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Attached please find the information from the New Brunswick Laboratory in Argonne, IL
about the :ZRM-146 source. This source is listed on their website (www.nbl.doe.gov).

Let me know if you need any additional information.
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To:
From: C. L. Mansfield, Radiological Control Manager
New Brunawick Laboratory
New Brunswick Laboratory CFM 146 as a Sealed Radioactive Source

Department of Energy (DOE| regulations Part 835, “Occupational Radiation
Protection” define a sealed radicactive source as:

"a radicactive source manufactured, obtained, or retained for the purpose of utilzing the emittec
radiation. The sealed radicactive saurce consists of a known or esfimated quantity of ratioactive
material comainad within a sesled capsule, 5ealed betweon layer(s) of non-radicactive matenal, ar
firmiy fixed 1o 3 non-radicactive surfaca dy elactroplaling or ather maans intended to pravent
leakage or escepoe of the radioactive material. Sealed radioactive sources do not include reactor
fuel elaments, nuciear explosive devices, and radioisotope thermoelectric generators.”

The regulatory definition of a radicactive sealed source established three general
criteria that must be met. NBL CRM 146 meets these criteria aa follows:

1) The source is manufactured for the purpose of utilizing the emitted radiation.

CRM 146 is intended for ust in the calibration and evaluation of gamma-ray
counting procedures for the nondestructive determination of 235U isotopic
abundance in uranium bulk materiai. This purpose is accomplished by using
measuring the abundance and intensity of the 185.7 keV gamma-ray from 235U
through a collimated channel with a gamma-ray detector:.

2) The source consists of a kncwn or estimated quantity of radioactive material.

The uranium content in CRM 146 is certified on a mass as well as isotopic
basisa. The certified values are provided to the user by an NBL Certified
Reference Material Certificate of Analysis.

3) The source is contained in a manner that precludes leakage or escape of the
radioactive material.

CRM 146 consists of three sealed cans containing source material as well as an
unsealed empty can. The containment device consist of a can, plug, and spacer
all machined from solid ASTM-certified aluminum stock at Fredernick
Manufacturing Division in Frederick, Maryland. The source material was
placed in the canr foilowed ty a 5 mm thick spacer having the same diameter as
the inner diameter of the can. A plug having a diameter of 69 mm, 1 min less
than the inner dlameter of tae can, was pressed into the can using a hyrdraulic
hand press. The plug and can were then TIG-welded together? by a welder from
the Argonne National Laboratory Central Shop.

! “The Fabrication and Certification of a Uranium lsotopic Standard for Gamma Spectiometry
Measurements NBL CRM 146, NBL-354, March 2000, Page 1.

2 {bid, Table {, Page 7.

1 1bid, Page 4
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U.S. Department nf Energy
Nsw B8runswick Laboratory

Feto Brunstvick Laboratory
Certified Reference Waterial
Certificate of Analysis
CRM 146

Uranium Isotopic Standard
For Gamma Spectrametry Measurements

Table I. U Isotopic Abundance
Certlfied Values

Can |dentification NBL 0017 NBL 0018 NBL 0018

() Atom Fraction (x 100) | 20.31140.020 | 52.80010.042 | 93.2330+ 0.J063

‘ 5/2,488 +0.042 | 83.170310.0052

U / alntie rowded for information
! mhgglyh

KUSEr uon an luation of gamma-
B ¥ .”' W& %lum bulk matsnal.
and qnexunsealbd’émpty can. Each sealed can Is
‘ nigf®**V isctopic abundances of 20%, 53% and 83%.
The cans were manufactured to specific. ﬂmg ohs$ d“%a& n has a unique engraved identification number
and a paper labsl indicating the noffinaf 15 qplmp ndance. The certified U atom and mass fraction
values are listed in Table .. The New taboratory (NBL) prepared CRM 146 as a set to permit
measuremert of uranium-bearing materials by usvha the thaoretically expected linear relationship between®*U
isolopic aburidance and the counting rate of the 185.7 keV gamma-ray from **U. Appropriate correction factors
must be applied for calibration of assay systems used 10 measure other types of uranium samplias and contalners.
Additional material properties are cartified and the valuee provided In Table [l for use with other nondestructive

assay (NDA) techniques. Table Il contains supplemental information; these values are not certified.

1) Mass Fraction (x 10&) S

filled with apnrommalely 230 grams pﬁ,m ".*

NOTE: The CRM 146 set should be stored and handled under proper radiaiogically~controlled conditions at alf
timss, The vans should be handlsd with great care fo avoid any damage or dsformation to the botioms of the
cans, since the bottoms serve as a windaw for the emitted gamma radiation.

July 30, 189¢ Margaret E.M. Tolbert
Argonne, llinois » Laboratory Director
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NBL CRM 146 can be used with NBL CRM 868 (formerly NBS SRM 969) 10 extend the calibration range
for uranium isotopic enrichment measurements from depleted (Q.32% ***U) to highly enriched uranium
(93% Z°U). The National Bureau of Standards (NBS; now the National Insfitute of Standards and
Technology) issued NBS Standard Reference Material (SRM) 969 in June 1986. NBS SRM 069 was
produced in cooperation with the Commission of the European Communities Central Bureau for Nuclear
Measurement (now the Instilute for Reference Materials and Measurements), Gesl, Beigium and the
U.S. Departmant of Energy New Brunswick Laboratory, Argonne, lliinois (see Reference).

Lockheed Martin Energy Systems Y-1Z Plant, Oak Ridge, Tennessee, provided the source materials for
the preparation of CRM 146. NBL accepted the materials based on available analytical data and
process knowledge from Y-12. The materials were packaged into aluminum cans at NBL. The CRM
146 cans were packed to a sufficient density to assure that they would meet the *infinitely thick” criteria.
NDA tests performed an each set showed a linear correlation coefficient greatar than 0.889, indicating
that the riterion was met.

The uranium isatopic compositions and thelr molar masses were delermined by thermal ionization mass
spectrometry. Uranium isotopic ratio measuremants were performed by two analysts each using a
different mass spectrometer. Mass discrimination correction factors applied to measured CRM 146
isotopic ratios were determined from multiple analyses of matching NBL Uranium Isotopic Standards
(CRM U200, CRM U500 or CRM U930-D), run sequentially with CRM 146 materals. NBL CRM U500,
Uranlunr Isolopic Standara (50% enriched), was used as a convol 1o verify proper performance of the
measurement system. No measurable ®'U was detected in CRM 146. The foliowing nuclide masses
were used in calculations: U - 234.0409447, 24U - 235.0439222, 2*U - 236.0455610, and U -
238.0507835. The uranium mass fraction was determined by the NBL Titrimetric Method (Modified
Davies and Gray Titrimetric Method) using potassium dichromate as the tirant The uranium
equivalency of the potassium dichromats titrant was deterrriined by titrating against NBL CRM 112-A,
Uranium: Metal Assay Standard. CRM 112-A was also used to verify proper performance af the
measurement systems. Uranium assay measurements were perfonmed by two analysts each using
indepanient iitration systems. The U,0, mass in each can of CRM 146 was determined using a 2-place
balance. The balance was monitored through the laboratory balance eontrol program and’ checked
during the packaging of the cans for accuracy and linearity by using calibrated and tmceabls mass
standards.

The exganded uncertainty (U) for a centified property of CRM 146 defines a confidencs interval around
the value of the property. The magnitude of U is oblained by multiplying the combined standard
uncertainty, u,, by a coverage factor, k. The coverage factor is the Student's t factor based on the
effective: degrees of freedom fo provide a 35% leve! of canfidence. The combined standard uncertainties
for urarium isotopic abundances consist of Type A components derived from standard deviations
associaled with isotopic ratio measurements and Type B components which are based on the standard
uncertainties taken from the certified values of the NBL Uran'um Isatopic Standards. Uncertainties for
the minor isotopic abundances (U ard *U) and ratios (**UP*U and ®°U/*U) are augmentsd to
accommodate possible bias in the measurement of small signal Intensities by including the repeatability
of the NBL Uranium Isotopic Standard measurements comected for mass discrimination and the
associa'ed uncerfainties of these standards. The combined standard uncartainty for the uranium mass
fraction consists of Typa A components derived from standard deviations associated wilh sample and
standard measurements. The combined standard uncertainty for the U,0, mass in each can consists of
Type A components derived from standard deviations essociatad with repeated weighings of traceable
mass standards and components due ta the difference in the measured and reference valuas taken from
the certificate of calibration for the mass standards.

NBL CRM 146
Certificate of Analysis
Page 204
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Table Il. Additional Certified Values

P.

San Identification NBL. 0017 NBL 0018 NBL C019
4 Atom Fraction (x 100) | 0.16076 £0.00037 | 0.3756:0.0011 | 0.9849 +0.0028
34 Viasa Fraction (x 100) | 0.14861:0.00037 | 0.37180.0010 | 0.9800 £ 0.0029
() Atom Fraction (x 100) | 0.188&+ 0.0013 0.264851 0,00080 | 0.2927 + 0.0022
28 Mass Fraction (x 100) | 0.1873+0.0013 | 0.26451+0.00060 | 0.2837 +0.0022
29 Atom Fraction (x 100) |  76.339+ 0.020 465600043 | 64895z 0.0053
™) Mass Fraction (x 100) |  79.547 £ 0.020 4687610043 | 555603 0.0053

~ 0.0015002 0.008087 0.17942
34 .
U/U Atom Ratio +0,0000050 + 0.000028 £0.00058
0.25601 1.1340 16.984
35
UFU Atom Ratio +0.00031 +0.0020 £0.017
I 0.002501 0.005601 0.05332
tom Ratio + 0.000018 '£0.000013 +0.00038
Molar Mass of Uranium 237.43002 236.4428 235.20204
(g/mol) + 0.00060 +0.0012 +0.00017
U"'"'””‘(ffgosf“d‘“" 84.5632 0.019 84,286 + 0.030 84.5619 1 0.074
U0, Mass
e 230.00+ 0.10 230.04 £ 0.10 230.062 0,10
B Mase
(arama) 39.10% 0.04 101.7720.10 181.16 £ 0.12

The last figure in_the reported values and thelr uncartainties i8 provided for information
purposes only and is not intended to convey a significant degree of reilabitily.

NBL CRM 146
Certfficate ¢f Analysis
Page 3 of 4
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Table {ll. Supplemental Information

(Values Not Certified)
Can{dentffication NBL 0017 NBL 0018 NBL 0018
Aluminum Window '
Thickness (mm) 1.894 1 0.0062 1.994 £ 0.0052 1.984 + 0.0062
Can Inner Diameter (mm)
/0.01mm tolerance) 70.00 70.00 70.00
Mzterial Fill Helght {mm) 15.8 16.8 15.8
LisOq Surface Density 598 I
gomy | 8 1 8 L
14,0, Density (g/en®) 3.78 3.78 378
Mcisture Content in U,0, Insignificant < 0.05% Insignificant
Volztile Substances in U0, <0.2%  <0.3% Insignificant
Detactable
Elemental impuritieg in W0, 456 143 310
(19/9)
Chiamical Separation Date 1980 1930 1880

David T. Baran served as project leader for packaging the material and Anna M. Voeks served as
project lender for certification measurements. Kimberly Johnson-Miller, Gary A. Sowaell and Robert D.
Oldham packaged the CRM cans. Alma V. Stiffin and Khalida Schejdeiman prapared samples for
analysis. Anthony J. Traina and Peter B. Mason performed the-isotopic abundance measurements
and Steven A, Goldberg provided the experimental dasign and assessed the isotopic data. Glennda
J. Orfowicz and Iris W. Frank performed titrimetric assay measurements. Anna M. Voeks measured
moisture ontent and total volatile substances. David T. Baran and Gary A. Sowell made gamma-ray
spectrom2try measurements. Francis P. Orlowicz provided health physics support. Elemental
impurities were measured at BWX Technologies Naval Nuclear Fuel Division, Lynchburg, Virginia.
Michael 13. Soriano and Marianne M. Smith prepared the statistical sampling and analysis plan.
Michael [}, Soriano, Marlanne M. Smith and David T. Baran aseessed the data for certification. Usha
I. Narayanan provided technical guidance for packaging, certification, and Issuance of CRM 148.
Robert D. Oldham, Wanda G. Mitchell and Jon W. Neuhoff supervised project work.

Reference: NBS Special Publication 2680-86, ‘Standard Reference Materials: Uranium-235 Isotope
Abundance Standard Reference Materials for Gamma Spectrometry Measurements,” by B.S. Carpenter
el.al., September 19886.

NBL CRM 148
Coetificats of Analysis
Page 4 of 4



