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Background

A mercury target will be used to produce neutrons from pulsed 1-GeV protons for the
Spallation Neutron Source (SNS).I Mercury was selected because of its high-source
brightness, its low-freezing temperature, and the improved radiation damage lifetime
expected.

The mercury target vessel will be made of thin stainless steel walls. One of the key
issues associated with using such a target is the ability to withstand the thermal-shock
loads caused by the pulsed proton beam of 17,000 Joules in ~0.5 us. The resulting
pressure waves in the mercury associated with the enormous rate of temperature rise
(~107°C/s), will interact with the walls of the mercury target. This interaction could lead
to excessive stresses in the target vessel, thereby limiting the lifetime of the target.

To address the thermal shock issues, a series of single-pulse tests on a mercury target
was conducted in the Los Alamos Neutron Science Center (LANSCE).2 Additional
single-pulse thermal shock tests will be conducted in the LANSCE facility on

January 30-31, 1999.

Mercury Targets

Two types of targets, A and B, made of 316-type stainless steel, will be used for these
tests. Target A is a conventional “bullet-shaped” target instrumented with optical strain

and pressure sensors, a single thermocouple, and activation foils. Target A will be used



for multiple single-pulse tests. Target A, as shown in Fig. 1, is mounted on a supporting
frame. Such a mounting arrangement allows the target vessel to have a dynamic response
to 800 MeV proton beams.

A secondary stainless steel container (see Fig. 1) with a removable lid will also be
included to account for an unexpected event that could leak the mercury from its vessel.
It is designed to ensure that any spilled mercury would no longer be in the beam
interaction zone. The target, which will be mounted inside the secondary container, will
be placed on a lift table that can be moved up or down from the diagnostics station. This
will allow researchers to place the target in the line of the beam or move it out of the way
without having to enter the Target Room.

With its own stainless steel container, Target B is a smaller cylindrical target that has
very thick side walls (50.8 mm in diameter, in length, and in thickness), and very thin-
end plates or diaphragms. The thickness of these 316-type stainless steel plates is
0.6 mm, 0.9 mm, or 1.9 mm. The thin plates are expected to undergo large deformation
including some plastic (permanent) deformation during the thermal shock exposure from
a single pulse. On each plate one pair of strain gage is used for measuring strains during

beam interaction.
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Fig. 1. Sketch of Target A — Conventional “bullet-shaped” target and its stainless steel
second container.

Dynamic Strain and Pressure Measurement

To measure target strain, a commercially available Enhanced Fabry-Perot
Interferometer (EFPI) fiber optic strain sensor was used. The sensor consists of an input
fiber, an air gap, and a reflector fiber. A 1300-nm laser light is launched into the single
mode input fiber to create a classic interferometric signal with one optical fringe
equivalent to a surface displacement of 650 nm. A typical gage factor of 20 mm is
capable of 1 to 2 microstrain resolution at frequencies up to 200 kHz.

The test matrix consists of a series of mercury target thermal shock tests utilizing the
800-MeV proton beam facility at the Los Alamos Neutron Science CEnter-Weapons
Neutron Research (LANSCE-WNR). The preliminary results indicate that the fiber optic

sensors function well in the intense radiation environment.?



To conduct dynamic strain measurements, 20 EFPI fiber optic strain sensors are
installed at various locations of vessel walls on Target A and a pair of strain sensors on
each diaphragm of Target B. In addition we have also installed fiber optic pressure
sensors on a cover flange of Target A to measure pressures in mercury. These pressure
sensors are fiber optic diaphragm sensors and phosphor-based optical sensors.

For scaling purposes, beam energy deposition on the target is controlled by varying
the number of 800-MeV protons from 1.0 - 2.5~ 10"*in a single pulse of 0.3 ps duration.
The beam size cross-section dimensions are ~25 mm by ~40 mm. Data obtained are
currently being processed but will be presented and discussed at the conference. The
magnitude of strains measured on both targets and pressures in Target A will be used to
compare with predictions of theoretical calculation using state-of-the-art shock-physics

codes.® Benchmarking these codes is critical to validating the SNS target design.
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