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SUMMARY

By application dated May 26, 2005, as supplemented August 25, 2006, the Department
of Energy, Naval Reactors, requested an amendment to Certificate of Compliance No.
5757, for the Model No. Neutron Source Shipping and Installation Container.  Naval
Reactors requested that the authorized contents be revised to delete the term “special
form” in the description of the neutron sources.  Naval Reactors stated that, although the
sources are double encapsulated and fully welded sources, there is no documentation
that demonstrates the sources meet the testing requirements for special form, as
described in 10 CFR 71.75.

The Certificate has been amended to delete the special form designation from the
description of the authorized contents, and to limit the approval to existing sources. 
These changes do not affect the ability of the package to meet the requirements of 10
CFR Part 71.

BACKGROUND

Naval Reactors originally submitted the application for approval of the neutron source
shipping package on February 14, 1968.  The application included a description of the
neutron sources that would be shipped in the container.  On July 22, 1968, the NRC
issued a letter to Naval Reactors that concluded that the neutron sources, as described
in the application, met the requirements for special form radioactive material.  Therefore,
when Revision No. 0 of Certificate of Compliance No. 5757 was issued, on May 23,
1978, the certificate included the special form designation in the description of the
authorized contents.  

In requesting that the special form designation be deleted, Naval Reactors stated that
the DOE certificate for the package has never included the special form designation for
the sources.  Naval Reactors also stated that no new sources would be fabricated for
shipment in this package.  The only future shipments of the package will be the final
shipments for disposal of the existing sources.

EVALUATION

Packaging

The Neutron Source Shipping and Installation container consists of two primary
components:  (1) the outer shipping container, including polyethylene shielding within a
½-inch thick carbon steel shell, which is closed by a bolted and gasketed cover; and (2)
the inner container composed of an inner tube that houses the sources, surrounded by a
shield structure composed of steel-encapsulated lead and polyethylene.  The overall
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dimensions of the package are approximately 9 feet, 5 inches in length and 5 feet, 5
inches in diameter.  The maximum weight of the package is approximately 19,000
pounds.

Contents

The package is designed for the shipment of certain neutron sources, including
plutonium-beryllium and radium-beryllium sources.  The sources may be irradiated, and
may include surface contamination as a result of previous use.  Up to three sources may
be shipped, and the maximum neutron emission rate is specified in the certificate.  The
total surface contamination on the three sources is limited to not more than an A2

quantity of radioactivity.

In the supplement dated August 25, 2006, the applicant provided information regarding
the neutron sources to be shipped in the package.  The sources are double
encapsulated in Type 304 stainless steel and completely welded closed.  The
acceptance tests for the sources included 100 percent radiographic examination and
liquid penetrant testing of the welds.  A pressurized helium leak test using mass
spectrometry was also used to ensure leak-tightness.   

For the purpose of evaluating the containment integrity of the sources, the most limiting
sources were identified as plutonium-beryllium sources that were manufactured in the
1967 to 1968 time-frame.

Structural

Although the sources were not subjected to the test conditions for special form
radioactive material, specified in 10 CFR 71.75, the applicant provided information that
shows the sources would maintain their structural integrity under normal conditions of
transport and hypothetical accident conditions.  The applicant provided an evaluation of
the sources for the following conditions:

• The structural integrity of the inner capsule due to the build-up of gas pressure
from radioactive decay products.

• The structural integrity of the outer capsule to withstand the 30-foot drop test
condition.

• The structural integrity of packaging components that could affect the sources
under the 30-foot drop test condition.

The applicant identified buildup of internal pressure in the source capsules as the
limiting concern regarding source containment integrity.  During the decay process,
helium gas is formed which causes an increase in internal pressure.  The applicant
evaluated the ability of the sources to maintain their structural integrity with the internal
pressure that builds up over time.  The applicant calculated the maximum allowable
internal pressure that would still result in stresses within the inner capsule that are below
the yield strength of the Type 304 stainless steel.  
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The maximum radial displacement of the inner capsule due to the internal pressure of
4.1 ksig at 230EF was 1.55E-4 inches from ANSYS calculations.  Since this is less than
the clearance of 5E-3 inches, the outer capsule will not be affected by the deformation of
the inner capsule wall.  The maximum axial deflection was calculated to be 8.6E-4
inches, and because of the possibility of zero clearance, the end cap’s upward motion
may be constrained.  This case was re-analyzed using the ANSYS computer code.  The
results showed that the maximum stress increased to 24.8 ksi, still less than the
allowable, and the radial deflection remained well below the radial clearance.  Thus, the
maximum internal pressure can be allowed up to 4000 psig without compromising the
structural integrity of the inner capsule.

The applicant showed that the source pressures were within this allowable pressure,
provided that the sources were shipped prior to February 2013.  The calculations were
performed for the group of most limiting plutonium-beryllium source in terms of age and
quantity of radioactivity.  The radium-beryllium sources are bounded by the calculations
for the plutonium-beryllium sources.

The applicant also evaluated the structural integrity of the outer source capsule due to
impact under the 30-foot drop test in 10 CFR 71.73.  The applicant estimated the
maximum g-loads that the sources would experience under top end, bottom end, and
side drops.   The structural integrity of the outer capsule was evaluated, considering the
loading of its own weight.  The structural analysis indicated that the sources could
withstand these impact forces with a large margin of safety.  The staff noted that the
combined loads of pressure and impact were not considered for either the inner or the
outer capsule.  The staff concluded that the outer capsule would not be subjected to the
combined loads.  If the inner capsule failed due to the combined loads under drop test
conditions, the outer capsule could withstand the resulting internal pressure loading,
since its wall thickness is greater and since the resulting internal pressure would be less
than that calculated for the inner capsule.

In addition, the failure of other packaging components, such as the bottom end block,
was evaluated.  Failure of these other packaging components could subject the sources
to additional crushing loads.  The g-loads required to cause other packaging
components to fail were significantly greater than the calculated g-loads for the 30-foot
drop.  The applicant therefore concluded that the source capsule would retain its
structural integrity under drop test conditions.  The staff agrees with the applicant’s
conclusion that the sources would retain their structural integrity under normal conditions
of transport and hypothetical accident conditions.

Thermal

The package was previously evaluated under the normal conditions (heat and cold) and
the fire test conditions.  Deleting the special form designation of the sources does not
affect the performance of the package under these conditions and tests.
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Containment

The radioactive material is contained within sealed sources.  Each source is suspended
within a source tube by a source installation shaft.  The source tube is closed by the
container cap assembly.

The sources are subject to helium buildup inside the source capsule as a result of the
alpha radiation emitted by the plutonium or radium in the source.  Staff reviewed the
applicant’s calculations of the rate of production of helium in the sources.  These
calculations are conservative in that they assumed all alpha decays resulted in the
production of a helium atom.  This ignored all the alpha decays that result in activation of
the beryllium and the emission of a neutron.  Also, the activity was only calculated at the
beginning of each five year period.  Thus, the activity used for the calculations was
higher than that actually present in the source.  Additionally, a 5 percent margin was
built into the calculation of the time to reach the maximum pressure to account for other
gas production.  The applicant’s calculations show that for the limiting source, the
pressure build-up due to helium production will not effect the structural integrity of the
source until at least 2013.  Similarly, the analysis for the other sources shows that their
structural integrity is not affected by the internal pressure until at least 2032.  If
disposition of the limiting source has not occurred by 2013, and for the other sources by
2032, the applicant would need to re-evaluate the helium buildup with more realistic
assumptions.  Since the package is grandfathered under the provisions of 10 CFR
71.19(a), any sources must be shipped in the package prior to October 1, 2008.

The previous evaluation of the package showed that the sources would be retained
within the package (inner shielding container and outer shipping container) under normal
and accident conditions.  The radioactive material is doubly encapsulated within fully
welded stainless steel enclosures.  The applicant provided analyses that showed that
the sources would maintain their structural integrity under normal and accident
conditions, as described above.  Since the sources would maintain their structural
integrity and the package would retain the sources within the inner cavity under normal
conditions of transport and hypothetical accident conditions, the staff agrees that
deleting the special form designation does not affect the ability of the package to meet
the requirements of 10 CFR 71.51 for Type B packages.

Shielding

The previous evaluation of the package showed that the package meets the dose rate
limits in Part 71 under normal and accident conditions.  Since the sources maintain their
structural integrity under normal and accident conditions, deleting the special form
designation does not affect the ability of the package to meet the requirements of 10
CFR 71.47 and 10 CFR 71.51 regarding external dose rates.

Package Operations

There were no changes to the package operating procedures.  The applicant has shown
that the radioactive material is not dispersible and that the sources will maintain their
structural integrity under normal and accident conditions.  The package is not leak tested
prior to shipment.  However, since the sources are doubly encapsulated and fully
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welded, the applicant concluded and the staff agrees that the package meets the
containment requirements without leakage testing.

Acceptance Tests and Maintenance Program

There were no changes to the package acceptance tests or maintenance program.  The
applicant stated that the stainless steel sources are corrosion resistant due to their
construction (doubly encapsulated with Type 304 stainless steel).  The acceptance tests
for the sources included 100 percent radiographic examination and liquid penetrant
testing of the welds.  A pressurized helium leak test using mass spectrometry was also
used to ensure leak-tightness.

CONCLUSION

The applicant provided evaluations that showed that the neutron sources would maintain
their structural integrity under normal conditions of transport and hypothetical accident
conditions.  Therefore, the description of the contents was revised to delete the special
form designation for the neutron sources.  In addition, the certificate was revised to
clarify that only currently existing sources are authorized for transport (new Condition
No. 7).

Editorial changes were made to the packaging description in Condition No. 5(a)(2), and
the contents description in Condition Nos. 5(b)(1)(I) and (ii).  Condition No. 5(c) was
revised to delete reference to Transport Index for Criticality Control, consistent with 10
CFR 71.4 that defines the Criticality Safety Index.  Condition No. 9 was added to
authorize use of the previous revision of the certificate for a period of approximately one
year.

The staff has concluded that these changes do not affect the ability of the package to
meet the requirements of 10 CFR Part 71.

Issued with Certificate of Compliance No. 5757,
Revision No. 9, on 2/2/2007.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


