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FROM: T. W. SCHWAGER 

Attached please find the 'nfomation from the New Brunswick Laboratory in Argonne, IL 
about the :3RM-146 s o m e .  This souxe is listed on their website (www.nbl.doe.gow). 

Let m e  know if you need any additional information. 
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To: 
horn :  C. L. Mansfield, Radialo@cal Control Manager 

New 13runswick Laboratory CFM 146 (29 a Sealed Radioactive Source 
New Erunbwlck Laboratory 

Department of Energy (DOE1 regulations Part 835, "Occupational Radiation 
ProteEtion' define a staled iadioactive source as: 

'I radioactrve soww manrlhcbred, obtained, or retlima for he purpose of utilhing the ernitrec 
radiation. The rooled ra&oacUve foum mnaisb of a know or esfimakd quanlrty of radioaCtivS 
materlal comalned withln a sealed upsule, ~ u a l ~ d  bebvron layer(8) of non-rsdiaodive malarial, ar 
firmly fired to a mn-ndoacUvs rorkca by tbchpbting or olher means Imnded to pravenl 
leakage of . s a p o  Pi l?w r;ldiamdka matariJ. Sealed aaioadvs sauri!e¶ do not include reactor 
bel elements, nudear eIf@losivo dwicw, and ndhkotope ~ermoelactrlc generabn.' 

The regulatoj definition of a radioactive sealed source established three m e r d  
criteria that must be met. NBL CRM 146 meeta these criteria aa follaars: 

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

CRM 146 is intended for use in the calibration and evaluation of gamma-ray 
counting procedures for the nondestructive determination of YSU isotopic 
abundance in uranium bulk rnatcriai. Thjs purpose is  accomplished by using 
measuring the abundance and intensity of t h e  185.7 keV gamma-ray from 2ssU 
through a collimated channel with a gamma-ray detector;. 

2)  The source consists of a 

The uranium c a t a t  in CRM i46 is certified on a mass as well as isotopic 
basha. The d a d  values are provided to the  user by an NBL Certifietl 
Reference Mattrial  Certificate of Analysis. 

or estimated quantity of radioactive material. 

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

CRM 146 condsts of three sealed cans containing source materid as well as M 
unsealed mpty can. The containmunt dcvice cunsist of a can, plug, and spacer 
all machined from solid ASTM-certibed aluminum etock at Frederick 
Manufaduring Division in Fktderick, Maryland. The aource material was 
placed in the can €oiloweti t y  a 5 lzu~ thick spacer having the same dfwerer as 
the inner diweter  of the can. A plug having a diameter of 69 vun, 1 mu lws 
than the inner dfametcr of the can, was premed into the can using a hydraulic 
hand press. The plug and can were then TIC)-welded togethe9 by a welder fiom 
the  Argonne National Laboratory Central Shop. 

-~ 
1 7h': Fabrication an4 CenifJcaoion oC a Uranium Isotopic Standard for Gamma Spemomctry 
iv'rrasiuemcnta NBL CRM :46," NBL3S4, March 3000, Pnge 1. 
2 Ibid, Table t ,  Page 7. 
J Ibid, Page 4 
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UraaimZsbtopicGtaadard . 
For Gamma Spectramctrg Measurements 

Table 1. -U Isotopic Abundance 
Certlfiw Values 

Can IdenUfication NBC 0017 NBL 0018 NBL 0019 

Atom Fraction (x 100) 20.31 1 + 0.020 52.800 f 0.042 93.2330 f 0.3063 
L 

20%. 53% and 83%. 
ldontiflwlian number 

This Cerlifiec F 
ray counting procia 
Each set of CRM 148 COG 
filled with aplrmximelely 230 g 6 k  &@ 
The cans were manufactured to spedJcl 
and a paper label lndicatlng the nohind'? ',kl 
values are listed in Table I- The New &&i& bb'qtalary (NBL) prepared CRM 146 as a Set to permit 
rneasuremer t of uraniumbearlng materiab by US$J the theoreticalty expected linear rela!ioonship betweenS15U 
isolopic aburldance and the counthg rata of the 185.7 keV gatnrna-ray Prom W. ApprapMte correction factors 
must be applied for calibrafian d assay systems used to measure other types of uranlum sampfru and antelnets. 
Additional material properties are csdMeU and the values provided In Table II for use with other nondestrucWe 
assay (NDA) techniques. Tabla Ill conwins s;cpplemental inform3tion; thesq values are not cerlified. 

NOTE: The CRM 746 set should be slomd and handled under propermdlobelcel~~~n~~/eoMed conditions at d l  
limes. The cans should be handled W'#I greet cam lo avoid any damage or deformation to the bottoms of the 
cans, s h e  ?be bonoms aerye as a bvhdw Ibr fhe emiited gamma radiotiorr. 

July 30,1889 
Argonne, Illinois 

Maqamt E.M. Tolbert 
Laboratory Director 
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NBL CRIW 146 can be Used wlth NBL CRM 060 (formerly NBS SRM 96a) to exbnd the calibration range 
for uranium Isotopic enrichment measurements from depletd (0.32% =U) to highly enriched uranium 
(93% asU). The National Bureau of Standards (N6S; now the National InslitLne of 3tandards and 
Ted.\nology) issued NBS Standard Reference Material (SRM) 969 In June 7986. N8S SRM 869 was 
produced in coopemtion with the Commission of the European Communities Central Bureau for Nuclear 
Measurement (naw the Institute for Reference Materials and Measurements), Geel, Belgium and the 
U.S. Department of Energy New Brinswiek Laboratory, Argonne, Illinois (see Reference). 

Lockheed Martin Energy Systems Y-72 Plan!, Oak Ridge, Tennessee, p v l d e d  tne source matefials for 
the preFlatation of CRM 146. NBL accepted the materials based on available analytical data and 
promss knowledge from Y-12. The materials were packaged inM aluminum cans at NRL. The CRM 
146 tan:; ware packed to a sufficient density to assure that they would meet the 'infinitely thick" mteria. 
NDA tests performed an each set showed a linear correlation coefticient greater than 0.999, indicating 
that the criterion was met 

The uranium isotopic compositions and thelr molar masses were delefmined by thermal ionizatlon mass 
spectronwtry. Uranium isotopic ratio measurements were performed by two analysts each using a 
differenf mass spectrometer. Mass disaimiwtion Gorechon faactors applied to measbred CRM 146 
isotopic ratios were delermined from multiple analyses of matching NBL Uranium Isotopic Standards 
(CRM U200, CRM U s 0  or CRM 'J93GD), run seqmntlalty wth CRM 146 materials. NUL CRM USOO, 
Uranlurr Isotopic Standam (50% enriched), was used as a cantrol to verify proper performance of the 
measurement system. No measurable was detected in CRM 146. The following nudide masses 
were used in calculations: - 234.0409447, =U - 235.0439222, -U - 236.0465610, and - l J  - 
238.0507835. The uranium mass hadion was determined by the N8L Titrimetric Method (Modified 
Davles and Gray Tltrimetnc Method) uslng potassium dichromate as the ttrant The uranium 
equivalency of the.potasslum dichromate titrant was determined bytitrating against NBL CRM 112-A, 
Uranlurrl Metal Assay Standard. CRM 1124 was also used to verify proper performance of the 
measurement system. Uranium assay measurements were performed by two anatysts each using 
inaepenjent ritratron sys!em% The U,O, mass in each can of CRM 146 was determined using a 2-place 
balance The balance was monitored through the laboriltary balance mntrol program and checked 
during t?e packaging of the cans for aocuracy and linearity by using calibrated and tniceable mass 
standards. 

The expanded uncertainty (UI for a cartifid property of CRM 146 defines a confidence iritefval around 
the valLle of me property. The magnitude of U is oblained by multiplylng lhe combined standard 
uncertainty, &, by a coverage factor, k. Tne coverage facW is the Student's t factor based on the 
effective degrees of freedom lo provide ,a 95% level of mnfidenm. The combined standarc) uncertainties 
for uranium isotopic abundances consist of Type A components derived from standard deviations 
associated with isotopic ratlo measurements and Type B components whidr are based on Ihe standard 
uncertainties taken from the certified values of the NBL Umn!um Isotopic Standards. Uncertainties for 
the minor isotopic abundams YU acd and ratios YUP'U and *Ul"U) are augmented to 
awmniodate possible biaz ir, the masurement of small signal lnlensilies by including the repeatability 
of the VBL Uranium Isotopic Standard measurements conected for mass discrirninalion and the 
associaled uncehlnties of these standards. The combined standard uncetiainty lor the iiranium mass 
fradon consists of Type A components derived from standard deviations associated with sample and 
standard IneaSur8ments. The combined standard uncartalnly for the U,O, mass In each can consists of 
Type A components derived from slandatd deviations associated with repeated welghings of traceable 
mass standards and components due to the difference in the measured and reference valuas taken from 
lhe cafiflcate of calibration for lhe mass standards. 

NBL CRhI 146 
Csrtificalo of Analysis 
Page 2 01 4 



NBC 0017 NBL 0014 

0.15076 f 0.0003'1 
0.14881 f 0.00037 

0.3756 i 0.001 1 

0.3718 f 0,0010 

o . i m  i 0.0013 0 .264m o,woso 
0.1973 f 0.0013 0.26451 f 0.00060 

Atom Fraction (x 100) 78.338 f 0.020 46.660 f: 0.043 

46.876 f 0.043 W Ma- Fradion lx 100) 79.547 f 0.020 
~~ ~- 

0.001 8002 0.008087 0.17942 1 n'UP'LJ Atom Ratio I -1 f0.000028 I ' *0.000!56 

NBL COl9 

0.9848 f 0.0029 

0.9800 f 0.0029 
o 2927 2 0.0022 

0.2937 f 0.0022 

6.4895 f 0.0053 

6.5560 f 0.0053 

i 0,25801 

EcU/WIJ Atom M i  f 0.00038 

236.20204 
f 0.00017 

1.1340 16.884 

I 84.61930.074 1 Uranium Mass Fradion w.563* o.019 1 84.286 i 0.030 I (x 100) I 
I 

I I 39.10iO.W % Ma= r- (Qmms) 

I 230.00* 0.10 1 230.04f0.10 I 230.06i 0.10 I U,O, Ma= I @rams) 

101.77 f 0.16 181.16i 0.12 

The last figure in the reporled values and thelr uncertainties ia provlded for information 
purpose6 only and ia not intended Be convey a slgniflcant d e g m  of rellebilily. 

NEL Ct7M 146 

Page 3 of 4 
Crnlcab rn Andydr 
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Can4dentiflcation NEL 0017 NBL 0018 I I 

Table 111. Supplemental Information 
(Values N at Certifled) 

NBL 0019 

Volatile Substances in U,Q 

Detectable 
Elenrental Impurities in &08 

(@€d 
Chi3mical Separation Date L 

I 1 . W k  0.0062 1 1.894~ 0.0052 1 1.994~0.0062 
Alumlnum Window I Thickness (mm) 

0.2% 0.3% Insignlflcant 

466 143 310 

1980 1090 1 Q90 

1 70.00 I 70.00 1 70.00 Can Inner Diameter (mm) 

16.8 I 15.8 I 1 Material Fill HelgM (mm) I 750  
I I I 

1 Mcslsture Content in YO, 

David T Baran served as project leader for packaging !he matertal and Anna M. Voek served as 
project lerider for certification measurements. Kjmberly Johncon-Miller, Gary A. Sowell and Robert D. 
Oldham packaged the CRM cans, Alma V. Stfin and Khelida Scheldelman prepared samples for 
analysis. Anthony J. Traina and Peter B. Mason performed the. Isiotopia abundance measurements 
and Stevon A. Goldberg provided the wenmental d d g n  and assessed the isotopic date. Glennda 
J OrlorJicz and Iris W. Frank performed tkimetdc assay measurernanC6. Anna M. Voek measured 
moisture :ontent and total volatile substames- David T. Baran and Gary A. Sowell made gamma-ray 
spectrometry nreorurements. Francis P. Orlowicz provided health physlcs support. Elemental 
impUntle6 were measured at BWX Technologies Naval Nuclear Fuel Division, Lynchburg, Vlrginia. 
Michael 11. Soriano and Marianne M. Smith prepared the &tatistical sampling and analysis plan. 
Michael LL Sodano, Marianne M. Smith and David T. Baran assesaed the data for certification, Usha 
I. Narayanan provided technical guldance for packaging, certification, and Issuance ol CRM 146. 
Robed 0. Oldham, Wende G. Mitchell and Jon W. Neuhoff supervised projeat work. 

Reference: N 8 S  Spacial Publication 260-96, 'Standard Reference Materials: Uf~nium-235 lsolope 
Abundance Standard Reference Materials far Gamma Spctrornetry Measurements," by B.S. Carpenwr 
et.al., September 1988. 

. 

NEL CRM i4e 
CuIitiCatb alAnalysu 
Page 4 of 4 


