NUCLEAR FORENSIC REFERENCE MATERIALS: SRMS 4600 & 4601

SURROGATE POST-DETONATION URBAN DEBRIS

J. L. Mann, M.A. Tyra, J.L. Molloy, R. Paul (NIST)
J. Buscaglia, J. Leggitt (FBI)
K. Pfeuffer, B. Fallon, J. Dettman (ORISE - FBI)

D. Haws, S. Castro (now AFTAC), T.D. Kelly (now AFTAC), D. Turner, JW. McClory, (AFIT)

S. Jerome (NPL)

Goal: Deliver the first post-detonation nuclear forensic Standard Reference Materials (SRMs) to enable laboratories

to establish the traceability, accuracy, and precision of nuclear forensic measurements and provide the ability to

benchmark measurement methods essential to meeting the requirements of legal scrutiny.

Problem Project status - Homogeneity Characterization
Post-nuclear weapon detonation urban debris characterization is A priority for any reference material producer is to supply a material that is suitably homogeneous, with suitability being driven by
complicated by the high concentrations of elements like Ca, Fe, Al the instrumental methods being performed by the measurement community or customer. Delivery of a homogeneous reference
and Si and other materials that would be entrained into a nuclear material is required to achieve comparability between measurement communities. Two approaches are being used to assess the
fireball from the local environment. This characterization can homogeneity of the minor and trace elements in the SPUD materials: microbeam X-ray fluorescence (uXRF) spectrometry and
potentially identify the fuel type, weapon design, production neutron activation analysis. Preliminary data results are below.
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MXRF + PCA Analysis

The PCA evaluation requires:

= A 'stability run’ (repeated uXRF measurements at one location on
the sample) - any variance observed is related to instrument and
measurement sources.

The ‘stability run’ represents an essentially homogenous
sample and can be used as a homogeneity standard to build
the PCA model. The PCA model is then built upon
comparison of the ’‘stability run’ to the ‘random run’ to
characterize variance due to sample heterogeneity as detailed

. SRM  SRM . A rand  (microXRE ¢ fak doml in Molloy and Sieber [1, 2]. Using a combination of PCA and
exposed to a nuclear detonation and 4600 4601 | random run (mlgro _MeastreMEnts are taken TaltOmy  hicroXRF an  estimated minimum sample mass can be
Who|sj k:esufltingd ?CtiVat:;)bnl produT:ts - Element ugllggoo pe/e \c/JIVLIJtehmt: ?ﬁiﬁjﬁn;i%manngf Ir?]tee:j?e;neanr;y ;)Cl)ajrecrgseda\;]aélat;;rl;éllz derived for the entire sample where sample heterogeneity is
wou e found In rubble samples Aluminium 5 55690 . i i
erre] o Bt o em iy S R heterogeneity: Bcrz’éecrc?[;sr:?ered to be a large contributor to the measurement

. Post-detonati | id also Calcium 142000 144900 Y-
ost-detonation samples would also &~ . c7c =00 25 - : : : : o
contain short-lived fission products, thus ., .. 457 4624 < o
) . : : S Cr‘ o~
the debris materials have been doped copper 240.8 2627 o 20 OFe > 4
with Uranium (U). To create the nuclear Iron 195500 188400 oo) 15 - | O
fission products, samples of the SPUD Magnesium 3350 3160 % QU S 2
materials can be placed in a well- Manganese Lol U O 10 - ] 8
characterized nuclear reactor and Melypdenum 263 261 0 g O
d t t neutron flux and hoe . S 5- 7 =~ONi - 5
sApesgel o) el S5 Niobium 77 785 o ¢’ S | o -2
energy, causing the encased U atoms t0 phosphorus 331 349 % Y ‘2{ 4
split and vyield short-lived fission Potassium 2610 2718 S 0 \ / s -4
products. Silicon 168800 172800 O N 2 ] O
Sodium 749 734 D -5 . ~~—p——’ - - - N 6
o Strontium 295  308.3 -10 0O 10 20 30
How it Works as SRM? :‘;"t"f""m lgoég 1231'2 cores on PC 1 (67.16%) Scores on PC 1 (45.13%
Because a known amount of U and other .. ' ' 4
Tin 29.4  28.13 : :
elements is added to the SPUD materials it Titanium 1205 1248 rFelglleTﬁ L PdCA TSI ffelr Ginie SEMpAE Of >RM 4600. The\ Figure 2: PCA results after averaging 250 spectra
) : : : pse denotes three standard deviations from the e
is feasible to determine the concentration Tungsten 34 19.6 - S , from SRM 4600. All elements fall within the red
£ th " feci q A Urari I center of the PCA model built on the XRF ‘stability run confidence ellivse  indicating no  measureable
of the resulting fission anda activation V;anr;x:'m T BT data obtained for this sample. The PCA model suggests "uaget effects afa cample sizegof Im
products. The subsequenjc |rrad|ajcec.l SPUD e 7 BERTY that four elements (Cr, Fe, Ni and U) lie outside the \_ 2E : < .
glass would be chemically similar to Zirconium c3c ceg ellipse and exhibit detectable “nugget effects” or

samples that would be generated in an
actual detonation, and thus can serve as a
standardized reference material for nuclear
forensic post detonation measurements.
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» Elements measured by INAA are less heterogeneous in SRM 4600 then in SRM 4601 (for 250 mg sample).

* Only Cr seems to be heterogeneous for SRM 4600 for 250 mg sample.

» As, Fe, and U are suspect for SRM 4601; Co is suspicious at 250 mg.

» Preliminary uXRF + PCA analysis of SRM 4600 suggests that Cr, Fe, Ni, and U maybe heterogeneous at 50 mg sample size.
Data suggest that Cr is heterogeneous for SRM 4600 at any sample size and that for smaller sample sizes (< 250 mq) Fe,
Ni and U may also be heterogeneous.

» HOWEVER, thus far only one sample has been run through PCA analysis so the suggestion that only 1 mg is required for
all the elements to be homogeneous should be taken lightly.
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