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SYNOPSIS

As part of the Department of Energy's (DOE's) Replacement Production Reactor
(RPR) program, a conceptual study was prepared of an advanced materials
production reactor similar to the Hanford N Reactor. This report presents
the design and production capability of the special purpose reactor
identified as the Replacement N Reactor (RNR).

The RNR uses horizontal pressure tubes, a graphite moderator, 1ight water
cooling, and metallic uranium fuel for the production of special nuclear
materials concurrent with electric power. The reactor described in this
study can produce goal amounts of weapons grade plutonium, or tritium, and
other special isotopes and generate 1130 MW of electrical power. The
reactor has a thermal power rating of 3830 MWt.

The reactor concept is based on the well developed N Reactor and LWR
reactor technology; it complies with or exceeds existing and projected
safety and environmental requirements; it demonstrates a unique and high
degree of product control and flexibility; it is an economical producer
of both special nuclear products and electrical power; and its fuel and
target elements can be reprocessed in existing fuel cycle facilities.
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1.0 INTRODUCTION

This study of a Replacement N Reactor has been prepared for the Department

of Energy's (DOE) Replacement Production Reactor (RPR) program. This program is
evaluating a number of different nuclear reactor concepts for the production

of special nuclear materials and the simultaneous production of byproduct
electrical power. The currently operation production reactors, such as N Reactor,
have a finite 1ife and need to be replaced by the early 1990's. The RNR

concept was to build on the demonstrated technology and advantages of the
Hanford N Reactor concept. The N Reactor is the nation’s only dual purpose
production reactor which is concurrently capable of producing special nuclear
materials and 860 Mw electricity for the byproduct steam. The RNR conceptual
design has applied the proven N Reactor technology and current commercial power
reactor (LWR) technology to the design of an advanced production reactor which
not only meets current and anticipated regulatory and environmental requirements
but also has corrected the identified shortcomings which may exist in the
current N Reactor Design.

The RNR concept is for a horizontal pressure tube, graphite moderated,
metallic uranium fueled, 1ight water cocied reactor which has the

capability of producing goal amounts of special nuclear materials concurrent
with 1130 MWe net of firm electrical power.

This study has identified a number of advantages which are inherent in the
RNR design and which are discussed in following sections of this report.
These advantages include:

e Mature proven technology with no major technological problems
identified.

o An inherent safe design which meets all current and anticipated
safety and environmental requirements.

o A stable proven reactor concept with substantial safety and
environmental margins.

¢ A design using on-line refueling, an essential feature of
an advanced, versatile production reactor.

FOSSFED - _
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¢ A high degree of multiproduct flexibility and the capability to

produce substantially more than the specified goal amounts of
special nuclear materials.

¢ A design which requires minimal technology investment in
the fuel cycle.

The following sections of this summary describe the principal features of
the RNR design. Additional details regarding the RNR conceptual design and
its features are described in following parts of this report.

NECLASIFIED
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2.0 RNR CORE_AND FUEL DESIGN SUMMARY

The RNR is a light water cooled, graphite moderated, pressurized water
reactor capable of producing goal amounts of tritium or plutonium
concurrent with electric power production. The RNR concept is an exten-
sion of the proven technology of the N Reactor, the only dual purpose
production facility in the United States. N Reactor has successfully
operated since 1963, producing both special nuclear materials and 860 MW
of electric power as a byproduct. Fuel and target fabrication, irradiation
and separation technology for producing plutonium and tritium have been
well established during the operating history of N Reactor. In addition

to the N Reactor experience, the new design can draw on extensive multi-
product production methodology developed during the operation of the graphite
moderated, 1ight water cooled Hanford Single Pass Reactors (SPR) from

1944 to 1971. Currently, there are 19 graphite moderated light water
cooled reactors operating in the world.

The RNR would be a more efficient production reactor than N Reactor. It
would incorporate industry accepted safety and environmental requirements
in its design, provide more flexibility in product changes and reactivity
management, and ensure improved maintainability and operating economy.
Specifically, the changes from N Reactor design are the following:

» Fueli-target and lattice design has been slightly modified to
improve productivity, safety, and economy.

e Additional control rods and ball channels were added to enhance
safety.

e Reflector target tubes have been incorporated to provide for
special target irradiations and reduction of neutron fiuxes on
reactor shields.

e A pressure containment system was provided for regulatory compliance.

-+ ASSFED
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o Incore flux monitoring was included for added safety, enhanced
control, and improved fuel management.

e On-line fuel charge-discharge systems were provided for added
productivity, product flexibility and improved reactivity
management.

o Selection of a graphite and core block design which is not limiting
the Tife of the reactor.

e Electrical power generation was increased by designing for higher
primary loop pressures and temperatures.

¢ Primary loop valving was simplified to reduce maintenance.

e A full flow turbine bypass system was added to eliminate the separate
dump condenser system.

e The number of primary loops was reduced for system simplicity and
performance.

o Once-through steam generators were utilized for enhanced system
performance.

¢ The number of process tubes was reduced to match annual production
requirements.

e Liquid and gaseous waste management systems have been provided to
meet current regulatory and environmental requirements.

Production Capacity

The RNR's expected tritium and plutonium production rates are shown in
Table I-2-1. In addition, the RNR can produce goal amounts (20 kilograms)
of power grade Pu-238 in both modes by sacrificing some primary or
jncidential product. The RNR has the capability of producing weapons

ECLASSIFED
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TABLE I-2-1
RNR_PRODUCTION RATES

Products
Tritium Plutonium

Production Mode kg/year kg/year
Tritjum 12.2 0
Plutonium (Pu + T)*

<5% Pu-240 4.6 707.1

<3% Pu-240 4.6 729.7

<1.5% Pu~240 4.6 747.9
Plutonium

6% Pu~240 1.0 973

3% Pu-240 1.0 1034

1.5% Pu-240** 1.0 766
Pu+T (stretch T)***

4.2% Pu-240 7.5 556
Pu+T standby*

15.6% Pu-240 4.1 551
* 8/1 driver to target ratio

** (Capacity factor 54%
*** 3/1 driver to target ratio

ECLASSIFED
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grade plutonium with a 1.5% Pu-240 content in the specified goal amounts
for 6% Pu-240 content.

Most of the Hanford fuel cycle experience is with low enriched metallic
uranium. For tritium only production, highly enriched uranium is being
considered for the RNR., Significant technical information and operational
experience on the fabrication and irradiation of highly enriched uranium

in U-Zr alloys were generated at Savannah River during the operation of the
Heavy Water Components Test Reactor (HWCTR) and at Atomics International
during the SNAP Reactor Development Program, Coextrusions of Zr and U-Zr
alloy (containing 10.5 wt% U) at a 93 W% U-235 enrichment) were performed
in the N Reactor fuel fabrication facility.

Reactor Core Arrangement

The RNR is designed to operate at a thermal power level of 3830 MW in
three specific operating modes producing goal amounts of weapons grade
plutonium, goal amounts of weapons grade plutonium and incidental tritium,
or goal amounts of tritium. The basic reactor concept is similar to that
of N Reactor: it uses a graphite moderator, horizontal zirconium pressure
tubes containing fuel or target elements, concentric tubular fuel gments,
a light water primary cooling system, a primary control system entering
from both sides of the reactor perpendicular to the process tubes, and a
gravity operated backup safety system with BgC-carbon spheres.,

The RNR core is 13% smaller than the N Reactor core. Like N Reactor, the
core is surrounded by a graphite reflector, thermal shields, and a biological
shield. A total of 807ﬂpressure or process tubes (4.0 inches OD) penetrate
the core. There are 708 four-inch QD Tow pressure tubes penetrating the
reflector parallel to the pressure tubes. The tubes contain LiAl10s targets.
These target tubes produce additional tritium and reduce the neutron

burdens on the reactor thermal shield. Sixty-seven percent of the core
volume is graphite; the remaining space is taken up by pressure tubes, control
system openings, graphite coolant tubes, and steam vent spaces.

NECLASSIFEL ., i
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A reactor block isometricshowing the core and its penetrations is shown
in Figure I-2-1. Details of the reactor and operational data are listed
and compared with N Reactor characteristics in Table I-2-2.

Three fueling concepts are being considered for the RNR. In the plutonium
only production mode, three concentric cylinders of low enriched (1.0 wt %
U-235) uranium metal 26.1 inches long constitute one fuel element. In
this production mode, goal amounts of plutonium, ranging in quality from

6 wt % Pu-240 to 1 wt % Pu-240 can be produced. A secoend plutonium
production mode (Pu+T) utilizes three concentric cylinders of low enriched
uranium in driver tubes (enrichment range 0.71 to 1.9 wt % U-235) and
LiA107 cylinders in target tubes. The fuel-to-target arrangement is
called a supercell. This production mode can produce goal amounts of
plutonium at a quality of 5 wt % Pu-240, 3 wt % Pu-240, 1.5 wt % Pu-240,
and simultaneously produce significant quantities of incidental tritium.
The third production mode uses highly enriched uranium in a zirocnium
alloy. The fuel tubes are again concentric cylinders. In this mode, an
L1A102 target is centered inside the inner fuel tubes. Additional targets
are located in separate pressure tubes. This arrangement of fuel tubes
and targets is used to produce goal amounts of tritium. Varfations of

the Pu+T mode are used for operating the reactor in a power-only productien mode and
a Pu+T tritium stretch mode. In the stretch case, the target-to-fuel
ratio is changes to 1 to 3, the fuel enrichment is increased to 3.2 w/o U-235,
significant quantities of tritium are produced while still satisfying goal
production of plutonium. The reactor core loading pattern in the tritium
production mode is shown in Figure 1-2-2.

The RNR uses an on-line charge-discharge system similar to the one employed
at the CANDU reactors. Use of this refueling concept at the CANDU reactors
has enabled these reactors to achieve an 80 to 95% on-line availability
factor. With on-line refueling, a conservative 75% availability is assumed
for the RNR. A1l fuel and target charging is accomplished at full power
operation. The on-Tine charge-discharge capability permits: unique

NECLASSIED
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TABLE 1-2-2

REPLACEMENT N REACTOR

COMPARATIVE REACTOR DESIGN DATA

Reactor Parameters

Design power generation, MW(t)

Coolant inlet temperature, F

Average coolant outlet temperature, F
Operating pressure {reactor outlet) psi
Total reactor coolant, flow 106 1b/hr
Operating moderator temperature, F

Core and Control Systems

¢ Number of process tubes
Pressure tube material
Pressure tube diameter, inches: ID
Pressure tube diameter, inches: QD
o Number of reflector target tubes
o Number of horizontal control channels
Neutron absorber material
e Number of vertical ball channels
Number of ball hoppers
Neutron absorbing material
e Reactor core volume, ft3
Reflector thickness, ft
Sides
Front + rear
e Thermal shield thickness, inches
Sides, boron steel
Front + rear, cast iron
¢ Biological shield thickness, ft

(FCLASSIFIED

N Reactor

4000
400
543
1600
83.2
950

1003
Zircﬁ@by-z
2.708

3.258

0

37 (46R,411)
Boron as ByC
108

108

Boron as B,4C
22.1x103

1.06
8.0
4 to 5

UNI-2000 vOLI3 PTI

RNR Reactor

3830
515
600
2250
107.5
950

800
Zircaloy-4
3.5

4.0

108

130 (70R,60L)
Boron as B4C
168

84

Boron as By4C
19.2x103

1.06
8.0
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flexibility in switching from one production mode to another without produc-
tion loss, reactivity management by reducing the fissile material inventory
in the core, and production of goal gquantities of plutonium with between
quband 1.0 wt % Pu-240.

UNI-2000 VOL13 PTI

Fuel and Target Description

The fuel and target assemblies designed for this study incorporate the
use of heavy cladding, thick fuel tubes, and material for which operating
experience exists, thus ensuring operability of fuel elements and targets
under the reactor design conditions. This requires a higher zirconium
throughput. Future optimization can refine these parameters and reduce
zirconium requirements.

The three operating modes considered employ the same types of fuel and
target designs. The fuel and target elements are shown for the taree

production modes in Figures I-2-3, I-2-4, and I-2-5.

Each fuel or target column is made up of individual fuel or target elements

.placed end to end and self supported in the pressure tube. The fuel

elements consist of concentrically nested cylinders which are manufactured
by coextrusion of metallic uranium or a uranium-zirconium alloy with
Zircaloy-4 cladding, a process which produces a strong metallurgical bond
between the two metals. End closures are formed by brazing Zircaloy-4
rings to the uranium and welding them to the c¢ladding. The concetric
geometry of the cylinders is maintained by a spring-laoded support system
which incorporates a locking clip to prevent longitudinal misalignment.
Vibrational tendencies are virtually eliminated in the support system by
utilization of a single, preioaded spring at each support site which acts
against two rigid members. Approximate concentricity of the outer fuel
cylinders with pressure tubes is maintained by standoff ("suitcase handle")
supports which are spot welded to the cladding. The resulting configuration
forms one to four essentially continuous coolant passages (subchannels)
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