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The Lawrence Livermore National Laboratory (LLNL)
Nuclear Forensics Summer Internship Program (NFSIP)
is designed to give graduate students an opportunity
to come to LLNL for 8-10 weeks of hands-on research.
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 can also
meet staff scientists one-on-one, participate in LLNL
facility tours (e.g., the National Ignition Facility and
Center for Accelerator Mass Spectrometry), and gain a
better understanding of the various science programs
at LLNL.

The NFSIP began 20 years ago as the Actinide Sciences
Summer Program (see LLNL Newsline article, Appendix
A). The program is run by the Glenn T. Seaborg Institute
in the Physical and Life Sciences Directorate at LLNL
(see recently updated poster highlighting the summer
program, Appendix B). The goal of the NFSIP is to
facilitate training for next generation nuclear scientists
and engineers to solve critical national security
problems in the field of nuclear forensics. Students are
selected from the fields of physics, chemistry, geology,
mathematics, nuclear engineering, chemical engineering,
and environmental sciences. Students engage in
research projects in the disciplines of actinide chemistry,

2017 Nuclear Forensics Summer Internship Program students met with NTNFC management on July 10, 2017. From left: Lindsay Strain (NTNFC), Elii Ronay

(Vanderbilt University), Ellen Monzo (University of Minnesota, Duluth), Amalie Zeitoun (NTNFC manager), Ate Visser (LLNL mentor), Jeremy Osborn (Texas

A&M, College Station), Aaron Tamashiro (Oregon State University, Corvallis), and Marissa Loustale (California State University, Sacramento).

radiochemistry, isotopic analysis, computation, radiation
detection, and nuclear engineering in order to strengthen
the “pipeline” for future scientific disciplines critical to
the Department of Homeland Security (DHS) Domestic
Nuclear Detection Office (DNDO).
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The NFSIP is highly competitive with over 150 applicants
for between 5-7 available slots. Additional students
funded through paid internships and fellowships from
NNSA, DHS, and DOE are invited to participate in the
summer lecture series and poster symposium. This




year, the NFSIP hosted students from 5 universities
(See Table 1) across the US (Figure 1). The NFSIP
students conducted research on such diverse topics as
noble gas signature analysis of underground nuclear
detonations, high precision measurement of Th and

U decay constants for nuclear materials chronology,
simulation of reactor fuel signatures, Sr and Mg isotopic
signature determination using thermal ionization mass
spectrometry and multicollector inductively coupled
plasma mass spectrometry, and analysis of nuclear
cross section data and gamma ray spectra for detector
applications (see Table 2 for poster titles). Continuation
of research collaboration between the graduate student,
faculty advisor, and LLNL mentors is strongly encouraged.
In many cases, NFSIP research evolves into a significant
component of the students’ graduate theses. For example,
two graduates of the 2016 NFSIP (Jack Goodell and Katie
Hoffman) joined LLNL through programmatic funding
and a DOE Office of Science Graduate Student Research
(SCGSR) Program fellowship to continue their graduate
studies at LLNL in 2017.

In addition to hands-on training, students attend a weekly
lecture series on topics applicable to the field of nuclear
forensics (see Table 3). Selected speakers represent

the breadth of expertise required for nuclear forensics
research. Speakers discuss the importance of their work

in the context of national and international
nuclear forensics.

Graduate and undergraduate students on fellowships,
such as the Nuclear Forensics Graduate Fellowship
(NFGF), are invited to join the summer program. This
year, LLNL hosted three NFGF program students (Table 1).
In addition, 10 students funded by other nuclear science
fellowships or programmatic funding participated in
summer program activities.

As part of an effort to build a “pipeline” for next
generation nuclear forensics scientists, LLNL hosts
students who are participating in the DOE sponsored
“Summer School in Radiochemistry” held at San Jose
State University (SJSU). The SJSU summer students
come to LLNL to meet onsite summer students, discuss
nuclear forensics research opportunities at LLNL, and tour
state-of-the-art facilities. The SJSU summer students
are strongly encouraged to apply to the LLNL nuclear
forensics program—SJSU summer student graduate Ellen
Monzo participated in the 2017 NFSIP.

The LLNL summer program provides a nuclear forensics
pipeline of top-quality students from universities across
the U.S. Since 2002, 30-40% of former attendees have
returned to conduct their graduate research at LLNL.
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In addition to those returning for graduate work:

« 18 became post-doctoral fellows at LLNL

« Six became post-doctoral fellows at other national labs

« 14 were hired as career scientists at LLNL

« Five were hired as career scientists at other
national labs

« Four were hired as faculty in nuclear forensics/
radiochemistry/nuclear science

« Four others were hired at additional government
institutions

A big factor in the success of this program is the
dedication of the staff scientists who volunteer to mentor
the summer students. Three of those mentors are, in fact,
past recipients of NTNFC fellowships, and are now helping
to grow the next generation of nuclear forensics scientists.
In 2017, funding from NTNFC's Graduate Mentor Assistance
Program (GMAP) helped to support the time required

to mentor NFSIP students as well as NFGF program
students. The GMAP allows staff scientists to develop
summer projects for their students, oversee necessary
safety training, and dedicate time to helping the interns
and students maximize their productivity and scientific
potential. Posters summarizing each NFSIP student's
research were presented at the Laboratory Student Poster
Day and are included at the end of this report.




* 2017 LLNL NFSIP supported students
Y& 2017 NFGFP

® |LNL NFSP students, 2011-2016

Figure 1. LLNL 2017 Nuclear Forensics Summer Internship Program (NFSIP) participants are selected from across the United States




NFSIP STUDENTS

Table 1. 2017 NFSIP Students

MARISSA LOUSTALE ELLEN MONZO JEREMY OSBORN ELLI RONAY AARON TAMASHIRO
Graduate Student, Undergraduate Student, Graduate Student, Graduate Student, Graduate Student,
Isotope Hydrology Biochemistry Nuclear Engineering Geochemistry Nuclear Engineering

T

S——— Oregon State
SACRAMENTO TEXAS A&M VANDERBILT Ur%versi
STATE UNIVERSIT Y. UNIVERSITY ty
JOHN “JACK" GOODELL ® KATIE HOFFMAN ¢ CHAD DURRANT ® JEFF ROLFES ° MARK FITZGERALD ®
Graduate Student, Graduate Student, Graduate Student, Graduate Student, Graduate Student,
Chemistry Chemistry Nuclear Engineering Radiochemistry Radiochemistry

;\ . - PennState UNLV UNLV
,; - | University of l(([

CINCINNATI

@ Returning 2016 NFSIP students funded through other grants and fellowships. b Nuclear Forensics Graduate Fellow
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Table 2. NFSIP Student Projects and Mentors

Table 3. Nuclear Forensics Summer Program Seminar Schedule

Student Mentor Project Poster Title
Ate Visser,
. Noble Gas Mass Spectrometry and
Marissa Carolyn Crow, | interpretation of Hydrogeologic
Loustale and Isotopic Signatures at the Nevada
. National Security Site
Bill Cassata
Tashi Alpha Spectroscopy Source
Ellen Monzo |  Parsons- Preparation for
. Radionuclide Metrology
Davis
Martin Robel
Jeremy and Samarium as a Thermal Reactor
FluxMonitor For Used Fuel
Osborn Brett
Isselhardt
(#“0/%*0)i and *’Sr/*Sr in an Indian
Elli Ronay Naomi Marks stalagmite: implications for
monsoonrainfall proxycalibration
Aaron Jason Burk Evalution of U-238 Fission
Tamashiro ason burxe Product Yields
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Date Speaker Topic
David Weisz
6/15/17 Postdoc, Chemical and Isotopic Signatures Group, Aerodynamic Fallout Glass and Fallout Formation Chemistry
Nuclear and Chemical Sciences Division
Ate Visser
6/22/16 Staff Scientist, Enwronmgntul R'udtocher'nfs.try Group, Nuclear and The Isotopic Fingerprints of Hydrological Processes
Chemical Sciences Division
Adam Bernstein
6/29/16 Group Leader, Rare Event Detection, Rare Event Detection in Nuclear Science and Security
Nuclear and Chemical Sciences Division
Mona Dreicer
Deputy Director, Center for I A
7/6/16 Global Security Research Treaty Monitoring and Verification
Sean Gates o
Staff Scientist, Environmental Radiochemistry Group, Nuclear and Application of the U - He chronometer to
Chemical Sciences Division the analysis of nuclear forensic materials
740G Roger Henderson
Staff Scientist, Nuclear and Radiochemistry A Renaissance of Plutonium Metal Production at the Gram Scale
Group, Nuclear and Chemical Sciences Division
7120116 o Naoml MarkS ) Case Studies in Nuclear Forensics: A primer on Comparative
Staff Scientist, Chemical and Isotopic Signatures Group, Analysis Techniques
Nuclear and Chemical Sciences Division
Mavrik Zavarin
8/4/16 Director, Glenn T. Seaborg Institute, Closeout

Physical and Life Sciences Directorate




LECTURES AND TOURS

1haV 10 10 MaV: Dark Matersiga
Noutrons e GunbTHi” 1o oshis

David Weisz (Hutcheon post-doctoral fellow) Adam Bernstein describes rare event Roger Henderson describes the chemistry and
describes the nature and chemistry of nuclear fallout detection in nuclear security and basic nuclear science application of plutonium metal production at the gram scale

Mona Dreicer describes treaty monitoring Sean Gates describes the use of noble gas 2017 NFSIP students received a copy of Scott Berkun's
and verification in the context of nuclear science mass spectrometry in nuclear forensics chronometry Confessions of a Public Speaker highlighting the
importance of effective presentation of scientific research




LLNL SUMMER POSTER SESSION

Marissa Loustale discusses her poster “Nable Gas Mass Spectrometry Ellen Monzo explains her poster “Alpha Spectroscopy Source Preparation Jeremy Oshorne (left) discusses “Samarium as a Thermal Reactor
and Interpretation of Hydrogeologic Isotopic Signatures at the Nevada for Radionuclide Metrology” at the LLNL summer student poster session Flux Monitor for Used Fuel” with Jack Goodell (2016 NFSIP student)
National Security Site” at the LLNL summer student poster session at the LLNL summer student poster session

Elii Ronay presents her poster “Uranium and Strontium Aaron Tamashiro presents his poster “Evaluation of U-238 Fission
Isotopic Signatures in an Indian Stalagmite” at the Product Yields” at the LLNL summer student poster session
LLNL summer student poster session
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NUCLEAR FORENSICS SUMMER PROGRAM POSTERS

Noble Gas Mass Spectrometry and Interpretation of Hydrogeologic Isotopic Signatures at the Nevada National Security Site

Marissa Loustale', Ate Visser?, Carolyn Crow?, and Mavrik Zavarin?
INS&TUTE 'California State University, Sacramento, Department of Geology, 6000 J Street, Sacramento, CA 95819
2Lawrence Livermore National Laboratory, Nuclear and Chemical Sciences Division, 7000 East Avenue, Livermore, CA 94550

Introduction Analytical Methods: Tritium Results Results cont. [/~ \’ ot
2 3 : « New data was collected and combined with archived *  Most wells with o
Groundwater at Pahute Mesa, in the northwest comer noble gas and tritium data from wells present at Pahute elevated *H
of Nevada National Security Site (NNSS), is thought to Mesa that span a large depth range within the local concentrations are
flow from northeast to southwest based on volcanic-alluvial aquifer located onsite near
potentiometric data. 3 oy G test locations (U19 =
newss estar [SOtOPIC Signatures from new i : 3He accumulation bottles on vacuum pump degas line. e Stid and U20 wells) /3 & | Noma Gkl
L ; " (left) ®He bottles on vacuum manifold during analysis. (right) 5 e Margn Normal  Nomal « FElevated®H intwo |- A e o/
and archived tritium and 1. 500mL of unfiltered groundwater is loaded into a A S A wells offsite (ER-EC- | . ‘-
noble gas data are used to stainless steel bottle 11 and ER-EC-12). g
better understand 2. 3He is removed by degassing, involving repeated . Is elevated °H
contaminant transport and heating, chilling and pumping with vacuum pumps travelling offsite Figure 6: Map of ™ concentration
the groundwater flow system 3. %He s allowed to accumulate from decay of 3H over through the aquifer? measured in Pahute Mesa wells.
at Pahute Mesa. 21 days (~0.323% of *H decays to °H) .

4. He isotopes are measured on a static VG5400 sector e )“%""\ A el \ 77
Figure 1: Location map of Pahute Mesa. . P * (e / I

ERecd,

7 . .| Cross section line A-A'is used to field mass spectrometer = LAY
e lams 000000000 +  “He measured on Faraday Cup (measured to detect bV .
atmospheric leaks) f R s;sﬁk B —
* 3 ipli idera a 0% g Y
. . He measured on electron mlflt'pller Figure 4: Schematic cross section of Pahute Mesa showing the s —/
Tritium and Noble Gases in «  All samples are referenced against a NIST-traceable hydrologic units and major geologic structures (Fenelon et al., 2010). v \
standard and calibration is verified against air aliquots. Light grey shows the well screened interval and the blue line is the Snts

depth to water table in feet above mean sea level. Elevations are
also measured feet above mean sea level. Cross section not to

Groundwater

" ) = A s
iSO el oL Elczse oF AnalytICI S Oble e « The main input of water isr:taoethe system comes in the L= i
1. Temperature L % p L y N Figure 7: Map of terrigenic “He in Pahute Mesa wells (left).
form of recharge due to precipitation at the hlgh Map of terrigenic 3He/*He ratio in Pahute Mesa wells (right),
Dependent elevations referenced against atmospheric helium isotope ratio (Ra = 1.38x106).
(E;qU"'b”tU":_ B g + Radiogenic ‘He accumulates along a flow path.
Quceniaton e Do high *He concentration in wells confirm the
2. Excess air proposed NE to SW flow path?
::al::seﬂd b{ wtgter <Figure 5% [INTS smvronmerte] s Specuometr. (ef) - Broad range of He isotope ratios in Pahute Mesa wells
able fluctuations amples with eleval levels of ‘were measured on the Nu Instrument . Radiogenic He signature (3He/4He < atmospheric) in

Noblesse mass spectrometer in the Livermore Noble Gas Lab. (right)

e waer it air entapment__partialdissobion

/ /;Ru:c — S sy wells with elevated *H
R « Mantle He signature (*He/*He > atmospheric) in
e s ER-EC-5 is not explained by nearby faults or
Lo s geologic features
25.00t0 29.90 « ER-EC-6 indicates groundwater mixing?

30.00 to 34.90
4

3. Terrigenic helium 1. Noble gases are collected in copper tubes to prevent
Mantle fluids (3He and “He) exchange of gases with the atmosphere.
- Decay of radioactive isotopes 2. Dissolved noble gases are analyzed on a mass
+  3Hto tritiogenic *He spectrometer with an automated custom build

+  U&Thtoradiogenic ‘He manifold.

«  Wateris boiled to expand the gases
« Origin of trtium: «  Dryice is used to freeze and trap the water s Future Wo'_'k X .
1 Cosmoganic and anthropodenic soLrces i «  Noble gases enter the manifold and are separated with a I = ) Does geologic structure play a part in controlling
' precipitgtion pog series of getters and traps F—— ; groundwater flow? Does underflow of the larger regional
i «  Samples are referenced against air aliquots (0.115 cm?). B e e aquifer influence the flow of the Pahute Mesa local
2. Test derived, at NNSS only - Calibration is verified against air equilibrated water. cacdiated forpantie Hese. aquifer?

References:

Fenelon, J.M., Sweetkind, D.S., and Laczniak, R.J., 2010, Groundwater flow systems at the Nevada Test Site, Nevada: A synthesis of potentiometric contours, hydrostratigraphy, and geologic
structures: U.S. Geological Survey Professional Paper 1771, 54 p., 6 pls. This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344
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Alpha Spectroscopy Source Preparation for Radionuclide Metrology

Optimization of the drop deposition method to produce sources with homogeneous activity distributions and known atomic concentrations

SEABORG
INSTITUTE
T

Ellen M. Monzo?, Tashi Parsons-Davis?, Christina Ramon?, Kim Knight?

UMD

UNIVERSITY OF MINNESOTA DULUTH
Driven to Discover

University of Minnesota Duluth, Department of Chemistry and Biochemistry, Duluth, MN, 2Lawrence Livermore National Laboratory, Physical and Life Sciences Division, Chemical and Isotopic Signatures Group, Livermore, CA

Abstract vethod development work was conducted to optimize the drop deposition of uranium nitrate onto stainless steel substrates. Substrates were polished and then sprayed with a solution of surfactant, seeding agent, and ethanol to promote the uniform spread of uranium droplets onto the substrate surface as well as formation of
small uranium crystals. A drop deposited 10 g depleted uranium (DU) source shows a uniform activity distribution similar to 10 pg DU sources produced with electrodeposition, another source production method. Drop deposition experiments with DU masses larger than 10 pg showed a uniform activity distribution was difficult to achieve in the 20
—300 pg DU range. Additional experiments were conducted to purify a sample of highly enriched uranium (99.94% 235U) for use in 23U source production with the drop deposition method.

Introduction Toeioey

Ty
245X 10°y.

Precision measurements of the 2**U and 2**U decay constants () are critical for
nuclear forensic analysis and geochronology. The A, 5., and A, ,.; are used for U-Pb

y and to calibrate { important decay constants.? However,
the highest precision measurements of Ay,s, rely on natural materials assumed to
be closed systems over time? and the highest precision measurement of A,,,.; made
in 1971 has never been independently verified.* Lawrence Livermore National
Laboratory (LLNL) is leading an effort to re-determine Ay, 5, and Ay, 55 via direct alpha
counting experiments. These exp require alpha sources with
uniform  activity i well-c i g known  atomic

concentrations, and small crystal size. The goal of the project was to optimize the
drop deposition method of source production to satisfy these criteria and to prepare
counting sources of high-purity 22U and 225U
-y Coincidence Counting System

for 25y

———

Low Geometry & Counting System
for 4y

=

ColliMator mm———
|

*Uource

=
FixedBourcetholder

Substrate Preparation
Substrate surface properties were optimized to promote uniform spreading of
uranium droplets and growth of small uranium crystals during drying. Variables
targeted for optimization include the following:

Substrate surface polish
Surfactant and seeding agent concentrations.
Spray height

Spray time

Airbrush spray diameter

Plain, Unpolished Stainless Steel Disk

Substrate Surface Polish
Stainless steel substrate disks were polished with 3 pm diamond polish and 1 um
aluminum powder. Secondary electron microscopy (SEM) images of polished
surfaces show improved smoothness compared to unpolished disks.
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Polished Stainless Steel

Substrate Pre-treatment

After polishing, substrate surfaces were pre-treated based on established
procedure.® Substrates were sprayed with a solution of surfactant (Tween®-20),
seeding agent (50 nm polystyrene nanospheres), and ethanol with an airbrush . The
sprayed solution was designed to promote uniform spreading of uranium droplets
and growth of small uranium crystals during drying.

Laser
Pointer

Iwata HP-SAR Bottom-fed Airbrush

1

i
!

4
Substrate
50 nm Nanospheres, poished Substrate
Tween®-20 with Mask

Pycnometer Method

A polyethylene pycnometer (right) filled with uranium nitrate solution
was used to quantitatively drop deposit depleted uranium (DU) onto
prepared sub: of the mass before and
after use enabled precise quantification of the DU mass deposited.

Comparison of Drop Deposited and
Electroplated Sources

Autoradiography was used to image the spatial distribution and intensity of uranium
activity deposited onto substrates in arbitrary units. A 10.3 pg DU drop deposited
source displays an activity distribution comparable to 10 pg DU electroplated
sources.®

10.3 pg Drop Deposited
Depleted Uranium Source

9.92 to 10.02 g Electroplated Depleted
Uranium Sources

Optical Image

1cm

Autoradiograph Autoradiograph
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Autoradiography of Drop Deposited
Sources

Additional results show a activity was
difficult to achieve for drop deposited DU masses larger than 10 ig.
20.5 ug DU 24.3 g DU 195.3 ug DU
Source Source Source

Optical Image

Optical Image Optical Image

Autoradiograph

Comparison of Alpha Spectroscopy
Resolution

Alpha spectroscopy of drop deposited sources shows resolution decreases with
increasing DU mass as demonstrated by calculated full-width-half-max (FWHM)
values for the U alpha peak . Full-width-half-max values from 10 pg DU
electroplated sources are comparable to FWHM values from 10-24 pg DU drop
deposited sources.

Drop Deposited Sources
DU Mass (ug) FWHM -
10.32 32.26 % Max Height
14.43 39.86 =T T Tunbiaen
20.54 3857
24.32 37.27 "
195.33 113.44 oo e e e
Electroplated Sources Example m:.;fpha Peak
DU Mass (pg) FWHM =
9.97 (plate C) 2535
9.98 (plate D) 39.50
10.02 (plate E) 2730
9.92 (plate F) 32.99
9.98 (plate G) 29.50
9.95 (plate H) 30.32
9.94 (plate ) 32.85
9.95 (plateJ) 3057 Alpha Spectroscopy
9.93 (plate K) 28.75
9.89 (plate M) 66.27

235 purification and Source Preparation

A solution of highly enriched uranium (99.94% 2U) of unknown age and progeny
was chemically purified from its radionuclide daughters using two BioRad AG1 X8
100-200 mesh anion exchange columns.

Basic Purification steps:

First Column

+ Condition BioRad column in 8 M HNO,
Load U solution in 8 M HNO,

Elute di- and tri-valent species in 8 M HNO,
Elute U in 0.5 M HNO,

Dry down U

« Dissolve U in conc. HCl, dry down, repeat
Second Column

* Condition column in 9 M HCl, load 2*°U solution in 9 M HCI
« Flush with 9 M HCI/0.05 M HF to elute Pa

* Elute 25U in 0.5 M HCI/0.05 M HF

.
'

Sample 1 Autoradiograph Sample 2

Conclusions

Diamond and aluminum polishes improved substrate smoothness

Surfactant and seeding agent concentrations were optimized for 10 pg DU source
preparation

A 10 pg DU drop deposited source shows activity distribution homogeneity
similar to 10 pg DU electroplated sources

Alpha spectroscopy resolution of drop deposited sources decreases with
increasing DU mass

Future Work
Optimize surfactant and seeding agent concentrations for DU masses greater than
10 ug
+ Analyze drop deposited U sources in an o~y coincidence counting system
Caleulate A, ,5; from coincidence counting data
Analyze drop deposited 24U sources in a low geometry o counting system
Calculate A, ,,, from low geometry counting data
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Samarium as a Thermal Reactor Flux Monitor for Used Fuel
Jeremy M. Osborn’2, Martin Robel?, Brett Isselhardt? A M

1Texas A&M University, Department of Nuclear Engineering, Nuclear Security Science & Policy Institute
2Nuclear & Chemical Sci Division, L: Livermore i Laboratory L
Introduction 150Sm/'*3Sm Ratio \ [' Samarium as a Flux Monitor Cont.
The ability to determine reactor flux from a used fuel samp\e or interdicted nuclear material is important in . . . . 150G /140 o e
developing nuclear forensics analyses. such as the LLNL The 15%Sm/'4°Sm ratio consists of a fluence dependent isotope divided by a flux dependent isotope: The ("°Sm/*#*Sm ) / (*4°Pu/2*9Pu) ratio is of reactor during irradiation.
LION resonance ionization mass spectrometer (RIMS) have made quick measurements of stable fission 1805, Gl
product abundances possible. RIMS uses wavelength-tuned lasers to selectively ionize a single element m( = Tsmd’ Shown below are simulations of PWR fuel burned to 30 GWd/MTU burnup. The blue line is a constant
before being sent to the mass analyzer. As a result, RIMS measurements avoid isobaric mass interferences. sum 14 irradiation. The red line has five 30-day shutdowns and startups during the irradiation. The ratio of
With respect o inerdicted nuclear material, the information contained in ntra-element isotope ratos will be 149Pm (1508 m/19Sm ) / (249Pu ) following the short-term transient (~25-40 d) after startups.
to any chemical lement isotope ratios have the possibility to avoid limitations 100
imposed by using only concentrations ol radloachve and stable fission products and actinides for forensics =) — «
analysis, however research must be done to interpret the available information contained in intra-element 5 o ~ =
isotope ratios relating to the operating details of a reactor. iy -
Previous studies have identified 1%Xe/'*Xe and '¥'Cs/'*Cs, for use in determining thermal reactor flux from - i /V&/
used fuel." In addition to the robustness gained by additional flux monitors, these ratios come with their 4 B /&
challenges. Xenon is a noble gas, and thus will be lost if any chemical processing of the material has taken 5 g
place. The cesium ratio is sensitive to reactor shutdowns and '¥'Cs decays with a 30.08 y half-life, thus P o o
information on the reactor operating history, ideally, must be known. © 2 10
™ - Fio oo
© e ¢ — S ShutdownsSiartups
“sSm is produced indirectly from fission as the il o -
40,0008, 100 stable nuclei of the 149 mass chain. Assuming the i v Y i i - Lo
(ny) ny) precursors are short enough to consider “°Pm is \ ! / b
produced directly from fission and ing the - "
small amount of °Pm neutron capture, the “Samarium as a Flux Monitor .
B\g3hr BN 7hr equilibrium value of 9Pm is as follows: e eSS e e \ o Py . i 73 = s
fuet The ISm/ 28m ratic is dependent on both the neutron flux and fluence. Decoupling the neutron flux and Bumup (MWAIMTU) o
14001 _| 150, Wp(eq) = L9 e fluence can be done with the use of an additional isotope ratio, such as 2/9Pu/z*9Pu, which depends on the
~w) | 0Pm m(eq 7 fluence (0Sm/9Sm )/ @0PuPu) atio in PWR fuel burned to 30 GWAMTU with
[C2 149Pm - and without shutdowns/startups, using SCALE 6.2.
Solving for the equilibrium concentration of 1*9Sm The ("%Sm/'%9Sm ) / (24°Pu/?3Pu) ratio is inversely related to the flux magnitude.
\ \ and substituting 14°Pm yields the following: — —
Yiuo~1% Yi50~10-5% 95m(eq) = A
(Shielded by 5°Nd) T U o
W) Within a given reactor-type, the ('°Sm/"9Sm ) / (2°Pu/23*Pu) ratio is inversely related to the flux magnitude,
3 “9Pm » “9Sm and could serve to determine the thermal flux from measurements in used fuel. This monitor is made up of
1ot isotopes which are all effectively stable for the time scale considered. Additionally, the
28] o (150Sm/149Sm ) / (240Pu/2%Pu) ratio monitor is relatively i of initial enri and i of
_ s 2 shutdowns/startups during the irradiation history.
k o
i i
Sis 22 Future Work
) F . Understand the effect of the flux-averaged cross-section for 14°Sm neutron capture (a(;¢3™) on the behavior
§ L e of the 150Sm/149Sm ratio.
L i . o 20
os o, = > 7 ) = 4 g Roactor FluxSpoctra and "5 (1) CrossSaction e oHWR—PWR
. o Bumup (MWAMTU) x10* e
s es 1 s 2 s 3 0 o5 w1 s 3 100
Bunup (MHOMTY) ! Bunen (HIMTL) ot (SmISm )| (49Pur9Pu) ratio in PWR fuel burned at five flux levels, using SCALE 6.2.
Goncentrations of %P (Ifl) and “5Sm (rght) within a PWR fuel burned at thee difierent lx levels, using SCALE 6.2 [N
i
Assuming the '¥Pm will fully decay prior to measurement or separation, the measured "°Sm sum: Over the range of enrichments studied here the (*°Sm/1#Sm ) / (249Pu/22Pu) ratio is relatively independent e ?sn
5 il | gy of fuel enrichment. s
simSm(eq) = ~Crmmm—+ = P w3
o iopm = ]
Assuming an of 145Sm and ing the 159Sm neutron capture: 180 B P 2 /
1505m(e) = '*Sm(eq) * ol x p v t 180 i
e o
140 0o pos o 0 200 00 10000 12000 18000
Neuton Energy (MeV) surnup (MG

+9Sm Sum %°Sm

8
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V (234U/%38U); and #7Sr/8éSr in an Indian stalagmite: implications for monsoon rainfall proxy calibration .

Elli R. Ronay?", Jessica L. Oster?, Warren Sharp?, Naomi Marks?
VANDERBILT Vanderbilt University Department of Earth and Environmental Sciences, Nashville, TN; 2Berkeley Geochronology Center, Berkeley, CA;
UNIVERSITY 3Lawrence Livermore National Laboratory, Physical and Life Sciences, Nuclear and Chemical Sciences Division, Livermore, CA

Speleothem MAW-0201 is a modern, sub-annually layered, aragonite stalagmite
from Meghalaya, India — the rainiest place on Earth. Aragonite incorporates more 1. Methods IV. Discussion
uranium than calcite due to a wider crystal lattice. For this reason, aragonite

speleothems have the potential as informative, but underutilized, paleoclimate

archives that can be precisely dated at high resolution. (?*U/?38U), and Sr/*Sr are —  ISM . e
rainfall proxies used in calcite speleothems, typically in arid regions, that reflect E SO,
R . N y = N s * (*U/28U), may reflect a decrease
changes in soil processes and water residence times throughout the soil-cave > . in soil mineral chemical weathering
imi ina (2340238 876, /865 [4
system. Here, we present preliminary results suggesting (*>*U/?*3U); and &7Sr/®°Sr in E 2000 up to the peak ~2000, then
aragonite speleothems record hydrologic variability from this monsoon region on g decreasing. Conversely, it could
decadal to multi-decadal timescales. = e e represent an increase and
E 1000 " A subsequent decrease in a-recoil or
k-1 \ I \ it Ul \ a combination of the two.
1. Background S = bWl / |/ \
- B e 9 n — g , | LA v ﬂ ( I\ + Srisotope variability cannot be
-0201 in greyscale. Trace elements and stable isotopes taken from the growth axis labele 5 G v 5 i 3 i i i i
« Aragonite spelecthems can be dated at high precision and thus provide important paleoclimate ) grey: otop 8 g TRV R ,A\ / , A VY meaningfully interpreted without
¢ 2 ! § MAW 02-01a. U-Th sample locations and dates marked in green. z V V WY V! isotopic analysis of the two main
archives, but they are understudied relative to calcite speleothems. " .~ 231 ) /238, 87C /861 J J P ly:
We have identified a suite of fast- ing, high U, modern (1960-2012) it eoth B) Micromilling MAW-0201 for (23'U/238U), and #7Sr/#Sr samples along growth bands, adjacent to mixing endmembers, soil minerals
. ‘e have identiTied a suite of Tast-growing, hi, , modern - aragonite speleothems N i i ingin ~ 4
growing, hig 8 P micromilled stable isotope trough. Sampled every 200 pm, resulting in ~70 5Smg powdered samples at 3560 570 580 1550 2600 3010 and host rock.

from Mawmluh Cave in Northeast India. Analysis of a common rainfall proxy, 60, in these

speleothems suggests it reflects moisture source and transport. roughly annual resolution. ~2 months of daily drilling

Yearly rainfall anomalies in mm for the ISM season showing long

* (2U/28U), reflects soil water-mineral interaction through a-recoil, which drives (2U/28U), ) ) infall anoma n
higher in soil pore waters by ejecting 2%*Th, which quickly decays to U, out of the crystal « Each powdered sample is dissolved to perform U and Sr separation procedures term variability in rainfall amounts that may be recorded in
lattice. Chemical weathering drives soil water (2*U/23U); towards the mineral composition . ((Z”UF”U)‘ ;neasured by multi-collector inductively coupled plasma mass spectrometry (Bu/280),

MC-ICP-M:

7Sr/%Sr is dependent on water-rock and water-soil interactions as well as dust and sea spray

input. Lower precipitation causes the Sr isotope composition of the speleothem to be more * Thermal lonization Mass Spectrometry (TIMS) used for #/Sr/Sr measurements

similar to the host rock due to longer water residence times in the host rock 0. ~ | | :?;i:ﬁ;::::Ie?‘iic:!:\:‘g?t:‘peno)
+ Our goal s to calibrate (23U/2%2U), and #7St/%sr (in addition to stable isotopes and trace " | ‘ speleothem record. The PDO is
elements) in these speleothems against meteorological data to determine the controls on these x | If | .
proxies and develop the best proxy suite for determining paleorainfall variability in aragonite 1 Resu'ts - I ) ‘|\| | ln | ong of the ocean-atmospherg
from monsoonal £ ‘” (LA oscillations that acts on multi-
2. [ TR A1 1 decadal time scales and affects
g [ I 1 ISM strength. The PDO and other

|
28000 i v | L X
Es6000 0.945 - a1 238 - { Al \ ', . i 1l b large scale climate oscillations
F 4000 Preliminary (*3!U/2%U); values are | i I 1 Wy may affect isotopic abundances in
200 0.94 » e always <1 énd. §how slgmﬁcanl o U | 1 MAW-0201.
s & N annual variability outside of . . . .
0 0.935 i is ti 1970 1980 1990 2000 2010

1970 1980 1990 2000 2010 _ s * ® analytical error. For this time
R ) A ) S 093 . ¢ period, 1991-2009, we see values Year
Precipitation data from the nearby village, Cherrapunji, for the entirety of the speleothem & . + ¢ tising steadily from to a peak at
i i i i £.0.925
record, showing extreme seasonality from the ISM. Rainfall peaks occur in June or July of 5 ¢ ~2000, then gradually decreasing
each year. g 092 . with a potential plateau starting
g ¢ 2005. . el
e o815 ) around 2005 V. Conclusions and applications
3
.8 0.91 ,
§ 0.905
2" 1990 1994 1998 2002 2006 2010 « (%%U/?38U), and #7Sr/%5Sr have potential as hydrologic proxies on various time scales,
s Year but more data are needed to correlate their behavior with meteorological data and
= ocean-atmosphere oscillation indices
? » 07003 #75¢/955¢ values range from « To better interpret our results, soil leachates and the dolomite host rock must be
o - 234 ) /238 871 861 i
g L 0.708856 * 3.9x10° t0 0.709152 + gnalyzgd for ( ’ 4U/ U); and #7Sr/26Sr. This way we can place endmembers for the
i 3 0.7092 5.8x10°%, with annual variability isotopic variability we see.
31 07001 outside of analytical error despite
g 2 s,-, : 4 : + . low overall variability
Above: Elevation map of Meghalaya, India. Mawmluh Cave & % 0709 |, & i @ b : B
and Cherrapuniji are marked with black dots near the border léf}s, Q"’
with Bangladesh. Cherrapuniji is known as the rainiest place % 0.7089 +
on Earth, due to the Indian Summer Monsoon (ISM) rainfall. £
| :D S | L [T 0.7088
nset map: D-maps 1870 1980 1990 2000 2010
Years G.F. 0.7087
o ifi i il ferences:
Right: NPGO, Nifiod, PDO indices during the speleothem record, and %0 from MAW-0201. Bold 1996 1998 2000 2002 2004 2006 2008 e €6, Onte, L, S, W, Bmnars, R, Kele, ., Covey, &K, & Beftenac, . M. (20151, Nt st s e st
lines are LOESS smoothed. MAW 680 mainly reflects moisture source and transport and shows change: Implications for moisture transport. 42(10), 4124-4132. d
similarities with the PDO (Myers et al., 2015) Year oram, S Wor, 1 S, LG, MiSee, D, o, fsbury T, Coober, 4, Shar D, Gesiner, . s??ﬁ“fn;v (017 s esponse of o
310-322, doi.org/10.1016/j.eps1.2017.01.034, ’
iz wor performes under the suices ot U, e ® Uvermore National ACS2-07NAZ7 344, LLNL-POST-735269 Outar, L, BL, it it nd Mabar, (012 wfonce of ot e of sail water
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Evaluation of U-238 Fission Product Yields

A.S. Tamashiro', J.T. Burke?, S. Padgett?, S. Stave?, A. Prinky?3, L. Greenwood?
10regon State University , 2Lawrence Livermore National Laboratory, 3Pacific Northwest National Laboratory

Abstract

The goal of evaluating fission product yield is to provide improved measurements for select nuclides. In order to do this, a uranium sample was irradiated in the Godiva critical assembly. The sample was retrieved and gamma ray
counted for 7 days. All the data was analyzed using codes written using ROOT. From the individual peaks of certain isotopes, the original number of atoms could be calculated and further analyzed to get the fission product yield.

University

This is under the Short Lived Fission Product Yield (SLFPY) project,
which is under National Center for Nuclear Security (NCNS) to reduce
the error bars in fission product yields. Improve Evaluated Nuclear

Fitting Data

A ROOT code was used to look at specific gamma ray peaks to fit a
function and determine net number of counts in the peak. A Gaussian

curve was used for the fit.

Interfering Gamma-rays
Complication to the analysis is the presence of interfering gamma-ray
lines. Some gamma-ray peaks come from other isotopes and interfere
with the peak of interest. To know this, a fission product library was

P Oregon State

Structure Data File (ENSDF) database. Fit = (norm) exp [_ (x —x0)? generated. The thickest blue line is the gamma-ray of interest.
20? iy DecayCune | & Decay Curve

norm is the amplitude of the peak  These parameters are determined | z .1 __ roes g i E—
A 470 mg foil of uranium-238 was irradiated at the Godiva critical X, is the centroid of the peak by reading in the data and g _ g“’ — -
assembly in burst mode. The uranium sample was placed between two o is the energy resolution of the analyzing the gamma peak ir aiss F — =
Broad Energy Germanium (BEGe) detectors, which were 180 degrees detector of interest to make the fit function. " i o — .
relative to each other. The sample was counted for 7.7 days. ol -
Background was measured overnight prior to the shot. 6.42E+10 total 8 ol
fissions were produced. ! Wt

' T Wﬁi‘lg £ L m.m%fm,

Kr-88 1529.77 keV gamma Kr-88 834.83 keV gamma

Cascade Plots

These plots were generated to help determine when and where the
: . -ray is "clean” t luate.
Fit applied to Kr-88 1529.77 keV gamma peak ga[mmaray I? C ean oevau?me ] =

Calculation of Fission Product Yield

The integral of the fit function provides the net number of counts per
time bin. Then the net number of events per unit time can then be
plotted and fit to determine the number of events at time zero. The
results are tabulated in a spreadsheet where the efficiency and
branching ratio are used to determine the final fission product yield.

] [ ]

L L L L n n L n L L n
i R R T T e e

Gamma counting experimental setup

The data acquisition system recorded the data in list mode to a text
file. A parsing code was used to bin the data into 1 hour time bins. The

time binned data was then fit using a C code in the ROOT framework. m;' '“m”; o 2““.’W,,f§:.wm“w‘“
Below is a 3-D plot of the gamma ray spectrum as a function of time. ook 25000 -
g E Conclusion
Time dependent energy spectrum for U238 detector 8815 - 20000f- n — n T -
<o E E The evaluation of fission product yields will improve the library of
g o0+ E fission product yield data. More isotopes will be analyzed and
3 - E F . . . . .
4 I m\ i evaluated. The fission product yields of uranium 235 and 238 will be
= E N E ! ) -
$ soof~ 10° Joooal-- sooof- compared. The analysis for uranium 235 was done in 2016.
2 = E - E U-235 vs U-238 Fission Product Yield Library U-235 vs U-238 Fission Product Yield Library
¢ B e At 3 ==
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Data shows all the long and short lived gamma-rays
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APPENDIX

ienty Summersiof, Nuclear Forensica anclctinideSclence. o s, THE GLENN T. SEABORG INSTITUTE
NUCLEAR FORENSICS SUMMER
INTERNSHIP PROGRAM

an effort to identify the origin and behavior of nuclear materials). On Aug. 5, this longstanding program, renamed the Nuclear Forensics Summer
Internship Program (NFSIP) in 2008, bid farewell to its 20th class.

As a component of the Lawrence Livermore National Laboratory branch of the Glenn T. Seaborg Institute,
NFSIP is focused on inviting @ small number of students-graduate and senior undergraduate-to work
closely with LLNL scientists on nuclear forensics, environmental radiochemistry, and heavy element
discovery topics. Each student conducts mentered research and produces a poster while attending NFSIP;
many go on to apply the research to their own graduate Ph.D. theses. Over the past 16 years, 30-40
percent of NFSIP alumni have returned to Livermore in some capacity. Thirteen have been hired as career
scientists, and at least 15 have been hired as postdoctoral staff.

The original Actinide Sciences Summer Program was founded in response to a crisis. In the 1990s,
American higher education was not producing enough nuclear science Ph.D.s to keep up with national
security needs. Seaborg Institute founding director Darleane Hoffman and her colleagues raised
awareness of the shortage, and in 1998, they succeeded in securing funding to begin the summer
program. Over the past 20 years, the GTSI| has hosted hundreds of students from over 70 colleges and

At the 2016 LLNL student poster
symposium, Austin Carter of the
University of Michigan presents his
Nuclear Forensics Summer Internship

universities. Program (NFSIP) research poster,
“Monte Carlo Medeling of Vast Area
Mark Sutton, now deputy division leader for Detection for Experimental
operaticns for NACS, was a member of that first r:z‘;‘s;’:’;‘if”{meR) NIF Diagnostic

Actinide Sciences Summer Program. "The summer
program was my first taste of LLNL, and there |
realized that LLNL was for me,” he says. He returned in 2000 as a postdoctoral researcher.

Kerri Blobaum was in the 2000 class. Under the direction of Adam Schwartz -- now director of
the Ames Laboratory in lowa -- Blobaum was able to apply her materials science background
to nuclear forensics. She credits her summer program experience as a "tryout” that eventually
helped land her dream job. Today, she leads a

team of LLNL materials characterization experts

During a conference at Argonne National Laboratories
in 2014, former-NFSIP Director Annie Kersting was "Hearing from former students that being a summer
f!‘::e?yyur‘:::zuf:g‘:;“;ﬂF;:[g‘g:”;gf;ﬂ“‘m";?u'; student in nuclear forensics and environmental

lefi: Jewel Wrighton, now working in the nuclear policy radiochemistry mafds I'a slgmﬂca;: dwﬂarKanca n thnew
arena in Washington; Justin Walensky, a professor at careers is a great feeling,” says Annie Kersting, the
the University of Missouri; Lindsay Shuller-Nickles, a previous director of the Seaborg Institute and the
professor at Clemson University; April Gillens, NNSA current head of University Relations for the

Fellow: Kersting: and Connor Hilton, a graduate Laboratory. Students seem to particularly value the
aindontat ing Unhvaraty of Marytasd. Top sow; froi one-on-one mentoring and the lecture series.

left: Brett Isselhardt, a staff scientist in forensics at ., f

LLNL; Chad Durrant, a Ph.D. student at the University Spaskers Tave included "glanty In e e of

of Pennsylvania; Greg Brennecka, faculty at the actinides," according to Blobaum. Glenn Seaborg
University of Meunster; and David Meier, a staff himself paid a visit to the inaugural class.

scientist at Pacific Northwest National Laboratory.

Livermore’s Glenn T. Seaborg Institute runs
an 8- to 10-week summer internship
program for graduate students interested in
nuclear forensics. Students conduct
research under the supervision of a staff
scientist, attend a weekly lecture series, and
participate in a wide range of student
activities across the LLNL campus.

T e o Since ts founding in 1998, the GTS! summer internship program has hosted students from over 70
g = summer intem Theresa Baumer Golleges and universities.

| remember at the time being amazed that these performs actinide separations in

highly respected scientists -- whose journal articles preparation for an analysis of pluionium
| had read and admired as a grad student — were willing to spend the day with us,” says Sutton. from hydrothermally sltered nuclear melt
glass.

Founded in 1998, the GTSI summer internship
program focuses on training the next generation of
nuclear scientists and engineers. Students majoring in

“The whole summer was very fast-paced and full of firsts,” says Teresa Baumer, a member of the 2017
class. "A major highlight was being able to complete a research project that involved carrying out

experiments, analyzing data and putting it all tegether in a poster - all over the course of one short summer. | learned many new technigues, including physics, chemistry, geology, mathematics, nuclear
‘separation chemistry and modeling, that | can apply to my dissertation work back at my horme university." engineering, chemical engineering, and environmental
The direct interaction between Lab scientists and visiting students is central to NFSIP's success. "This kind of mentoring is invaluable to the students,” sciences from across the U.S. are invited to

said current Seaborg Institute and NFSIP director Mavrik Zavarin, "but | alse see that the mentors benefit from the experience.” participate. They engage in research projects in

"The relationships formed during the summer institute formed the basis of my early connections to researchers,” says Sutton, "from experimentalists actinide chemistry, radiochemisty, isotopic analysis,
working with me at the bench to mentors who, 19 years later, are still trusted advisors.” computation, and radiation detection. The ultimate
As students come through NFSIP, they help to strengthen the pipeline between LLNL and academic institutions. Kersting adds that some of the goal of the program is to strengthen the workforce
Seaborg Institute's ities (like the high-r y ion mass spectrometer, Transmission Electron Microscopy or Nano Secondary lon pipeline for nuclear forensics, radiochemistry, and

Mass Spectrometry) are especially attractive to the university community. super heavy element research.

"People recognize the success of the program externally, so they want to send their students here,” she says. And over time, NFSIP and its
predecessor program have helped to increase the number of Ph.D.s granted by university chemistry and earth science departments in the area of
nuclear forensics, environmental radiochemistry and actinide chemistry - all critical areas of scholarship needed for the national laboratories Professor Glenn T.

intemship session in 1998.
Based on the success of NFSIP, the Seaborg Institute is looking to new opportunities for the next generation of nuclear scientists that come to

Livermore, including potentially offering both long-term and short-term nuclear science student internships throughout the year. "The summer institute 4 ; . 7 ) . 3 :

is a foundational part of the Seaborg Institute,” Zavarin says. "We are now looking for new ways to host students and expand our education mission at Sponsor: National Technical Nuclear Forensics Center, Domestic Nuclear Detection Office, Department of Homeland Security.
LLNL."

The 2017 NFSIP class continued the legacy of its 19 predecessors: talented, committed students pairing up with Lab scientists to characterize nuclear i
materials, determine the behavior of radionuclides in the environment and study the fundamental properties of transactinide elements. Challenging Lawrence Livermore
careers await. pes o i e 8 National Laboratory

CLICK TO READ FULL ARTICLE

-Ben Kennedy

Appendix A. Newsline article highlighting the 20th year of the Appendix B. Recently updated poster highlighting LLNL's NFSIP
Nuclear Forensics Summer Internship Program and Actinide Science Summer Programs
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