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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, 

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).

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). 

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 
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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. 

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.

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

NUCLEAR FORENSICS SUMMER INTERNSHIP PROGRAM
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NFSIP STUDENTS

MARISSA LOUSTALE
Graduate Student,
Isotope Hydrology

JOHN “JACK“ GOODELL a

Graduate Student,
Chemistry

a  Returning 2016 NFSIP students funded through other grants and fellowships.	 b  Nuclear Forensics Graduate Fellow

ELLEN MONZO
Undergraduate Student,

Biochemistry

KATIE HOFFMAN a

Graduate Student,
Chemistry

JEREMY OSBORN
Graduate Student,

Nuclear Engineering

CHAD DURRANT b

Graduate Student,
Nuclear Engineering

ELLI RONAY
Graduate Student,

Geochemistry

AARON TAMASHIRO
Graduate Student,

Nuclear Engineering

JEFF ROLFES b

Graduate Student,
Radiochemistry

Table 1. 2017 NFSIP Students

MARK FITZGERALD b

Graduate Student,
Radiochemistry
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NFSIP STUDENTS

Table 2. NFSIP Student Projects and Mentors Table 3. Nuclear Forensics Summer Program Seminar Schedule

Marissa 
Loustale

Ate Visser, 
Carolyn Crow, 

and 
Bill Cassata

Noble Gas Mass Spectrometry and 
Interpretation of Hydrogeologic 

Isotopic Signatures at the Nevada 
National Security Site

Ellen Monzo
Tashi 

Parsons-
Davis

Alpha Spectroscopy Source 
Preparation for 

Radionuclide Metrology

Jeremy 
Osborn

Martin Robel 
and 

Brett 
Isselhardt

Samarium as a Thermal Reactor 
FluxMonitor For Used Fuel

Elli Ronay Naomi Marks
(234U/238U)i and 87Sr/86Sr in an Indian 

stalagmite: implications for
monsoonrainfall proxycalibration

Aaron 
Tamashiro

Jason Burke Evalution of U-238 Fission 
Product Yields

6/15/17
David Weisz

Postdoc, Chemical and Isotopic Signatures Group,
Nuclear and Chemical Sciences Division

Aerodynamic Fallout Glass and Fallout Formation Chemistry

6/22/16
Ate Visser

 Staff Scientist, Environmental Radiochemistry Group, Nuclear and 
Chemical Sciences Division

The Isotopic Fingerprints of Hydrological Processes

6/29/16
Adam Bernstein

Group Leader, Rare Event Detection,
Nuclear and Chemical Sciences Division

Rare Event Detection in Nuclear Science and Security

7/6/16
Mona Dreicer

Deputy Director, Center for 
Global Security Research

Treaty Monitoring and Verification 

7/14/16

Sean Gates
Staff Scientist, Environmental Radiochemistry Group, Nuclear and 

Chemical Sciences Division

Roger Henderson
Staff Scientist, Nuclear and Radiochemistry

Group, Nuclear and Chemical Sciences Division

Application of the U – He chronometer to 
the analysis of nuclear forensic materials

A Renaissance of Plutonium Metal Production at the Gram Scale 

7/20/16
Naomi Marks

Staff Scientist, Chemical and Isotopic Signatures Group, 
Nuclear and Chemical Sciences Division

Case Studies in Nuclear Forensics: A primer on Comparative 
Analysis Techniques

8/4/16
Mavrik Zavarin

Director, Glenn T. Seaborg Institute,
Physical and Life Sciences Directorate

Closeout

Student Date Speaker TopicMentor Project Poster Title
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LECTURES AND TOURS

David Weisz (Hutcheon post-doctoral fellow) 

describes the nature and chemistry of nuclear fallout

Adam Bernstein describes rare event 

detection in nuclear security and basic nuclear science

Mona Dreicer describes treaty monitoring 

and verification in the context of nuclear science

Sean Gates describes the use of noble gas 

mass spectrometry in nuclear forensics chronometry

Roger Henderson describes the chemistry and 

application of plutonium metal production at the gram scale

2017 NFSIP students received a copy of Scott Berkun’s 

Confessions of a Public Speaker highlighting the 

importance of effective presentation of scientific research
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LLNL SUMMER POSTER SESSION

Marissa Loustale discusses her poster “Noble Gas Mass Spectrometry 

and Interpretation of Hydrogeologic Isotopic Signatures at the Nevada 

National Security Site” at the LLNL summer student poster session

Elii Ronay presents her poster “Uranium and Strontium 

Isotopic Signatures in an Indian Stalagmite” at the 

LLNL summer student poster session

Ellen Monzo explains her poster “Alpha Spectroscopy Source Preparation 

for Radionuclide Metrology” at the LLNL summer student poster session

Aaron Tamashiro presents his poster “Evaluation of U-238 Fission 

Product Yields” at the LLNL summer student poster session

Jeremy Osborne (left) discusses “Samarium as a Thermal Reactor 

Flux Monitor for Used Fuel” with Jack Goodell (2016 NFSIP student) 

at the LLNL summer student poster session
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NUCLEAR FORENSICS SUMMER PROGRAM POSTERS

1. 500mL of unfiltered groundwater is loaded into a 
stainless steel bottle

2. 3He is removed by degassing, involving repeated 
heating, chilling and pumping with vacuum pumps

3. 3He is allowed to accumulate from decay of 3H over 
21 days (~0.323% of 3H decays to 3H)

4. He isotopes are measured on a static VG5400 sector 
field mass spectrometer

4He measured on Faraday Cup (measured to detect 
atmospheric leaks)
3He measured on electron multiplier

All samples are referenced against a NIST-traceable 
standard and calibration is verified against air aliquots.

1. Noble gases are collected in copper tubes to prevent 
exchange of gases with the atmosphere. 

2. Dissolved noble gases are analyzed on a mass 
spectrometer with an automated custom build 
manifold.

Water is boiled to expand the gases
Dry ice is used to freeze and trap the water
Noble gases enter the manifold and are separated with a 
series of getters and traps

Samples are referenced against air aliquots (0.115 cm3).
Calibration is verified against air equilibrated water.

LLNL-POST-_______
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344

Groundwater at Pahute Mesa, in the northwest corner 
of Nevada National Security Site (NNSS), is thought to 
flow from northeast to southwest based on  
potentiometric data. 

Isotopic signatures from new 
and archived tritium and 
noble gas data are used to 
better understand 
contaminant transport and 
the groundwater flow system 
at Pahute Mesa.

Noble Gas Mass Spectrometry and Interpretation of Hydrogeologic Isotopic Signatures at the Nevada National Security Site
Marissa Loustale1, Ate Visser2, Carolyn Crow2, and Mavrik Zavarin2

1California 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

Figure  3 : LLNL’s environmental Noble Gas Mass Spectrometer. (left) 
Samples with elevated levels of 3H were measured on the Nu Instruments 

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

Radiogenic 4He accumulates along a flow path.
Do high 4He concentration in wells confirm the 
proposed NE to SW flow path?

Broad range of He isotope ratios in Pahute Mesa wells 
Radiogenic He signature (3He/4He < atmospheric) in 
wells with elevated 3H
Mantle He signature (3He/4He > atmospheric) in 
ER-EC-5 is not explained by nearby faults or 
geologic features
ER-EC-6 indicates groundwater mixing?

Future Work
Does geologic structure play a part in controlling 
groundwater flow? Does underflow of the larger regional 
aquifer influence the flow of the Pahute Mesa local 
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.

Origin of Dissolved Noble Gases :
1. Temperature 

Dependent 
Equilibrium
Concentration

2. Excess air 
caused by water 
table fluctuations

3. Terrigenic helium
Mantle fluids (3He and 4He)
Decay of radioactive isotopes

3H to tritiogenic 3He
U & Th to radiogenic 4He

Origin of tritium: 
1. Cosmogenic and anthropogenic sources in 

precipitation
2. Test derived, at NNSS only

Figure 2 : 3He accumulation bottles on vacuum pump degas line. 
(left) 3He bottles on vacuum manifold during analysis. (right)

New data was collected and combined with archived 
noble gas and tritium data from wells present at Pahute
Mesa that span a large depth range within the local 
volcanic-alluvial aquifer

The main input of water into the system comes in the 
form of recharge due to precipitation at the high 
elevations.

Figure 4: Schematic cross section of Pahute Mesa showing the 
hydrologic units and major geologic structures (Fenelon et al., 2010). 
Light grey shows the well screened interval and the blue line is the 
depth to water table in feet above mean sea level. Elevations are 
also measured feet above mean sea level. Cross section not to 

scale.

A

A’

Figure 1: Location map of Pahute Mesa. 
Cross section line A-A’ is used to 
understand the system at depth.

Figure 6: Map of 3H concentration 
measured in Pahute Mesa wells. 

Figure 7: Map of terrigenic 4He in Pahute Mesa wells (left). 
Map of terrigenic 3He/4He ratio in Pahute Mesa wells (right), 

referenced against atmospheric helium isotope ratio (Ra = 1.38x10-6).

Figure 5: Noble gas recharge temperatures 
calculated for Pahute Mesa.

AA’ NTS 
Boundary

Ammonia 
Tanks 

Caldera 
Structural 

Margin

Silent 
Canyon 
Calera 

Structural 
Margin

Carbonate 
Aquifer Confining Unit

Confining Unit

Normal 
Fault

Volcanic-Alluvial Aquifer Volcanic-
Alluvial 
Aquifer

Confining Unit-Aquifer Interbedded

Normal 
Fault

Volcanic-Alluvial 
Aquifer

Volcanic-Alluvial 
Aquifer

Volcanic-Alluvial 
Aquifer

Most wells with 
elevated 3H 
concentrations are 
located onsite near 
test locations (U19 
and U20 wells)
Elevated 3H  in two 
wells offsite (ER-EC-
11 and ER-EC-12). 
Is elevated 3H 
travelling offsite 
through the aquifer?

log(Terr He) cm3 STP/g
3He/4He Ratio (Ra)

LLNL-POST-735972
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NUCLEAR FORENSICS SUMMER PROGRAM POSTERS

LLNL-POST-735501
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Conclusion

This research was performed under the Nuclear Forensics Summer Internship Program, administered by the 
Glenn T. Seaborg Institute.
This internship was supported by the National Technical Nuclear Forensics Center, Domestic Nuclear 
Detection Office, Department of Homeland Security.
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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149Sm is produced indirectly from fission as the 
stable nuclei of the 149 mass chain. Assuming the 
precursors are short enough to consider 149Pm is 
produced directly from fission and neglecting the 
small amount of 149Pm neutron capture, the 
equilibrium value of 149Pm is as follows:

Solving for the equilibrium concentration of 149Sm 
and substituting 149Pm yields the following:

Assuming the 149Pm will fully decay prior to measurement or separation, the measured 149Sm sum:

Assuming an equilibrium concentration of 149Sm and neglecting the 150Sm neutron capture:

Production of Samarium Isotopes

The 150Sm/149Sm ratio consists of a fluence dependent isotope divided by a flux dependent isotope:

Concentrations of 149Pm (left) and 149Sm (right) within a PWR fuel burned at three different flux levels, using SCALE 6.2.

Samarium as a Flux Monitor Cont.

The 150Sm/149Sm ratio is dependent on both the neutron flux and fluence. Decoupling the neutron flux and 
fluence can be done with the use of an additional isotope ratio, such as 240Pu/239Pu, which depends on the 
fluence. 
The (150Sm/149Sm ) / (240Pu/239Pu) ratio is inversely related to the flux magnitude.

(150Sm/149Sm ) / (240Pu/239Pu) ratio in PWR fuel burned at five flux levels, using SCALE 6.2.

(150Sm/149Sm ) / (240Pu/239Pu) ratio in PWR fuel burned for three different fuel 
enrichments at the same flux level, using SCALE 6.2.

Over the range of enrichments studied here the (150Sm/149Sm ) / (240Pu/239Pu) ratio is relatively independent 
of fuel enrichment.

(150Sm/149Sm ) / (240Pu/239Pu) ratio in PWR fuel burned to 30 GWd/MTU with 
and without shutdowns/startups, using SCALE 6.2.

The (150Sm/149Sm ) / (240Pu/239Pu) ratio is independent of reactor shutdowns/startups during irradiation.

Shown below are simulations of PWR fuel burned to 30 GWd/MTU burnup. The blue line is a constant 
irradiation. The red line has five 30-day shutdowns and startups during the irradiation. The ratio of 
(150Sm/149Sm ) / (240Pu/239Pu) re-establishes following the short-term transient (~25-40 d) after startups.

Within a given reactor-type, the (150Sm/149Sm ) / (240Pu/239Pu) ratio is inversely related to the flux magnitude, 
and could serve to determine the thermal flux from measurements in used fuel. This monitor is made up of 
isotopes which are all effectively stable for the time scale considered. Additionally, the                 
(150Sm/149Sm ) / (240Pu/239Pu) ratio monitor is relatively independent of initial enrichment, and independent of 
shutdowns/startups during the irradiation history.

Understand the effect of the flux-averaged cross-section for 149Sm neutron capture ( ) on the behavior 
of the 150Sm/149Sm ratio.

Samarium as a Thermal Reactor Flux Monitor for Used Fuel
Jeremy M. Osborn1,2, Martin Robel2, Brett Isselhardt2

1Texas A&M University, Department of Nuclear Engineering, Nuclear Security Science & Policy Institute
2Nuclear & Chemical Sciences Division, Lawrence Livermore National Laboratory

Introduction
The ability to determine reactor flux from a used fuel sample or interdicted nuclear material is important in 
developing nuclear forensics analyses. Improvements in measurement instrumentation, such as the LLNL 
LION resonance ionization mass spectrometer (RIMS), have made quick measurements of stable fission 
product abundances possible. RIMS uses wavelength-tuned lasers to selectively ionize a single element 
before being sent to the mass analyzer. As a result, RIMS measurements avoid isobaric mass interferences. 
With respect to interdicted nuclear material, the information contained in intra-element isotope ratios will be 
insensitive to any chemical separation. Intra-element isotope ratios have the possibility to avoid limitations 
imposed by using only concentrations of radioactive and stable fission products and actinides for forensics 
analysis, however research must be done to interpret the available information contained in intra-element 
isotope ratios relating to the operating details of a reactor.
Previous studies have identified 136Xe/134Xe and 137Cs/135Cs, for use in determining thermal reactor flux from 
used fuel.1 In addition to the robustness gained by additional flux monitors, these ratios come with their 
challenges. Xenon is a noble gas, and thus will be lost if any chemical processing of the material has taken 
place. The cesium ratio is sensitive to reactor shutdowns and 137Cs decays with a 30.08 y half-life, thus 
information on the reactor operating history, ideally, must be known.

150Sm/149Sm Ratio

Samarium as a Flux Monitor

149Pm 149Sm

149Sm Sum 150Sm
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Vanderbilt University 
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LLNL-POST-735269
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LLNL-POST-736083
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APPENDIX

Appendix A.  Newsline article highlighting the 20th year of the 

Nuclear Forensics Summer Internship Program and Actinide Science Summer Programs

Appendix B.  Recently updated poster highlighting LLNL’s NFSIP
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