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SNS upgrades will accelerate scientific progress and deliver

wholly new capabilities

PPU project: Double
the power of the
existing accelerator
structure

* First Target Station (FTS)
is optimized for thermal
neutrons

Increases the brightness

of beams of pulsed
neutrons

Provides new science
capabilities for atomic
resolution and fast
dynamics

Provides a platform
for STS
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STS project: Build
the second target
station with initial
suite of beam lines

« Optimized for cold
neutrons

« World-leading peak
brightness

* Provide new
science capabilities
for measurements
across broader
ranges of temporal
and length scales,
real-time, and
smaller samples

STS instruments see 4x more and 100x faster than today’s similar instruments


Presenter Notes
Presentation Notes
SNS was planned from its outset to be upgraded to operate at higher power and to share this power with a second target station.
The Proton Power Upgrade, or PPU, project, which is a totally separate project from STS, will double the power of the SNS accelerator.
PPU is well underway and they are already assembling cryomodules and building infrastructure
I should also mention that the First Target Station is optimized for thermal neutrons and with the PPU power increase it will be among the brightest sources of thermal neutrons in the world
 
The STS Project, which is outlined in yellow on this artists concept of the SNS site, is the subject of this review. STS will be optimized for cold neutrons, in-line with its Mission Need.
In fact, as I will show in a later slide, STS will achieve the highest brightness of cold neutrons in the world, which will provide scientists the capability to make measurements across a broader range of length and time scales and to examine smaller samples



STS will make optimal use of the PPU-upgraded SNS accelerator
capabillity

1 out of 4 proton pulses
15 Hz
| ] 700 kW

Accumulator
Ring

60 Hz accelerator
lon 46.7 kJ/proton pulse
Source Linac 2.8 MW capable
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Second

. First Target
» Short pulses at 15 Hz enables simultaneous omeasuremen’r Target Station
across broad wavelength range (AL =13.2 A at 20 m Station (STS)
from source) (FTS)
« Complementarity with FTS — uses all available accelerator
capability provided by PPU 3 out of 4 proton pulses
+ Flexibility will be provided to operate both FTS and STS ‘2‘5Mpv‘j'595/ sec

at the same time or separately if either is shutdown
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Presenter Notes
Presentation Notes
Both the first and second target station make use of the same accelerator infrastructure of the SNS.  Negatively ionized hydrogen atoms are accelerated along the linear accelerator up to about 90% of the speed of light.  The particles pass through a foil which strips them of their electrons, leaving just a positively charged proton.  The protons are injected into a storage ring and further accelerated and bunched together into pulses.  These pulses then are sent to the liquid mercury target of the first target station to produce neutrons.  The second target station will use the same accelerator, but operate at a rate of 15 Hz.  So one in four of the first target stations pulses will be sent to the second target station.  To compensate for this loss of neutrons at the first target station, the linear accelerator is currently going through a power upgrade to operate at up to 2 MW peak power compared to the current 1.4 MW.

Both of these target stations can operate independently  If the first target station is under a maintenance outage, the second target station can continue to operate.
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Neutron Upgrades Project Office (NUPO) established to
consolidate major upgrades under one organization

Neutron Upgrades Project Office

» Reports through the ORNL Laboratory Director,
and coordinates/ collaborates closely with the
Neutron Sciences Directorate (NScD)

— Share resources where appropriate

Graeme Murdoch, Director

. . . Proton Power Second Target
« Accelerator physics support, target engineering, | HFIR Upgrades Upgrade station
instrument scientist support, instrumentation & Ro[gi_’ D'TGD- John Galambos, | | Graeme Murdoch,
controls staff, survey & alignment, etc. recior Director Director

e Share lessons learned across NUPO projects

e Share engineering and business best practice across projects within NUPO and NScD
— Engineering protocol, product lifecycle management (PLM)
— Power Bl tools for finance and project controls
- ESH&Q, Facility Safety
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STS Project organization chart
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Target Systems Org Chart
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Major Projects Take Time 2025+

2020, November — DOE approved the project’s CD-1 status

2017, April =Selection of major STS technical alternatives: 15 =
Hz pulse repetition rate, 700 kW proton beam power, short
pulse opftions.

2016, January - Initiated STS conceptual design
activities.

2025, March —= Successful CD-3a
for CF site preparation

2009 — DOE approved Critical Decision-0
(CD-0)

2019, October — Dedicated STS Project
Office established.

2013 = A DOE advisory committee noted STS is “absolutely
central” to US leadership in science.

1999 - Environmental Impact Statement for SNS included a
Second Target Station (STS).

1996 — A DOE advisory committee recommended that SNS
ey proceed and include additional target station capability.

SOURCE
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Significant progress has been made across the project over the
past 4 years

Cryogenic
Remaining Moderator
Process System FDR
Vessel Systems and Acftivated Systems T
Target Station Cooling PDR
Shielding PDR Water PDR
2024 2025 2026 >
Target Target Viewing ;
Assembly Periscope PDR I(\:Argggreoqg
"DR System PDR TR%rr%itre'
Handling
PDR
o—>
[ J
Moderator ¢ Remaining
Reflector b Combined Monolith Systems FDR: Process and
Assembly PDR PDR for: + Target Assembly Remote
Proton Beam Window, * Moderator Reflector Assembly Handling
Proton Beam Window *  Vessel Systems Systems
Shielding, and Proton » Accelerator Interface Components Reviews
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Preliminary Key Performance Parameters (PKPP) provide highest
level of requirements

Key Performance Thresholds (Performance e Plan meets
. Objectives .
Parameter Deliverable) requirement

Demonstrate
independent Operate beam to FIS at 45 pulses/s, with no beam to STS
conftrol of the Operate beam to STS at 15 Hz, with no beam to FTS v

proton beam on  Operate with beam to both target stations 45 pulses/s at FIS
the two target and 15 Hz at STS

stations
Demonstrate
proiel oS 100 kW beam power /00 kW beam power v
power on STS at
15 Hz
Ir\w/\eeu(?r:grrwe S Peak brightness of 2 x peak brightness of 2 x N4
13 2 A A 14 2 A A
brightness 10Sn/cm?/sr/A/s at 5 A 10"“n/cm*/sr/A/s at 5 A
Beamlines 8 beamlines successfully passed =8 beamlines successfully
" the infegrated functional testing passed the integrated v
fransitioned to : )
) per the TTOP acceptance functional testing per the
operations . o
criteria TTOP acceptance criteria
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Global (Level 1) requirements are derived from PKPPs

501010100-SR0001, R0O1

SECOND TARGET STATION (STS) PROJECT

“ Requirement Description

R1 The STS Project will demonstrate independent controls of the proton beam on the two target stations

Global Requirements Document

R2 STS Project shall deliver a facility with the capability to operate 700 kW proton beam power to STS
R3 STS Project shall deliver a facility with the capability to operate with a peak brightness of > 2x10"*n/cm*/st/A/s at 5 A

R4 The STS shall provide world-leading capabilities for science using cold neutrons with more than a 10x gain relative to comparable
First Target Station instruments

RS STS Project shall transition to operations =8 beamlines that successfully pass the integrated functional testing per the Transition to
Operations Plan (TTOP)

R6 STS facility shall be designed to accommodate 22 neutron beamlines

R7 STS facility shall be designed to support a lifetime of 40 years January 2022
RS STS facility shall be designed to support > 5000 hrs of proton beam on target per year

R9 STS facility shall be designed to support an availability of > 90%

R10 STS facility shall be designed to maintain compatibility with the SNS Facility

R11 STS facility shall be designed in accordance with the DOE Order 420.2C Safety of Accelerator Facilities

R12 Systems, Structures and Components for the STS shall be designed for decommissioning

OAK RIDGE NATIONAL LABORATORY

SPALLATION MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY
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Preliminary design scope supports case for
achieving world-leading capability

Conventionadl Intfegrated
Accelerator Target Instfruments Facilities Controls

» Transport « Solid rotating Provide » ~220k square « Control
protons to STS water cooled capability for feet of new systems and
operating at tungsten ~20 instrument infrastructure computing
15Hz target end stations infrastructure

* Independent « 2 high « 8 beamline - Data
operation of brightness, instruments acquisition
First Target supercritical H, included in STS for neutron
Station (FTS) moderators scope scattering
and STS insfruments

%OAK RIDGE |},
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Souﬁb’rohng segmented solid-tfungsten target PIONEER diffractometer optimized for small samples STS shown on SNS site



Presenter Notes
Presentation Notes
I will say just a few words about the STS scope. The STS team has developed a rather detailed conceptual design, cost, and schedule for this stage of the project. The Conceptual Design Report - the cover is shown here - is available on our web site in 2 volumes. 
You will hear much more in the subsequent talks, but I have just listed here the main elements of the scope for each area of the facility, corresponding to our level 2 WBS elements.
So the Accelerator extracts the beam from the existing High Energy Beam Transport line at SNS and transports the beam to the second target station. It, along with the integrated controls, also provides the capability to operate the FTS or STS independently.
The spallation source is a rotating tungsten disc with high brightness supercritical moderators above and below the Target
There will be 22 beam lines available at the facility, with five beam lines built within the project
Conventional Facilities provides 9 new buildings on the SNS site with 350,000 gross square feet, including three Instrument Halls meant to house the end stations for three different length categories for beam lines – 40 m, 50 m, and 90 m 
Integrated Controls provides the control system and computing infrastructure for the entire STS and performs the Data Acquisition for the neutron scattering instruments


STS uniguely combines advanced technologies to deliver new science

capabilities needed to understand more complex materials, processes, and
devices

Start with the world'’s
most powerful hadron
accelerator — the SNS

+

PPU upgraded SNS
46.7 kJ/proton pulse
60 Hz, 2.8 MW capable

Use the accumulator
rng to compress the
proton pulse

1 msec linac production
compressed to < 1 usec

+

Add opfics & transport to
produce uniform proton
spot size on the target

0 50 100
X (mm)

STS proton area = 60 cm?

FTS proton area = 140 cm?

Add rotating, segmented
solid-tungsten target

Spreads heat load over
larger volume with longer
lifetime

Add low dimensional
moderators, tightly-coupled
to neutron production zone

Add science-driven, Next generation neutron facility with science
capabilities needed for materials innovation:
materials discovery & materials in-action.

optimized instfrument designs

| I . 8 initial STS instrument, latest
. technologies, integrated
conftrols, scientific software,
proposed by and selected
with the user community

Two high-brightness,
geometrically-optimized
moderators (cylinder & tube)




World class performance for 8 inifial instruments
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Target Systems (Level 2) requirements are established

Selec’red key requirements:

« Accept a pulsed proton beam of 700 kW, 1.3 GeV, 15 Hz condliaradiiBtations

« Convert the proton beam pulses into cold neutron pulses Target Systems Requirements
using high-brightness moderators that will meet or
exceed the peak brightness of 2e14 n/cm?/sr/A/s at the
neutron wavelength of 5A

« Distribute neutrons to ~22 beamlines

* |Include a service or replacement scheme and disposal
path for all perishable components

* Provide connection to and isolation from the
Accelerator Systems environment upstream of the Target
Station Monolith for fransport of the proton beam to the
Target

« Operate for 40 years @ 5,000 hours/year and 95% ;@oAKIII;{DGE

availability for scheduled run times
« Allow safe operation

OAK RIDGE A
nal Labor: URCE




Topics

* Neutrons at ORNL
e STS Organization
« STS Schedule

e STS Requirements

e STS Technical
Overview

o Target Systems
Requirements

* Target Systems
Overview

%OAK RIDGE
RCE

al Labor:

Highest peak brightness source

1@3 —]l

O ‘~(—Jﬁ_hl

Compact neutron } .
production zone '- : Long-lived Tungsten
Target

Tube moderator max intensity



Scope is established to match requirements

e Develop 2 design 2> manufacture - procure - install
hardware necessary to convert protons into pulses of high
brightness cold neutrons

e Includes all hardware within the monolith

* Includes water, cryogen, and gas systems necessary to cool
the target systems in the core vessel

e Includes remote handling systems, tooling, and infrastructure
necessary to maintain operation of the target systems,
INncluding the potential to perform PIE

Includes Neutronics analysis necessary for design and
operation of target systems

— Target Systems Group also includes neutronics staff for all of STS

AAAAAAAAAA
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Key interfaces are established and actively updated

STS South Hall Instrument Suite

' .- ‘b
i,
T bl &
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Target Systems scope

Cryogenic Moderator
System rooms

Monolith

%OAK RIDGE | pakkanoN
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Service cell

Delay tank & gas-liquid
separator cavities

Mock-up test stand

p
il

Hot process vault




Monolith components scope

Target
Viewing
Periscope

Core Vessel

Core Vessel Shielding

Bulk Shielding

Moderator
Reflector
Assembly

0D — — - [
- ) . R BAIE )

Target drive

Iﬁl 1fﬂW1€“

Proton beam window
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Rotating
target
shaft

Rotating
target




STS Target Systems key parameters / features

1.3 GeV, 700 kW, 15 Hz, 46.7 kJ/pulse
e Rotafing tungsten target 1.1 m diameter x 60 mm tall

« Small (3 cm) 20 kelvin supercritical hydrogen moderators
- Coupled and not poisoned
- 2 cm light water pre-moderator

« Be reflector, no heavy water

e Aluminum proton beam window

Proton
Beam Port

« Core Vessel with flexibility for helium or rough vacuum
operation

e Vertical only maintenance

| | ~;;:t 
Reflectors ~ /|
« No heavy shutters — neutron opfics close to moderator % - (W
face with minimal windows

%OAK RIDGE
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Key Target Systems decisions

e Rotating Target — afterneat protection,
efficiency

e Vertical only access to monolith

 Segmented Target — maintenance,
availability, and flexibility

b I Brightness optimization — small proton beam,
| small target, close moderators

« Single hydrogen loop for both moderators —
facility simplification and cost savings

e Target Viewing Periscope included

« Service Cell configuration

o Cost effective future PIE capability included

‘ « 2nd harp near PBW is included
. %OAKIB{DGE e



Summary

« STS will provide world class neutron brightness to an initial suite of 8
iINnsfruments, expanding ORNL'’s leadership in neutron scattering science

e STS requirements are established, which drive project scope across 5
technical systems

o STS Target Systems requirements are established, and key design decisions
have been based on these requirements

e Vessel Systems and Target Station Shielding preliminary design supports
Target Systems and STS requirements.
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