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BACKGROUND

The United States operated a number of graphite moderated, water cooled, pressure tube
(or channel type) reactors at the Hanford Site in Washington State. The function of these
reactors was the production of plutonium for the nuclear weapons program of the United States.
The last of these reactors was the Hanford N Reactor. Unlike its predecessors, N Reactor was
designed to produce electricity for civilian energy use as well as weapons-grade plutonium.

The N Reactor is a large graphite moderated reactor which used pressurized water as the
coolant. The zircaloy clad metallic uranium fuel was held in 1003 horizontal pressure tubes or
channels. The reactor thermal power was 4000 MW and produced 860 MW of electrical energy.
The reactor is currently shutdown with the fuel removed and the coolant drained.
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Figure 1. N Reactor Plant
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The reactor construction was started in 1959 and completed in 1963. The electrical power

plant was finished later in 1966. Daring this same time frame there was a considerable investment
within the United States relative to producing electricity utilizing nuclear power plants. However,
these commercial nuclear power plants, pressurized water reactors (PWRs) and boiling water

reactors (BWRs), employed fundamentally different technology than that used for the graphite
moderated channel reactors. The commercial nuclear power plants used light water as both the
moderator and coolant, had enriched uranium oxide fuel, housed the coolant and fuel in a large
Pressure Vessel, and constructed large containment facilities.

With the development of these commercial light water reactors (LWR) there was a
tremendous growth of the supporting safety analyses infrastructure, including various design and
construction standards and codes (i.e. ASME, IEEE, etc.), and various analytical models and
,:omputer codes (neutronics, thermal hydraulics, etc.). In addition, a number of large experiments
and tests were performed to help determine the behavior of these reactors under accident
conditions and to assist in validating the various analytical models and computer codes. These
activities led to better and more complete Reactor Safety Analysis capabilities for the LWR.
However, many of these improved methods were not directly applicable to a graphite moderated
channel reactor like the N Reactor.

There were two major problems associated with applying these improved safety analysis
methodologies to a unique reactor like the N Reactor: non-applicable safety standards, and
modeling/analytical variances.

S_lfeff St_md_lrds
Because the majority of the safety standards endorsed and utilized for the commercial

LWR were developed specifically for the LWR, considerable effort and analysis was required to
determine comparable standards and limits for the N Reactor. Often this required trying to
identify the intent of the standard or requirement, and then developing a comparable standard or
limit which meets this same intent.

This problem was exacerbated by the fact that N Reactor was designed prior to the
development of the majority of the safety standards which were developed for LWRs. Later in
the life of the reactor, external reviewers who were familiar with the L_rR standards looked to N

Reactor to met these standards. While during the life of the reactor, efforts were undertaken to
demonstrate compliance with developing LWR standards or, in some cases, make modifications to
the plant to provide that compliance, the reactor had to deal with the basic problem of not being
designed to all LWR standards.

Since modern safety standards did not exist at the time of the design of the reactor, the
original designers established their own safety criteria for the reactor. These are exemplified by
the three basic criteria for the primary safety protection systems: the reactor shutdown system,
the emergency core cooling system, and the confinement system. While very simple in
formula:ion, these criteria formed the bases of the plant design and much of its operation
throughout the life of the reactor.

The reactor shutdown system criteria was that the reactor control rod system design and
operation would be able to provide adequate speed and strength of control to prevent fuel
damage in the event of an), credible nuclear transient in ali operating modes of the reactor. This
was backed by similar criteria for the backup reactivity control system, neutron poison balls
dropped into vertical channels. This system was required to be able to fulfill the mission of the
primary reactivity control system in the event of a failure of that prima_, system. These simple
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criteria feed the design of instrumentation, design of the control systems, the testing and
maintenance of those systems, and the operational limits for the reactor.

The emergency core cooling system criteria was to prevent fuel damage in the event of
loss of cooling through either the break of the worst pipe in the plant, a loss of primary coolant
pumping, or a loss of the secondary heat sink. This included a complete loss of ali a.c. electric
power to the plant. Again, these simple criteria directed the design, evaluation, and testing of the
emergency core cooling system as well as setting operational limits for the reactor. An example of
how these criteria were used throughout the reactor life was a re-evaluation of the emergency
core cooling system in the early 1970's. The updated methods available at that time indicated
that the existing system might not be able to meet the criteria under all conditions. To ensure
that the criteria were met, an additional diesel driven pump was added to the two such existing

pumps along the Columbia River.

The confinement system criteria was to prevent uncontrolled release of fission products to
the environment in the event of the worst possible loss of coolant accident including a failure of
the emergency core cooling system. The design of this system allowed for the release of the

initial blowdown of high pressure steam in the event of a major pipe break, lt then resealed the
confinement space before fuel failures, routing any later release through HEPA and charcoal
filters. This required a coordination of the confinement system control, the primary coolant
system design and operation, and the establishment of power limits for the reactor operation.

Beyond the original design criteria, efforts were made to either demonstrate compliance
with new standards or to develop modified versions of those standards which would apply to the
unique nature of the reactor.

This philosophy was carried out for a variety of Safety Standards such as: ASME Section
XI Inservice Inspection Program, conformance to 10 CFR part 50 Appendix A, "General Design
Criteria", and the development of N Reactor Technical Specifications and Safety Analysis Report.

The Section XI Inservice Inspection Program was established to ensure an adequate level
of confidence on the integrity of the critical piping systems. The letter of the program called for
a fraction of such piping to be inspected on a defined schedule. As a channel type reactor, N
Reactor had many times the length of piping as compared to a typical LWR. For example, each
of the 1003 pressure tubes was connected to the flow headers by connector piping of
approximately 15 meters on both the inlet and outlet. This alone represented 30 kilometers of
piping. Inspection of the quantity of piping called for by the Section XI criteria was not practical.
Instead a detailed assessment of piping stresses was undertaken to determine the most important
pipe welds. From this analysis, an inspection matrix was developed to provide the level of
assurance intended by the Section XI philosophy.

This same approach was applied to the "General Design Criteria" and other safety
standards in which it was demonstrated that the reactor met the criteria as stated, met the intent

of the criteria, or that the criteria was not appropriate for this design of reactor. Examples of the
latter case are criteria for primar?,' pressure vessel integrity and cladding temperature limits. The
pressure vessel criteria do not directly apply to a channel type reactor but were modified to
address pressure tube integrity. The cladding temperature criteria of Appendix K, which while
applicable to the zircaloy clad fuel were not appropriate in that the metalfic fuel would fail at a
lower temperature. This lower temperature was used to set the safety limits.
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.Analysis and Compuler M_,deling

Considerable effort was also required to modit_, and validate the various advanced thermal
hydraulic, neutronic (.static and dynamic), and containment computer codes to accurately reflect
and model the N Reactor. Significant differences for the N Reactor were based on the use of:

* A "Confinement System" rather than a conw:'.ntional LWR Containment.

• Control rods that enter the core perpendicular to the fuel channel.

• A large number of long horizontal runs of small diameter piping including the pressure
tubes in the primary system pressure boundary.

• Very low enriched (-1%) metallic uranium fuel (operating at 500-600 F), rather than
uranium oxide fuel, thus requiring verification of lhc cross sections and heat transfer
coefficients.

• Graphite as the primary moderator requiring verification of the cross sections and heat
transfer coefficients for the graphite.

• An independent graphite cooling system which added to the complexity of the modeling.

The technical safety analysis at N Reactor took a variety of forms during the life of the
reactor. In the early design and operation phases, safety performance was often verified by
physical tests of components and systems. For example, the zircaloy clad fuel was tested in a
special test loop built into one of the Hanford single pass reactors before the completion of N
Reactor. In later years as computer modeling became more capable, the reactor safety analysis
shift toward a combination of general purpose computer codes developed externally and codes
written at Hanford specifically for N Reactor. As the external codes became more sophisticated
and powerful, greater use was made of them. Often, this still required modification of the codes

to address the unique nature of N Reactor. One of the thermal hydraulics code, for example, was
designed to expect gravity to act in the same direction as the coolant flow, since this is the case in

commercial LWRs. For N Reactor with its horizontal flow, this basic internal assumption was
wrong and required a change in the code logic. Other cases were not so clear to identify and
address. However, these efforts were largely successful and by the end of the safety analyses
activities undertaken following the Chernobyl accident, many modern computer analysis methods
had been employed to re-demonstrate the basic conclusion of N Reactor's safety.
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Figure 2. Fuel Temperature in Cold Leg Manifold Break Transient

In addition to the technical issues, there was also a "cultural" problem in convincing

engineers and operators who had operated N Reactor safely and without incident for years that
the LWR Safety Analysis Methodologies constituted an improvement over what had been

developed and used at Hanford. There were a great number of individuals who were involved in
the design, construction, and operation of the Hanford Reactors, including N Reactor, that did
not believe there was any need, nor an applicability, for utilizing the LWR safety analysis
techniques.

The success in establishing equivalent safety standards, comparable modeling and analysis,

and an acceptance among N Reactor engineers and operators of the merits of adopting the new
safety approach was a significant accomplishment. N Reactor was operated safely until 1988 when
the plant was shut down because there was no longer a need for weapons-grade plutonium to
support the United States defense program.






