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JAGA’S JOURNEY

Jagoda Urban-Klaehn, Ph.D.

- M.Sc Technical Nuclear Physics AGH
- IFJ : cyclotron operator, Nuclear Applied Spectroscopy Dpt. (PIXE/PIGE) 
- PhD studies in Texas Christian University, astronomy instr. (PAL/Chevron)
- Washington DC, Library of  Congress
- Postdoctoral researcher at Idaho State University (Idaho Accelerator Center), Pocatello
- Positron Systems, Pajarito Scientific (nuclear waste analyst)
- Mathematics Teaching certificate: highchool/college of  Eastern/Western/Southern Idaho
- Idaho National Laboratory (ATR, EES&T) since 2017

Non-linear career path 

• American Nuclear Society
• U.S. Women in Nuclear



M.S. THESIS TITLE: “ THE APPLICATION OF THE SPECTRAL GAMMA-
GAMMA METHOD TO INVESTIGATE PIT-COAL’S DEPOSITS” – CAN 
BE USED IN ORE, GAS, HARD COAL IN SITU ANALYSIS

Probe: source (γ or neutron)-shield-detector,
different lengths of probe tested

4π  geometry in boring log probe

cable

electronics

2π surface geometry2π surface geometry

4π  geometry in boring log

Idea: Replace costly chemical core removal with probe



Typical Coal Well-log Profile – chemical and geophysical Analysis

Rock lithology Natural γ radiation PG 

γ − γ from selected energy channels 

Well diameter

Coal effect





INSTITUTE OF NUCLEAR PHYSICS IN KRAKOW
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PIXE spectra for different matrixes

Sensitivity  and detection limits to 
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
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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

Ref.  Joint ICTP-IAEA Workshop on Nuclear Data for Analytical Applications
Massimo Chiari, 21 - 25 October 2013

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



TEXAS CHRISTIAN UNIVERSITY, FORTH 
WORTH, TX











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

0.52
nm 

Opals - their  origin, evolution and structure

Opal-A (siliceous ooze)    →    Opal-CT (porcellanite)  →      micro-quartz    →  quartz
(amorphous)                     (beginning of crystallization)



Fig.8.2  DBS derivative spectrum as the function of momentum,  smoothed
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Fig. 8.1 Rocks versus Si-crystal,  quotient spectra

dolomite

limestone

quartz/anhydrite
illite/quartz from opal

opals

Energy [keV]

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.



IDAHO STATE UNIVERSITY/IDAHO 
ACCELERATOR CENTER



What about  applications of 
positron technology in industry?

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





IPA-V Activation Process

IPA-S Measurement using the Short-lived Cu-62 
Source Probe

PALS

Doppler

Production of Positron Sources
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IDAHO NATIONAL LABORATORY - HISTORY
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OVERVIEW OF NUCLEAR 
REACTORS HISTORY IN IDAHO

Second by size, fifth by budget (1.5 bln annually from DOE) 

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



NAVAL PROVING GROUNDS DURING WW II – 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 I (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)
•In 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.

On December 20, 1951, EBR-I 
became the first power plant to 
produce electricity in city of Arco 
using atomic energy.

Engines used for nuclear plane



NAVAL REACTORS FACILITY: NAUTILUS – FIRST NUCLEAR-POWERED SUBMARINE

Hyman Rickover. He was the longest-
serving member of the U.S armed 
forces in history. Which country was 
he born?  He was born in Makow 
Mazowiecki in Poland not far from 
Warsaw. 

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.

Nautilus’s reactor core prototype at 
the S1W facility in Idaho



THE HISTORY GOES ON…

Boiling Water Reactor  
Experiments I-V  (BORAX)

Special Power Excursion  Reactor Tests I-
IV  (SPERT) as a series of tests focusing 
on the safety of nuclear reactors.[1] It was 
commissioned in 1954 by the U.S. Atomic 
Energy Commission, to be run by 
the Phillips Petroleum Company

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 III 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


ACCIDENTS HAPPEN:  
STATIONARY LOW-POWER 
REACTORS; SL-1

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

• BORAX-III 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. 

• Murder-suicide theory of love triangle Many rumors, one person was impiled to the 
ceiling and found only after several days 

On January 3, 1961, the reactor was being prepared for restart after 
a shutdown of eleven days over the holidays. Maintenance 
procedures required that the main central control rod be manually 
withdrawn a few inches to reconnect it to its drive mechanism. this 
rod was suddenly withdrawn too far, causing SL-1 to go prompt 
critical instantly. In four milliseconds, the heat generated by the 
resulting enormous power excursion caused fuel inside the core to 
melt and to explosively vaporize. 

intended to provide electrical 
power and heat for small, remote 
military facilities in arctic regions

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

Advanced Test reactor 
Critical (ATRC) - pool

Transient 
Reactor Test 
Facility 
(TREAT) 

Neutron 
Radiography 
(NRAD) 
reactor 



ATR COMPARED TO ITS PREDECESSORS: MTR AND ETR

Materials Testing Reactor, 1952-1970 Engineering Testing Reactor, 1957-1981

MTR core ETR core ATR core
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THANK YOU

Jagoda Urban-Klaehn

208-346-3123

37


	AGENDA
	Jaga’s journey
	M.S. Thesis Title: “The Application of the Spectral Gamma-Gamma Method to Investigate Pit-Coal’s Deposits” – can be used in ore, gas, hard coal in situ analysis
	Slide Number 4
	Slide Number 5
	Institute of nuclear physics in Krakow
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Texas Christian university, forth worth, tx
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 20
	Slide Number 21
	Idaho state university/Idaho accelerator center
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Idaho National laboratory - history
	Slide Number 27
	Overview of Nuclear Reactors History in Idaho
	Naval Proving Grounds during WW II – testing artillery  test range�National Reactor Testing Station (1949) plan: 10 reactors in 15 years
INL: 52 reactors, 70+ years…and counting
	Experimental Breeder Reactor I (EBR-I)
	Naval Reactors Facility: Nautilus – first nuclear-powered submarine
	The history goes on…
	Accidents happen:  Stationary Low-Power Reactors; SL-1
	Four Nuclear Reactors that are operated presently
	ATR compared to its predecessors: MTR and ETR
	Slide Number 36
	THANK YOU

