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- M.Sc Technical Nuclear Physics AGH

, - IFJ : cyclotron operator, Nuclear Applied Spectroscopy Dpt. (PIXE/PIGE)
JAG A S J O U R N EY - PhD studies in Texas Christian University, astronomy instr. (PAL/Chevron)

- Washington DC, Library of Congress

- Postdoctoral researcher at Idaho State University (ldaho Accelerator Center), Pocatello
- Positron Systems, Pajarito Scientific (nuclear waste analyst)

- Mathematics Teaching certificate: highchool/college of Eastern/Western/Southern Idaho
=+<_- ldaho National Laboratory (ATR, EES&T) since 2017
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different lengths of probe tested
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*Find the solution of inverse function — gamma response as a spectrometric
parameter of density and ash content, adjusted for bore-hole diameter fluctuations;
*Find the optimal size of probe (long or short) fora specific geophysical parameter
*Replace costly chemical analysis of core with in-situ geophysical spectral analysis.

*Obtained correlation over 0.9 for density/ash content/bore-hole diameter versus
spectral parameter , therefore we could replace costly chemical core analysis of core
with in-situ geophysical spectral analysis.

*All three parameters measured in the same time




INSTITUTE OF NUCLEAR PHYSICS IN KRAKOW




Proton Induced X-Ray and Gamma Emission PIXE/PIGE
Institute of Nuclear Physics, Krakow 7Poland

The Henryk Niewodniczaniski
Institute of Nuclear Physics
Polish Academy of Sciences

Cyclotron C—-48:

Cyclotron operator, physicist in Nuclear Spectroscopy Department



Cyclotron C-48 Proton (Alpha) Induced X-Ray and Gamma Radiation

| PIXE: Particle induced X-ray emission gives the
b\ diaphragn trace and minor elemental composition. Principle:
PACTEIEN e gepSon emission of characteristic X-ray by excited atoms
F \ o /w e caused by proton bombardment.
araday cup :
& . Ll g, AR S PIGE: Particle m.u:! uced Gamma ray emission gives
[ | O HH ]:L e the trace and minor elemental composition for
X - ray — some light nuclei. Principle: excitation of light
i) a b nuclei by proton bombardment.
| ol diaphragns RBS: Rutherford backscattering is sensitive to
] heavy elements in a light matrix, surface analysis,
' ; sensitive to thin layers, mainly done with alpha

Intermediate pressure particles.

End of the beam measurement

o

Table.1. Comparison of the working parameters
of the C-48INP cyclotron and the 3.5 MV VdG generator

; % Parameter Il C-48INP 3.5 MV VdG
Particle proton proton ’

| a particle a particle |
Proton(s) energy 1 MeV-3MeV | 600 keV - 3.5 MeV |

o particle(s) energy |1 MeV - 2 MeV | He*: 600 keV - 3.5 MeV
| 5 MeV | He*": 600 keV - 7.0 MeV |

Beam current several ud | - several pA
h—'_Bea.m sp;E;d ~ 5l keV i ~ qwer'd keV
Experimental methods: | PIXE/PIGE PIXE/PIGE
RBS/NRA RBS/NRA
Channeling Channeling

ERD




PIXE spectra for different matrixes
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Figure 3. Representative PIXE spectra of the coarse airbome particulate matter collected
in the sampling site.
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Sensitivity and detection limits tfo
different elements is adjustable to the
certain extend, by using filters

Trace elements analysis — in case of
pollution with lead or mercury in biological
samples; magnesium traces

Cabbage and tomatoes were enriched with
Selenium — trying to find the optimal
amount; until there was too much

Geological standard from
Lundt, Sweden



Plenty of silver in wild champignons - bioaccumulation
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PIGE Applications in Environmental Sciences/ Geology

Aluminium Works near Krakow (Skawina)

environment by fluorine compounds —
thanks to students

fluorine, sulphur
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Crusty/leafy/shrubby lichens

Lichen —used as bio-indicator for environmental air
pollution from air
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PIGE Trace Element Analysis in Geological Samples

Estimation of Fluorine Emission from raw clays versus after firing, fluorine is

emission after firing at high temperature, what remains is below detection limit

IDN
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samples

Fig. 1: Fluorine content in raw clay from the Rejowiec deposit and in products of its firi
i
900°, 95(°, 1000° and 1200°C. et

PIGE and PIXE Trace Element Analyses of
Polish Clay Rocks: J.Urban, P. Wyszomirski

No fluorine remains in the pottery, all went to the air
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space —

Anderson

| The Positron: ahti-electron
1930: Anti-electron (Positron) predicted by P.A.M. Dirac, Quantum
Electrodynamics Theory.
1932: The Positron (positive electron), detected by C.D. Anderson 1n the cloud
chamber from cosmic radiation.
1946: The Positronium atom (positron and electron bound state) detected by M.

1 1960: Solid state physics: positron 1s localized 1n defects; positron 1s
delocalized 1n lattices-Fermi surface.

1970: Nuclear medicine: positron emission tomography (PET)

1975: Surface science: positron has a negative work function.

1980-presence: Positron chemistry, material defect and surface tools.




Sample 1 Cover foil

22

Na source —fF—mc—s l«— = 2000 x 2000 x 5 uma

irth y—ray
1.27 MeV
At

|

1. Positron lifetime

/

positron source
® —

22-Na

100 um

Sample 2

2. Anqular correlation
_ Pxy

X,y

m,C

longitudinal versus transverse
electron momentum

‘\-
diffusion (100 nm)

Thermalization

(1 ps) 3. Doppler broadening

0.511 MeV + AE, AE-= pZCHZ




in Sandstone, Limestone and Dolomite Rocks
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Structure effect versus chemical effect
Fig.4.6 S-parameter versus mean lifetime value
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Opals - their origin, evolution and structure

‘O
A

Fig.7.1 Tetrahedral layer from which both tridymite
and cristobalite structures are built

AWA

Opal-A (siliceous ooze) — Opal-CT (porcellanite) —  micro-quartz — quartz

(amorphous) (beginning of crystallization)

Opal A Powder .?ate 219228t 2003 Precious Opal (ground & etched)) A
Mag = 669KX EHT=2500k¥ WD= 14 mm Spot Size = 250 Detector = SE1 [ Mag = 4266 KX EHT=14.00kV WD= 8mm Spot Size = 200 Detector = SEL

canS eed = 9




Quotient spectra have been obtained by dividing the standard DBS spectrum of Si-crystal (in
orientation 1-1-1) by the sample spectrum. All spectra have been smoothed and normalized.

Fig. 8.1 Rocks versus Si-crystal, quotient spectra
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What about applications of
positron technology in industry?

POSITRON
%S TEMS

Located nearby Idaho Accelerator Center which is a part of Idaho State University




POSITRON

QSTEMS ™ [PA-V//S Processes

Positrons Created —— Positron Emitting
Source Material

Photons or Neutrons

—

g )
Linear Accelerator or #
IR

+

Neutron
Deficient

e "

# Radionuclide

o

Positrons Positron Emitting

Deposited Source Material
t UpTo 3 mm "

Digital
Signal ~
Processor

Gamma Rays

Germanium i } g}i}

Subject 05 Annihilations

Material - v with Flectrons
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Develop_ed IPA-V: Plenty of
i v IPA Technologies | positron sources are

created inside the
material

= Induced Positron Annihilation--Volumetric (IPA- V) =
= Deep depth assessment capability
= Larger equipment, faster volumetric (bulk) analysis
= Mobile capability in development

« Induced Positron Annihilation—Surface/Near-Surface

IPA-S: we created our

2 e (IPA-S) own short lived
o y = Near-surface analysis (Depths to 5Smm) positron source, any
= Small size can be configured as a probe T T T ) s

« Induced Positron Annihilation--Portable (IPA-P)

= In development for field portability

Production of Positron Sources

Long-lived positron sources’ characteristics.
®Ge/Ga: T,,=271days. E_ =1899keV,|  <01%

“Na:T,.= 2 6years, E = 54{] keV, E=1. T?:: keV, | =99.94 Ya
Shont-lived positron scrun:es characteristics:

Doppler “Cu (T,, = 12.7 hours, E__ =579 keV, |, <0.5 %)
Copper {'-“Cu} was prnduced through the reacilﬂns

%Cu (v,n) #Cu, abundance of “Cu =308 %
Cu (n.y) #Cu, abundance of “Cu =692 %

Long-lived sources’ characteristics:
*Na (T , = 2.6 years, Elm“ =540 keV, E _  =1.275keV, | _ =99.04 %)

Short-lived sources’ charactaristics:
“Ni(T,,=356hours, E__ =864 keV.E  =1377.0keV | =81.7 %) PALS
Nickel (*'Ni) was produced in the reaction:
“*Ni (y,n) “'Ni, abundance of *'Ni = 68.3 %
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IDAHO NATIONAL LABORATORY - HISTORY
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OVERVIEW OF NUCLEAR

REACTORS HISTORY IN IDAHO

569,135 Acres
889 Square Miles

INL

Nawval Reactors Fécility
<

-
‘ .\\

Materialsand .- e
S Yook @ . Research
HNuclear Technology Fuels CON\P'O’Y and Education

\ Campus

~
———————

_____

Idaho: 2/3 Poland by size, 2 min people, high desert, mountains, Snake river valley

Nuclear facilities
(Haz Cat 1,2 & 3)

Radiological facilities

Operating reactors

Miles railroad for
shipping nuclear fuel

Miles primary roads
(125 total)

Substations with interfaces
to three power providers

Miles high-voltage
transmission lines

Fire stations




NAVAL PROVING GROUNDS DURING WW Il — TESTING ARTILLERY TEST RANGE
NATIONAL REACTOR TESTING STATION (1949) PLAN: 10 REACTORS IN 15YEARS
INL: 52 REACTORS, 70+ YEARS...AND COUNTING

Two out of three Buttes at the INL site



EXPERIMENTAL BREEDER REACTOR | (EBR-I)

EBR-I Fast Facts

*EBR-I was the first reactor built
in Idaho at the National Reactor
Testing Station (forerunner to
today’s INL)

*Iln 1953, testing at EBR-I
confirmed that a reactor could
create (or breed) more fuel than
it consumes.

*This pioneering reactor operated
for 12 years before being shut
down for the last time in
December 1963.

*President Lyndon Johnson
dedicated EBR-I as a National
Historic Landmark in 1966.

Engines used for nuclear plane

——_—

A . RN
e “t\\‘\““ Sodouty \\\\\\\\Q\ PR Rk
e X ~

LS AR ERLRS \“
\‘ '
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On December 20, 1951, EBR-I
became the first power plant to

produce electricity in city of Arco
using atomic energy.

N




NAVAL REACTORS FACILITY: NAUTILUS — FIRST NUC

Naval Reactor Facility. From the early 1950s to
the mid-1990s, NRF supported the U.S. Navy's
nuclear-powered fleet by testing reactor designs,
receiving spent nuclear fuel for processing and
storage, and training nearly 40,000 Navy
personnel to operate surface and submarine
nuclear power plants. The only remaining active
facility at NRF is the Expended Core Facility / Dry
Storage Facility, which provides for storage of
spent fuel from U.S. Naval reactors.




THE HISTORY GOES ON...

Special Power Excursion Reactor Tests |-
IV (SPERT) as a series of tests focusing
on the safety of nuclear reactors.[!! It was
commissioned in 1954 by the U.S. Atomic
Energy Commission, to be run by

the Phillips Petroleum Company

YATIAL

E— 2 — .
Loss of Fluid Test Facility (LOFT) 1973 - 1985 served as a
centerpiece in the safety testing program for commercial
power reactors conducted on various accident scenarios, \

including the real accident at Three Mile Island
\/

Power Burst Facility
(PBF) 1972 — 1985
Located at INL's Critical
Infrastructure Test
Range Facility, the PBF
was the world’s most
powerful accident
simulation reactor,
capable of ms bursts
well beyond 140-
gigawatts for various
reactor safety testing
projects

The Boiling Water Reactors (BORAX) experiments included five reactors built
between 1953 and 1964 by Argonne National Laboratory. They proved that the
boiling water concept was a feasible design for an electricity-producing nuclear
reactor. The BORAX Il reactor was also the first in the world to power a
community (Arco, Idaho) on July 17, 1955



https://en.wikipedia.org/wiki/Nuclear_reactors
https://en.wikipedia.org/wiki/Special_Power_Excursion_Reactor_Test_Program#cite_note-NS-1
https://en.wikipedia.org/wiki/U.S._Atomic_Energy_Commission
https://en.wikipedia.org/wiki/U.S._Atomic_Energy_Commission
https://en.wikipedia.org/wiki/Phillips_Petroleum_Company
https://en.wikipedia.org/wiki/BORAX_experiments
https://en.wikipedia.org/wiki/Argonne_National_Laboratory
https://en.wikipedia.org/wiki/Arco,_Idaho

On January 3, 1961, the reactor was being prepared for restart after
a shutdown of eleven days over the holidays. Maintenance

ACCIDENTS HAPPEN:

STATIONARY LOW-POWER procedures required that the main central control rod be manually
. withdrawn a few inches to reconnect it to its drive mechanism. this
REACTO RS' SL-1 rod was suddenly withdrawn too far, causing SL-1 to go prompt
intended to provide electrical critical instantly. In four milliseconds, the heat generated by the
power and heat for small, remote resulting enormous power excursion caused fuel inside the core to
military facilities in arctic regions melt and to explosively vaporize.

This is the only reactor accident in U.S. history to have resulted in immediate
fatalities.

BORAX-IIl was the basis (boiling water reactor with highly enriched U, 3MW
power)

Reactor went prompt critical, extreme heat created water hammer

Reactor vessel was propelled to the ceiling,

Three people died; a supervisor was pinned and impaled to the ceiling, he
was found and removed after several days.

The accident released about 1,100 curies (41 TBq) of fission products into the
atmosphere, including the isotopes of xenon, isotopes of krypton, strontium- —
91, yttrium-91 and iodine-131. Rl =y

- : ljnuf i!""
Murder-suicide theory of love triangle iy -

,._1' goe-
. - ..
v



https://en.wikipedia.org/wiki/Prompt_criticality
https://en.wikipedia.org/wiki/Prompt_criticality
https://en.wikipedia.org/wiki/Power_excursion

FOUR NUCLEAR REACTORS THAT ARE OPERATED PRESENTLY

Advanced Test reactor (ATR) — the most unique research reactor in the world

" December 2024 aerial
photo of ATR in operation.

Transient
Reactor Test
e Facility
@ (TREAT)

- U'""W Neutron
i

Wi Radiography
T e (NRAD)

U‘l
reactor




ATR COMPARED TO ITS PREDECESSORS: MTR ANVR/ \
| N | // -~

The Materials Testing Reactor in operation.
MTR ran from 1952 through 1970.

YK

The 40MW Materials. esﬁhg Reactor

MTR ran from 1952 through 1970.

o
. , _—
R 19 e

The 175MW Engineering Testing
" Reactor (ETR) during ope{éfions.
- ETR ran from 1957 throg'g'h 1981.

A
' Fresh fuel loaded for
nuclear testing in ATRC

The 175MW Engineering Testing

Reactor (ETR) core. ETR ran

from 1957 through 1981.




In-Canal Assay of High Specific Activity 60 Co at the

Advanced Test Reactor

Michael A. Reichenberger - L 4 Jagoda Urban-Klaehn - Jason V. Brookman -
Show all 6 authors - © Richard H Howard

N/

Initial phase of Pu-238 production in Idaho National

Laboratory

March 202

DOI: 10.1016/j.apradis0.2020.109517
’ Q Jagoda Urban-Klaehn - © David Miller - Brian J. Gross - Show all 5 authors -

Carla C. Dwight
Zeolite-Based Catalysts for Conversion of Oxygenated
Polymer Waste by Positron Annihilation

January 2024 - ChemCatChem 16(4)
DOl: 101002

Lab: Jagoda Urban-Klaehn's Lab

Q‘ Jagoda Urban-Klaehn - 'ﬁ Kanan Shikhaliyev - Anne Gaffney - Show all @ authors -
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