
reported the total spent fuel shipped in three shipments from 1980 - 1983 to be 36 kgs of
combined element net weight of uranium and plutonium. The 1991 Revision 7 of NUREG-0725
changed that total to 43 kgs.
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Based on the staff’s review of the files, the staff concluded that the 1991 revision to the NUREG0725 report changing the total shipped from 36 kgs to 43 kgs was an error by the staff. The
correct total for the 1980 - 1983 shipments should be 36 kgs.
Agency Obligations/Regulatory Authority
NRC and Washington State or South Carolina share regulatory authority if the missing fuel rods
are determined to be located in the LLW sites in Washington State or South Carolina (storage at
GE-Vallecitos would be authorized under existing NRC license).
As a general rule, NRC retains regulatory authority over spent nuclear fuel and greater-than-Class
C material associated with reactor operations. As provided in Section 111(b)(2) of the Nuclear
Waste Policy Act of 1982 (NWPA), the disposal of spent fuel is a Federal responsibility. The NRC
has not relinquished, in any agreement with an Agreement State, regulatory authority for spent
fuel stored at a reactor site. In this case, if it is determined that the NRC licensee transferred
spent fuel to an LLW site, it was an unauthorized transfer, since it was not authorized by the
Commission’s regulations or Millstone’s license. In addition, NRC could determine that the
recipient is in unauthorized possession of the material. Thus, if the spent fuel is determined to be
at the LLW site in Washington State or South Carolina, NRC has the regulatory authority to
require appropriate remedial action to be taken by its licensee and, if warranted, to require the
spent fuel to be returned to an entity authorized to possess it. The exercise of that authority would
depend on the circumstances, with the health and safety impacts of recovering the fuel and
returning it to an entity authorized to possess it balanced against the impacts of leaving it at the
burial site.
Washington and South Carolina, as Agreement States, regulate disposal of LLW at the Hanford
and Barnwell sites respectively. The States’ license includes authorization to dispose of limited
quantities of SNM in accordance with Section 274 of the Atomic Energy Act of 1954, as amended.
If the spent fuel is determined to be at the LLW site in Washington State or South Carolina, even
though the fuel may be within the SNM limits in the license, Washington or South Carolina will
likely determine that it was not an authorized disposal, since the State’s license did not authorize
its licensee to dispose of spent fuel. Spent fuel is explicitly excluded from the definition of lowlevel waste in 10 CFR 61.2 and compatible State regulations. Thus, if the spent fuel is found at
the LLW site in Washington State or South Carolina, the States have the complementary
regulatory authority to require remedial action to be taken and, if warranted, to require the spent
fuel to be returned to an entity authorized to possess it.
PLANNED STAFF ACTIONS
Communication Plan
A communication plan has been developed to ensure that the appropriate staff personnel and
stakeholders are informed of new developments in the Fuel Rod Accountability Project’s
investigation and NRC’s follow up. A copy of the plan is attached. (Attachment 4).
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Notifications
Once the licensee determines the spent fuel rods are lost, it will have to make a notification to the
Operations Center within one hour under the provisions of 10 CFR 70.52. When this notification
is received, the staff will inform other Federal agencies that could receive press inquiries such as
the Department of Energy, the Federal Emergency Management Agency, and the Environmental
Protection Agency and the State agencies. The purpose of this notification will be to ensure that
the other agencies have a clear and common understanding of the situation and that there is no
present hazard based on NRC’s present understanding of the situation.
Follow-up Inspection
As discussed above, routine inspections have been conducted by Region I inspectors and by the
Unit 2 resident inspector, who was formerly the resident inspector at Unit 1. Following up on
these routine inspections performed at Millstone 1, the NRC staff is planning a special inspection
to be conducted after the Fuel Rod Accountability Project’s final investigative report is submitted.
This inspection, to be led by Region I with assistance from NRR, NMSS, and OSTP, will enable
the staff to independently assess actions taken by the licensee and Northeast Utilities.
The general objectives of this inspection are to:
1.

Conduct a thorough and systematic review of the Fuel Rod Accountability Project’s
investigation into the circumstances of spent nuclear fuel missing from the Millstone 1
spent fuel pool. Determine the adequacy of the Fuel Rod Accountability Project’s
investigation, based upon its completeness and the thoroughness of records reviews and
interviews.

2.

Assess the Fuel Rod Accountability Project’s determination of root cause. Identify
alternative causes if appropriate. Develop independent conclusions regarding what
caused the loss of the spent fuel rods, if it is determined that the rods are, in fact, lost.

3.

Independently verify selected Fuel Rod Accountability Project records and interviews.

Potential Enforcement
If the NRC staff determines that regulatory requirements concerning accountability, possession,
packaging, and transportation have been violated, the staff will consider whether enforcement
action should be taken.
Options for Addressing Potential Disposal of Fuel Rods at an LLW Disposal Site
Although the location of the fuel rods, or portions of the fuel rods, is still unknown at this time,
Northeast Utilities is nearing the completion of its inspection of the spent fuel pool, and may soon
conclude that the rods are not on site. The focus of the investigation will then turn to their
possible disposal at an LLW site, either the U.S. Ecology facility in Richland, Washington, or the
Duratek facility in Barnwell, South Carolina. As noted in an earlier section of this paper, the NRC
staff has been coordinating with these States on the possibility of such disposal of the fuel rods,
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and the NRC staff has thus far generally addressed safety and jurisdictional issues. With a
conclusion that the rods are not on site, however, specific actions will need to be taken to address
disposal at an LLW site.
The fundamental issues associated with disposal are whether the rods, or portions of rods, can be
located in a disposal trench and whether they should be exhumed. The NRC staff is taking a
number of steps to obtain the information needed to address these issues. First, the NRC staff
plans to perform its own scoping analysis of the potential safety impacts from the possible
disposal of the fuel rods in either LLW site. The NRC staff will examine the potential impact on an
inadvertent intruder, using assumptions similar to those used in the development of 10 CFR Part
61 and in Washington State’s approval of the disposal of the Trojan reactor vessel at the U.S.
Ecology LLW facility in Richland, Washington. The NRC staff will also evaluate the potential longterm dose impacts to an offsite individual from potential leaching of the radionuclides in the fuel
rods into groundwater. Although the inventory of radioactivity is low (300 curies) compared to the
total inventory at the sites (millions of curies), some longer lived radionuclides in spent fuel need
to be considered.
The NRC staff is evaluating with the States of Washington and South Carolina plans to obtain
more in-depth evaluations of the impact of the potential disposals of the fuel rods. Any
organization that conducts such studies would need to have the special expertise required for this
work, have access to the extensive site and waste characterization data and assumptions used in
computer modeling of radiation exposures to members of the public, and be acceptable to all of
the principal stakeholders. In addition, arrangements for funding of such a study by the utility
would need to be worked out. To determine potential safety impacts, the NRC staff, in
coordination with the States, has begun initial planning for determining if the rods can be located
and exhumed. The NRC staff will evaluate the feasibility of such investigations, if exhumation is
necessary, and will use this information for generally defining the work that may be required.
Some of the issues being examined are whether radiation detection equipment is capable of
locating fuel rods in the trenches, whether boreholes or larger scale removal of trench covers
might be needed for detection, and what the potential dose impacts would be to workers involved
in these efforts. An important consideration will be the risks associated with leaving the material in
place over the long term, as compared with the risks (i.e., dose to workers) associated with
removing it. The principal objectives at this time are to investigate feasibility, obtain consensus
with State officials on approaches, and develop information for defining what work may have to be
performed by the utility or its contractor in locating the rods on site.
Long-Term Actions
The staff is considering the following long-term actions:
1.

Issue generic correspondence as appropriate for root cause determination.

2.

Determine if the current NRC requirements for tracking and reporting SNM transactions
provide information adequate for complete accounting of spent nuclear fuel.

The Commissioners

10

3.

Identify and recommend changes to NRC regulations and NRC oversight concerning
special nuclear material control and accounting at power reactors that may be necessary
to prevent similar incidents from occurring. Ensure affected states, other NRC and state
licensees, and other stakeholders are kept informed of the NRC activities.

4.

The Commission will be informed of significant developments pertaining to this issue.

Unless otherwise directed by the Commission, this paper will be made public 5 days after
issuance.

/RA/
William D. Travers
Executive Director
for Operations

Attachments: 1.
2.
3.
4.

Selected Newspaper Articles
Letter from Congressman Markey dated December 20, 2000
Reply to Congressman Markey dated February 1, 2001
Communication Plan

February 1, 2001

The Honorable Edward J. Markey
United States House of Representatives
Washington, D.C. 20515
Dear Congressman Markey:
I am responding to your letter of December 20, 2000, in which you asked several
questions concerning the accountability for two irradiated fuel rods presumed missing from the
Millstone Nuclear Power Station, Unit 1 (Millstone 1). Our responses to your specific questions
are enclosed. Please recognize that we are early in our review of this event and are still
pursuing clarification of a number of issues. The answers we are providing are based on our
current knowledge. The licensee is continuing its investigation and we will continue to monitor
its actions. As you requested, a copy of the Licensee Event Report, dated January 11, 2001, is
provided, including a time-line of the licensee’s actions leading to the discovery of the condition.
The licensee’s initial investigation consisted of visual inspection of the spent fuel pool,
review of vendor and licensee fuel and fuel shipping records, and personnel interviews. Since
then, the licensee has retrieved records and reviewed potentially relevant documentation, such
as vendor fuel reconstitution records, spent fuel pool maps, control room logs, radiation work
permits, material transfer forms, and waste shipment records. The licensee intends to conduct
additional spent fuel pool visual inspections and personnel interviews and have further
communications with representatives from the licensed radioactive waste facilities in Barnwell,
South Carolina, and Hanford, Washington.
The U.S. Nuclear Regulatory Commission (NRC) staff has closely monitored the
licensee’s investigation since the licensee formally reported to the staff by telephone on
December 14, 2000, that it could not locate the two fuel rods. In addition, the NRC staff has
discussed the event with individuals representing the States of South Carolina and Washington,
which have possible involvement as Agreement States, and will continue to engage them in the
event follow up.
In closing, let me emphasize that I share your concerns regarding this issue. Because of
the potential health and safety implications, the NRC views the control of spent nuclear fuel to
be of great importance. At this point, it is highly likely that the two missing fuel rods are either
still located in the Millstone 1 spent fuel pool, or are buried at a licensed radioactive waste
disposal site, thereby posing little or no threat to public health and safety. However, the NRC
will closely monitor and evaluate the licensee’s response to this event to assess actions to be
taken to preclude future similar events. If the missing fuel rods are buried at a low-level waste
disposal site, we will assess what corrective actions may be required.
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If you have further comments or questions, please contact me.
Sincerely,

/RA/
Richard A. Meserve
Enclosure: Questions and Answers

Questions and Answers

Q.

“What Commission requirements govern the storage of spent fuel at nuclear power
plants?”

A.

NRC requirements governing the monitoring, inventory and record keeping for storage of
spent fuel at nuclear power plants are provided in Title 10 of the Code of Federal
Regulations (10 CFR), Part 70, “Domestic Licensing of Special Nuclear Material,” and in
particular Section 70.51, “Material balance, inventory, and records requirements.” The
requirements that address the manner in which the fuel is stored are provided in 10 CFR
Part 50 Appendix A, 10 CFR 50.68, 10 CFR Part 72, and the specific license for the
facility.

Q.

“What procedures and policies are licensees required to follow to verify that no material is
lost, stolen, or diverted?”

A.

In accordance with 10 CFR 70.51(c), a power reactor licensee is required to establish,
maintain, and follow written material control and accounting procedures that are sufficient
to enable the licensee to account for the special nuclear material (SNM) in its possession.
In addition, in accordance with 10 CFR 70.51(d), a power reactor licensee is required to
conduct a physical inventory of all SNM in its possession at intervals not to exceed
12 months.
The licensee is also required to maintain records on the inventory (including location),
disposal, and transfer of all SNM, which includes plutonium, uranium-233 (U-233), and
uranium enriched in the isotopes U-233 or U-235. According to the requirements of
10 CFR 70.51(b)(5), the licensee must retain records of transfer from the facility for the
life of the license, but may dispose of material acquisition and physical inventory records
three years after the transfer is made.
Further, pursuant to the requirements of 10 CFR 70.54(a) and 74.15(a), the licensee must
submit a Nuclear Material Transaction Report to the Nuclear Material Management and
Safeguards System (NMMSS), operated for both NRC and the Department of Energy,
every time its facility transfers (or receives) SNM.
Finally, in accordance with 10 CFR 70.53(a)(1) and 74.13(a)(1), at least twice a year, the
licensee must submit material balance reports concerning SNM received, produced,
possessed, transferred, consumed, disposed of, or lost, and an inventory composition
report to NMMSS. NMMSS reconciles each licensee’s report with a report generated from
NMMSS and requests investigation of any differences. NRC participates in reconciliations
when a reconciliation cannot be accomplished by NMMSS and the reactor licensee. The
NMMSS is discussed further in a subsequent response.

Enclosure

2
Q.

“What fines or other penalties can the Commission impose if a licensee fails to adhere to
such requirements?”

A.

Violations of NRC regulations are subject to civil enforcement action and may also be
subject to criminal prosecution. After identifying an apparent violation, the NRC makes an
assessment in accordance with its Enforcement Policy.
Three primary enforcement sanctions are available: a Notice of Violation (NOV), a civil
penalty, or an order. An NOV identifies a requirement and how it was violated, and
formally cites the violation pursuant to 10 CFR 2.201, "Notice of violation;" it normally
requires a written response. A civil penalty is a monetary fine imposed under the authority
of Section 234 of the Atomic Energy Act of 1954, as amended (AEA). The AEA allows for
penalties of up to $100,000 per violation per day. The Debt Collection Improvement Act of
1996 raised the amount to $110,000. An order modifies, suspends, or revokes a license
or requires specific actions be taken by a licensee or a person. The Commission's
authority to issue orders under Section 161 of the AEA is broad and covers any area of
licensed activity that affects the public health and safety. NOVs and civil penalties may be
issued for violations. Orders may be issued for violations or because of public health or
safety issues.

Q.

“Does the Commission intend to impose any such fines or penalties in this case?”

A.

The NRC staff’s inquiry into the circumstances leading to the loss of accountability is still
ongoing. When complete, we will apply the Enforcement Policy to determine the
appropriate enforcement action. The NRC staff notes, however, that any civil sanction
may be limited by the statute of limitations, 28 U.S.C. § 2462, “Time for commencing
proceedings,” which is applicable to the NRC as well as other government agencies.

Q.

“According to the aforementioned article in The Day, Leon J. Olivier, a senior vice
president and chief nuclear officer at Millstone [1], and Bruce Kenyon, president of
generation for Northeast Utilities, indicated that they had no knowledge of any other
commercial nuclear plant that had misplaced spent nuclear fuel. Is the Commission
aware of any other instances of lost or misplaced spent fuel?”

A.

The other instances the Commission is aware of are as follows:
In 1990, a nuclear power plant shipped one more irradiated fuel rod than planned. The
licensee discovered the discrepancy in 1991 and notified the NRC and the NMMSS, and
corrected its records. The extra rod was protected along with the rest of the shipment.
On several occasions, licensees have reported “lost” or “missing” spent fuel, but in each
case the spent fuel was known to be contained in the reactor coolant system, the spent
fuel pool, or a refueling pathway, and thus was secure within the facility.
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Q.

“Will the Commission require its licensees to review the inventories of all other nuclear
power facilities in the U.S. to determine if other discrepancies exist?”

A.

NRC is closely monitoring the licensee’s investigation to determine exactly what happened
to the two Millstone 1 fuel rods. Following the completion of the NRC’s inquiry, we will
consider whether industry-wide generic action is warranted.

Q.

“Are utilities required to periodically review their inventories to find whether these types of
discrepancies exist?”

A.

A power reactor licensee is required to conduct a physical inventory of all SNM in its
possession at intervals not to exceed 12 months in accordance with 10 CFR 70.51(a)(8)
and 10 CFR 70.51(d) .

Q.

“How can we know whether the missing rods at Northeast Utilities are an isolated incident
or evidence of a more widespread phenomenon?”

A.

Licensee SNM inventory and transaction data are required to be reported to the National
Nuclear Material Accounting Database via the NMMSS. The NMMSS maintains
information on facility inventories, shipper-receiver differences, and inventory differences.
The transaction information is used to match reported shipments with corresponding
receipts. Twice a year, licensees reconcile facility records with the NMMSS information to
identify anomalies in facility records. The NRC staff is still investigating why the
Millstone 1 anomaly was not identified in 1980 or in later years by the licensee or NMMSS.
Based on the results of our investigation, we may elect to require additional actions at
other facilities.

Q.

“According to the article in The Day, radioactive waste at the facilities in South Carolina
and Washington ‘is not buried in a precise location.’ Why not?”

A.

Regulations provided in 10 CFR 61.80, "Maintenance of records, reports, and transfers,"
require that the licensee record and document, among other things, the quantity of
radioactive wastes in a shipment and the location of disposal in the site. Since South
Carolina and Washington are Agreement States, the low-level waste disposal facilities in
these States are regulated by State agencies. Both States have adopted regulations
compatible with 10 CFR Part 61, including provisions for recording the location of
disposals.
The regulations at 10 CFR Part 61 became effective in January 1983 and the State
regulations were adopted subsequent to 1983. If the Millstone 1 fuel rods were shipped to
either of these sites before 1983, the specific requirements of those regulations would not
have been applicable. However, according to officials from South Carolina and
Washington, the locations of disposed wastes were being recorded during the early
1980s. Thus, both facilities could retrieve waste, if necessary, because of the existence
of records for the location of specific disposals.
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Q.

“Do these sites record at least the quantity of the materials that are buried? Why wouldn’t
these sites require a knowledge of the inventories on their premises?”

A.

The quantities of radioactive materials are and must be recorded. Thus, the inventories
are required to be known. The records for disposal are based in part on the shipping
manifest provided to the waste storage facility by the licensee shipping the material.

Q.

“What are the potential public health consequences of storing high-level waste like the
spent fuel rods at low-level radioactive waste facilities?”

A.

Currently there is no evidence that the Millstone 1 spent fuel rods were disposed of at a
low-level waste site. The Commission’s regulations in 10 CFR Part 61 (and the
compatible regulations in the States of Washington and South Carolina) rely on a
combination of 100 years of active institutional controls (to control land use at the facility),
government ownership of land, and engineered barriers or depth of burial to isolate highly
radioactive wastes from people. However, because the fuel rods remain highly
radioactive longer than low-level waste, there is a potential for higher doses to possible
intruders after the Part 61 controls are no longer in effect. There is no present hazard
from the disposal of the two fuel rods from Millstone 1 at a low-level waste facility.
Another potential hazard is that radionuclides released from the fuel rods could migrate
into the groundwater, eventually exposing members of the public to radiation. The
licensee estimates the amount of radioactivity in the fuel rods to be approximately 300
curies. (Although we have not independently verified that estimate, it appears to be
reasonable.) This amount of radioactivity is a tiny part of the total inventory of several
million curies at each site that must already be isolated to protect the public health and
safety. Thus, the incremental effect of the fuel rods on public health and safety from
groundwater would be small. The hazard would depend on such factors as the specific
radionuclides in the waste and site specific characteristics, such as how fast the
groundwater moves.

Q.

“What are the consequences for the workers at those facilities?”

A.

Radiation exposure of workers at the disposal facilities are governed by radiation
protection programs. The doses they receive from radioactive materials are continuously
monitored to ensure that the doses are within regulatory limits. Both facilities routinely
dispose of some low-level waste with relatively high radiation levels and have procedures
in place for ensuring that doses to workers are not only within the regulatory limits but as
low as is reasonably achievable. Therefore, we anticipate no significant consequences for
the workers.

Q.

“What penalties are normally imposed on licensees for sending materials to an improper
facility?”

A.

The penalties for transporting or disposing of materials improperly are based on the
circumstances of each case. The Commission considers the quantity and radioactivity of
the materials, the exposure risk to workers or members of the public, and the effect on the
environment. The Commission also considers the underlying causes for the violation and
the licensee’s efforts to identify and correct the problem.

5
Q.

“Does the Commission intend to impose any fines or other penalties in this case?”

A.

As noted previously, the NRC staff’s inquiry is still ongoing. If the staff determines that
the SNM was transported or disposed of improperly by the licensee, the staff will apply the
Enforcement Policy to determine the appropriate enforcement action. The NRC staff
notes, however, that any civil sanction may be limited by the statute of limitations, 28
U.S.C. § 2462, “Time for commencing proceedings,” which is applicable to the NRC as
well as other government agencies.

Q.

“According to the NRC Weekly Report, there is a box in the spent fuel pool at Millstone 1
that workers were not able to examine without assistance from GE [General Electric].
What sort of equipment and expertise was required from GE to do this examination?”

A.

The box referred to in the NRC Weekly Report is an in-pool GE storage container,
designated SRP-2D, for segmented test fuel rods. Segmented test rods were used at
Millstone 1 in the 1970s and early 1980s as part of a joint GE-utility program to evaluate
fuel performance. The SRP-2D container is constructed like a fuel bundle, with a lower tie
plate, an upper tie plate, and spacers. A bundle channel encases the SRP-2D assembly
to provide torsional support, preventing flexing during handling.
Because the channel housing would have to be removed and the upper tie plate may have
to be removed to see if the missing fuel rods had been placed in SRP-2D, the licensee
contracted with qualified GE personnel experienced in bundle disassembly activities to
perform the inspection. Anticipating that special tools might be necessary to disassemble
the container, the licensee also contracted with GE to provide those tools.

Q.

“Why are those resources and expertise not located at the Millstone [1] facility?”

A.

Millstone 1 employs personnel who are qualified to perform fuel handling activities,
including dechanneling. However, bundle disassembly activities, such as upper tie plate
removal, are not routine operations and are not normally performed by station personnel.
GE personnel performed the last bundle disassembly activities at Millstone 1 in the early
1980s. The licensee decided it was safer to use experienced GE personnel for the recent
storage container examination. The special tools (which were in fact not required for the
examination) are used too infrequently to justify their purchase.

Q.

“What assurances can the Commission provide that the spent fuel rods have not been
stolen?”

A.

The very high radiation level of the material makes theft difficult, dangerous, and very
unlikely. The radiation levels also make the material of limited or no economic value.
Moreover, the amount and chemical form of the fissile material contained in the two spent
fuel rods make it unlikely, in our judgment, that the rods could be used to assist in the
manufacture of a weapon. Had a theft occurred for the purpose of terrorism or
radiological sabotage, it would be expected that such a threat would have materialized in
the 20 years over which the discrepancy is believed to have existed. No such threat has
been identified.
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Q.

“What would be the proliferation consequences of the diversion of this material?”

A.

The two fuel rods pose no risk of proliferating nuclear weapons. The uranium (U-235) in
the fuel rods is low-enriched uranium (2.44%). The amount of U-235 in each rod is about
50 grams. The plutonium created in each rod during its time in the reactor core is
estimated to be approximately 20 grams. In general, the NRC considers proliferation
consequences to be small for SNM quantities less than 5000 grams of highly enriched
uranium (>20% U-235) or 2000 grams of plutonium, or a combination thereof
(10 CFR 73.2, "Special nuclear material of low strategic significance").

Q.

“I would like to receive a copy of the written report that the licensee is required to file with
the Commission 30 days after making the initial telephone report of the discovery,
pursuant to 10 CFR 20.2201.”

A.

A copy of the licensee’s report is attached.

Attachment:
Licensee Event Report

COMMUNICATION PLAN

Significant Status Updates
NRR will assure that key staff personnel and outside stakeholders (see attached list) are
notified promptly.
OSP will assure that involved States are notified.
Q&As (continually being revised as new info/issues emerge) will have been provided to
OPA and other NRC liaison offices to respond to outside inquires.

70.52 Report
Same as above plus:
IRO notifications will made. Recipients will have been pre-briefed that this is a known
event which the NRC has been following for nine months.

Final Investigation Report

(Note: these actions will begin when the results of the investigation
are provided to the NRC and other stakeholders not necessarily
when the report is issued)

Same as Significant Status Updates plus:
If investigation concludes that fuel rods are at an LLW site, initiate detailed discussions
with involved State(s) on appropriate course of action. (Alternatives, considerations, cost
benefit analysis including examinations and testing possible and/or required, licensing
requirements and options) Preliminary discussion have already taken place.

Final Root Cause Report

(Note: these actions will begin when the results of the Fuel Rod
Accountability Project’s investigation are provided to the NRC and
other stakeholders not necessarily when the report is issued)

Initiate generic communications as appropriate.
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William F. Kane
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John Zwolinski
Project Directorate IV
Stuart Richards
Project Directorate IV-2
Steve Dembek
John Hickman
Region I
Hubert J. Miller
James T. Wiggins
Public Affairs
Neil Sheehan
Diane Screnci
Division of Nuclear Material Safety
George Pangburn
Frank Costello
Decommissioning and Laboratory Branch
Ron Bellamy
Todd Jackson
NMSS
Martin Virgilio
Margaret Federline

Division of Waste Management
John Greeves
Josephine Piccone
Decommissioning Project Branch
Larry Camper
Jim Shepherd
Environmental and Performance Assessment Branch
Tom Essig
Jim Kennedy
Division of Fuel Cycle Safety and Safeguards
Mike Weber
Robert Pierson
Safety and Safeguards Support Branch
Catherine Haney
Barry Mendelsohn
IRO
Joe Holonich
Steve McGuire
OGC
Jim Lieberman
Stu Treby
Ann Hodgdon
STP
Paul Lohaus
Spiros Drogittas
John Zabko
OPA
Sue Gagner
Victor Dricks
Rosetta Virgilio
Region II
Regional State Liaison Officer
Robert Trojanowski

Region IV
Fuel Cycle/Decommissioning Branch
Blair Spitzburg
Regional State Liaison Officer
Charles Hackney
OIG
William McDowell
Lisa Pace

Outside Stakeholders
Connecticut
Mike Firsick

michael.firsick@po.state.ct.us
(860) 424-3517

South Carolina
Henry Porter

porterhj@columb34.dhec.state.sc.us
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Washington
Gary Robertson
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