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IntrodugtiM

The Advanced Neutron Source (ANS) will be a new laboratory for

neutron research, centered around a 330 MW(f) research reactor cooled and

reflected by heavy water and including extensive experiment systems and

support facilities.

The major components of the baseline design, occupying about 16

heetares, are a guide hall/research support area, containing most of the

neutron beam experiment systems, shops and supporting laboratories; a 60 m

diameter containment building housing the reactor and its pimary coolant

system, and selected scientific research facilities; an operations support

building with the majority of the remaining plant systems, an office/interface

complex providing a carefully designed, user friendly entry point for access

control; and several other major facilities including user housing, an electrical

substation, a diesel generator building, a cryorefrigerator building, and heavy

water cleanup and upgrade systems.

Concer)tual Design

Conceptual design of the ANS began in fiscal year 1988, and the

Conceptual Design Report (CDR) was issued in June 1992. The DOE

requirements for a CDR are quite stringent, and especially so for a project

involving a nuclear reactor. Table lists the documents that, together, make

up the CDR. Of special note are the cost and schedule estimates, and the

Safety Analysis Report (SAR): this is the first time that such a detailed safety

analysis has been prepared at the conceptual design stage.

A massive DOE review (involving more than 75 reviewers) in November

and December 1992 identified no insuperable technical difficulties, and

accepted the conceptual design as a basis for future work. A independent

cost estimate (ICE) performed for DOE by Foster Wheeler Corporation was

within 2 of the estimate contained in the project's CDR.

Immediately upon completion of the conceptual design, the ANS Project

Office initiated value engineering studies using in-house staff and expert help

form the U.S. Corps of Army Engineers. Our studies revealed a number of

potential cost savings on the baseline design (for example, placing the buildings

so that safety related structures and non-safety related structures are not
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contiguous can increase the site preparation costs, but it reduces building
costs by even more because of the less stringent seismic criteria). Those
changes leading to evident cost savings were processed through the project's
configuration control system and documented. The overall savings are
illustrated in Table 2 The building layout associated with the April 1993
revision of the design concept is shown in Figure .

Table 3 lists some of the potential cost saving changes that are still
under consideration. A detailed study is underway of the effects on reactor
availability of using different primary cooling system configurations 4 x 33%
loops, 3 x 33% loops, and 4 x 25% loops).
Kohn Committee

The U.S. Department of Energy requested another study of reactor and
spallation neutron sources. The task was assigned to the department's Basic
Energy Sciences Advisory Committee, who formed a special Panel on Neutron
Sources under the chairmanship of Professor Walter Kohn. The Panel visited
each of the four DOE laboratories with neutron facilities and organized a broad
review of neutron sources and applications from September 10-12, 1992: that
review involved 70 national and international experts on neutron research,
sources, and instrumentation.

The major thrust of the panel's findings is captured in this paragraph

from the Executive Summary of their report.

"After reviewing different alternatives for capability and
cost-effectiveness, the Panel concluded that the nation
has a critical need for a complementary pair of sources:
a new reactor, the Advanced Neutron Source (ANS),
which will be the world's leading neutron source; and a
1-MW pulsed spallation source (PSS), more powerful
than any existing PSS and providing crucial additional
capabilities, particularly at higher neutron energies. The
ANS is the Panel's highest priority for rapid construction.
In the Panel's view, any plan that does not include a new,
full-performance, high-flux reactor is unsatisfactory
because of a number of essential functions that can be
best or only performed by such a reactor."

Experiment Systems

The ANS cold source concept has been advanced significantly. The
baseline design is now a single phase, forced circulation liquid deuterium sytem.
For safety reasons, no part of the system is below the freezing point of
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deuterium, and a double or tiple containment philosophy is applied throughout.

Cryogenic tests of the commercially supplied circulators are planned to begin
in December of this year. The basic scheme is shown in Figure 2.

Work has begun on the design of a hot source. In support of this effort,
the scattering kernels of carbon have been improved, and arrangements have

been made to measure the thermal conductivity of CBCF (carbon bonded
carbon fiber) insulation at very high temperatures both in vacuum and in
various gases.

A design concept for a positron source has begun to evolve. It comprises
a system for irradiating microspheres of copper, or of copper coated on a
substrate, in a rabbit facility. The spheres are then transferred to a vacuum
system, where they are spread out into a monolayer which provides a large
area source of positrons from 64Cu decay. The positrons are moderated to low
energy and focussed into a relatively intense beam. The concept is illustrated

in Figure 3 The positron beam current is expected to be 10-100 nanoamps, 2-
3 orders of magnitude higher than the best existing slow positron sources.
Surnmar

Design work on the Advanced Neutron Source facilities has progressed
significantly, with cost saving changes to the buildings and other systems. The
cold source design has advanced considerably, and in addition design work has
been initiated on the hot neutron source and on a positron source.
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Table 1. Conceptual design documents

Conceptual Design Report Summary

Technical Information Document

Plant Design Requirements

Cost and Schedule Document (8 volumes)

Conceptual Safety Analysis Report 4 volumes)

Phase I Environmental Report for the ANS at ORNL

Plans required by DOE or MMES/ORNL Orders, policies, procedures,
and guidelines 19 plans in 4 volumes)

Work Breakdown Structure 3 volumes)

Integrating Systems Design Descriptions (5)

Hardware Systems Design Descriptions 35 in 12 volumes)

Engineering Drawings 376 printed in "D" size)

Table 2 Comparison of CDR and post-value-engineering cost estimates

(Constant 1992 dollars) Actual year
in millions) dollars in millions)

June April
Funding June 1992 April 1993 1992 1993
category CDR revision CDR revision

Construction line 1700 1642 2217 2024
item

Operating expenses 365 395 505 498
Capital equipment 10 18 11 21

Additional 35 33 45 41
instrumentsa

Prior year costs 45b 86c 45b 86b

a
Beyond the initial complement recommended by the ANS National Steering

Committee. Many or all of these additional instruments are expected to be
funded by industrial or other participating research teams.

b
Cost of preparing the conceptual design (actual year dollars).

C

All prior year costs, per DOE instructions (actual year dollars).
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Table 3 Items still under consideration but not yet incorporated into the ANS
design

Change Potential saving

Reduce reactor primary and secondary cooling loop 14,418,000
capacity

Eliminate emergency heat exchangers 12,040,000

Reduce the size of the main heat exchangers by using 165,000
the emergency heat exchangers during normal
operation

Use plastic materials in lieu of stainless where feasible 247,000

Delete detritiation,/upgrade plant in lieu of lease 99,540,000
arrangement

Reduce instrument channels from eight to four 470,000

Compress schedule where possible 15,000,000

Negotiate a reduction in the Tennessee Sales Tax on - 50,000,000
out of state purchases

Eliminate Integrating Contractor 17,354,000

Eliminate operating basis earthquake as a design 1,190,000
loading

Use site specific wind criteria for Category 1L 780,000
structures

Relocate detritiation facility 140,000

Other design suggestions
(not well enough developed to assign cost savings)

Use ANS waste heat
Utilize passive solar heating
Use bends in safety class piping in lieu of fittings
Eliminate 1E diesels
Substitute metal panel exterior wall in lieu of precast concrete panel system
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