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Spallation Neutron Source (SNS) in the US hosts a pulsed
neutron source similar to J-PARC MLF
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Second Target Station accelerator stub complete,
design on frack

Future Second Target Station

L
<

Th target station will used a rotating tungsten

Tunnel completed to connect the accelerator to target, with a goal for early science in 2034

the future second target station
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Proton Power Upgrade project completed, doubling the power
capability of the accelerator and upgrading the target systems.

30% beam energy increase, 50% beam current increase
2 MW to First Target Station
0.7 MW for Second Target Station
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SNS is ramping up to 2MW operations and 5000 neutron
production hours per year.

Path to 5000 hours at 2 MW
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After 2 MW achieved, next goal is shift to 45 Hz operation

« Change will bring SNS close to J-PARC
levels of energy per pulse

— SNS pulse energy levels
e 1.4 MW at 60 Hz =23 kJ
e 1.7 MW at 60 Hz = 28 kJ <- We are here
e 2 MW at 60 Hz = 33 kJ
« 2MW at 45 Hz = 44 kJ

- J-PARC pulse energy levels
« 1 MW at 25 Hz = 40 kJ

e Different SNS beam energy (1.3 GeV) compared to J-PARC
(3 GeV) and beam profiles lead to different peak mercury
pressure (40 MPa for 1 MW at J-PARC, 34 MPa for 2 MW at SNS)
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SNS powerramp to 1.7 MW

Operating reliably at 1.7 MW as
1.7 MW achieved July 2023 of early August 2024
(overcame beam stability
issues)

11.55 MW achieved Feb 2023
Y Power reduced due to mercury
loop gas accumulation
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2 MW target module design operated successtully,
iIncorporating gas injection fechnologies
pioneered at J-PARC.

2 MW target module design was installed operated

Target did not use nose gas injection
— This supply makes large bubbles of gas
- We do not expect a gas wall

Operated until Augus’r 2023

[ ]
>
D)
O
—
)
@
S
N
. Z
=
—'—
Q
R
Q
®
—'—
'
D)
0
2
>
wn
—
Q
)
Q
Q
o]
—
Q
R
Q
®
—l—
_l
)
N

- Both nose injection and swirl bubbler injection
are functioning

SNS contacts: Drew Winder and
Kevin Johns
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Post iradiation examination of 2 MW target showed damage
only at the beam cenfter

Multiple holes
through steel

Outer layer

|

The first 2MW target operated above 1.4 MW for
2737 hours and abovel.7 MW for 538 hours
(total of 4388 MW-hrs.) without nose injection or
increased gas injection rate.

: . Pit 15% through i . -
SNS contact: David McClintock thickness
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Mercury loop improvements incorporated 1o allow for
nose injection and higher helium gas injection rates.

ol by Mercury AT UNG 4D " 0\
L : | = overflow 1A ST
tank
installed
next fo the
mercury

the hot cell roof beams, a first for

SNS.
A new mercury overflow tank (left and top right) and vent SNS contacts: Drew Winder and
line/shield block assembly (lower right) installed. Ryan Schultz
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Despite the loop improvements, SNS is struggling with gas
accumulating in the mercury loop.

Operating with
higher
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SNS contact: Drew Winder
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Influenced by J-PARC, a parahydrogen catalyst system is installed
and operating in the liquid hydrogen moderator loops.
Welded 10-liter iron oxide catalyst bed

Vacuum vessel hol
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IN-situ Raman spectroscopy gives real- ’rlme or’rho pcro
fraction measurement capabllity. a0 paly 295 00 oed

13 (28588+ 889)

8000

« Spectra at room femperafure during &«
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ADU/20s

hydrogen fill operation provides

ample signal to support calibration
with 30 second measurement at 100
MW (top graph) s a0 s wmo s s ses
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Hydrogen Cooldown

SNS H, Loop 6100 with Converter Module

e The apparent ortho-fraction falls Aot
from 75% to values consistent § i —
with thermodynamic equilibrium | j |
quickly — a response time less s |
than minutes responding to ' \

1000

temperature changes.
. ° \

o Catalyst system is a success — | |
rapid relaxation to effective T e
equilibrium, facilitating stable j
performance at minimal A
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OrThOhydrogen |evels 00:00 04:00 08:00 12:00 16:00 20:00 00:00

SNS contact: Erik Iverson
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Cadmium electroplating to replace metal arc spraying is
showing promising results for applying thick (>1.4mm)
neu’rron decoupler coatings.

-

SNS ambient moderator in Inmol testing hod good - Addition of circulation and

cadmium electrolytic solution adhesion, but excessive agitation system in the electrolyte
porosity bath resulted in good adhesion
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Moderator Test Station (MTS) for studying advanced
moderator concepfts is under design.

Receives 75 W,

2.5 MeV proton
beam from existing Beam transport line
test beamline with current monitors

Lithium target and
cryogenic moderator
test station

Analyzer, detector,

and Anger camera for
SNS contacts: Kevin Johns and Erik Iverson quantifying moderator

performance
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J-PARC/SNS collaboration on Target systems has been
hugely beneficial fo both facilities, with many more
opportunities in the future, including:

e Shared operations and maintenance experience

 Development and characterization of advanced materials for
moderators, decouplers, poisons, and targets

e Development and characterization of advanced moderator
geometries

 Development of design tools and techniques for multi-phase, high-
power targets

 Development of manufacturing technigues and technologies for
target system components
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Backup slides
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Strain measurements show the nose injector is effective
at the injection site and center of the target.
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ORNL has invested heavily in manufacturing capabilities
for targets and reflector plugs.
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First deoold shroud Ex’rensiv‘e plunge and New ochining

weld performed on ORNL wire electric discharge capabilities include
electron beam welder machining (EDM) large format 5-axis
capabilities machining and
cadmium machining
capabilities

SNS contact: Hyon Ko
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The second SNS inner reflector plug (IRP-2) is operating
beyond its design life due to delays in manufacturing.

e 28 GWh design life vs. planned 40 GWh operations life

* Beginning 1o see effects of poison and decoupler burnup on
the top upstream and ambient moderators

 More frequent instrument calibbrations are required
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IRP-3 must be delivered in August of 2025 for installation
beginning in November of 2025.

e Final assembly to begin Nov. Piping

2024 5
: : Upper 7
* Issues during manufacturing RP L
iINnclude:
. Inter-
- Damage to moderator housing mediate
during electron beam weld RF]
- High leak rates and cracking in B
various aluminum welds LovlvReF[ 7
- Nested hydrogen piping bending * _ ,
. y- é;’ pdp -g d The Lower IRP, which
I55U€Es reguired aredesign contfains the moderators
— Delamination of metal arc spray ~ andreflectors, is the last
. . major component before
cadmium and aluminum final assembly.
COCITIﬂgS SNS contact: Hyon Ko
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MTS design status and tfechnical developments

o Conceptual design complete, preliminary design
underway

- Preliminary design completes by end of 2024
— Final design completes by mid-2025
— Installation and commissioning in 2026-2027

i TO I’g eT Lithium coating test coupons

— Thin film lithium deposition with overcoat being developedl
with ORNL energy storage and conversion experts |

o Analyzer arrays
— Material selection, characterization, and optimization

— natural phlogopite (mica crystal) chosen material;
exploring elastic deformation to achieve required crystal

plan orientations

OAK RIDGE ) )
*Naﬁmmbomory SNS contacts: Kevin Johns and Erik Iverson

Mica analyzer crystal
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