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Jntroduction 

~ .. 

This E1e.1-oorandurn transmits the results of a cow~leted phaseof !"\!Search on 
the assay determination of uranium 1n Standard Reference f.iatertal (SRH) 
950i:>, which ts part of a continuing NRC research activity e-r.:titled 
·~1easurements and Standards for rtuc1ear Materials Safeguards. 11 This 
study ~as p~rformed by the National Burea~ of Standards (NBS), for the 
Office of Nuclear Regulatory Research (RES) in response to a research 
request (Su-77-3) from ~1e Office of Standards Development identifying a 
need to improve the quality of measurer;.ents made on special nuclear 
material for control and accOYRting purposes. 

, ' 

' ' 

Thr! purpose of thf s phase of the study was to develop and certify a 
uranfurn ox1'1e. u3o13 assay standaro to replace the virtually deDleted 
SRM 950a. The n~~ replacement calf~ration standard, designated as uranium 
assay standard SRH 950b. was certified through a cooperative effort of KBS 
and ~ew Brunswick Lauoratory (NBL) us1ng both the modified Davies-Gray 
method and coulo.~etry. 

The research results indicate that the newly developed SRM 950b cali~ratfon 
· standard has a certified value of 99.97 .:!:.. 0.02 percent uranfu~ oxide (U308 ) • 

.R~sults 

The results of the f1rst phase of a serfes of SRMs to be developed under 
th1s research task have been completed. Tables I and II sU!tl1larize the 
resulting quantftatfve data that have been generated. 
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Add1t1ona1 efforts 1n the area 1nd1cated are continufn~. The aim 1s to 
develop, test and certf fy a set of uran11.i!i oxfde (UJOe) 1ssay SRMs and 
the associated set of Nuclear Safeguards SP.Ms for nondestructive assay 
(NUA) use. The first set to be developed wfll cover the 10\1' enriched 
spectrw ranging from 0.7 percent to 5.0 percent. Additional sets of 
low enriched standards will be developed over the next two years 
followed ht the production of standards for h1gh enriched calibrations. 
Research Information Letters (RIL's) will be prepared for distribution 
as each SRM standard or serf es of standards are developed, tested and 
certi ff ed. 

The results of this wor~ have been exposed to expert revfew through 
extensive collaboration with knowledgeable individuals tn both private 
and government facilities 1nd through nuiaerous technical meetings (e.g •• 
ASTM, AllSI. INMM, international information exchanges). SAFER' s Measure­
ments and Standards Research Review Group concluded that the work was 
sufficiently mature

1
and technically sound that th1s Research Information 

letter be prepared. While the exact impact of this work. on current · 
licensing practices has not been identifiid, ft is felt that there are 
1anediate applications fnvolving the verification of licensee inventory 
measurement data by NRC regional inspectors. 

Since the issuance of SRM 950a fn early 1960, essential 1nformation 
about the use of calfbrat1on standards has been placed directly on the 
new certificates (See Enclosures II and .III). These results can best 
be utilized in est1Plat1ng the uncertainty associated with ·r~ter1a1 
Unaccounted Form (MUF) deten<Ifnation and other pertinent accountability 
measurements. The stated uncertainty associated with the certified 
value gives the 11rnit of the rand~~ error and the estimated upper limit 
of coftcefvable systematic errors, including material variability. 

RES concludes that thfs phase of ongoing research activity has .achieved 
most of its 1nit1a1 objectives and that these findings will continue to 
be evaluated and disseminated as new SRMs bee~ available in the later 
stages of the program. 

r-
M1nutes of the SAFER Measurement & Standard Review Group Meeting, May 4, 
1978 1 Washington. D. C., issued June 16, 1978. 
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01 scuss ion 

SRM 9:Ji)b is a llig:. j)ur1tf natural uraniu1~ standarJ intende~ to ~rovide a. 
refercr.ct: rriaterial of kr.own uran1ur.i content. Ti1e certifieJ value for 
this r:iaterhl is 99.95:. !_ 0.020 ;:>ercent uraniUi., oxide 0 (U 3J8 ) and is based 
oii . the r:a teri al be i nJ i gn 1 ted at a tenpe:ra tu re of £00 C for on-= hour in 
a!": o;:ien crucible in a muffle furnace and cooled 1n a desiccator. It is 
critical ~1at the rr~terial b~ freshly ignited in the prescribed manner 
tJ oLtai~ accurat~ assJy results. 

SR'.'. ssJ:: is a goo.:'. exa!'!ple that the certification of a reissue $RM does 
m: ah1:ys proceed in a sr.IDOtb manner. uespite the fact that beth SRi·~ 

, 958a a:.c b art> materials of relatively higri purity, thr:re are some sub­
sta.1tial difterences between the t~o. For SR!t. 950a. an ignition temoer­
~ture of 9C•'J C for one h-~ur was found to be satisfactor.v and Qavr;: re­
;!rodJciblc uranfom assay values. For S?..:~ 95C:L, an ignition temperature 
of 9}'J 0c for one hour 0avc ignition loss variations of up to 0.05 percent 
-~ep~n.!~n·: on the: rate of cooling after 1gn1t1on. An i9nition temperature 
of i,:j:; C for SRI: %Ob gave re;>roducible ignition losses to within 0.0;)5 
~1erce11t irrespective of coolinr rates or even if the ignitior. temperature 
1-:~s in error by as much as +so0c. The titrill~tric assay of SR!<'. at :ms 
alSJ SiW'r!C'.~ that the type Of furnace used for ignition co;;lj influence 
t11.:: assay value by a sciall but statistically significant amount. f\S a 
r'..'.sult, tbe certificate for SR!~ 95-Jb states that the ignition is to be 
;")(;;rfon:;c,_: in a muffle furnoca at coo 0c for one hour (Enclosure III}. 

T:12 ori~irial l-:US assay of SRM '..15% was performed using a coulor::etric 
te:i1;iir;..1e urd the a~say of this 1;;aterial at New Gruns\'.'ick La~oratory (N8L) 
us2\j a titri1:ie~ric ~rocedur1;. Th..; results of trie t\10 analyses differed by 
r:ore than J.03 percent. Investi9ations of both the cou1or.>2tric and titri­
netric r;iethods resulted in several modifications being made to the coulo­
T:lE:tric r.iethod l'Jhicii accounted for this difference. The certificate for 
SRi'i 9:-5'.Jb lists an unc~rtainty of+ 0.02 percer.t wl1ici1 reflects both a 
SG<J.11 interh~oratory uncertainty-and so~ imµrecision noted for the 
couloT:Jetric method. 

Recon~enda t ions 

Tile abovc: results and dfscussfon are offered for user office consideration 
for applicaiion to an id~nt1fieJ re~ulatory need. Ti1~ iirimary significance 
of ti1e work described is to frmrove the standardization and calibration 
capability of both ~:?.C f1e1d 1;1spectors and th~ nuclear industry as a whole. 
RES bel1cves that the reporteci results are likely to have sicmificant near­
tero impact on current SJ guides that wi 11 address the ir.1p 1 ementation of 
10 CFR 70.57, Licensees f·:easure::;:ent Control Plar.s. 
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SRM 950b 1s available to !·~RC regio:ial fostiectc,rs, :rn.c cor.tractors. DOE 
contractors, lic:!nsces a;;J for,::ig;-, govt:rn:r:i2nts th,1t tiave enterec an 
a1)reer¥nt in cooperatio;1 wit:? "Lnc: U. S. Govern>:ient concerrdng the civil 
us ·.;s of a toi·'ic ene rr;y. 

Tn:: RES contac·i.: for a:-iy further clarification or evaluation of foesc 
r~sJ1ts is ;.Jr. R. L. Shc}:arJ of t;1e Oµer~.tional Su;iport Jrunci1. 

Enclos~r::::s: (2) 

Original Signed ~ 
Saul Levine 

Sa1.1l Levine. Director 
Office of i~uc.lear Re;u1atory Rcsearc11 
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ENCLOSURE l 
Table 1. Uranium Assay Results 

No. of 
SRt~* Assays 

960 14 

950a 4a 

950b Ba 

950bb 16 

950bc 6 

~Ignition in muffle furnace. 
Determined by NBL. 

~Determined by coulometry. 
Standard reference material. 

Measured Concentration 
of u3o8in Sample\(%) 

99.971 

99.938 

99.969 

99.967 

99.958 

Table 2. Comparison of Certified Values 
of Uranium Assay SRMs 

a, Value of 
Standard Error 

0.005 

0.003 

0.006 

0.016 

0.022 

SRM* 
Certified Value of 
f.'easured Concentration (%) 

960 

950a 

950b 

99.975 
+0.017 

99.93a 
+0.02 

99.97 
+0.02 

*Standard reference material. 
aCorrected for change in atomic 
weight of chromium. 

(S) 
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ENCLOSURE II 

lliataona! e.,..;~ or S1&nda"41 
L. 1111!. Bra-b. Di-tor 

Q1trtif icate 

STANDARD REFERENCE MATERIAL 950a 

Uranium Oxide (U30a) 

Uranium Oxide (U 3 0 8 ) •••••••• 99.94 percent 

This sample consists of normal uranium in the form of oxide, U3 0 8 • It is 
intended to provide a mat "!rial of known uranium content. The indicated value is 
based on material heated at 900 °C for one hour in an open crucible and cooled in a 
desiccator. The material should be freshly ignited as used. 

. . 
The assay is based on high-purity normal uranium metal (dingot) using National 

Bureau of Standards St~ndard Potassium Dichromate 136a as the transfer re3.{!ent. 
The atomic weights used in the calculation are: uranium, 238.03, oxygen, 15.9994. 
It is estimated that the uncertaint); in the assay does not exceed 0.02 percent. . 

Total impurities as determined by spectrographic anhlysis are less than 50 ppm. 
The diffrrence be.tween the assay and calculated purity is considered to represent 
deviation~ from the nominal stoichiometric composition. · --
WaRhington, D. C. 20234 
Decembn l, 1961 
(reprinted October 27, 1969) 

Harry C. Allen, Jr., Chief 
Division of Analytical and 

Inorganic Chemistry 
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ENCLOSURE III 

~ational ~ureau of "fandards 

Olertif irat~ 
Standard Reference Material 950b 

Uranium Oxide (U308 ) 

(In Cooperation with the Department of Energy, New Brunswick Laboratory, Argonne, Illinois) 

This material consists of normal uranium in the form of oxide, U 301. It is intended to provide a reference 
material of known uranium content. 

CERTIAED VALUE 

Uranium Oxide (U30s) .... 99.9~ ± 0.020 percent 

lbe stated uncertainty of ±:o.020 percent associated with the certified value is the linear sum of0.0076 percent, 
which is the limit of the random error oflhe assay measurements at the 99 percent confidence level {2807 Sm. 
where Sm is the standard en or of the mean !"ith n = 24), and 0.012 percent, the est.imated upper limit of conceiv­
able systematic errors including material vanability. The above certified value is based on material heated at 
800 °C for one hour in an open crucible in a muffle furnace and copied in a desiccator. It u important tNit the 
material be freshly ignited in this manner to obtain accurate resultl. 

The total impurir~ as determined by spectrocbemical analysis are estimated to be less than SO µg/ g. The deter­
mined iron content is -3 µg/ g and the determined vanadium content is - I µg/ g. The assay of this material is 
based on the use of NBS Potassium Dichromate (SRM 136cJ. as the oxidizing agent as described in the NBL 
titrimetric method for the precise assay of uranium metal. 1' The assay values obtained arc compatible with 
those obtained from the assay of NBS Uranium Mef8.l, (SRM 960) and NBS Uranium Oxide, (SRM 9S0a). The 
certified value for this lot of uranium oxide has also been confirmed usin1 a coulomet.ric procedure. 

The atomic weights used in the calculations arc: uranium, 238.029, and oxygen, IS.9994. 

This material was prepared under contract with the National Lead Company of Ohio, Cincinnati. Ohio. Assay 
of the material was performed by N. M. Trahey of the New Brunswick Laboratory, Argonne, Illinois and J. R. 
Moody and W. K&eh of the NBS Analytical Chemistry Division. Iron and vanadium were measured by B. J. 
Diamondstone and S, A. Wicks of the NBS Analytical Chemistry Division. . 

Overall direction and coordination of the technical measurements leadin& to the certification were performed 
under the chairmanship of I. L. Barnes. · 

The technical and support aspects involved in the preparation, certification, and issuance of this Standard 
Reference Matenal were coordinated through the Office of Standard Reference Materials by W. P. Rec'd. 

Washington, D.C. 20234 
March 1, 1978 

(over) 

J. Paul Cali, Chief 
Office of Standard Reference Ma~rials 

' 
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Ignition of Material Before Use 

To assay accurately, this material must be ignited in an open crucible in a muffle furnace at 800°Cfor one hour 
and cooled in a desiccator just prior to use. The ignition temperature, 800 °C, was determined to be essential for 
this specific lot of material. 

Ref crcnc:es 

I. A. R. Eberle and M. W. Lerner, NBL Annual Pro&ress Report, No. 2S8, July 1969 - June 1970, pp s-9. 

2. A. R. Eberle and M. W. Lerner, NBL Annual Proaress Report, No. 262, July 1970 -June 1971, pp. ~16 . 

.. 

··- ,: .. 




