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THE ADVANCED NEUTRON SOURCE FACILITY: A NEW USER
FACILITY FOR NEUTRON RESEARCH

Colin D. Vest

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

ABSTRACT

The Advanced Neutron Source (ANS) is a new reactor-
based research facility being planned by Oak Ridge
National Laboratory (ORNL) to meet the need for an
intense steady state source of neutrons and for
associated research space and equipment. The ANS will
be open for use by scientists from universities,
industry, and other federal laboratories.

The ANS will be built around a new research reactor
of unprecedented flux; that is, It will produce the most
intense continuous beams of neutrons in the world. The
goal is to reach a thermal neutron flux for beam
experiments of 5 x 1019 to 10 x 10 1 9 neutrons/(m2-s'1).
By combining the higher source flux with improved
experimental facilities, the ANS will surpass current
U.S. high flux reactors - the High Flux Isotope Reactor
(HFIR) at ORNL and the High Flux Beam Reactor (HFBR) at
Brookhaven National Laboratory - by a factor of 10 to
20.

The safety analysis of the ANS facility will
include a complete probabilistic risk assessment (PRA),
which will provide * systematic assessment of
dependencies among systems at the malfunctions. For the
current generation of nuclear power plants that have
recently undergone the licensing review process, FRA has
been used as an analysis tool after completion of the
plant designs. For the ANS Project, the PRA effort has
already begun, before the facility conceptual design.
This allows safety insights from the PRA to be
incorporated into the evolving plant design.

INTRODUCTION

The scientific justification for a new, intense steady-
state neutron source has been documented by numerous study
groups and workshops, of which the most influential were the
1984 National Academy study* and the subsequent Energy
Research Advisory Board review.2 A 1985 workshop selected a
reactor-based neutron source over a spoliation source, mainly



on the ground.-, of cost and technical risk, and indicated that
conventional aluminum clad research reactor fuel technology
could provide a firm basis for the new facility.3

Table 1 shows the major fields of neutron science and
their broad neutron flux and spectrum requirements. The most
important part of the scientific justification for the new
reactor is neutron scattering, which requires the highest
possible flux of thermal and cold neutrons: the neutrons are
transported to the experimental samples by beams and guides,
so it is essential that the high thermal flux be available in
an accessible region outside the core.

The Advanced Neutron Source will be built around a
reactor of unprecedented flux, producing the most intense
beams of neutrons in the world. The goal is to reach a
thermal neutron flux for beam experiments of 5 x 10*" to 10 x
10*' neutrons/(«2 • s'l) . By combining the higher source flux
with improved experimental facilities, the ANS will surpass
current U.S. high flux reactors - the High Flux Isotope
Reactor (HFIR) at ORNL and the High Flux Beam Reactor (HFBR)
at Brookhaven National Laboratory - by a factor of 10 to 20.

For the production of transuranium isotopes for
research, the new reactor is planned to be at least as good
as the world's current best facility - the HFIR. The ANS
will also produce greater quantities of certain important
isotopes used in medicine, and it will permit a faster
simulation of long-term irradiation effects on the properties
of engineering materials and nuclear fuels.

PERFORMANCE CRITERIA AND DESIGN

Some general performance criteria have been established
with the guidance of the National Steering Committee for the
Advanced Neutron Source (NSCANS), a national group of experts
in neutron science from government, industry and university
laboratories. Table 2 shows the quantitative performance
criteria presently accepted by the NSCANS: it is to be
understood that the setting of such criteria must be an
iterative process because the needs of one scientific field
may turn out to conflict with those of another.

In addition to the performance criteria, the ANS Project
Office has imposed certain constraints on the designers. The
technical risk will be minimized by basing the reactor on the
proven features of existing designs, and in particular the
design must not depend on the development of new technology
to meet the minimum performance criteria. At the same time,
areas of research and development that could lead to still
further major improvements in performance must be identified
and planned.



TABLE I

User Requirements In Six Major Fields of Neutron Research:
Neutron Flux and Spectrum Characteristics

Hot/thermal/cold Epithermal Fast

Neutron beam
experiments

Isotopes

Materials analysis

Transuranium production

Fuels irradiation

Structural materials
irradiation

High

High

High

Medium

Medium

Low

Low

High

Medium

High



TABLE II

User Design Criteria

Parameter
Minimum
Criteria

Peak thermal flux* in >5
reflector

Theraal/fast ratio >80

Thermal flux at cold >2
source position

Epitherial flux for >0.6
transuranium production ~~

Epith./thermal ratio ^0.25

Thermal flux for >1.7
isotope production

Fast flux for small i^1'4

materials tests ~

Fast/thermal ratio >0.5

Fast flux for larger >0.5
tests

Fast/thermal ratio >0.3

All fluxes in units of lÔ -9 neutrons/
^ " 1 ) , or 1015 2 1



We are also aiming for an availability factor of at
least 80% - the HFIR research reactor ran for 20 years with
an availability of more than 90%, while the reactor at the
Institut Laue Langevin has an availability of 70%. Assuming
an average three-day shutdown (the HFIR can be refuelled and
restarted in one day), the minimum acceptable core life is 14
days.

REACTOR DESIGN CONCEPT

Although it must be stressed that the reactor is
involved only as a source of neutrons for experimentalists,
and that most of the cost of the ANS facility lies in the
experimental equipment, the neutron guide hall, and other
conventional buildings, this paper will concentrate mainly on
the reactor system.

i

The performance criteria have led to the general choice
of a small core with a high power density immersed in a
coolant and reflector of heavy water: the high power and
small core combination obviously produces a high flux.
Because D2O is a fairly poor moderator, there is little
thermalization of neutrons within and close to the core, so
the spectrum in the core region is very hard, ta required by
the materials irradiation research community. The thermal
flux peak is formed out in the reflector, and thanks to the
low absorption of D2O a high flux can be maintained there for
neutron scattering work. In between the core and the thermal
flux peak is a region of high epithermal flux suitable for
the production of transuranium elements.^

The ANS reactor, which is currently at the stage known
as preconceptual design, is deliberately based on the very
successful HFIR and ILL reactors. The aluminum clad cermet
fuel plates are assembled into annular fuel elements cooled
by high pressure, high velocity D2O. The core is surrounded
by a low pressure reflector tank of heavy water which also
contains the necessary beam tubes, rabbit tubes and two cold
neutron sources, each containing about 35 L of liquid
deuterium.

The core consists of two identical annular elements,
each having one row of involute fuel plates (Fig. 1). The
fuel is in the form of U3Si2> a high density fuel developed
by Argonne National Laboratory and Babcock & tfilcox Co., Inc.
over the last decade, and extensively tested in U.S.,
European and Japanese reactors. With silicide fuel the
uranium density within the core can be increased two- or
three-fold, while maintaining acceptable irradiation and
thermal properties, compared with oxides or aluminides. The
U3Si2> in powder form, is mixed with a matrix of aluminum
powder. The thickness of the fuel meat will be varied across
and along the plates to flatten the power distribution within
the core.
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The two elements are separated by an axial, heavy-water-
filled plenum. This split core concept, used in the National
Bureau of Standards (NBS) reactor and proposed for the ANS by
Idaho National Engineering Laboratory (INEL), offers some
neutronic advantages that led to its selection following a
recent workshop on ANS core design. Those performance
figures that depend mainly on the total fission rate within
the core region - peak thermal flux and core life for example
- are the same, to within the accuracy of the calculated
comparisons, for designs with and without the axial split.
However, some secondary parameters (thermal/fast flux ratio
and gamma heating rate near the thermal peak, and the total
volume of the high flux region) are improved by the greater
axial extent of the split core. In addition, thermalization
in the plenum region leads to an increased worth for control
rods in the central hole of the core. Furthermore, each half
of an axially split core can be made subcritical in D2O, thus
easing fuel handling and storage constraints: in a radially
split design, such as the HFIR core, self shielding means
that each element of the core is more reactive alone than the
complete assembly.

The core is fitted into a section of the primary coolant
system (Fig. 2). The section of the primary coolant piping
in the vicinity of the core is called the core pressure
boundary tube (CFBT) and has no penetrations or nozzles:
this piece of the piping, fabricated from aluminum or
zircaloy, will be replaced frequently (perhaps every six
months) because of radiation damage. Some thought has been
given to making the CPBT an integral part of the fuel
element, as is done in the ILL reactor, so that it would be
changed out every cycle, but no detailed design work has yet
been done to demonstrate the feasibility or desirability of
this approach.

Surrounding the core is the heavy water reflector tank,
about 4 metres in diameter, surrounded in turn by a light
water pool. The reflector tank is at low (hydrostatic)
pressure, which minimizes the thickness of structural
material in the experimental facilities, including beam tubes
and cold sources, within it.

The present reference design has downward coolant flow
through the core, for the usual reasons. However, an upward
coolant flow would avoid the flow reversal between the
cessation of forced cooling and establishment of natural
convective cooling, thus significantly reducing the time for
which primary coolant pumping must be maintained following a
shutdown. A design study of upflow coolant is presently
underway.

Table 3 shows the approximate performance figures
calculated for the reference core design chosen at the
February 1988 workshop: the design continues to evolve, and



Fig. 2 Reflector tank and pool



TABLE III

Approximate Major Performance Parameters of the Reference
Core Compared with the User Design Criteria

Parameter

Peak thermal flux** in
reflector

Thermal/fast ratio

Thermal flux at cold
source position

Minimum
criteria

£5

£80

£2

Reference
core*

10

80

8

Epithermal flux for 2:0.6
transuranium production

Epith./thermal ratio

Thermal flux for
isotope production

Fast flux for small
materials tests

£0.25

£1.7

2

4

6

Fast/thermal ratio £0.5 6

Fast flux for larger £0.5 0.5
tests

Fast/thermal ratio >0.3 0.4

Unperturbed, at nominal power level.
**
All fluxes

- S " 1 ) , or 10
in units of 10*9 neutrons/

1 5 neutrons/(cm2-s-1).



the calculations continue So be refined, but the figures
shown in Table 3 are still representative of our
expectations. Note that the design meets, and in most cases
greatly exceeds, the minimum performance criteria specified
by the national scientific community. Figure 3 plots the
thermal flux on the core midplane, as a function of distance
from the axial centerline: also shown is the corresponding
curve for the world's present best neutron scattering reactor
at the ILL facility. Table 4 lists some important core
specifications.

SAFETY

The ANS design, from the beginning of the preconceptual
phase, has been driven by safety considerations; that is a
simple, and conventional, thing to say, but what is done in
practice to implement such a philosophy? First, the Safety
Analysis Manager reports directly to the ANS Project
Director, with equal influence and authority to the R&D and
Engineering managers. Second, a safety philosophy was
established, documented (as a living draft) and widely
distributed to all project staff at a very early stage.
Third, a probabilistic risk analysis (FRA) was initiated
early in the preconceptual design phase: this has allowed
the FRA results to influence the design before the stage at
which safety design features become add-on or retrofit
features of an existing design. Fourth, the design concept
is based on the proven strong points of existing systems,
especially the High Flux Isotope Reactor (HFIR). The HFIR
has recently undergone multiple, extensive safety reviews
whose results feed into the ANS Project; this process has
been encouraged and facilitated by the ANS Safety Analysis
Manager, who also chairs the HFIR Reactor Operations Review
Committee.

The safety policy of the ANS Project is to safeguaw the
general public and workers at the facility, and to meet or
exceed DOE and NRC policy statements and applicable
regulations. An extensive process of analysis and
documentation is required to prove the safety of the proposed
facility. For example, both DOE and NRC regulations require
Safety Analysis Reports, a complete description of the
proposed facility with safety analyses of all relevant
aspects of the plant. Early work is already underway, and
the main safety analysis effort will begin when the project
enters the conceptual design phase in 1989.

The ANS reactor has certain important advantages over a
contemporary power reactor with regard to safety:

• low fijsion product inventory; only about 6 kg at the end
of the fuel cycle
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TABLE IV

Primary and Secondary Coolant Parameters

Parameter SI value SI unit

Core inlet temperature

Core outlet temperature

Primary coolant flcwrate
(through fuel elements)
(vessel gap & island; 25%)

Core heat transferred

Primary return temperature

Primary inlet pressure

Primary outlet pressure

Core pressure drop

Primary loop design
teaperature

Secondary inlet temp,
(summer maximum)

Secondary outlet temp,
(maximum allowable)

49 degrees C

91.7 degrees C

6165 m3/h
4935 m3/h
1230 m3/h

270 MW

83 degrees C

5.57 MPa

4.14 MPa

1.43 MPa

104 degrees C

29 degrees C

46 degrees C



• low coolant temperature; the bulk outlet temperature of
the coolant water is below 100*C

• a low power level; because of the relatively low power
level (300 MW(th)) and small core (35L) there is
relatively little stored energy that can be released

• large containment volume; a large containment dome is
necessary to provide space for thermal neutron beam
experimental facilities. The ratio of containment volume
to reactor power is as high as 130 nf/MW.

• large volume of water available as a heat sink; there is
approximately 1.2 m^ of coolant per MW of fission power

Figure 4 illustrates the proposed layout. The design is
such that a physical separation is maintained between the
experimentalists areas and the reactor operations zones. The
primary coolant loop, in this concept, spans the central
reactor dome and part of the reactor support building. Thus,
the primary reactor containment must also span those two
buildings.

In the present design concept the dome consists of an
inner steel shell, the primary containment, surrounded by a
plenum that is enclosed in the hardened, concrete outer dome
(Fig. 5). The plenum, at a lower pressure than the interior
and the environment exhausts through a filtered ventilation
system like the one at HFIR. Such a system, with leakage and
filtration design criteria well within the state of the art,
at a site close to HFIR, will protect the public at the
exclusion boundary of the DOE reservation in Oak Ridge
without the need for evacuation. In the reactor support
building, the four primary heat exchangers are in hardened,
separate cells forming the primary containment structure.
The surrounding regions of the support building serve as the
secondary ventilation zone.

SCHEDULE AND COSTS

The proposed schedule, which of course is dependent on
funding, calls for the beginning of Conceptual Design late in
FY 1989. Detailed design could begin in 1992, and actual
construction in 1993. The reactor would go critical in 1997
(Fig. 6). The conceptual design will lead to a formal,
reviewed and evaluated cost estimate (on which the
construction funding request will b't based), but the cost
estimate based on pre-conceptual design studies is $412
million (1988 dollars). In addition, the conceptual design
and the necessary R&D work and safety analysis in the design
and construction phases are estimated to cost $68 million.
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SUMMARY

A reactor design based on previously developed
technology can meet the performance criteria set by the user
community for a new Advanced Neutron Source to serve all
fields of neutron science. The design approach, objectives
and organization emphasizes safety and minimizes technical
risk. Detailed design and construction could begin in FY
1992, with the reactor going critical in FY 1997.
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