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The Significance of Radiochemistry
The Trinity Fireball Operation Crossroads B-17 Underground Testing

Photos Courtesy R.A Meade LALP-88-21

• Radiochemistry established the yield of every sampled test, from Trinity to Divider
• Radiochemistry is the gold standard for yield in today’s Stockpile Stewardship Program (SSP)
• Radiochemistry plays an integral role in our ever-advancing understanding of weapons physics
• Significant R&D and programmatic investment in radiochemistry continues today

• Basic nuclear physics
• Sophisticated chemistry and counting methods
• Mass spectrometry
• Modeling and simulation
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What is Radiochemical Debris Diagnostics?

•Assessment of events in support of  the AAR, 
LEPs and experimental science campaign 
milestones

•Interface between radiochemical 
measurement and design communities

•Integrate data streams (e.g MS, counting)

•Account for chemical and physical 
phenomenology present in raw sample data

•Employ computational tools to determine 
performance from sample data

•Provide detailed assessments regarding 
impact of design on total performance

•The product of this work is the Gold Standard

Photos courtesy of W. Oldham, S. Hanson
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How is Weapon Performance Determined?

𝑌𝑌𝑥𝑥 = 𝑀𝑀𝑥𝑥 × 𝐸𝐸𝑥𝑥; 𝐸𝐸 ≡
𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑥𝑥

0

For plutonium:
𝐸𝐸𝑝𝑝𝑝𝑝 =

𝐹𝐹𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑃𝑃𝐹𝐹0

;
sample 𝑓𝑓𝑠𝑠

𝑓𝑓𝑠𝑠 + 𝑝𝑝𝐹𝐹𝑟𝑟𝑟𝑟𝑠𝑠

• “Inventory” equations
• Sample interferences must be 

accounted for
• Chemical fractionation
• Uranium blank

• Note: it is unnecessary to 
know how much of the device 
was collected

Images from: Alexkunztaipei.wordpress.com, Phys.org, Time.com, emojipedia.com, S.K. Hanson, R.A. Meade

Nuclear test debris is the neutron analog 
to photon exposed photographic film

Blink! BOOM!
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Each Inventory Term is a Measurement –
Consider Sample Fissions

Knight and Sattizahn, Los Alamos Science, 1983 

𝑓𝑓𝑠𝑠 = 𝑁𝑁𝑓𝑓𝑝𝑝,𝑠𝑠 ÷ 𝐶𝐶𝑌𝑌𝑓𝑓𝑝𝑝 Each sample is yielded 
gravimetrically and mounted

Example mount forms:

SrCO3
Y2O3
Cs2PtCl6
MoO3
BaCrO4
Nd2O3
Ag metal
Cd metal
Tb4O7

Photos courtesy of W. Oldham, S. Hanson
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Measurement of Actinide Fuels
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High resolution α-counting
(238-240Pu, 241Am, 242Cm)

Thermal Ionization MS 
(long-lived U, Pu)

Secondary Ion MS (Spatially resolved actinide 
isotopic analysis)

• Actinide fuels are the first term in 
y = mass * efficiency

• LANL point of excellence
• World-class scientists and 

instrumentation
• Alpha spectroscopy and mass 

spectrometry are primary tools
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So, About Those Nuclear Tests…
• Nuclear testing ended in 1992
• The stockpile did not

• How do we ensure the function of our 
weapons with no testing?

• How does radiochemistry remain relevant?
• Scientific Stockpile Stewardship was born in 

the mid-1990s
• Based on advanced computing and simulation 

of tests
• Requires more and higher quality 

radiochemical assessments with much better 
nuclear data and uncertainty than was possible 
during testing
• Radiochemical assessment has advanced far 

beyond testing and its requirements have 
advanced nuclear science 

• Radiochemistry underpins several missions in 
addition to Stewardship 
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Radiochemistry at Los Alamos Today: Chemistry 
Division’s Nuclear and Radiochemistry Group

Nuclear Chemistry

Radiochemistry

Counting

Mass Spectrometry

Assessment

Nuclear Forensics

Treaty Monitoring

Weapons

Bioassay

Nuclear 
Nonproliferation

Major program thrusts:Primary capabilities:

Figure courtesy of F. Taw
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Over 100 Personnel Executing Mission and R&D

Figure courtesy of F. Taw
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Research Highlights, CYfp
(Cumulative Fission Product Yields)
Objective: Measure integral cumulative 
fission product yields, 𝑅𝑅𝑖𝑖

𝑗𝑗,𝑘𝑘 and 𝑌𝑌𝑖𝑖
𝑗𝑗,𝑘𝑘, in 

relevant neutron fields for several major 
and minor actinides.
Relevance: Fission product yields 
represent important nuclear fission 
observables for basic science as well as 
numerous nuclear applications. This and 
related work provides experimental data 
to validate and improve differential 
nuclear data, nuclear physics modeling 
and operational tools.
Approach: Make use of critical 
assemblies and other neutron sources 
to perform fission chamber 
measurements in parallel with historical 
radiochemical analysis on select 
actinides to determine relative (𝑅𝑅𝑖𝑖

𝑗𝑗,𝑘𝑘) and 
absolute (𝑌𝑌𝑖𝑖

𝑗𝑗,𝑘𝑘) fission product yields.

Collaborations: Most of these 
experiments have included participation 
from LLNL and/or PNNL.

Accomplishments/Results: Executed 1-2 irradiations per year since 2012 on 
various actinide samples including 233U, 235U, 238U, 237Np and 239Pu. For each 
actinide sample we extracted relative fission product yields, 𝑅𝑅𝑖𝑖

𝑗𝑗,𝑘𝑘, by 
radiochemical analysis.
Tested and fielded prototype fission chambers with 235U and 237Np reference 
and macro-foils on the Flattop assembly to extract absolute fission product 
yields, 𝑌𝑌𝑖𝑖

𝑗𝑗,𝑘𝑘.

Figures courtesy of T. Bredeweg
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Research Highlights, Extinct Radionuclides

LANL LDRD-DR 
PI: Hugh Selby (C-NR)
Co-PI for modeling: John Scott (XTD-IDA)
Co-PI for measurements: Warren Oldham (C-NR)

Project Goal: Reconstruct the entire suite of 
diagnostically useful radionuclides by 
measuring perturbations in stable element 
isotope ratios and actinide composition.

Hanson, S.K.; Pollington, A.D.; Waidmann, C.R.; Kinman, W.S.; Wende, A.M.; Miller, J.L.; Berger, J.A.; Oldham, W.J.; Selby, H.D. Proc. Nat. 
Acad. Sci., 2016, 113, 8104-8108.  
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Why Consider the Weapons Laboratories?

Images from Reuters.com

• Relevance
• The world is not a safe place
• The Laboratories’ primary mission is 

Science in Defense of the Nation
• Diverse programs, from Stewardship 

to Nuclear Forensics, work to this 
theme

• Challenge
• No one comes out of school trained 

for this work
• It is an honor to be trusted with 

ensuring our deterrent
• Science

• The highest concentration of the best 
experimental facilities and scientists 
provide opportunity to explore unlike 
anywhere else
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