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Standard Specification for

Sintered (Uranium-Plutonium) Dioxide Pellets 1!

This standard is issued under the fixed designation C 833; 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 epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This specification is intended to provide the nuclear industry with a general standard for
uranium-plutonium dioxide pellets for thermal reactor use. It recognizes the diversity of manufactur-
ing methods by which uranium-plutonium dioxide pellets are produced and the many special
requirements for chemical and physical characterization that may be imposed by the operating
conditions to which the pellets will be subjected in specific reactor systems. It does not recognize the
possible problems associated with the reprocessing of such pellets. It is, therefore, anticipated that the
purchaser may supplement this specification with additional requirements for specific applications.

1. Scope

1.1 This specification covers finished sintered and ground (uranium-plutonium) dioxide pellets for use in thermal reactors. It
apphes to uranium-plutonium dioxide pellets contamlng plutonlum addltlons up to 105 % wathhe—ise{emc—eempesmon of This

than 5 %

Jd—requwements for peIIets fabncated from weapons- derlved plutonlum

1.2 This specification does not includ#) (provisions for preventing criticality accidents d) (requirements for health and
safety. Observance of this specification does not relieve the user of the obligation to be aware of and conform to all applicable
international, federal, state, and local regulatiens on pertaining to possessing;—shipping, processing, shipping, or using source or
special nuclear-materials—Guidance-isprovided-n-CFR material. Examples of U.S. government documents are Code of Federal
Regulations Title 16;-FHB-70816, Part 50—Domestic Licensing of Productior-and-BP-532{see 2.3).

1-3-Alterms—used—herein—are—as—defined—in—Terminology—€-859. Utilization Facilities; Title 10, Part 71-Packaging and
Transportation of Radioactive Material; and Title 49, Part 173—General Requirements for Shipments and Packaging.

1.3 The following safety hazards caveat pertains only to the technical requirements portion, Section 4, of this spedifiction:
standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior
to use.

1.4 The values stated in Sl units are to be regarded as the standard. The values given in parentheses are for information only.

2. Referenced Documents
2.1 ASTM Standards:

1 This specification is under the jurisdiction of ASTM Committee C-26 on Nuclear Fuel Cycle and is the direct responsibility of Subcommittee C2@IGhdrFetile
Material Specifications.
Current edition approvee-Sept. June-+6:1995. 2001. PubtishedNevember 1995. October 2001. Originally published as C 833 — 76. Last previo833difi6a.C

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Ay ¢ 833 - 95201

C 698 Test Methods for Chemical, Mass Spectrometric, and Spectrochemical Analysis of Nuclear-Grade Mixed Oxides ((U,
Pu)0y)?
C 753 Specification for Nuclear-Grade, Sinterable Uranium Dioxide P&wder
C 757 Specification for Nuclear-Grade Plutonium Dioxide Powder, Sintérable
C 859 Terminology Relating to Nuclear Materfals
C 1165 Test Method for Determining Plutonium by Controlled-Potential Coulometry .80 At a Platinum Working
Electrodé
C 1204 Test Method for Uranium in the Presence of Plutonium by Iron(ll) Reduction in Phosphoric Acid Followed by
Chromium(VI) Titratior?
C 1206 Test Method for Plutonium by Iron (I1)/Chromium (VI) Amperometric Titration
C 1233 Practice for Determining Equivalent Boron Contents of Nuclear Material
E 105 Practice for Probability Sampling of Materfals
2.2 ANSI Standard"
I ANSI/ASME NQA-1 Quality Assurance-Pregram Requirements for Nuclear Facility Appliecations
2.3 U.S. Government Documents:

EFR-10,—Chapter-1,

USNRC Regulatory Guide 1.126 An Acceptable Model and Related Statistical Methods for the Analysis of Fuel Densification
Code of Federal Regulations Title 10, Part 50 Domestic Licensing of Production and Utilization Facilities

Code of Federal Regulations Title 10, Part 71 Packaging and Transportation of Radioactive Material

Code of Federal Reqgulations Title 49, Part 173 General Requirements for Shipments and Packaging

3. Terminology

3.1 Befinitions:
3 3Foerdefinitions-oftermsreferDefinitions—Definitions shall be in accordance with Terminolegy-€-859. C 859

4. Technical Requirements

4.1 Chemical RequirementsAll chemical analyses shall be performed on portions of the representative sample prepared in
accordance with Section 6. Analytical chemistry methods shall be as stated in Test Methods C 698 (latest edition) or demonstrated
equivalent as mutually agreed to between the buyer and the seller.

4.1.1 Uranium and Plutonium ContenttUnless agreed upon by the buyer and seller, individual powders-may-be-specified as
i shall meet the requirements of Specifications C 753 and C 757, which also reference Test Methods C 1165, C 1204, and C 1206.
The uranium and plutonium contents combined shall be a minimum of 87.7 % weight on a dry weight basis compensated for the
Am-241 content. (Dry weight is defined as the sample weight minus the moisture content). The plutonium content shall be that
specified by the buyer, up to the limits covered in this specification (15%).

4.1.2 Impurity Content—=The impurity content shall not exceed the individual element limit specified in Table 1 based on the
heavy metal content (uranium plus plutonium). The summation of the contribution of each of the impurity elements listed in Table

2 Annual Book of ASTM Standardgol 12.01.
2 Annual Book of ASTM Standardgol 14.02.

1 4 Available from American National Standards Institate, 11 25 West-42nd 43re-St., 13th 4th Floor, New York, NY 10036.
S Available from Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.

TABLE 1 Impurity Elements and Maximum Concentration Limits

Maximum Concentration

Element Limit (png/g of U + Pu)
Aluminum 250
Carbon 100
Calcium + magnesium 200
Chlorine 25
Chromium 250
Cobalt 100
Fluorine 15
Hydrogen (total from all 1.3
sources)
Iron 500
Nickel 250
Nitride/nitrogen 75

| | Silicon 250Fheridm —16
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1 shall not exceed 1500 pg/g (U + P). If an element analysis is reported as “less than” a given concentration, this “less than” value
shall be used in the determination of total impurities.

Note 1—Higher impurity limits should be acceptable for restricted burnups and linear power ratings if there is evidence to substantiate the relaxation.
Higher impurity levels of 450 ppm aluminum, 250 ppm carbon, 250 ppm nitrogen, and 450 ppm silicon have been supported for burnups of less than
35 000 MWd/t. The extension of the burnup limit may be determined by agreement between the buyer and seller as supporting data are accumulated.

4.1.3 Stoichiometry—The oxygen-to-heavy metal ratio of sintered fuel pellets shall be within the range from 1.98 to 2.02. The
nominal value and allowable tolerance shall be agreed upon between the buyer and seller.

4.1.4 Moisture Content-The moisture content limit is included in the total hydrogen limit (see Table 1).

4.1.5 Gas Content-The gas content, exclusive of moisture, shall not exceed, at s Standard t Temperature and p Pressure (0°C
and one atmosphere), 0.05 L/kg of the heavy metal content.

4.1.6 Americium-241 ContenrtThe americium-241 content shall be measured by the seller and reported to the buyer. The
americium-241 content or activity is important in the handling of ARDIO, pellets and will vary with time. The maximum
acceptable americium-241 content on a given date along with the date of analysis shall be agreed upon between the buyer and
seller. The dates of separation of plutonium from this isotope and the analysis dates shall be considered; methods of reporting shall
be agreed upon between the buyer and seller.

4.2 Nuclear Requirements

4.2.1 Isotopic Content-The isotopic content of the americium, uranium, are-ef the plutonium in the (uranium-plutonium)
dioxide pellets shall be-meastred determined and the date-ef-measurement the determination recofdied. *#id, 2°%U, and
238U content of the uranium shall be reported on as-aUJ-% weight-basis, mass percentage with respect to total uranium, and the
238Pu, 2%Pu,
24%y,24py, and®*?Pu content of the plutonium shall be reported on a Pu mass-%-weight or on (Pu_+ Am) mass-% weight basis.

The—plutenitm equivalent plutonium content based—en—uranitm,—plutenium, uranium—and—americium plutonium isotopic
concentrations shall be -as-speeified by agreed upon between the buyer and seller.

4.2.2 Plutonium Equivalert-The—Plutenivm—eguivalent-econtent-of-the{uranivm-platenium) at a Given Date—(uranium-
plutonium) dioxide fuel shall be considered as defined by the plutonium content with adjustment (credit or debit) for the actual
isotopic composition of plutonium, americium, and uranium. The dates of isotepic a “rnalyses in suppott of therse determinations
shall be recorded by the seller and reported to the buyer.~Fhe-permissible allowable tolerances tolerances—ef-the- equivalent
plutonium equivalent content (either as uranium plus plutonium or as the individual elements) shall be as agreed upon between
the buyer and-the seller.

4.2.3 Equivalent Boron ContentFor thermal reactor use, the total equivalent boron content (EBC) shall not exceed 4.0 pg/g

on a heavy metal basis. The-tetalHEBC-sthe-sum method of performing-the-individual-EBC-vatues—Practice-€-1233-contains a
list-ef-elements—to calculation shall be-ecensidered as indicated-n—caleulating Practice C 1233.+Fer-the-totaH-EBCS-—TFhe specific

demen%s—te—be—used—m—eaﬂﬂ%&g%te%&l—EB&as—weH—aﬁhewalues Qurpeses—ef—t-he—eress—seet-leﬁs—wm—depeﬁd—en individual

5 ple-only—Specifie-elemen and-their-EBC-factors shall
be—deteﬁﬁmed—by—agfeeﬁreﬂi—beaﬁeen—the—buyer calculatlon B Gd Eu, Dy, Sm,—aﬂd—tuhe—selrle%re—EBeef—each element Cd shall
be-ealcutated-individualty-using-the-following-eguation:

————————————————————————————————EBCof Element—+(EBCfacto) < (pgetementigheavymejal (1)

included.

4.2.4 Reactivity—An integral test of reactivity may be performed and correlated to total EBC by a method agreed upon between
the buyer and the seller. If this is done, a total EBC need not be determined.

4.3 Physical Characteristics

4.3.1 Dimensions-The dimensions and their tolerances of the pellet shall be specified by the buyer. These shall include
diameter, length, perpendicularity, and, as required, other geometric parameters including surface finish.

4.3.2 Pellet Density—The density and tolerance of sintered pellets shall be as specified by the buyer. The theoretical density
for UO, shall be considered to be 10.96 gftrithe theoretical density for PyGhall be considered to be 11.46 gftrithe
theoretical density for the (U, Pu)®ellets shall be calculated by linear interpolation between these values. Density measurements
shall be made by the method stated in Specification C 753 (for the geometric method) by an immersion density technique, or by
demonstrated equivalent method as mutually agreed upon between the buyer and the seller.

4.3.3 Grain Size and Pore MorphologyBecause there is no unique structure for ensuring satisfactory performance, the pellet
grain size and pore morphology shall be mutually agreed upon between the buyer and the seller.

4.3.4 Plutonium-Oxide Homogeneity and Size

4.3.4.1 Plutonium Homogeneity Within a Pellet teHomogeneity of the Pu content shall be demonstrated through analysies
ofrepresentative-samptes-taken-from multiple pellets. Each sample for analysis should be one pellet or a fragment thereof. The
range of the equivalent Pu content shall not excedsl0% relative or+ 0.2% absolute, whichever is less restrictive. Alterngative
methods and criteria that may be agreed upon between the buyer and the seller are possible for evaluation of plutonium
homogeneity within a lot.

4.3.4.2 Plutonium-Oxide Particle Size and Distribution Within a Pellefhe maximum equivalent diameter of Pu-rich particles
shall be less than 400 um. The distribution of Pu-rich particles shall satisfy either of the following requirements: (a) No more than
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5% of the nominal Pu@content shall be presentinPg@leh Pu-rich particles with equivalent diameters of 200 um or greater,

or (b) No more than 5% of the Pu-rich particles shall be greater than 100 ym in diameter and the average diameter of Pu-rich
particles will be less than 50 um. The method for determining the Pu homogeneity and what constitutes a Pu-rich particle shall
be agreed upon between the buyer-and the seller. The area percentage and the volume percentage-shall-be considered regarded as
equivalent provided the homogeneity requirements of 4.3.4.1 are satisfied.

1 osed of 2—These limits are based on PuO
3 |oned shaII content. Smaller
v i yer and seller.

that has a—hmﬁegeﬂeeud-y—pfedﬂced nominal 65% flssle plut itm-oxi ium-oxide,

particle size may be-spectifiee-aceording to required for greater fissle plut Ritd
content.

4.3.5 Pellet Integrity—Pellets shall be inspected according to criteria t which maintain adequate fuel performance and ensure
that excessive breakage will not occur during fuel rod loading. Acceptable test methods include a %sQatdinparison with
pellet standards or other methods, for example, loadability tests, approved by both the buyer and the seller.
4.3.5.1 Surface Cracks-The-stuggested limits for surface cracks-are-defined as follows:
(1) RadAxial Cracks-0, including those P leading to peliet E en#fsthe pellet+adius. length.
(2) Circumferential Cracks—circumferenee.
B)-Axial-Cracks—Y2Y23 of the pelletHength. circumference.
4.3.5.2 Chips—The limits for chips (missing material) are as follows:
(1) PeltetEnds—20-%-of-the-surfaceCylindrical Surface Chips
(a) Cylindrical Surface Area-the total area of all chips shall be less than 5 % oftheteadbearing pellet cylindrical surface
area.
(b) Maximum Linear Dimensier-30 % of the pellet lendgth.
(2) cireumferential-Chips—10-%Pellet Ends—1/3 of the peleteireumferential-surface-area. end surfaces (may be inspected as
1/3 of the missing circumference at the pellet end).

4.3.6 Cleanliness and WorkmanshigT he surfaces of finished pellets shall be visually (1X) free of loose chips, oil, macroscopic
inclusions, and forelgn matenals

4.4 \dentification—Pellets—It shall be possible to identify pellets as to total fissile and total plutonium content by, for example,
marking or coding or other administrative controls. Other identification can be used (for example, total plutonium and “reference
date”).

4.5 Irradiation Stability (Densification}-An estimate of the fuel pellet irradiation stability shall be obtained unless adequate
allowance for such effects are factored into the fuel rod design. The estimate of the stability shall consist @)eitirdofmance
to the thermal stability test as specified in the applicable Regulatory Guide{NUREG-1.126), 1.19)6)yoadequate correlation
of manufacturing process or microstructure to in-reactor behavior, or both.

5. Lot Requirements

5.1 A(UO,-PuG,) powder lot is defined as a quantity of (J®uQ,) powder that is manufactured to produce uniform isotopic,
chemical, physical, and sinterability characteristics.

5.2 A pellet lot is defined as a group of pellets made from a single{R@D,) powder lot using one set of blending and
pelletizing process parameters.

5.3 The identity of a pellet lot shall be retained throughout processing without mixing with other established pellet lots.

5.4 Conformance to this specification shall be established for each pellet lot.

6. Sampling

osphere

6.1 Sampling, weighing of the sample, and handling the sample shall be done under conditions that ensure that the sample is
representative of the pellet or powder lot. In particular, (Uranium-plutonium) dioxide pellets may be hygroscopic and retain
sufficient water after exposure to a moist atmosphere to cause detectable errors. Sampling plans shall be mutually agreed upon
between the buyer and the seller. Practice E 105 is recommended as a guide.

6.2 The buyer or his representative shall have the option to take a representative sample of pellets from each pellet or powder
lot for the purpose of determining chemical, nuclear, and physical properties.

6.3 The pellet lot sample shall be of sufficient size to perform quality assurance testing by the seller, referee tests in the event
they become necessary, and, furthermore, archive retention and acceptance testing when agreed upon between buyer and seller.

6.4 The pellet lot sample for acceptance testing by the buyer, when required, shall be packaged in a separate container, clearly
identified by pellet lot number, and shipped preceding or with the pellet lot—Fhisreferee sample shall be identified clearly and
retained by the-seller-until manufacturer per requirements established-by-thedet-has-beenformally accepted buyer.

6.5 A referee sample shall be clearly identified and retained by the manufacturer per requirements established by the buyer.




Ay c 833 - 95201

7. Testing and Certification

7.1 The manufacturer shall test the sample described in Section 6 to ensure conformance of the pellet to the requirements of
Section 4. All testing shall be conducted by techniques mutually agreed upon between the buyer and the seller (and manufacturer
if different from the seller).

7.2 The seller shall provide the buyer documentation that certifies that the pellets meet the requirements of Section 4.

7.3 When requested by the buyer, the seller shall supply records of data obtained from tests conducted to certify that pellets meet
the requirements of Section 4.

7.4 Acceptance testing may be performed by the buyer on either the sample provided by the seller or on a sample taken at the
buyer’s plant. Acceptance shall be on a lot basis and shall be contingent upon the material properties meeting the requirements of
Section 4, or Section 4 as modified by contract documentation.

7.5 The buyer and the seller shall agree upon a third party as a referee in the event of a discrepancy in analytical results.

8. Packaging and Shipping

8.1 (Uranium-plutonium) dioxide pellets shall be packaged in sealed containers for offsite shipment to prevent loss of or damage
to material, and contamination from airborne or container materials. The exact size and type of packaging shall be as mutually
agreed upon between the buyer and the seller.

8.2 Each container described in 8.1 shall bear labels on the lid and side that include the following information:

8.2.1 seller’'s name,

8.2.2 material in container,

8.2.3 pellet lot numbers,

8.2.4 fissile plutonium content,

8.2.5 uranium content and enrichment,

8.2.6 gross, tare, and net oxide weights,

8.2.7 uranium and plutonium weights,

8.2.8 purchase order number, and

8.2.9 container () of () (total number of containers).

9. Quality Assurance

9.1 Quality assurance requirements, when specified in the purchase order, shall be agreed upon between the buyer and the seller
Code of Federal Regulations Title 10, Part 50, Appendix B, and ANSI/ASME NQA-1 are referenced as guides.

10. Keywords

10.1 light water reactors; mixed oxide fuel; nuclear fuel; plutonium; plutonium disposition; thermal reactors; uranium-
plutonium oxide

APPENDIX
(Nonmandatory Information)

X1. PELLET LOADABILITY TEST

X1.1 Subject randomly selected samples (the number of samples to be established by statistical consideratiens) from each
productionlot-ofpellets to an axial load test repressentative of fuel rod loading conditionsa the fabrication plant—Each-individual
test sample shall consist of ten finished pellets. Samples shall be subjected to an-axiat-stress-ef-up-to-25-MPa{3625-psi), and the
stressHevel-atwhich-a-0-40-mif-in-or-larger€hip load that is-preduced-shal-bereeorded. If 10% greater than the s maximum
load applied during pellet loading. If chips in excess-ef-10-pellets—withstands-a—25-MPa-stress-witheut-chipping, 0.40 mm ar
produced at the-ehipoading-forthat-sample applied load, the pellet lot shalt-be-recorded-as25-MPa—+oer-aceeptance of subject
to rejection.

The American Society for Testing and Materials International takes no position respecting-the-lot—the-finished-pellets shall
withstand-an-average validity -ef-19-MPa-(2755psh-axial-compressive-stress-or-more-without-produeing chips any patent rights

asserted in connexction with any item mentioned in this standard. Users-6f-6-40-mm. If this standard are expressly advised that

determination of the-average-stress-to-produce-chips-istess-than-19-MPa or if validity-ef-any-single-sample-produces—<chips at less
than-13-MPa(1855psi), such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to-rejvision at any timec by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved-etr—+etest.

XE2—Retesting-atot withdrawn. Your comments are invited either for revision-efpelietsreguiresthe-selection of this standard
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or for additiona idlerations), standards and
subjeeﬂng—these—samples should be addressed to ASTM Internatlonal Headquarters Your comments will received careful

consideration at a meeting fo the-axiaHoadingtest—The-aceeptanee-eriterion for responsible technical committee, which you may

attend. If you feel that your comments have not received a fair hearrnq you should make your views known—te—the—tet shall be
based ASTM Committee i re with no

mere%han—et%sampk—pfeduemg—emps—at—lesﬁhan—l—a—MPa—&SSS p3|) Standards 100 Barr Harbor Drive, West Conshohocken,

PA 19428-2959.

ASTM International 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 International 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, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



