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3:00pm VT2-TuA-4 ITER Service Vacuum System Client Connections, C.
Smith 111, Jared Tippens, Oak Ridge National Laboratory

The ITER project has the goal to demonstrate the feasibility of fusion and to
advance the scientific and engineering understanding of fusion for future
commercial reactors. Nearly five thousand volumes, commonly called
“clients”, throughout the ITER facility require vacuum service during
operations. This vacuum is provided by seventy-seven distribution boxes
around the complex, where “client connections” in the form of stainless-
steel tubing bridge the gap between distribution boxes and individual
clients.

There is an estimated total of 42 kilometers of 6 mm outer diameter tubing,
2 kilometers of 12 mm outer diameter tubing, and 1 kilometer of 38 mm
outer diameter tubing. The size of the tubing is correlated to the volume of
the clients needing vacuum service. Most clients throughout the facility are
below 50 liters, often taking the form of interspaces of double-contained
pipes, valves, and flanges. Many of these client connections have the
possibility of containing tritium, a radioactive isotope of hydrogen. This
creates the need for the tubing to be capable of handling combinations of
pressure, thermal, and seismic loads and for the analysis to validate this.

In addition to the structural qualification of the client connections and their
associated supports, several practical challenges exist. The first challenge is
routing space constraints, as the majority of areas where the tubing is
routed are congested and often require complicated routings to avoid
clashes. The bigger challenge is installation, as the tubes are routed with a
high packing density and the installers will have limited space to compress
fittings or weld tubes together.

A solution has been proposed by US ITER and design is approaching
completion for this client connection system. A packaging solution is being
implemented for bundles of tubing, and mitigation strategy for thermal
loads is underway. An installation plan for the tubing is in progress that will
allow the routing of nearly five thousand tubes in a congested
environment.

An overview of the Client Connections System and the associated
qualification effort will be given. These design details are applicable to
other fusion facilities where tritium will be present, particularly for large
power plants where vacuum is required on many supporting systems.

3:15pm VT2-TuA-5 All-Metal Mechanical Pumping Solution Replacing the
ITER Cryogenic Regeneration Roughing Pump System, Jonathan Perry, Oak
Ridge National Laboratory; S. Hughes, ITER Organization, France; C. Smith,
Oak Ridge National Laboratory

This paper gives an overview of replacing the ITER! Cryogenic regeneration
roughing pump system with a newly developed all-metal mechanical
pumping solution.

The United States Domestic Agency of ITER is responsible for the final
design, procurement, and acceptance testing of the ITER roughing pump
system (RPS). The current Torus cryopump (TCP) and Neutral Beam
cryopump (NBCP) regeneration roughing pump systems are based around
Cryogenic Viscous Compressor (CVC) which requires substantial cryogenic
infrastructure to be provided, operated, and maintained within the RPS.
However, due to advancements in mechanical all-metal vacuum pumps,
opportunities from partnerships with various experts in the fusion and
tritium communities, in addition to refinement of ITER operational
principles, the use of all-metal mechanical pumps to move tritiated gas, is
now a potential design solution.

This paper will present an overview of the current configuration, as well as
the design history evolution. The paper will then review the main
performance requirements for the Cryogenic regeneration roughing system
and present results of analytical modeling of the performance of the
system using an all-mechanical pump configuration. The paper will also
discuss the advantages in progressing the all-mechanical pump option,
while outlining remaining testing for this solution and ultimately replacing
the current cryogenic configuration.

! Nuclear Facility INB-174

Tuesday Afternoon, November 5, 2024

This manuscript has been authored by UT-Battelle, LLC under Contract No.
DE-AC05-000R22725 with the U.S. Department of Energy. The United States
Government retains and the publisher, by accepting the article for
publication, acknowledges that the United States Government retains a
non-exclusive, paid-up, irrevocable, world-wide license to publish or
reproduce the published form of this manuscript, or allow others to do so,
for United States Government purposes. The Department of Energy will
provide public access to these results of federally sponsored research in
accordance with DOE Public Access Plan
(http://energy.gov/downloads/doe-public-access-plan)

4:00pm VT2-TuA-8 Exploring Vacuum Technology in Nuclear Fusion:
Challenges and Opportunities within STEP Fuel Cycle, Sophie Davies,
United Kingdom Atomic Energy Authority, UK; A. Tarazona, United Kingdom
Atomic Energy Authority (UKAEA), UK INVITED
Generating energy through fusion has garnered significant attention from
research institutions, government programs, commercial entities, and
investors due to its potential to provide virtually unlimited low-carbon and
renewable energy supplies. Deuterium and Tritium stand out as the primary
fuels for fusion devices, from inertia to magnetic confinement systems,
owing to the net fusion energy released in their reaction, despite facing
various fundamental and engineering challenges. Vacuum pumping, a
critical aspect among these challenges, plays a pivotal role in preventing
plasma contamination, minimizing losses through particle collisions with
residual gas molecules, and ensuring the overall efficiency of the fusion
reaction. This paper provides an overview of the most relevant nuclear
fusion devices where vacuum technology plays a crucial role, focusing on
the vacuum requirements for experimental Tokamaks. Furthermore, it
delves into the challenges associated with vacuum pumping, highlighting its
significance for successfully operating fusion power plants. As a case study,
the discussion extends to the STEP (Spherical Tokamak for Energy
Production) program, elucidating its vacuum challenges and some
strategies to address them. This work aims to contribute to understanding
the intricate interplay between vacuum technology and nuclear fusion,
shedding light on advancements and challenges in this ground-breaking
field.

4:45pm VT2-TuA-11 An Enhanced, High-Vacuum System and Related
Testing of Plasma Cell Prototypes for the ITER-DRGA Project, Chris Marcus,
T. Biewer, ORNL; J. Brindley, Gencoa, UK; A. Jugan, North Carolina State
University; C. Klepper, ORNL; P. McCarthy, Gencoa, UK; B. Quinlan, ORNL
The ITER Diagnostic Residual Gas Analyzer (DRGA) performs fusion neutral
gas analyses. The ROI comprises low-amu species (1 thru 6), and includes
the isotopic profiles of hydrogen and helium [1]. There are challenges in
obtaining accurate measurements. First, the method sensitivity must suffice
to resolve trace amounts accurately (£1%). Second, the gas signal must be
free of bias caused by the latent presence of these gases to acquire
accurate measurements. For the lightest gases, backstreaming a fraction of
the pumped gas load can be a source of such latency effects. This
phenomena is attributed to modest inertia due to their lowest weight and
smallest size. As a result, collisional effects create a reverse flow into the
analysis region, which can contaminate the real-time measurement. To fully
eliminate this adverse effect, a conductance-limiting device - or orifice —
has been installed in the high-vacuum pumping system of the present
DRGA prototype. It is intended to eliminate backstreaming by increasing
the back pressure within the inter-pump volume (IPV).

An added benefit of the orifice-restricted pumping concept is that the
upstream pressure increase is beneficial to the DRGA plasma cell used
optical gas analysis. These sensors are attached to the IPV in the present
DRGA design. The glow discharges will typically have a brighter light
emission with increasing plasma cell pressure. For the DRGA, one of the
glow discharge sources being evaluated for this system is a prototype made
by Gencoa Limited (UK), which has been designed to exhibit satisfactory
immunity to fringing fields, simulated for the tokamak environment. Also,
the unique circuitry control for the input power control of the cell, when
coupled with the specialized magnetic confinement of the plasma, have
optimized the profile shapes of line emissions of interest for these isotopes,
of which some emission lines are difficult to deconvolute.

Described herein are two ITER-DRGA related concepts: Vacuum system
testing to validate elimination of light gas backstreaming and test results
from using the prototype light source and a modified, Penning cathode.

This work was supported by the U.S. D.O.E. contract DE-AC05-000R22725.
[1] C.C. Klepper et al., 2022 IEEE-TPS 50 (12) 4970
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5:00pm VT2-TuA-12 Design and Development of an Optical Gas Sensor for
Fusion Applications, Joe Brindley, P. McCarthy, Gencoa, UK; C. Marcus, C.
Klepper, B. Quinlan, ORNL

Fast and accurate neutral gas measurement systems will be critical for the
realisation of future deuterium-tritium (D-T) fusion reactors. This is
required for the closed loop fuelling cycle of the reactor, where quantities
of exhaust fuel gases, consisting primarily of isotopes of hydrogen (H) and
helium (He), are monitored in real time.

Typically, quadrupole mass spectrometry (QMS) is employed to measure
gas partial pressures, however the very similar mass-to-charge ratios of
fusion gas species makes this measurement using QMS extremely
challenging. For example, the masses of D, and *He are separated by 0.02
amu. Techniques such as threshold ionisation mass spectrometry can be
utilised to separate closely spaced masses, however this method has
difficulty resolving low concentrations with adequate speed.

An alternative route, using remote optical emission spectroscopy (ROES),
was demonstrated by Klepper et al* and this is seen as a promising method
for overcoming the inherent mass measurement problem encountered by
QMS. ROES involves the generation of a small, remote plasma which is used
to excite gaseous species into emitting light, which can then be measured
by an optical spectrometer and the gases identified and quantified by their
light emission.

Whilst ROES is an extremely promising technique it is not without its
challenges for use in fusion applications. Whilst D and “He light emissions
are separated by > 10 nm, the isotopic emissions of He and H are very
closely spaced, requiring high resolution optical spectroscopy. Furthermore,
the sensor will be required to operate in reactor fringing fields of more than
0.2T whilst maintaining a stable plasma within the sensor. A further
complication is the inherent presence of ionising radiation produced by the
fusion reactor.

In this paper we present the development and design of a ROES sensor for
fusion applications. The sensor is qualified in its ability to detect small
(<0.1%) concentrations of H and He gas isotopes with a speed of response
of less than 1 second. This surpasses the requirement for the future fusion
reactor, ITER. Optimisation of the sensor’s plasma for resolving closely
spaced emissions will be presented. Finally, the stability of the sensor’s
operation in a representative fusion environment is discussed. Experimental
results of sensor operation during exposure to magnetic fringing fields and
gamma radiation (up to 0.5 T and 500 kGy respectively) will be presented.

1. C. C. Klepper et al., "Developments and Challenges in the Design
of the ITER DRGA," in IEEE Transactions on Plasma Science, vol.
50, no. 12, pp. 4970-4979, Dec. 2022

5:15pm VT2-TuA-13 Development of the SPARC Tokamak Exhaust
Purification System, Eric Dombrowski, Commonwealth Fusion Systems

The SPARC device is a high-field, compact, D-T burning tokomak with the
goal of demonstrating net energy gain (Q>2). Burning plasmas on SPARC are
anticipated to require less than 1g of tritium fueling. During a fusion pulse,
the unspent D-T mixture and helium ash are pumped through the divertor
via eight cryosorption pumps which are subsequently regenerated and
exhausted through the torus vacuum pumping system. During tritium
operations this exhaust gas is directed to the first stage of the tritium fuel
cycle, the torus exhaust purification (TEP) system. The impurities are
separated from the hydrogenic species and sent to the trace tritium
recovery system for further processing. The hydrogen is sent to isotope
separation where a new D-T mixture is prepared.

TEP has three main operations. The torus exhaust gas is passed through a
high conductance, liquid nitrogen cooled, zeolite based cryosorption pump.
All species except for helium and neon are adsorbed onto the zeolite
media. The helium is extracted through the back end of the cryosorption
pump by an all-metal scroll pump and exhausted to the Trace Tritium
Recovery System. The cryosorption pumps’ regeneration gasses are passed
through a Pd/Ag permeator to generate a pure stream of hydrogenic
species for isotope separation. Periodically, a full regeneration of the
cryosorption pump to 350 °C is carried out at the end of a day’s campaign
to liberate chemically bound tritium from the zeolite packing material. This
effluent is reacted over a nickel catalyst and passed through a second Pd/Ag
permeator onto isotope separation.

A full-scale experimental test loop has been assembled and validated with
hydrogen and deuterium isotopes at CFS’ SPARC location in Devens,
Massachusetts. These components are now in final design for
manufacturing in collaboration with Torion Plasma Corporation where they
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will be integrated into the tritium compatible processing assembly to be
completed in Q2 of 2025.
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