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2019/20 Assays Activities

LAr filter

material 

samples

sent to 

Marseille 

SDSMT assayed shotcrete & concrete materials from ALL 

potential bidders in Black Hills area for informed decision 

making of LBNF for Conventional Facilities at SURF: 
https://indico.fnal.gov/event/20144/session/19/contribution/262/material/slides/0.pdf

Now

https://indico.fnal.gov/event/20144/session/19/contribution/262/material/slides/0.pdf
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Gamma-, Alpha- and Beta-Ray Spectrometers 

at SDSMT for Radiological Assays

Large, Fast Loading and Versatile 

Gamma-Ray Spectrometer (BEGe)
Large Alpha-, Beta-Ray Spectrometers

(big AlphaBACH and portable AlphaBACH)

Uniquely large volume AND 

meeting world’s best sensitivity!

RABBIT:
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Measuring Samples for Gamma-Ray Assays with RABBIT

125 ml bottles of 

cement, fly ash, 

sand, gravel, 

water, 

Cu-getter, 

molecular sieve

Steel samples

Geant4 simulations 

of each sample with 

Ge-detector geometry

Madan Timalsina (LZ), 

James Haiston & Juergen
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Geant4 Simulated Detection Efficiencies (e.g. Steel Samples)

=> U-238

=> Rn-222

=> Th-232

=> Th-232

Madan Timalsina (LZ), 

James Haiston & Juergen
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Existing ‘Steel’ Assays on DB on Radiopurity.org

= 2 Bq/kg

= 2 Bq/kg

= 3/4 Bq/kg

= 12 mBq/kg
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U-238     w/ SF factor of 5.45e-7

Mass I-Beam max:  9,500 kg   x 40 x 4 sides  =  1.52 ktons

 0.83 Hz Neutron Rate with 1 Bq/kg of U-238 (and just 1 neutron per fission 

enters of the <2.1> neutrons / fission emitted)

 Requirement (<1 Hz):  < 1 Bq/kg

< 81 ppb

Mass APA steel frame max:  0.5 ton  x  150 APAs  =  75 tons

 0.08 Hz Neutron Rate with 1 Bq/kg of U-238 (and 2 neutrons per fission 

contained)

 Requirement (<1 Hz):  < 12 Bq/kg     [no issue expected]

Mass CPA (3 mm thick FR4):  0.3 cm x 1.85 g/cm^3 x 12 m x 60 m x 2  = 8 tons 

 0.009 Hz Neutron Rate with 1 Bq/kg of U-238 (and 2 neutrons per fission 

contained)

 Requirement (<1 Hz):  < 110 Bq/kg       [no issue expected]

Intrinsic Neutron Rate 

from Detector Materials and Cryostat (Requirements)

External moderator 

only partially useful 

for this
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Steel I-beams:  (2.6 +/- 0.8) Bq/kg U-238  

= (211 +/- 65) ppb U-238

(Ra-226 <1.1 Bq/kg @ 90%CL and 

Th-232 <0.1 Bq/kg @ 90%CL)

Assay Results of ProtoDUNE Steel Samples

SS of cryostat wall:  (3.3 +/- 2.3) Bq/kg U-238 

(Ra-226 <1.7 Bq/kg @ 90%CL and 

Th-232 <0.1 Bq/kg @ 90%CL)
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Steel of I-Beams (Warm Structure of Cryostat): U-238 SF

Mass of I-beams:  1.52 ktons,                                      U-238 w/ SF factor of 5.45e-7

~2 Hz Neutron Rate with 2.6 Bq/kg of U-238 

(if just 1 neutron per fission enters of the <2.1> neutrons / fission emitted)

[Simulations with 15 keV, Cf-252 and AmBe neutron energy spectra 

started inside our LAr cryostat show that only about half of neutrons 

capture in active LAr)
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Steel of I-Beams (Warm Structure of Cryostat): U-238 SF + (a,n)

Mass of I-beams:  1.52 ktons,                                      U-238 w/ SF factor of 5.45e-7

~2 Hz Neutron Rate with 2.6 Bq/kg of U-238 (and just 1 neutron per fission enters)

Neutron production from 56Fe(alpha, neutron):

1 Bq/kg * 8 = ~10 Bq/kg  alpha activity

=> 10 Bq/kg * 1,520,000 kg = 15,200,000 alpha/sec

[8.6e22/cm^3   (56 u in 8 g/cm^3)]

If I assume a cross section for 56Fe(alpha, neutron) of 1 mbarn

expect 1e-3 * 10^-24 cm^2 * 1.52e7 * 8.6e22/cm^3 * 0.002 cm / 2  =  1.3 neutron / sec

->  2.8 neutrons/sec from (a,n) could enter per 1 Bq/kg U-238 (daughters in sec. equil.)

[54Fe(alpha,n) about equivalent because ~20 mbarn with just 5.8% abundance]
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Most Important Concerning Results from Steel Assays:

- Steel of I-beams is higher than expected and in principle could even be higher 

and we still had to accept the I-beams from exclusive manufacturer in 

Luxembourg: 

(2.6 +/- 0.8) Bq/kg in U-238 could translate into many Hz of neutron rate!

But signs of stratification during manufacturing process 

(Ra-226 out of equilibrium)

=> sample steel coupons from different heights in smelt (-> Dimitar, Filippo)

=> Try to establish simple acceptance criterion that does not increase costs
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R-PUF ProtoDUNE Foam Samples:

H-Content (Neutron Moderation)

Specific Activity
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FT-IR

FT-IR and Laser Raman Spectroscopy on 2 R-PUF ProtoDUNE Foam Samples

Raman

FT-IR indicates polyESTER-urethane (but one table assigns polyETHER-urethane

Raman result hints at polyESTER-urethane, but is even less conclusive
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CHN Analysis at UIowa
<64.41> mass % C 

<5.95> mass % H 

<5.5> mass % N 

<24.14> mass % O (100% - CHN%)

With a factor of 10 the relative quantity unit for N becomes approx. 4. 

And including oxygen (accounting for the remainder), we get then a stoichiometric formula of our molecule of 

𝐶54 𝐻60 𝑁4 𝑂15 ->    this measured value is now in GDML file for full 10 kton cryostat geometry

or 

𝐶27 𝐻30 𝑁2 𝑂7.5 

or 

𝐶13.5 𝐻15 𝑁1 𝑂3.75 

compared to literature polyESTER urethane: 

𝐶17 𝐻15 𝑁2 𝑂4 

This gives us a good match for polyESTER urethane (instead of polyETHER urethane)! 

And compared to our existing computer simulation (GDML material definition "Layer2Molecule"): 

𝐶17 𝐻16 𝑁2 𝑂4 ->    has been substituted with measured value now

it is not that far off. 

But it is largely different from literature polyETHER urethane R-PUF w/ HFC 245 "our best case for neutron 

moderation" (most H abundance): 

𝐶16 𝐻32 𝑁2 𝑂4 ->    would have been better, but GTT company is apparently not using it 
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From Paola Sala’s Talk June 17, 2019 @ CERN BGs Workshop

? ?
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Foam Radioactivity Assay with ICP-MS
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Foam Radioactivity Assay with ICP-MS

Failed because foam 

does not digest in HNO3

-> we need HF

-> BHSU has HF kit

-> BHSU has Laser Ablation

(BHSU has no tech, 

but we do at MI-Dept.)

UCL @ Boulby

Or PNNL as backup

Glass fibers 

(radioactive?)

(=> Need 10 cm x 10 cm x 10 cm 

sample for gamma assay)

Few grams only 

From UC Davis


