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Standard Specification for

Uranium Hexafluoride Enriched to Less Than 5%  23°U?

This standard is issued under the fixed designation C 996; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope other way using UF (see, for example, TID-7016, DP-532,

1.1 This specification covers nuclear grade uranium@RNL-NUREG-CSD-6, a!"d DOE. 5633.3B).
hexafluoride (UE) that either has been processed through an 1.4 The values stated in Si units are to be regarded as the
enrichment plant, or has been produced by the blending gitandard. The values given in parentheses are for information
Highly Enriched Uranium with other uranium to obtain ura- ©nly-
Piurp o:‘ ?ngz_%u_con(_:rehntration bel:cv 5h'% and t_?at is int_en(lje(;i 2 Referenced Documents
or fuel fabrication. The scope of this specification includes 21 ASTM Standards:

specifications for Ugenriched from Commercial Natural YF C 761 Test Methods for Chemical, Mass Spectrometric,

and UFR, enriched from Reprocessed KJFenriched Uk ; . ; .
derived from Highly Enriched Uranium is included in the Spec_trochemlcal, Nuclear, and Radiochemical Analysis of
Uranium Hexafluoride

specification for UE enriched from Commercial Natural o . . .
UF(see Note 1). Commercial Natural jJfReprocessed UF CJSZ?Speuﬂcatlon for Uranium Hexafluoride for Enrich-

Highly Enriched UF;, and Derived Enriched UFare defined in . .

Section 3. The objectives of this specification are twofold: ( g ?gngle;rmlr:_ologfy ReBIaItll(ngSto ngclearfMLa_\terEIsU .

To define the impurity and uranium isotope limits for Enriched Hexafl Or?gél’ce or bu ampling ot Liqui ranium
Commercial Grade UFso that, with respect to fuel design and C12§5 L'jl'eét Method for Gamma Enerav Emission from
manufacture, it is essentially equivalent to enriched uranium Fission Products in Uranium Hexaﬂuor%/e 1SSl

made from natural UE and @) To define limits for Enriched 22 ANSI Standarde:

Reprocessed URo be expected if Reprocessed JE to be . :
enriched without dilution with Commercial Natural LIFFor ANSI-ASME NQA-1 Quality Assurance Program Require-
ments for Nuclear Facilities

such UF, special provisions, not defined herein, may be : . :
needed to ensure fuel performance and to protect the work ANSIN14.1 Packaging of Uranium Hexafluoride for Trans-

. . t
force, process equipment, and the environment. por
P quip 2.3 U.S. Government Documents:
Note 1—Due to limited experience with enriched kJBerived from Inspection, Weighing, and Sampling of Uranium Hexafluo-

Highly Enriched Uranium, such material must be carefully monitored to ride Cylinders, Procedure for Handling and Analysis of
ensure compliance with this specification; when such Derived Enriched Uranium Hexafluoride. Vol. 1. DOE Report ORO-671-1
UF, is directly provided to the buyer, it shall be identified as such by the latest revisiof oo '

ller.
serer ) S . Uranium Hexafluoride: A Manual of Good Handling Prac-
1.2 This specification is intended to provide the nuclear  tices, United States Enrichment Corporation Report
industry with a standard for enriched Jthat is to be used in USEC-651, latest revisién

the production of sinterable Upbowder for fuel fabrication. Nuclear Safety Guide, U.S. NRC Report TID-7016, Rev. 2,
In addition to this specification, the parties concerned may 1978 and ORNL-NUREG-CSD?%

agree to other appropriate conditions. Clarke, H. K., Handbook of Nuclear Safety, DOE Report
1.3 The scope of this specification does not comprehen- pp.532

sively cover all provisions for preventing criticality accidents  code of Federal Regulations, Title 10, Part 50, (Appendix
or requirements for health and safety or for shipping. Obser-  g)4

vance of this specification does not relieve the user of the control and Accountability of Nuclear Materials, DOE
obligation to conform to all applicable international, federal, Directive 5633.38

state, and local regulations for processing, shipping, or in any

2 Annual Book of ASTM Standardgol 12.01.
3 Available from the American National Standards Institute, 11 W. 42nd St., 13th
1 This specification is under the jurisdiction of ASTM Committee C-26 on Floor, New York, NY 10036.
Nuclear Fuel Cycle and is the direct responsibility of Subcommittee C26.02 on Fuel “ Available from the Superintendent of Documents, U.S. Government Printing

and Fertile Material Specifications. Office, Washington, DC 20402.
Current edition approved July 10, 1996. Published September 1996. Originally ° Available from United States Enrichment Corporation, 6903 Rockledge Drive,
published as C 996 — 83. Last previous edition C 996 — 90. Bethesda, MD 20817.
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3. Terminology 50 kPa at 20°C (7 psia at 68°F), or

3.1 Definitions of Terms Specific to This Standaffierms 69 kPa at 35°C (10 psia at 95°F)
shall be defined in accordance with Terminology C 859 except The purpose of the pressure check is to limit the hydrogen
for the following: fluoride, air, or other volatile components that might cause
3.1.1 Commercial Natural UE—UF, from natural unirra- overpressure when heating the shipping container, such as to
diated uranium (containing 0.711 0.004 g>**U per 100 g U).  obtain a liquid sample or withdraw the contents.
3.1.1.1 Discussior—It is recognized that some contamina- 4.3 The total hydrocarbon, chlorocarbon, and partially sub-
tion with reprocessed uranium may occur during routinestituted halohydrocarbon content shall not exceed 0.01 mol %
processing. This is acceptable provided that thg tiEets the of the UFR,. The reason for the exclusion of these materials is
requirements for Commercial Natural JRs specified in to prevent a vigorous reaction with Ykipon heating. It is
Specification C 787. essential that contamination of the J€ontainers, such as by
3.1.2 Reprocessed UF—any UR; made from uranium that vacuum pump oil, be prevented since it is not practical to
has been exposed in a neutron irradiation facility and subsesbtain a sample without heating the JAn alternative means
quently chemically separated from the fission products andf demonstrating compliance with this requirement, other than
transuranic isotopes so generated. by direct measurement, may be agreed upon between the
3.1.2.1 Discussior—The requirements for Reprocessed;UF parties concerned.
given in Specification C 787 are intended to be typical of 4.4 For Enriched Commercial Grade YJmeeting the re-
reprocessed spent fuel that has achieved burn-up levels of up gaiirements of Section 51) The gamma activity from fission
50 000 MW days per tonne of uranium in light water reactorsproducts is expected to be below the detection limits of the
and has been cooled for ten years after discharge. It imeasurement methodology set forth in Test Method C 1295;
recognized that different limits would be necessary to accomand @) The alpha activity from neptunium and plutonium is
modate different fuel histories. expected to be below the detection limits of commonly used
3.1.3 Highly Enriched Uranium—any form of uranium measurement methodology. Therefore, measurements are not
having a®>*U content of 20 % or greater, which may or may required unless agreed upon between the buyer and seller.
not have been derived from Commercial NaturalgUF 4.5 For Enriched Reprocessed JJEhe gamma radiation
3.1.4 Enriched Commercial Grade UFUF, enriched from fission products shall not exceed 4410° MeVBg/kgU
from Commercial Natural UFor Derived Enriched Ufthat (4.4 X 10° MeV/sec kgU). The measurements are to be made
meets the specification limits for Enriched Commercial Graddn accordance with Test Method C 1295, or equivalent.
UFs. 4.5.1 For Enriched Reprocessed {JRhe alpha activity
3.1.5 Enriched Reprocessed WFUF; enriched from Re-  from neptunium and plutonium shall be less than 3300 Bg/kgU
processed UfF or any mixture of Reprocessed EJFRand (200 000 dpm/kgU).
Commercial Natural UE exceeding the applicable limits of
Sections 4 and 5 for Enriched Commercial Grade;.UFhe
wide range of irradiation levels, cooling times, reprocessing
conversion, and enrichment processes, and fuel cycle choic
for combination with unirradiated Uf together with the
varying acceptance limits of different fuel fabrication facilities,

make it not practical to specify the exact radionuclide compolimits are set. Limits for Enriched Commercial Gradediffe
sition of Enriched Reprocessed yJF set so as to have no special impact on the use of this material

3.1.6 Depleted UE—any unirradiated UE with a 223U in existing facilities. For Enriched ReprocessedURigher
content less than Commercial Natural JF limits are |r_1d|_cated to correspond with Specification C 787,

3.1.7 Derived Enriched UgE—any UF; obtained from the ~and lower limits may be agreed upon by the buyer and seller
blending of Highly Enriched Uranium with Commercial Natu- acc_ordmg to the composition of the feed material presented for
ral UF,, Enriched Commercial Grade |For Depleted Ug.  €nrichment.

3.2 For enriched UEtransactions, “buyer” usually repre- _ °-2 The Uk content shall be reported as gyF00 g
sents the electric power utility company or the fuel fabricatorS2MPle-

5. Chemical, Physical, and Isotopic Requirements

5.1 Both Enriched Commercial Grade JBnd Enriched
&eprocessed UFmust meet the specification criteria except as
differentiated in 4.4, 4.5, 5.4, and 5.5. For certain isotopes,
including artificially created radioactive species, two groups of

and “seller” usually represents the isotopic enrichment facility.vaf’ugs-_rhe following impurity elements shall not exceed these
4. Safety, Health Physics, and Criticality Requirements Element uglgU
4.1 The UK concentration shall not be less than 99.5 g,UF Boron 4
per 100 g of sample in order to limit the potential hydrogen Silicon 20
content for nuclear criticality safety. For fully substituted chlorofluorocarbons a maximum limit
4.2 The total absolute vapor pressure shall not exceed thaay be agreed upon between the parties concerned.
values given below: 5.4 Enriched Commercial Grade {JBhall comply with the
380 kPa at 80°C (55 psia at 176°F), or limits given in 5.5. For evaluating Enriched Commercial Grade
517 kPa at 93°C (75 psia at 200°F), or UF,, the measured concentration U will be used as an

862 kPa at 112°C (125 psia at 235°F) indicator for contamination with reprocessed uranium, on the

Additionally, if a measurement is taken over solid {Jthe  assumption that there is no opportunity for contamination with
vapor pressure shall not exceed the values given below: irradiated uranium that has not been processed to remove the
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majority of fission products. Uranium isotopic concentrations6. Sampling
: 23 23
shall be determined and reported ffU, 2**U, and**. 6.1 A representative sample of sufficient size to perform

5.5 Radionuclides-The following values represent limits tests prescribed shall be taken while the material is liquid and
obtainable from the enrichment of YFeed materials at the homogeneous. Relevant sample procedures are given in Prac-

corresponding limits of Specification C 787. tice C 1052, USEC Report USEC-651, and DOE Report
Enriched Commercial Grade UFg Enriched Reprocessed UFg ORO-671-1.

232 0.0001 pg/gu, see 5.5.1, 5.5.2, and 5.5.3  0.050 pg/gu, see Note 2 . ie . .

239) 10 x 10%1g/g?%U, see Note 3 2000 pglgU, see Note 2 6.2, All samples shall be clearly identified including the

236 250 pg/gu, see 5.5.3 see Note 2 seller’'s lot number.

*°Tc 0.01 ug/gU, see 55.1,5.5.2,and 55.3 5 ug/gu, see Note 2 6.3 All containers used for a lot shall be positively identified

5.5.1 If the?*®U measurement result is less than 125 pg/guas containing material from a particular homogeneous lot.
then measurement of®?U and °°Tc is not required unless _ . _
agreed upon between the buyer and seller. 7. Test Methods for Chemical and Isotopic Analysis

5.5.2 If the?**U measurement result is greater than 125 but 7.1 Chemical and isotopic analysis shall conform to Test
less than 250 pg/gU, then measurement and reportifd®0f ~ Methods C 761, or demonstrated equivalent, as mutually
and®°Tc are required for routine acceptance of the;UF agreed upon between the buyer and seller.

5.5.3 The buyer may consider acceptance of the lot above
250 pg/guU on the basis of the total significance of all the8. Packaging, Handling, and Shipping

for intended use in the fuel fabrication and irradiation. If the 3re given in ANSI N14.1, USEC Report USEC-651, and DOE

Hg/gU, then measurement 57U and*Tc and notification of  procedures.

results before shipment are required. 8.2 Cylinders used for transport of Reprocessed bifll
Note 2—Enrichment of Reprocessed pfeed material at the limit of MOt be used for Enriched Commercial Grade ¢Uiinless

Specification C 787 could be expected to reach these limits. Defining thegdecontaminated internally before filling with Enriched Com-

limits does not imply that any fuel fabrication plant designed for Enrichedmercial Grade Uf

Commercial Grade Ufcould handle Enriched ReprocessedsWHthout

dilution with Enriched Commercial Grade |Jind other special precau- g9 Quality Assurance

tions. With respect to the variability of Reprocessed; ffbm various fuel . .

histories and the demands that would be placed on the fuel fabricators and 9-1 Quality assurance requirements shall be agreed upon

users, it could be necessary for the seller and buyer to agree on low&etween the buyer and the seller when specified in the purchase

limits after enrichment than implied by Specification C 787 feed limits. order. Code of Federal Regulations, Title 10, Part 50 (Appen-
Note 3—Meeting the limit of 10x 10° pg®4/g?*U may impose  dix B) and NQA-1 are referenced as guides.

restrictions on the allowable combinations of concentratiorf$®f in the

feed material and®U in the enriched uranium and tails material. If the qq Keywords

234U level is expected to be greater than@A.0° but less than 1x 10° . . ) .

HgPU/g?3%U, then the parties may reach agreement in advance to accept 10.1 low enriched uranium; nuclear fuel; uranium enrich-

the material. ment; uranium hexafluoride

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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