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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security,
LLC, nor any of their employees makes any warranty, expressed or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or Lawrence
Livermore National Security, LLC. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States government or Lawrence Livermore
National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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Figure 1. Annie Kersting, Director, Glenn T. Seaborg Institute (far left), and 2014 Nuclear Forensics Summer
Program Students and Nuclear Forensics Graduate Fellows

The Lawrence Livermore National Laboratory (LLNL) Nuclear Forensics Summer Program is
designed to give graduate students an opportunity to come to LLNL for 810 weeks for a
hands-on research experience. Students conduct research under the supervision of a staff
scientist, attend a weekly lecture series, interact with other students, and present their work in
poster format at the end of the program. Students also have the opportunity to meet staff
scientists one-on-one, participate in LLNL facility tours (e.g., the National Ignition Facility and
Center for Accelerator Mass Spectrometry) to gain a better understanding of the multi-
disciplinary, on going science at LLNL.

Currently called the Nuclear Forensics Summer Program, this program began 14 years ago as
the Actinide Sciences Summer Program. The program is run within the Glenn T. Seaborg
Institute in the Physical and Life Sciences Directorate at LLNL. The goal of the Nuclear
Forensics Summer Program is to facilitate the training of the next generation of nuclear
scientists and engineers to solve critical national security problems in the field of nuclear
forensics and have the students participate in conducting research at LLNL. We select students
who are majoring in physics, chemistry, geology, mathematics, nuclear engineering, chemical
engineering and environmental sciences. Students engage in research projects in the
disciplines of actinide chemistry, radiochemistry, isotopic analysis, computational analysis,
radiation detection, and nuclear engineering in order to strengthen the “pipeline” for future
scientific disciplines critical to DHS (DNDO), NNSA.
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This is a competitive program with over 80 applicants for the 812 slots available. Students also
come on paid internships from NNSA, DHS. Students come highly recommended from
universities all over the country. For example, this year we hosted students from 11 different
universities. (See Table 1). This year’s students conducted research on such diverse topics as
actinide (Np, U, Pu) isotopic fingerprinting, statistical modeling in nuclear forensics,
environmental radiochemistry, heavy element separations chemistry, radiation detector physics
development, nuclear chemistry, and scintillator materials development (see Table 2.) Graduate
students are invited to return for a second year at their mentor’s discretion. We encourage
continuation of research collaboration between graduate student, faculty advisor, and LLNL
scientists.

In addition to hands-on training, students attend a weekly lecture series on topics applicable to
the field of nuclear forensics (see Table 3). Speakers are experts from both within LLNL and the
national community. Speakers are able to discuss the importance of their work in the context of
advances in the field of nuclear forensics.

Graduate and undergraduate students on fellowships such as the Nuclear Forensics Graduate
Fellowship are invited into our summer program. They usually come for 12 weeks and can return
the following summer or stay throughout the year depending on their research needs. This year
we had 3 Nuclear Forensics Fellows, 2 in the graduate program and one in the undergraduate
program (Table 1, noted by an asterisks).

We also host students who are participating in the DOE-sponsored “Summer School in
Radiochemistry ” course held at San Jose State University and have recruited from this program.
They come for a day, meet our summer students, see the research our students are doing, and
tour our facilities. Staff scientists also participate in the Nuclear Forensics Undergraduate
Summer Program sponsored by DHS-DNDO (FY 14 held at University of Missouri, MO). Staff
scientists lecture to the undergraduate students in their field of expertise.

We use our summer program to help develop a successful pipeline of top-quality students from
universities across the U.S. Since 2002, 30-40% have returned to conduct their graduate
research at LLNL:

* 14 became postdoctoral fellows at LLNL.

* 6 became postdoctoral fellows at other national labs.

* 9 were hired as career scientists at LLNL.

* 3 were hired as career scientists at other national labs.

* 3 were hired as faculty in the area of nuclear forensics/radiochemistry/nuclear science.

A big factor in the success of this program is the dedication of the staff scientists who volunteer
to mentor the summer students. In FY 14, funding from the Nuclear Forensics Graduate
Mentoring Program (sponsor: DNDO) helped to partially support the time staff took to teach the
summer interns. Staff scientists were able to take the necessary time to develop an appropriate
summer project for their student, oversee necessary safety training, and dedicate more time to
helping the interns maximize their productivity and scientific potential.

Lawrence Livermore National Laboratory
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The posters presented at our Laboratory Student Poster Day are included at the end of this report.
Once again, one of our student’s poster won the ‘best poster’ award out of about 250 students
posters that were judged.
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Table 1.

Summer Students

2014 LLNL Nuclear Forensics Summer Program

Student | Major University Year
c AL . . University of
Oluwatomi Akindele Nuclear Engineering California, Berkeley Grad
Richard Beck Nuclear an.d Ra.dlologlcal Te)fas A.&M Grad
Engineering University
Andrew Conant** Nuclear an.d Rafhologlcal George Institute of Undergrad
Engineering Technology
Kelly Daniel Forensic Science Marshall University Grad
Megan Deeds Chemistry U.nlv.e rsﬁ){ of Grad
Cincinnati
Marec Fitzgerald* Chemistry University of Nevada, Grad
Las Vegas
Connor Hilton** Geochemistry Brown University Undergrad
. . . Texas A&M
Corey Keith Nuclear Engineering University Grad
. University of
*k
Kelly Kmak Chemistry California, Berkeley Undergrad
. . . University of
Laurence Lewis Nuclear Engineering California, Berkeley Grad
Chris Prokop Nuclear Chemistry Ml?hlga.n State Grad
University
Geology California State
Andrew Renshaw University, East Bay Grad
Arizona State
. o .
Quinn Shollenberger Chemistry University Undergrad
Rodrigo Tapia** Mathematics and University of Georgia Undergrad

Chemistry

*= Nuclear Forensics Graduate Fellows

Lawrence Livermore National Laboratory

** = Nuclear Forensics Undergraduate Intern




Table 2.

Student

Oluwatomi AKindele

Mentor

Bryan Bandong,

Kevin Roberts

Student Projects and Mentors

Project

Simulated Neutron Activation of Metals for Post
Detonation Nuclear Forensics

Richard Beck

Nicholas Scielzo

p -Delayed a Angular Correlation in Mass 8 Systems

Andrew Conant

Martin Robel

Reactor Modeling of Pu and Cs Isotope Ratios in
Pressurized Water Reactor Fuel Assemblies

Kelly Daniel

Mike Kristo

Evaluating Methods for Removing Radioactive
Contamination from Traditional Forensic Evidence:
Moths

Megan Deeds

Natalia Zaitzeva

Exploring Polymerization Techniques for PSD Plastic
Scintillators

Marec Fitzgerald**

Kim Knight

Understanding Plutonium in Fallout Formation

Connor Hilton*

Ross Williams

Local and Global Nuclear Fallout Contributions to a Soil
Profile

Bryan Bandong,

Corey Keith High-Energy Neutron Foil Activation for Davis Cals
Kevin Roberts
Separations and Nuclear Counting for Research Projects
Kelly Kmak Dawn Shaughnessy on National Ignition Facility (NIF) Radiochemistry and

Nuclear Forensics Sample Production

Laurence Lewis

Ian Hutcheon

SIMS Analysis of Aerodynamic Fallout

Chris Prokop

Dawn Shaughnessy

Perform Isotope Production and Nuclear Counting
Experiments in Support of Nuclear Forensics

Andrew Renshaw

Brad Esser

Investigation of Radium Analytical Methods for
Groundwater with Complex Matrices

Quinn Shollenberger

Greg Brennecka

Examining the Gadolinium Isotopic Signatures of Nuclear
Material

Rodrigo Tapia**

Gary Eppich, Sarah
Roberts

Comparison of Historical Fallout with Representative Soil
Samples by XRD and ICP-MS

* = Nuclear Forensics Undergraduate Intern

Lawrence Livermore National Laboratory

**= Nuclear Forensics Graduate Fellows

2014 LLNL Nuclear Forensics Summer Program

10



Table 3.

Seminar Schedule

Date Speaker Topic
Kim Knight
Analytical
12/14 i : icati i
6/12/ Staff Scientist, Chemical & Isotopic Signatures Group, Chemical Chemistry Ap[fllcatlons m
. S Nuclear Forensics
Sciences Division
James Begg
Water, Rocks and Microbes: The
6/26/14 Bi hemistry of
Staff Scientist, Environmental Radiochemistry Group, Chemical lOg.eoc e{nls ryo
. A Radionuclides
Sciences Division
Dawn Shaughnessy Radiochemistry and Nuclear
Physics Measurements at the
711/14 Group Leader, Experimental Nuclear and Radiochemistry, Chemical | National Ignition Facility
Sciences Division
Jean Moran
Studying the Effects of Climate
7/8/14 Associate Professor Change on Water Resources
California State University East Bay, Department of Earth and Using Isotopes
Environmental Sciences
Amy Gaffney
Chronometry of Geologic and
Staff Scientist, Chemical & Isotopic Signatures Group, Chemical Nuclear Materials
Sciences Division
7/16/14
Brett Isselhardt Resonance Ionization Mass
o ) o Spectrometry Analysis for
Staff Scientist, Chemical & Isotopic Signatures Group, Nuclear Forensics
Chemical Sciences Division
Mark Stoyer
7124114 Group Leader, Experimental Nuclear Physics, Physics Nuclear Forensics at LLNL
Division
Mona Dreicer
7/31/14 | Deputy Program Director for Nuclear and Domestic Security £rizilitiy;\t/§olr:1torlng and
and Deputy Director of the Center for Global Security ertticatio
Research (CGSR)
Annie Kersting
8/8/14 Director, Glenn T. Seaborg Institute, Physical and Life Closing out the Program
Sciences Directorate

Lawrence Livermore National Laboratory
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Simulated Neutron Activation of Metals for Post Detonation
Nuclear Forensics Berkeley

UNIVERSITY OF CALIFORNIA

Tomi A. Akindele', Corey C. Keith? Kevin E. Roberts?, Robert J. Haslett?, Tzu-Fang Wang?, and Bryan B. Bandong 3 7
(@) University of California, Berkeley, Department of Nuclear Engineering
Pt % 2Texas A&M University, Department of Nuclear Engineering
e ek T Sashong TRatilte 3Lawrence Livermore National Laboratory, Chemical Science Division AR v et IREr COROATIS!

I Objective: Determine observable and distinguishable signatures of activation products from thermonuclear and fission neutron capture reactions

- a - - - > H -
Introduction: Nickel Activation: Conclusion:
X R 2 ¢ ol ' The same analysis was also done for Al, Ti, Fe, Cu, Ir,
Thermonuclear and fission reactions yield different S W, Au, and pf The results clearly show observable
energy neutrons. Evaluating the differences in how L L) Lok et e differences in 2-3 and 14 MeV spectra. Although these
these neutron interact with matter are useful for e, s'm"ﬂa'w':s 5:‘;‘!”‘:“‘:'9‘:'0“°“1_5 on ‘:"Pe‘f@‘-‘ Sm‘m it
o . . . . o L0
nuclear forensics diagnostics. Neutron activation with u:(vw;) :f:wsl:g,e ‘;at: Frof" lg?:ig:: "?e :?oggeso, 'gam;z
2-3 and 14 MeV neutrons on 10 elemental, structural s7905m8 ra07 59930791 93106 61978349 counting order was also determined. This work is to be
metals was simulated for the UC Davis 76" cyclotron's CoS7 Cos8 Cos9 o0 performed at the UC Davis 76" cyclotron. Experimental
deuteron beam L N:“ 100 Joarm ;m- data can then be compared to the simulated resuits.
: . T
v 122.1,1365, - CLASEE R
NS9(n.d) NiS8in.p) yA3RS 172
el ot References:
2 £ 836 £2.307 $89332 £2.823
Theory- Fes9 1) “Nuclides and Isotopes”, XVI Edition. KAPL Inc. 2002
. 3 S 2) "MCNP-A General Monte Carlo N-Particle Transport Cede,”
Thermonuclear reaction: The following activation products were created through neutron bombardment .A_.‘:’:r: LA-UR-03-1987, Los Alamos National Laboratory, 2003
2H +3H > 4He +n E.=14.1 MeV on Nickel. Because each reaction has an energy threshold, the production of """w 3) R:f M“fre&wo}R _Wayzrt;(;; "GADRAS User Manual” Sandia
n = . : : ional Laborateries. »
Eladion: smaciion: each isotope is strongly dependent on the neutron energy. L) 4)  “PyNE User’s Guide" PyNE Development Team, 2011
n+23Yy 5 A+B+xn E, =2-3 MeV
Results:
Methods: o025
Spectra resulting from the counting of irradiated material were created for both the 3 and 14 MeV cases with cooling times i H } ‘ : . .
A deuteron beam incident on Be can be used to ranging from 12 to 72 hours in 12 hour intervals. These spectra were compared at different gies and cooling times. The 14 3 0.0020
create spallation neutrons: MeV irradiation consistently showed the production of more activation species. To better quantify the differences in observed 2 0.0015
gamma ray lines, the ratio of the most intense gamma ray lines were plotted for the 6 observed cooling times. The lines chosen E oo
(o] O é were taken from different activation products to avoid redundant results. & 0.0010 2 “; y
R . - . 14 Me
N % N% 10° - - - - s
&'f ‘QG/ Cos7. Co-58:810keV 0% cosz 2 0.0005
f) 122 126 keV - 3MeV 122§ 136 ke Co-58: 810 keV *12 hour codling Sime 3 si5666 . " . . 2 3
_ —_— 10"k o + 14 MoV [ |+ 72 nour cooting sema| . T ¥ A s
| 1337 ke 1075 NiST. "
N 10?2 Cos8. | 1337 ke b0 Time(hr)
D ron Beam ! B Cotor ' 2
2 feéjrt:e :‘J Ee Neutrons peaked . 1332 e ass o] 5 00 starey et %. 0.008
ay at~E/2 5 10° cose 2 1332 keV 4757 & 1919 hev 2
% W "‘V -::: - E 0.006 «3 MeV
f- o 2 109) | M6Tahev & o004 * 14 MeV
1) PYNE was used to generate ENDF neutron reaction cross 2 ' } =
sections for energies of interest o - . } g o
2) MCNP was used to model the neutron spectra resulting \ 10 £ 0000 A VS N R,
from a deuteron beam incident on beryllium, and to 't ) s o 20 “© L Timm:’
calculate the concentration of activation products. 0 w0 e e o0 10 s e e 2000 O e e e e 70 o z
3) GADRAS was used to simulate a HPGE detector's Energy (keV) By Y 4 1ea¥ sraioaon Sop: Ratio of Cor
i 2 Figure 1: Ci of Nickel acti spectra with 3MeV Figure 2: Comparison of 14 MeV Nickel activation spectra with a 12 57's 122 keV to Co-58's 810 keV. Bottom: Ratio of Co-
response to the gamma rays from the activated materials (purple) and 14 MeV (teal) neutrons hour and 72 hour cooling time. so': B :ev ; c?; 58: 2104 :v. om: Ratio o

_—
TiA POaT a0

T wor s ko et Roagoet | P U 5. Gwptrmrt 5 L2y by Lownoch Livwmaces Niionsl Liboraory s Coriract 3. D€ 1223 ST 21384
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B-Delayed a« Angular Correlation in Mass 8 Systems

Richard Beck! , N. Scielzo! Matthew Sternberg!- P. F. Bertone?, F. Buchinger, 5. Caldwell*8, A. Chaudhuri?, J.A. Clark?, J.E. Crawford?, C.M.
Deibel®, . Gulick?, G. Gwinneré, D, Lascar??, A F. Levand?®, G, Li*4, G. Savard®®, R. Segel?, K.S. Sharmaé, J. Van Schelt?®, R.M. Yee’, B.J. Zabransky?

ILawrence Livermore National Laboratory, ?Northwestern University, *Argonne National Laboratory, *McGill University, *Michigan State University,

SUniversity of Manitoba, 7University of California, Berkeley, 2University of Chicago

. = + 2

Introductlon Ny(8,E,E)=F(E,E;)[1+ a,(E,E;)cost +ps(E, E,) cos?8]

THEORY
-Decay spectrum determined by phase space,
kinematic correction, and nuclear structure effects

+ Kinematic correction well understood

« Weak interaction term describes the correlation
between the direction the beta particle (electron)
is emitted and the directions the two alpha
particles are emitted

Total spectra  Phase space Kinematic recoil Weak interaction

. .
Electron ™~ . ~"Neutrino
Lithium-8

Beryllium-8 o

LITHIUM 8
Lithium-8: isotope of Lithium that has 5 neutrons
and 3 protons

+ Radioactive, decays into Beryllium-8, which
decays into two alpha particles (Helium)

+ First B particle emitted, then a particles

Setup

SAMPLE INJECTION
Lithium-8 is produced using 7Li(d,p) reaction:
Lithium-7 beam reacted with Deuterium to
form Lithium-8

+ Lithium-8 ions stopped, bunched, and purified =
using Helium gas and electric fields

+ lons held nearly at rest in 1 mm? volume for
accurate measurement using an ion trap.

MEASUREMENT

« Detectors: Four 64x64x1 mm? with 32x32
silicon strips laid perpendicular to each other
in front of plastic scintillators

* Measurements give the direction and energy
of both alpha and beta particles

Data

SPECTRA
« 3x10° B-a-a coincidences in the decay of Lithium-8
collected with apparatus

Beta Paricie Enorgy Spacium Beta Alpha Angle, 3.5 MeV - 4.5 MoV

1

i

R TR T 0 T |

N L
— B2 Loz Spres

Beta Aipha Ancho, 7.5 e - 8.5 WV _ Beta Apha Angle. 11.5 MoV - 12.5 MeV _

il
1]
Efi,

§

B2t L e Bradona kv dogne

311
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Simulation vs. Observed

SlMULATION
Simulation reproduces data very well

» Impact of kinematic and weak interaction terms still
requires careful comparison

» To interpret data, a simulation of the B decay and the
apparatus in GEANT4 physics modeling software was
developed to compare to data

+ Allows us determination of kinematic and weak
interaction terms

UNEXPECTED EFFECT
As the energy of the beta particle increases, there is
some disagreement between data and simulation
between 90° and 120°

« Simulation needs reinvestigating and refining in order
to uncover source of discrepancy

« Will need to be investigated in Boron-8 data

S o Compean & Y v 1Y S G s A Gy V3 8 W s v

o Guie (Color Guace
" aMev
10 MoV

€2
~ o 4
Touey

;U’;’s‘iia

181

T e 1 e

Future Goals

BORON-8 MEASUREMENTS

» Boron-8 data collected, will soon be compared to
both simulation and the Lithium-8 data

« Boron-8 has similar decay chain as Lithium-8, except
B decay mechanism is positron-emission (B+)
instead of electron-emission (B-)

» Mirror decay switches the signs on certain
mathematical terms, crucial for isolating the
magnitude of said terms

» Will then be able to determine the nuclear recoil
terms experimentally

« Require 12.7 million events for 5% uncertainty, and
80 million events for 2% uncertainty.

Lithium-8 Beryllium-8 Boron-8

LLNL-POST-658101

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under contract DE-ACS2-0TNA27344. Lawrence Livermore Nasonal Security, LLCs
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Reactor Modeling of Pu and Cs Isotope Ratios
in Pressurized Water Reactor Fuel Assemblies

Andrew Conant'2, Martin Robel!, Anna Erickson'?
Lawrence Livermore National Laboratory, Physical and Life Sciences Directorate, Chemical Sciences Division
2Georgia Institute of Technology, Department of Nuclear and Radiological Engineering

Georgia
Tech |

| Goal: Model axial variation of 249Pu/2**Pu and '3Cs/'35Cs under varying reactor core conditions |

Overview:

29Py is produced in a reactor via the neutron capture of
28, but some Is lost through the fission of 29Pu. 24Py
comes from the neutron capture of 2Py,
238, 1 239 239, 39,
nl + on 92l s wp 236 days awPu

3Pu+ n —— *Pu

¥ICs is a fission product with ~6.2% of the cumulative
fission yield for the thermal fission of #%U, 3Cs is
primarily produced from the decay of '*$Xe. However,
most of the *5Xe is transmuted to '*¥Xe (o = 2.6 Mb).

135 135,

s.xf 914 hours 5;65
This makes the '¥'Cs/'¥Cs isotope ratio sensitive to
reactor operating conditions.

B30 + fn — "85Cs + other fission products + jn
Fissions
H,0 (light water) and D,0 (heavy water) are used as

reactor moderating materials. 'H and D elastic scattering
and absorption cross-sections are shown below.

w') = ]
— 1
® o for'H 1
W o, frD(H)
o, for 'H i
W oo, forD(H) |
!
1
:
. 1
2
i 1
4 ]
U r [ W [
8
Figure 1: Cross-sections for "M and D (*H) [1]
Method: menp

An infinite-lattice model of the Beigian BR-3 PWR
hexagonal fue! assembly (shown below) was made as
an input to MCNP8G, a Monte Carlo particle transport
code. The geometry, composition, and power history of
BR-3 assemblies was obtained from INEL® and
Yamamoto®®, Isotopics for each burnup step were
retrieved from the MCNP output files, Reactor conditions
were modified to examine the effects on 2%Pu/2¥*Py and
1¥1Cs/1%Cs. Enrichment of the UO, fuel and moderator
properties are the reactor conditions of interest for this
project. These conditions were modified in the MCNP
inputs, which were run using the Livermore Computing
resources.

Figure 2- BR-3 Fuel Assembly (2]

Results:

(Parameter) .
Cesium

Fuel Enrichment I 5

Plutonium

08

240py)B9py |

-60 -40 -20 0 20 40 60 | -60 -40 -20
Axial Position [cm]
25 Enrichment: —10.33% +8.26% <«6.20% ~551% —~4.13%

0 20 40 60
Axial Position [cm]
25 Enrichment:  —10.33% ~8.26% +«6.20% ~551% =4.13%

07 I Moderator Density 4
240pyp¥py

086

05

-60 -40 -20 0 20 40 60 -60 -40 -20 o 20 40 60

Axial Position [cm]
Density (g/lcm®). ~0.8 =0.7 ~06 0.5 —0.4 —0.3 —0.2 —0.1

Axial Position [cm]
Density (g/cm®): 0.8 =0.7 ~06 0.5 ~04 —0.3 —0.2 —0.1

1 Moderator Type 6
09 240py 239y 137Cs/135Cs
08 &
07 | N 4
06
05 3
,,,,,,, ¥ — | - J
03 PR 4 .
* 02 ad i s i e
e et et % B e e e Do AR TT——— o
0 0
-60 -40 20 0 20 40 60 -60 -40 -20 0 20 40 60 |

Axial Position [cm]
~Light Water -Heavy Water

Axial Position [cm]
~Light Water ~Heavy Water

The active fuel length is 100 cm. The auial positicn of -50 cm is the bottom of the fuel assembly and 50 cm i the top of the assembly. All results ace shown for 3 bumup of 42.26 GWAMTU.

Tres work

LLNL-POST 450051

Lawrence Livermore National Laboratory

Figure 3: Diagram of the BR-3 nuclear power plant |4]

Conclusion:

20PyR¥Py  and '3Cs/'Cs both decrease with
g enri the shifts

the neutron spectrum to a higher energy, resulting in

more captures of 240Py.

— PPy )
- ® o, of Py | 1

b u o, of MPy i
b | ' |
{F / A
] Wi
1 &
u‘! ]
ity L i )

For a given power level, the effect of enrichment on
13Cs/'¥Cs can be explained by:

i .
‘ﬁ(';;cs) ~ fission rate ‘ 1!3: y;@( 1['%5xe) r%(’ggc:)
L

The flatter distribution of the isotope ratios for the heavy
water can be by its lower ]
and absorption cross-sections and lower energy transfer
per collision. This causes the neutrons to be distributed
more evenly,

Future Work:

*  Modeling with a deterministic code (e.g. Scale 6.1)

shutdown length/frequency, core power level, eic.)

« Test other reactor core and operation conditions (neutron poisons,

References:

[1] Ha, Yeoag-Keong et al. “Local Bumup Chaescteristics of PWR Speat
Nuclear Fuels Discharged from Yconggwang-2 Nuclear Power Plant™
Korea Atomic Energy Research Institute.

[2] Adams, James & Burdette, Dabell. “Characseristics of UO,Zr Fucl
Rods Imadisted in the BRI Reactor” Idsho National Eaginecring
Labocatory

[3) Yamansoto, Toru et al. “Analysis of Cone Physics Experiments on Fresh
and Iradiated BR3 MOX Fuel in REBUS Program ™ 1span Neclear Energy
Safety Organization,

[4) “Nackar Reactor Cetaways.” BibliOdyssey. Web.
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Evaluating Methods for Removing Radioactive Contamination
from Traditional Forensic Evidence: Moths

K.A. Daniel', R.E. Lindvall?, L. Richards-Waugh?, J. Chute', and M.J. Kristo?

Marshall University Forensic Scnnco Center, 1401 Forensic Science Drive, Huntington, WV 25701
2 Li L Yy, 7000 East Ave., Livermore, CA 94550
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MARSHALL

™

FORENSIC SCIENCE

Goal: Evaluate solvent performance in decontaminating forensic evidence coated in dispersible radioactive material before

Overview:

Two goals of Nuclear Forensics'

1. Scientific analysis of nuclear material to determine material properties and
origin

2. Traditional forensic analysis of contaminated evidence

Traditional forensic evidence d with interdicted nuclear | or an

attack usmg a radlologlcal dlspersal device (RDD or dirty bomb) may become

[ rated by disp ive material and must either be:

« Analyzed by a laboratory capable of handling dispersible radioactive material

« Decontaminated prior to entering a traditional forensic science laboratory

1 April 2009 - Victoria, Australia?

Police carried out a drug raid of an alleged amphetamine laboratory. They
unexpectedly found 300 grams of uranium oxide in a storage property. After
initial lysis by the A li & Technology Organization (ANSTO),
aliquots of the material were sent to Lawrence Livermore National Laboratory
(LLNL) for further analysis. While aliquoting the sample for chemical analysis,
researchers at LLNL found the body and head of a moth (Figure 1).

Figure 1. () Moth body (b) Detached moeh leg (c) Insoct head (0)
Mot scales (with mm scales in background)

Entomological study of the moth could prove useful for understanding the history
of the material from production to interdiction within Australia, a type of signature
referred to as a “route attribution” signature in nuclear forensics. However,
entomology Iabs are unequipped to handle dispersible radloachvny

The di must il material to
render the evidence safe without destroying the evudontlary value.
Method:

« Exemplar moths were gathered from northern Colorado.
Pro: readily available, Con: much larger (possibly more durable) than the
evidence moth
+ CUP-2, an uranium ore concentrate, was used to contaminate the moths.
« D ination 1 in eleven decontamination solvents
(five moths per solvent system).
+ Determine decontamination efficacy by mass difference and microscopic
examination.
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transitioning into a traditional forensic science laboratory.

Results:

Microscopic Examination

Two visual indicators of a successful decontamination:
1. Visibly removes the contamination.

2. Does not affect the appearance of the moth.

Figures 2 and 3 demonstrate a partially successful decontamination.
+ Figure 2 shows the furry thorax on a moth after contamination. The visible dusty, green particles
are CUP-2. After decontamination with water, some small, particles are still visible.

1 mm

AR
% L]

Figures 4, 5, and 6 demonstrate a completely successful decc ination.

« Figure 4 and 5 show the moth before and after contamination with CUP-2. A solution of 5%
Radiacwash™ was used to remove the CUP-2 particles. Figure 6 taken after the decontamination
p shows no signi it to the app! 1ce of the moth.

Flgunl.uo{hbocybdm Figure 5. Iolhboqmovwmnunwon

Figure 6. Moth body after
contamination. with 5%

Figure 7 demonstrates an unsuccessful decontamination.

» The solvent, a solution of 10% RBS™.-25 (p 1ded by the manuf; ), might
have left a residue on the moth that resulted in the charred appearance after desiccation at
120 °C. The mass difference data (Table 1) suggests that RBS™-25 could be a viable option;
however, the moth lost many body parts (legs, part of a wing, and many scales) that could
contribute to the mass loss.

Figure 7. (a) Before and (b) After 10% RBS-25

Results:

Mass difference

The masses of each moth before and after the decontamination process was used
to determine the percentage of CUP-2 removed.

Table 1. The mean percentage of CUP-2 removed from the treated moths for each
solvent is presented along with the standard error of the mean.

Mean % CUP-2 |

Solvent Standard Error of
S | Removed | the Mean

Water 187 122
3% Citric Acid* -152 152
1% Soken 620 a6
0.25 M EDTA" 502 105
1% DTPA* 649 131
5% Rﬂducwuh“’ 1585 26
10%RBS™25 1087 52
5% Decon 90 1709 50.1
Acetone 1474 155
1% Nitric Acid 193 38
M Nitric Acid 990 66
*Chosen from Ref 3.
Conclusions:
+ Solvents found to be itatively p ing for ination include:

« 5% Radiacwash™, 5% Decon 90, Acetone, and 1% Nitric Acid.
« These solvents removed the most mass without damaging the moth.
+ Mass difference measurements are imprecise due to:

« Incomplete desiccation — water left in the moth from an incomplete initial

deslocauon can result in an artificially high mass when compared to the final
mass. An ge of 37% of the total body mass was lost during

initial desiccation, this may not be a complete desiccation.

+ Loss of body parts during ultrasonication - lost legs and antennae were
collected; however, scales were unavoidably lost and might have a
significant mass contribution.

Future Steps:
Complete desiccation of moths for more reliable data — may require the use of
isopropanol and/or longer desiccation time with storage in a desiccator.

« Spike samples with known amounts of gamma emitters and determine the

t of di ination with g counting.

+ ICP-MS analysis to determine the amount of uranium remaining.

+ DNA extraction — can DNA be extracted and separated from the radi
material for analysis in a traditional forensic science laboratory.
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/ Introduction

Neutron detection is i for the of nuclear Scintillation have
proven to excel in the detection of neutrons for years. Specifically, organic scintillators show promise
due to their ability to detect neutrons. Organic scintiflators are able to resolve the difference between
neutrons and other ionizing partiles as well as between neutrons types due to pulse shape
discrimination (PSD).

Plastic scintiliators have become increasingly attractive due fo their robustness. However,
compared to both liquid and crystal scintillators, plastics do not perform as well. Performance of
scintillators relies heavily on two factors: fight yield (LY) and PSD. In order to improve upon these
factors, different polymerization techniques have been explored.

PSD Mechanism

§;

S

PSD mechanism can be explained via an energy diagram, Excitations due fo interactions with differing ionizing particles
result in different types of emission, delayed and prompt, which gives rise to the PSD phenomenon. Also included is the
initial spectrum of the neutron and gamma waveforms,
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These are representations of PSD by integrating the wave function with respect o prompt and delayed light and using
figure of merit (FOM). FOM is determined by taking the separation of the peaks of interest and dividing by the sum of full
width at half maximum (FWHM) of the corresponding peaks.
Methods
[ = .
| | Aromatic |
1 o Transferred to glove box ‘w'v‘w | Polymerize in oven
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=
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Compounds and Samples

Sample _____Sample Description
3941 30%PPO + 5%DVBin PS 109- Blank
3942 30%PPO + 0.2%NPO + 5%DVB in PS 10g
3943 30%PPO + 0.2%Bis-MSB + 5%DVB in PS 10g
3944 30%PPO + 0.2%Butyt-PBO + 5%DVB in PS 10g

3945 | 30%PPO + 0.2%Bis-MSB + 5%DVB in PS 10g - No Inhibitor, No Iniator @ 70° C
3946 | 30%PPO + 0.2%Bis-MSB + 5%DVB in PS 10g - No Inhibitor, wl Iniiator @ 70°_C
3047 | 30%PPO +0.2%Bis-MSB + 5%OVB in S 10g - No Inhibitor, No Intator @ 100° C
3948 | 30%PPO + 0.2%Bis-MSB + 5%0VB in PS 10g - No Inhibitor, wi Initiator @ 100" C

Choosing an Effective 2° Dye

Light Yield: Differing2°  Dye Plastics

Puise Shage Discrimination g:: . g
- ~ Fompees248) || gt
wt LY: 34,000 i
W;: - —'w W“ il
. FOM: Differing Z*  Dye Plastics.
wf 5. ' -
: 3
% || &
Haotton .

After using muliple secondary dyes, the dye with the greatest light yield and FOM is Bis-MSB. This dye is used as the
secondary dye altering the polymerization method.

Polymerizing Under Varymg Conditions

. FOM(3347) 264 i
; 40,00 - .
b - - ~ -
3 Sangie Nurrber
e
3 FOM: Polymerization Methods
b | . .
e, 5
: i
% L 3
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Initial results show that an increase in temperature, in initiator-less samples, improves the FOM. This is not seen in the
samples containing initiator, but the sample with initiator at high temperature tumed yellow which lowed the LY and the
FOM significantly.

N

Future Work
+» Studying additional temperatures will allow for a better understanding of this temperature
dependence.
| . 1° Dye 2° Dye
FOM: 3.00 et oy
- LY: 47,600 Emissiof Excitation
: T T Waveeog

Preliminary results, show that anew 2° dye improves both LY and FOM.

“ Use of different dyes and/or initiators that will not yellow in order to increase the light yield and the
PSD.

MOBp  LDIMp  MORp  Baeep PO

Twearod  Kpee%3d
PPO Products of Inator and p-Xylene
Direct decomposition of PPO either from heat or O,

Reaction products of PPO with the initiator
Prefiminary results show that PPO and/or iniiator are responsible for yellowing.
Conclusions

show promise in increasing PSD with samples excluding

Xyne.t Aot msYyewsd

“* P

at higher

< Yellowing of plastics is fikely to be PPO andlor initiator. Organics tend o yellow when subjected to
heat and naturally overtime due to decomposition of the compound.

<+ Preliminary results reveal that removal of inhibitor (in styrene) increases LY and PSD. This is
possibly due to yellowing and absorbance of light that interferes with efficient energy transfer.
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Soil composition is the fundamental parameter controlling plutonium incorporation in fallout

Fig 1: Nuclear fallout originates from soil swept into the fireball during the nuclear
explosion. Figure A is an image of soil found near Trinity ground zero. This soil is swept
up by the fireball, represented by image B, where it is subject to thermodynamic
conditions that result in the formation of aerodynamic fallout, image C.

Recent analyses have shown Trinity fallout to be compositionally
heterogeneous glassy material reflecting a mixture of local soil and bomb
debris. This compositional diversity provides a wealth of previously
overlooked information, including phase-composition, diffusive-convective
mixing/transport, and phase-activity associations. My work characterizes
heterogeneity in major element chemistry and Pu distribution to
understand how the composition of the local environment, represented by
soil, affects partitioning of plutonium during fallout formation. Analytical
measurements were made using SEM-EDS and autoradiography. Pu / major
element correlation was understood through principal component analysis.
Results show that Pu is correlated with Fe and Ca. These results,
augmented by theoretical and experimental work, will inform a model
capturing the first-order effects responsible for compositional
heterogeneities in fallout.

Analytical Approach

Goal: To understand Pu correlation with major elements

* Ten aerodynamic glasses from Trinity were selected for analysis

o Polished to expose the spherule midsection
* Major element composition characterized using Energy Dispersive X-ray

Spectroscopy (SEM-EDS)

o Quantitative spatial mapping of Al, Ca, Fe, Na, Mg, Si, and K
* Autoradiography was used to characterize relative Pu concentrations

o Autoradiography signal intensity is proportional to Pu concentration

Primer: Principal Component Analysis

| Mew A (scoees plot)

raw iy (aka Principhe /‘
n

*‘f “’y f""‘

Ervronmental gt

Variable Correlation (loadings plot)
N

|

Fig 2: Principal Component Analysis (PCA). PCA is a data reduction technique that
seeks to reduce complex multidimensional datasets into two or three dimensions. In
the example above, the basis is fuel economy and raw material. PCA redefines the
basis with respect to the variance in the dataset (Environmental Impact). This
transforms a two dimensional dataset into a one dimensional dataset. A PCA solution
includes variable weightings, which can be used to understand correlation or
anticorrelation between variables.
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Numerical Approach

Step 2: Concatenating Images

Step 1: Aligning Images Step 3: PCA Data Reduction

Aligned
Autoradiography

E ‘ X=TPT+E
1

X = Original Data
T = Scores

PT = Variable Loadings

E = Residuals
Data ?mrocusm( ‘
Mere k N Garera s | b,
Element Map 1. Scores Plot
Raw Data 2
g
+ X bi
 —— "
| Autoradiography H Loadings Plot
Raw Data

Fig 3: Numerical approach to data reduction is performed in three steps:

1. Autoradiography data are aligned with and scaled to the resolution of the EDS image.

2. Data are concatenated into a 3 dimensional array. The array is transformed into a
correlation matrix by mean centering variables followed by scaling by the unit variance.

3. Data array is reduced using PCA, producing a score and loadings plot:

Results and Discussion

Scores PC2 18.2%
s M
Scores PC3 5.5%

Autoradiograph Scale

Scores PC2 18.2%

ScorﬂPCiGGi% ' B "Scores PC166.1% c

Figd A, B &C: Sample nz Panel A shows an autoradiography image, a backscattered electron image
repr 8 and EDS maps for Ca and Fe. For EDS maps, areas of higher
i ity corresp to Ca and Fe. Pu appears correlated with Ca and Fe rich regions. Panel B
shows PCA scores from the combined data cube of EDS and autoradiograpy data. Areas of sparse data
are represented by blue while areas of data clustering are represented by red. Regions where data
cluster reflect primary compositions present in the fallout, and tend to correlate well with ma;or rock-
forming mineral compositions. Panel C shows PCA variable loadi suggesting

relationships in the fallout. In the example of T12, a positive correlation of Pu, Ca, and Fe, reflective of
the correlations observed in panel A, is evident.
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Fig 5. A & B: PCA Data reduction of sample T17. In this sample, correlation between Pu
and major elements is unclear based on visual examination of EDS maps (not shown).
Exclusion of low activity regions identified by autoradiography, indicated by red shading on
the BSE image (panel A) permits examination of-Pu and major element variance within the
regions of the sample clearly retaining device signatures. The PCA loadings plot, panel B,
shows that Pu concentrations, where present, are strongly correlated with Fe and Ca.
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Fig 6. A & B: PCA Data reduction of sample T13. Like sample T17, spatial relationships
b Pu distributi and major in sample T13 EDS data are not apparent
through visual inspection, alone. A targeted approach, excluding regions of low to no
activity, reveals correlations between Pu, Ca, Fe, and Mg, and anti-correlations with K and
Na, as observed in samples T12 and T17.

Conclusion

* PCA analysis of compositional data for T12, T13, and T17 shows correlations
between Pu, Fe, and Ca in all three samples.

Correlation in multiple samples from the same event suggests a common
chemical and physical environment

o May reflect the refractory nature of Pu, Ca, and Fe

o May reflect the viscosity and surface tension of the molten precursor

* Future Work: Targeted appr: using spatially lved i pic and
concentration of Puin bination with modeling will be
used to understand observations
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Purpose: Investigate the movement of Pu, U, and Cs deposited from atmospheric weapons testing in a soil profile (0-16 cm) from Currant Summit Spring (CSS), NV

Background: ) ) Results: Conclusions:

+ At the Nevada National Security Pu u * Noticeable atmospheric weapons
Site (formerly Nevada Test Site), testing fallout contribution to the

£ 240py Atoms/?*Pu Atoms

97 atmospheric nuclear tests 0 o at oss 02 oz o oss o o3 105 i 118 top 6 cm layers shown by 24%Pu/

were conducted from 1951-58 o ! i 239py, 137Cs and 26U

and 3 in 19621 ) ) 2 Noticeable NNSS weapons

Most NNSS fallout trajectories 2 testing fallout contribution to the

went east but some went e ! H top 6 cm layers shown by 240py/
northeast, over CSS? 3 - 7 ; 239p,,

* The Limited Test Ban Treaty in i o ! 5 L) : *+ Evident leaching of 23*U into
:fsi:a‘:\:?:tfeusrtti::r[ - i ! o H deeper soil, possibly by water
mospheri n : H . infiltration
* Over 500 atmospheric tests have = : e : « Total U concentrations within the

been conducted around the 1 : i range of accepted average levels

world from 1945 until 1980° . o E < in soils (=3 ppm)?
Methods:

Further Work:

* Repeat Pu analyses to
determine reproducibility of
the data

Account for the RFS standard
Pu deficit

Collect 8 new CSS soil samples
to measure isotopic signature
changes after 15 years
Determine how U is bound in
the soil through more
systematic leaches
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Deficit accounted for by the presence of Zircon

* Noticeable NNSS contribution causing a lower Pu ratio than * Activity ratios suggest leaching of natural 2*U from
the accepted global fallout level of 0.18° the upper soil and transport into the deeper soil®

Cs 7Cs (pCifg soil) = 4 Concentration (fg/g soil Citations:
OG0 SI0EIC S0} AL R D1 AR 9T 2ET1 AME ST 300E0! q et RO 0 R L S R M R D, The History of the Nevada Test Site and Nuciear Testing.

Cancer lnstitute, of
Heolth (Online], 2.1:2.24.
2 —— ) I3 *Miller, Richard. Under the Cloud: The Oecades of Nuclear
i3, 3 5 - . . Testing. Londan: Colker Macmillan Publishers, 1986.
® Cs fallout < * Mineral acid Turner, Mary; et al. Excess plutonium in soil near the Nevada
e Test Site, USA_ Elsevier {Onfine], 2003, 125, 193-203. hutpif/
from digestion dxdolorg/10.1016/50269-7493(0300071 X.
e . i i Fehner, Terrence R.; Gosling. F. G. Origins of the Nevada Test
weapons yielded higher Site. United Stotes Department of Energy [Online], 2000. DOE/
testing is 236y L - Selective Leach MA-0518.

£
i)
- < Swilliams, R. W.; et al. Local and Global Fallout Preserved in Lake
concentrated i concentrations SFolDigestion Sediment o the S Nevads, Cabfornia, APSORC 03
in the upper

[Online], 2009, LINL-A8S-415241.
4 cm of soil 2 leaching

than selective ¢ “Kayzae, Theresa M. et al. lnvestigating uranium distribution in
surface g study of

L 4 85-97. hatp//dx.doi.org/10.1016/j jenvrad. 2014.04.018.
Uranium Fact Sheet. Health Physics Society, Specialists in
Sample site in relation to the NNSS* 1 6 Radiation Safety. 2011.
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Relative Sensitivity Factors for Manganese and Chromium in
Minerals Measured by Secondary lon Mass Spectrometry (SIMS)
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iLawrence Livermore National Laboratory, Livermore CA, 94550. 2University of Hawai‘i at Manoa, HIGP, Honolulu HI, 96822.

Motivation

The ®Mn-*Cr radiochronomet@r is useful for dating aqueous alteration
events«in chondrites {1]. Segondary minerals (e.g., carbonates, fayalite) can
be measured in situ using SIMS. However, to obtain accurate ages, the Mn/Cr
relative sensitivity factors (RSFs) must be determined for the mineral being
measured. Historically, San Carlos olivine has been used as a proxy for
fayalite and carbonate RSF, but recent measurements [e.g. 2] have shown
that'small compositional changes can have a large impact on the RSF.

P We address this problem by analyzing a variety of Mn and Cr enriched
minerals to determine how mineral composition affects the RSF, and to
observe shifts in the Mn-Cr isochron due to changes in RSF.

The relative sensitivity factor:
(°*Mn*/52Cr*)gys
(>*Mn/52Cr ) gy

Varies with:

= Mineral compgsition

* Instrumentaltuning

» Duration ofimeasurement

RSF =

Samples

Analytical Methods
i W5 | NanoSIMS:

» Hyperion O source

= Spot size: 5 x 5 ym raster

* lons measured: **Mn*, *Cr,
*Ca’, °Si*, Mg’

= Mass resolving power: ~4500

= True value determined by EPMA

=Data reduction using LImage
and Excel software

Figure 2: NanoSIMS at Lawrence

Livermore National Laboratory.

Results and. Discussion

Synthesized minerals:

RSF values were determined for three samples (Fig.4).

18
16 ¢ L 2 L 4
14
12

1
08 A
0.6

A A--A A A

# UH Synthetic Fayalite
0.4 B MnCr Pyroxene Glass
0.2 A Sugiura Synthetic Calcite
(4]

» Carbonates (e.g., calcite, dolomite) and fayalite"are common secondary
minerals in chondrites used for Mn-Cr radiometric dating.

= Mn- and Cr-bearing carbonates and fayalite are not naturally occurring on
Earth, difficult to obtain adequate SIMS standards.

« We analyzed synthetic Mn- and Cr- bearing calcite [2] and fayalite crystals
[3]. as well as silicates and carbonates implanted with Mn and Cr ions.

lon implant samples:

* Observed Gaussian distribution of implanted Mn* and Cr* with depth (Fig. 3)

= Homogeneous lateral distribution of Mn* and Cr® in conductive samples.

* Insulating samples (e.g. carbonates) were poorly implanted (Fig. 3 inset),
likely due to charge build-up during the implantation process.

* RSFs to be determined after SIMS pits are analyzed with a profilometer, and
EPMA.

Scanning / Frame:1,1-64 6¢ / Blanking 39 1% 30.07 44 17:42

Teis)

Time fs]

Figure 1: Optical images of some Mn-, Cr-bearing standards measured here. From left:
Synthetic calcites mounted in bullet from [2], ion-implanted fayalite, fon-implanted
carbonate minerals mounted in epoxy plug, provided by J. Matzel,

Figure 3: Example of a Gaussian implant profile of Mn* and Cr* ions into conductive
substrate, in this case a Si-wafer. Graph displays ion counts per second versus
measurement time. Inset: Characteristic implant profile for Cr* into carbonate minerals.

Figure 4: Relative sensitivity factors for measured minerals, The average values are
denoted by the dashed lines: approx. 1.6 for synthetic fayalite, 1.1 for a Mn,Cr pyroxene
glass, and 0.8 for synthetic calcite.

An isochron with initial ratio of
(°>*Mn/%°Mn) . =3.42x10¢
would yield a formation age of
~3.6 Myr after CAl formation
if not corrected for RSF.

RSF-corrected ages:

* RSF 1.6 — 1.20Myr
* RSF 1.1 — 32 Myr
* RSF 0.8 — 48 Myr
Figure 5: Sample isochrons to
show how RSFs from this study

would affect the slope of a Mn-Cr
measurement (data from [4])

Conclusions

» Improper RSFs can shift the Mn-Cr isochron leading to dating errors up to
~4 Myr; therefore, proper matrix-matched standards must be used.

10000 20000

55Mn/52Cr

30000

» Work in progress: future work includes using a profilometer to determine
the penetration depth of the Mn™ and Cr* in implanted standards. New
carbonate implants to be made using a faraday cage to prevent charging.

References: [1] Shukolyulov A. and Lugmair G, (2006) Earth Planet. Sci, Let. 250, 200-213. [2] Sugiura N. et al. {2010) Geochem. J. 44, e11-¢16. [3] Doyle PM. et al. (2013) LPSC XLIV, #1719, {4] Jilly C. E. et al, (2014) Meteorit. Pianet. Sci,, doi: 10.1111/maps 12305
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=>4 High-Energy Neutron Foil Activation for Davis Cals
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Davis Cals are inter-laboratory measurements and calibration comparisons of “threshold detector products”. High-energy neutron
foil activation is used for the radioisotope production, and the goal is to model this process and compare to experimental results.

Introduction

Radioanalytical measurements on activation products are
conducted by LLNL, LANL, PNNL and UK’s AWE as part of
an inter-laboratory calibration study. The activation species are
produced at the 76-inch Cyclotron at UC Davis Crocker
Nuclear Laboratory by irradiating various metal foils with
spallation neutrons from a Be target bombarded with
deuterons. The activation species produced will vary based on
experimental parameters (such as beam energy and Be target
thickness), and these effects were evaluated. Because the
existing data for (d,n) reactions in beryllium, as well as
production cross sections for the foils, are limited in the
evaluated energy ranges, we investigated the use of a
combination of experimental data and physics models utilizing
MCNPX.

33 MeY Orstersn beam

A
S —
—
N
~—
The neuiron flax profile oo Al ol with Be The diffcrential neutron flux foe different Be thickness with 3 30 MeV
thickness of 0.1, 0.3, 0.5, and 0.7 cos stanieg from deuteron beam.

Boesom lefl chocikwise respextively

Setup

The various physics models used to model (d,n) reactions
incorporated both INC and Evaporation physics. Scoping work
showed that for 40-MeV deuterons, changes in evaporation
models had little impact and so the Bertini? model was used.
MCNPX2.7 was used to evaluate neutron transport in the
system and reaction rates in the foils. The model of the
beryllium target and foil system is shown below.

N -
b <Aq [N

b) - ==

TARGET
FRAME
A 870001

The schonsatics and MONP modelos bery Tlium tampet snd foil spparatus

Neutron Flux

The production pathways in various
foils will have high energy dependence.
The resulting neutron energy flux from
! 4 R pl il inflatnce
what isotopes are favorably produced
and in what ratios.

The s 3¢ 25 MeV and 6 MeV
incidest on 3 Be target.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-ACS2-07NA27344,

Lawrence Livermore National Laboratory

Activation Species Production

Activation species production for 10 foils (Al, Ti, Fe, Ni, Cu,
Ir, W, Pt, Au, and Pb were evaluated at two different deuteron
beam energies. Various neutron capture reactions were
considered for production, such as (n,d), (n,t), (n,3n) etc. The
results for Ti and Ni foils for the 28 MeV deuteron beam are
presented below.

g e
, I I , , I |”||| -

The medeled isocopics produced in Ti and Ni foll in usits of activity. ENDF cross-sections were used to calculae the prodection

Discussion

Scoping studies were done to evaluate different beryllium
thicknesses for a given deuteron beam energy. This was used
to guide the design of the target for optimum neutron yield,
minimized thermalization, and improved beam geometry. The
isotope production in foil will be energy dependent, with the
many production pathways having varying thresholds.
Depending on the target nuclide(s) that is desired to be
produced, different energy regimes will be needed.
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SIMS Analysis of Aeroddynamic Fallout

Characterizing the distribution of residual fuel in glassy aero
Laurence A. Lewis'?, K.B. Knight?, W. Kinman?, J.E. Matzel?, S.G. Prussin’, F.J. Ryerson?, M.M. Zimmer?, |.D. Hutcheon?

'Department of Nuclear Engineering, University of California, Berkeley

*Nuclear and Radiochemistry Group, Los Alamos National Laboratory

lynamic fallout from a uranium-fueled test

?Chemical Sciences Division, Glenn T. Seaborg Institute, Lawrence Livermore National Laboratory

(The distribution of residual fuel in 5 aerodynamic fallout glasses was
determined using secondary ion mass spectrometry (SIMS) and cor-
related with bulk features in the glasses using scanning electron mi-
croscopy (SEM) and electron probe microanalysis (EPMA).

.
Overview

Glassy fallout forms when a nuclear device is detonated near the Earth's surface. Soil is
melted and vaporized and swept up into the fireball, where it interacts with device debris.
As molten fallout leaves the fireball, drag forces create a variety of aerodynamically-shaped
fallout glasses.

Y WX PO S

fotoutiniol  Amodymomic obout

Aerodynamic fallout has been shown to host the majority of the radioactivity and contain
elevated concentrations of residual fuel, compared to other types of fallout (Eppich et al,
2014). However, how that fuel distributes itself within individual fallout glasses is poorly
understood and may provide information on how device debris interacted with the envi-
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Spatially-resolved (~10 um), high-sensitivity (~1 ppm) isotopic measurements

Results

A range of U isotopic ratios was measured within the samples, spanning nearly three orders
of magnitude in “*U/?**, indicating significant uranium isotopic heterogeneity both be-
tween samples and within individual samples (Eppich et al,, 2014). Between all five sam-
ples, the *U/*U ratio spans a factor of greater than 500, from 0.02 to 11.8. Within a
single sample, U2, the #*U/?**U ratio ranges from 0.02 to 7.81, a factor of nearly 400.
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While the samples display a large range of
& #5U/U ratios, sample UTA is homogeneous
with respect to both chemical composition and
uranium isotope ratios, except for the *U/?*U
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Samples U2 and U4 display correlations between the #*U/2**U ratios with composition, spe-
cifically Ca. In U2, two distinct components are evident: one with 1 < #U/*#U < 8, which is
associated with the brighter contrast regions in the backscattered electron image (CaO
~1.5 wt.%), and the other with 0.02 < #U/?**U < 1, which is associated with the darker con-
trast regions (CaO ~ 0.5 wt.%). The #*U/**U ratio in sample U4 also displays a bimodal iso-
topic behavior, but exhibits the opposite correlation between the *U/**U ratio and Ca
concentration. Regions enriched in **U are depleted in Ca (CaO ~2 wt.%), while regions de-
pleted in U are enriched in Ca (CaO ~3.5 wt.%). These correlations suggest that these
glasses incorporated different amounts of unfissioned fuel from the device, and then

3270 Ofhce of Onferve Nucen: v S0¢ Amancial gt

Time
Likely formation steps for U2 and U4

The observations in samples U2 and U4 suggest that silicates formed by swept up
soil becoming molten and interacting with device debris before colliding with other
molten silicate droplets of different chemical and U-isotope composition in the
debris cloud, and finally solidifying. The time scale for cooling of such melts is pre-
dicted (Glasstone and Dolan, 1977; Izrael, 2002) and observed (Cassata et al., 2014) to
be on the order of seconds.

Mixing Model

This variation in the #5U/***U ratio provides evidence for the inclusion of at least two |
components with different uranium isotopic compositions in fallout: one enriched in {
3 from the device, and the other reflecting natural isotopic composition uranium |
derived from soil and/or the device. We can then construct a simple model based on |
the mixing of two, isotopically distinct end-members. For this model we assume the |
fuel has a #*U/***U ratio of oralloy, or ~ 17.3 (Moody, 1994), and natural composition |
B2 s 0.0072.
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Future Work

Examine correlations between **U/?*U and fallout size
- Examine correlations between #*U/?*U and distance of collection
-+ Quantitate relationship between **U/**U and composition
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ul Gary R Eppnch+ Jean E. Moran®, & Bradley K. Esser*
ifornia, 94542, United States
; United States
Introduction o | xperlmental Approach S Discussion o B — Y
California’s diverse geology is reflected in a wide range of » Analyze the applicability of Liquid Scintillation Counting 1. LSC (Quantulus): =
g i positi L ing the (LSC) for rapid and robust quantification of alpha emitting S « Nosample prép'
hydrogeology and geochemistry of California’s ambient radium isotopes mainly **Ra. high efficiency; g l .
gfoundwaters is important for identitying the impact of o activity (MDA) using s:aau sample \;olume i
i oil & gas develop on standards and samples of known activity. (10mL). 1
groundwater quamy One potential impact is radioactivity. o Compare and complement LSC data with RAD7 radon o MDA: 4 7-8.7 pCilL 3
Flowback and produced waters from hydraulic fracturing detsctor and HPGe Gamma Spectroscopy data analysis - o %
operations in Pennsylvania are high in radium (up to from the Salinas Valley o Recovery is insensitive
17,000 pCilL; Nelson et al., 2014). Flowback and produced " Utilizing LSC and the RAD?. g;":;v‘i':'ye:;'t‘cﬂ to sa';yp‘e/mﬂ" ratio.
:ha:v’: IS:ERFLIS\O e ?:(dml:alson ql al (i?::;m'::vire\ MethOds o Can rapidly process large number of samples. '
waler i Ra activity in high-salinity 1.QUANTULUS Liquid Scintillation Spectrometer: 2. Radon detector (RAD7)
produced waters. In order o accurately and efficiently o Samples placed in LSC vial with 10mL sample overlain by - Salinas Valley groundwater has higher activities of °Ra
lyze Ra in suéh we are modifying current 1QmL mineral cocktail. Counted for between 30 and 60 than the Salinas River
protocols for use with high-salinity groundwater. ) DURE:BT;&ES éc: g:lté[;a cycles. o RAD7 #*Ra is systematically lower than LSC ?*Ra.
= o "o The RAD H,O accessory for the RAD7 was utilized to 700 Laom
atrix Complications analyze hermetically sealed 250mL Salinas Valley samples i
Produced and formation waxers s anda y prepared 29Ra 600 awmm | pecT 4
with hy fri il = SHPGe Gamma Spectroscopy. 3 |- &=~ Tgpown Prosecton
difficult to analyze using clean water : > LSC vials with known 7'Ra and natural U activities were 500 J '
methods. Co-precipitating Ra out of Stoutium 36333 for 1200 mi ples sit 33mm from the g ‘ J
solution is inefficient due to high 20333 face of the detector. Efficiency values are generated o 4 LSC courts alpha emiing daugher products of Oeometry must be kw10
col j of other Sodium (hvough LabSocs software. 3400 o = purnonng o Dol cocint a4 rodce rokatlo resulls
The adjacent table shows the Calcum 13000 = > ! 7 o ey e
concentrations of major ions in Banum 9,000 3300 == ’,-"
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In Pennsylvania (Neison et al., 2014). by 10mL of mineral cocktal. “°Ra decay 200 Lo ccamem—- A
(2Rn, ?Po, 21Po, 214Ph and 2VBi) A ‘ ! &
partition into the mineral cocktail, which acts as a N .
scintillant. LSC detects the alpha emission of 100 G
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sample or by *Pb and B in the cocktai, 012345678 9101112131415 B
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H ‘Conclusions )
5 o LSC is a robust and efficient method for quantifying “*Ra in - HPGe gamma spectrometry is accurate with little to no
A groundwater. sample prep, but requi strict to lytical
, Ra MDA and recovery is not aff by the p of p
uranium or by cocktail/sample mixing ratio. o HPGe gamma spec may be a good QA/QC for LSC.
o RAD7 sy 7%Ra activity, most likely due
222
\ to loss of ?2Rn in lhe sampling process. /
: ™ Future Work R
- ~— - - ~ - o Fabri a synthetic sample that flowback or water from a hydraulic fracturing
0 e P i s Podue ot 1o P | Mt f £ anahysi n romavatr, 1) Quarus Linad on, e compars a periamance of he tvee methods i gh-safay Momces.
USGS and California SWRCB GAMA database. The San Ardo Oil Field is Counter 2) Durridge RAD7 3) High-Purity Germanium (HPGe) Gamma - Further define regional differences in the radium activity in ambient groundwater in California in order to
highlighted in red. | Spectroscopy \ g (mean activity and variability). 2
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M Lawrence Livermore Comparison of historical fallout with
NationalLaborate  representative soil samples by XRD and ICP-MS

Rodrigo N. Tapia, Sarah Roberts, Gary Eppich, K. B. Knight, |. D. Hutcheon The University of Georgia

Glenn T. Seaborg Institute

Goal: to understand relationships between soil mineral phases and chemical composition in the fallout formation process

Results: X-ray Diffraction of Soils Results: Fallout Sample Analyses
Fallout Soil samples representative of those that formed the fallout were ground to micron size | Fallout sample compositions are compared to those previously studied
particles and analyzed by x-ray diffraction on Bruker D8 X-ray diffractometer. Samples | of a larger size fraction (~1.85 mm diameter, Eppich et al, 2014, J.
were scanned from 5 — 75° 26. Mineral phases were identified using DIFFRAC.EVA Radioanal. Nucl. Ch.). K,0 variation is 18% of total K,O composition.
software and powder diffraction file database. wt% difference between size fractions
Qualitative Phase Identification 0.2 Na,0 MgO Al,O, K0 Ca0 FeO
120000 Calcite (B 0 — = —
3 = B
110000% Quartz / L 8ol 0.2
Overview: e 04
S0000-
We hypothesize that the chemical composition of nearby surface .06
soils will, to a large extent, define the chemical composition of 80000
fallout formed during near-surface nuclear tests. In order to better 12 70000 Dolomite -0.8
understand the relationship between soil and fallout, several 5 & 3
analyses were performed. & 60000 Fallout Uranium ISOtOPICS
50000- W-1.85mm faliout  *~1.3mm fallout W-1.85mm fallout  *~1.3mm fallout
*The mineralogical composition of the soil samples were 0.06 014
determined quantitatively by X-ray diffraction, using the data o Feldspar $ 4
reduction software TOPAS. 30000- I oS
2 20000~ : 0.04 010
*Fallout samples, of subequal diameter (~1.3 mm) and mass 2170 W H Poos
- 4607 ug, were dissolved using mineral acids, and analyzed by 10000- [ ] | "‘ §°°3 ?ow
quadrupole inductively coupled plasma mass spectrometry (Q- 0 ? ﬂl : L - A i\ s 002 &
ICPMS), and isotope dilution mass spectrometry (IDMS) using a R P I R e S fﬁo P 425?25 1?2?47 PP AP AP AF AP S . 004 -
multicollector-ICPMS (MC-ICPMS) for chemical and uranium 2Theta (Coupled TwoTheta/Theta) WL=1.54060 001 . 002 .
isotopic composition. ) 000
— = . 0 2 4 6 8 10 12 0 2
nsygny
Fallout Chemical Composition Quantitative Mineral Data of Soils i oiad e
Major Elements in Fallout Samples measured by isotope dilution
8 soil1 soll2 XRD spectra were analyzed using MC-ICPMS, with U !
e quantitatively using TOPAS concentration compared to a ~1.3 mm Size Fraction | 30.798
=7 e 2% software. ~20% of NIST o eoaneasy ~1.85 mm Size Fraction| 23629
=6 '(*M febpxeeaddediogac concentration. Uncertainties are % Difference
c sawr: Sample for use as an smaller than symbols.
35 scacre  internal standard.
o « Anorthite H
&4 v | | Conclusions:
£3 e LT’{ZZ::":;:O' coma ot = Chemical and mineral compositions may define characteristics such as
%’ 2 Soil 3 Soif 4 | the different types found melting point and viscosity which could greatly influence fallout formation
= 1 o 1% inear ground zero. In order « Fallout U isotopic composition is suggestive of two-component mixing
. T |to improve comparisons between naturally-occurring U in soil and highly-enriched, device-derived U
0 8 Anorthodiase BO g 0o een fallout and sol « The smaller size fraction is significantly (26%) more concentrated in
Na Mg Al K Ca Fe e scalae | compositions, a sample 5 i : : s % y
“Dolomite | dominated by more quartz uranium, similar tg the dnfference in surface/volume ratio (35%), which
Average weight % of major elements in fallout with Heamdne |and feldspar phases will be suggests that device-derived uranium may be concentrated on the surface
average diameter ~1.3 mm, measured by Q-ICPMS. 6% | studied next. of fallout.
Silicon and oxygen were not measured, but are assumed _— AT -
by difference to constitute ~75 wt. % of the sample. : . A oot of g ent e
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