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Neutron Generators
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Project Overview

Through the DOE-NE University Infrastructure program, Boise State
University has access to two Thermo-Scientific P385 neutron
generators.

* Valued at $230k
 Deuterium-Deuterium (D-D) head with 2.5 MeV neutrons
» Deuterium-Tritium (D-T) head with 14.1 MeV neutrons

End Goal: Operate neutron generators at BSU

Intermediate Goals:

v"Understand the facility, licensing, and safety requirements for
operating neutron generators on campus

v Amend BSU'’s current NRC license to include neutron generators
Identify space on campus and funding for a neutron science lab

v Design shielding and safety framework to operate neutron
generators

« Build a neutron science laboratory
« Add analytical equipment
« Do neutron science!

<



Technology Impact

« Support programs such as ASI and AMMT by providing neutron irradiation to screen nuclear-
relevant materials, sensors and equipment.

* Rapid, low-cost testing allows for design iteration before reactor studies
* Flexible experimental set up for in-situ testing and post-testing characterization

« Grow the next generation of nuclear scientists by providing hands-on experiences with neutron
physics, health physics, radiological materials handling, etc.

« Enhance coursework across multiple disciplines
« Enhance research for students across Idaho and the NSUF network

« Stakeholders: DOE, INL, NEUP, NSUF, BSU




Project Timeline

* Neutron generators are available to - Continued efforts to identify a lab - Construction on Neutron
BSU through the DOE-NE location on campus and model Scie_nces Laboratory
University Infrastructure program effective shielding begins

+ Neutron Detectors is written into the «  BSU submits NEUP CINR GSI « BSU submitted NEUP
Nuclear Instrumentation work proposal to build shielding for eC(;tlg gg'ﬁ;ﬁﬁgﬁal to
package of 12 neutron lab — not awarded B T e

2018 2020 2022 -
2019 2021
 BSU researchers travel to University of * NRC approves license amendment
Michigan’s Neutron Science Lab to discuss for storing neutron generators
facility design « BSU agrees to fund lab build out
« Campus leadership identifies a potential and shielding in Micron Center for
location for a Neutron Sciences Lab at BSU Materials Research

* Initial shielding modeling via MCNP

* BSU submits initial NRC license amendment
request for storing neutron generators




Results and Accomplishments

= Gypsum

Brick (existing)

I Poured concrete

In FY22:

« Boise State designated a lab space on the 3™
floor of the Micron Center for Materials Research
for a Neutron Sciences Lab, committing $879k to
finish the lab space and build shielding.

« lterated shielding designs with architecture and
construction teams

« Currently in final stages of pre-construction

Tallv location Dosage rate NRC limit  Allowable operator
y (mrem/hr) (mrem) time (hrs/year)
1. Operator 1 SO 2 5000 863
2. Non-worker 0.234 100 497
hallway
S Nop erken 1.068 100 94
adjacent
4. Non-worker 0.794 100 126
below
5. Operator 2 34.979 5000 143
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Results and Accomplishments
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Final construction drawings e
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Included equipment:

« Secure storage and “cooling” area
for neutron generators and
activated samples

« Radiological fume hood

«  Security equipment including locks
and cameras

|
4824




Results and Accomplishments

Ongoing & Pending Accomplishments:

Submitted NEUP CINR GSI for Working with INL to transfer
$248k in analytical equipment: neutron generators to Boise State
» Neutron activation analysis  NRC license is approved

» Mechanical test frame « Kort Bowman on INL side

» High temperature box furnace « Brenden Heidrich on DOE-

» Oscilliscope NE/NSUF side

» Potentiostat « Confirmation on April 7, 2023 that
» Source & LCR meters transfer is “very close”

Submitted October 2022




Results and Accomplishments

Training
« Samuel Cutler (undergraduate researcher) completed 1
week of MCNP training with Dr. Robert Borelli (2019)

« Allyssa Bateman completed the course “Introduction to
MCNPG6” through Los Alamos National Laboratory (2021)

« Allyssa Bateman attended MCNP User Symposium in
2021 and 2022.

Presentations:

« “MCNP Shielding Design for a University Neutron Science
Laboratory.” A. Bateman, S. Cutler, B.J. Jaques.
Presented at Monte Carlo N Particle (MCNP) User
Symposium, July 2021.

* “Modeling shielding designs for the safe operation of

neutron generators.” S. Cutler, A. Bateman, B. Heidrich, R.

Borelli, J. Simpsons, B.J. Jaques. Poster at Idaho
Conference on Undergraduate Research. July 2020.

dosages.
* Goal: Modelshieling that alows or at e asl1DD
operati

Modeling Shielding Designs for the Safe Operation
of Neutron Generators

'Samuel Cutler '2, Allyssa Bateman'2, Brenden Heidrich?3, Robert Borrelli>3#, James SimpsonS, Brian Jaques'?
'Boise State University, ’canerfmmmnedErﬂgythiﬁ khhoNHnﬂlLabnﬁtmy ‘Umelslydlﬂn SThermo Fisher Scientific

INTRODUCTION

AThermo Fisher Scientific P385 neutron generator will

show b o oo of et merongin. MODELING ITERATIONS

= Meuiron generators produce free neutrons thros
A ;v%gg Iht\ﬁavﬂ:‘:ﬁdmmum ‘and tribum sotopas ORIGINAL DESJ'CGNN

- D-D reaction = neutrons at 2.5MeV P including generator | |

ROOM DIMENSIONS

Air is a natural neutron Tield

LABYRINTH DESIGN

+ Initial simulations showed that a prohibitively lar
+ D-T reaction = neutrons at 14. 1MV “‘"B‘F""""’“W“mrm POty laroe

+ vel * Increasing the volume of air (or room size), decreases amount of borated polyethylene would be required.
* Operation of a neutron lab would allow for experiments | the neutron + Alabyrint” was addsd to the model to reduce the
such as: ) + The initially planned room width of 141t proved to be too amount of ciose shisiding requirsd
* Exploring the effects of radiation without small in which to feasibly operate a shisided lab. + Cinderblocks are relatively insxpensive and provide
g an enfire react + Several trials were run to determine the effects of room emughpmcm n to reduce the borated polyethylene
:memm(mvm;lhanm width, a summary of results is shown in the table below. shielding requir
. omogr:

» Meutron generators require adequate shisiding to
protect users from neutron

+ The labyrinth is dmlgredl 0 offer the most protection in
Room width () Worker dosage rate | Non-worker kateral the pian of highest fux
(m{mgs_; nm;_(mm
CONCLUSION

The final design, shown bslow, can operate for 113

= hours annually without exceeding NRC dosage fimits.
There is one operator tally (1) and three non-worker
« The room was eventually widened to 231 to provide tallies. The fourth tally is located just below the ficor.
adequate space for the operators and reduce the + Limding factoristhe non-operator below
amount of shielding required. s
Top-down of ariginal room built in MCNI, with adequats =
P385 neutron generator and power supply at SFUFI | _operator shieiding but oo much doss inatherabs |\ \JATERIALS SELECTION 3
Dosage rate| Aliowable annual »
MCNP I =] - oo e s v s |5
*+ The Monte Carlo N-Particle transport code simulates likely the cptimal material for neutron shieiding. 2
the behavior o particies n a 3D amironent™ E— < tateral :‘_::;f zu * NeUTon aflenuation prodUGSs Secondary gamma rays <
. MPNNL compendium of materials data was used to — = = ‘which easily penetrate polymers, necessitating an outer
input the compostion of human fissue, which was then | Non-worker adjacant lab. 22.0406 lining of lead

moaaeax; yinue-sappmmevym & same volume | Nem-werker below ARt (o ~ Borated polysthylene is also relafively sxpensive, so nals
‘were run to compare the effectiveness to more afiordable

. MCNPeenhllmwe«e-mdtnm\m\aheﬂ-eanmmm GENERATOR ORIENTATION D"“‘&" ch as water, parafin, and concrete.
1. diation energy deposited into these flesh ield produced by the P385 generator Le: au Lead linin
i ime. lsanisah'op\
. mhghananmmufmxbangpm juced along
m L e £
analogue 2
Cross-section of the F385 accelerator head as ssen in £
MCNP. Each color represents a different material, @ Co rete I %‘
MODELING ASSUMPTIONS MC”F""“ om0 oot "
resuits are shown in neramez;etaw tallisd at 3.5 meters oom width, 237t
* Since safety is the primary concem, EWW"”'J Side view (lefi) and end view (righ) of the P385 ‘Shield design | Dosage rate | Allowable annual Dosage rate [mSw/t] | Alloweabe snmual
being modeled in the worst-case scenari
accelerafor head showing anisotropy of the nevtron {mSufhr) time (r) —
~ The higher energy, higher flux DT g s ised operator
- h Tor talies ® field. Red lines indicate directions of highest fiux n 1307 rr
‘against the walls to ensure maximum dose. + Orienting the acoslerator head 50 the plane of the N o 119 == l-z-ul 00201
* Human analogues are slightly larger than average endcap is parallel with the longest dimension of the - Nor-worker lateral(3) 00284 00

human volume so dosage rates are overestimated. room minimizes radiation lesking into adjacent labs. El 627 757 Nen-workerbelow 00442 1131




Concluding Remarks

 DOE-NE has donated a neutron generator with both D-D and D-T
heads (valued at $230k) to Boise State.

« Boise State University has committed $879k toward a neutron
science laboratory, with construction completion in summer 2024.

« ANSUF CINR General Scientific Infrastructure proposal is pending
for $249k in analytical equipment.

AN
Allyssa Bateman
Research Associate
Boise State University — MSMSE Am
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Thank You

Brian J. Jaques, PhD, PE

Assistant Professor | Micron School of Materials Science and Engineering, BSU
Director | Advanced Materials Laboratory, BSU

Program Manager | Advanced Sensor and Instrumentation at BSU

Joint Appointment | Idaho National Laboratory

Fellow | Center for Advanced Energy Studies
+01.208.484.0597
BrianJaques@BoiseState.edu

energy.gov/ne asi.inl.gov/
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