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SUMMARY AND CONCLUSIONS

A testing program was conducted by the Pacific Northwest Laboratory{a) to
determine the leakage of depleted uranium dioxide powder (DUQ) from the inner
containment components of the U, S. Department of Transportation's (DOT)
specification 6M container under hypothetical accident conditions. Depleted
uranium dioxide was selected as a surrogate for plutonium oxide because of the
similarities in the powder characteristics, density and particlie size and
because of the special handling and special facilities required for plutonium

oxide,

The DUO was packaged inside food pack cans in three different
configurations inside the 2R vessel of the 6M container. The gas leak rates
of the food pack cans tested ranged from <6 x 107 atm cc/min to ~1320 atm
cc/min, A test was also conducted with a leaky 2R vesse) {~110 atm cc/min)
that was placed inside a sealed outer container and loaded with DUQ powder,
The different packaging configurations were subjected to 30-foot drops, 40-
inch drops onto a 6-inch-diameter cylinder, and to heating at 300°F in a
furnace that could be rotated and vibrated. The leakage rate of the DUO from
the containment barriers after the impact and heating tests was measured using
a dissolution technique and a laser fluorometer,

The amount of DUO powder Teakage ranged from none detectable
(<2 x 1077 g) to a high of 1 x 10~3 g. The combination of gravity, vibration
and pressure produced the highest leakage of DUO. Containers that had
hermetic seals (leak rates <6 x 10™* atm cc/min) did not leak any detectable
amount {<2 x 10-7 g) of DUD under the test conditions. Impact forces had no
effect on the leakage of particles with the packaging confiqurations used.

The tests showed that when the gas leak rate is below 96 atm cc/min, the
amount of particulate material that could be transmitted through the leak
sites would be less than the allowable release Yimits (<3.5 x 10-> atm g/h} of
plutonium (10 C.F.R, Part 71.51).

{a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S, Department of Energy.
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TABLE 4., Comparison of JUQ Powder Leakage from
Various Experimental Studies

Type of Diameter, Pressure, Gas Flow, Run Duo,
Leak Path m psig atm cc/min Time, min ug
Capillary'?) 120 30 96 60 18(b)
Capillary(d) 182 15 29-67 60 gg(c)
Capiliary(d) 276 30 520-1650 60 gag(0)
prificeld) 100 15 160-180 60 287(¢)
orifice(d) 200 30 860-1000 60 744(c)

orificetd) 100 15 ~96 60 7300
orificetd) 200 15 ~378 60 30400
Tortuous path(®  200-300 LB ) %09 1000
Tortuous path!®) 190-350 -- - 270(9) 100
Tortuous path(e) 140-220 -- -- 120(9) 4
Tortuous path!®) 110-135 - -- 180'9) 6

Tortuous path(e) 100-180 -- -- 210(9) 1

()erom sutter, et al. {1980).

(D)Leak path above the static powder level.

(C)Leak path under the static powder Tevel,

(d)From Curren and Bond (1980).

(e)Distance through crimp seal on 1id of No. 2 1/2 food pack can,

(f)Not measured during tests,

(g)Time of test, i.e., period from start tc finish of vibration and rotation.
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In general, it may be speculated from the results shown in Table 4 that the
powder leakage would be greater for the tests made with capillaries and orfices
than for metal cans that have more complicated leak path geometries.

The data listed in Table 4 represent upper limits of powder release. The
data generated in the studies performed are pessimistic in that the test
conditions were much more severe than what would be anticipated in a real

accident.

The conclusion can be reached that under accident conditions where gross
gas leaks occur {~96 atm cc/min), particle leakage will be less than the
allowable amount for the packaging configurations tested in this study. Using
proper packaging procedures and quality controls (see Appendix B), particulate
material may be packaged in the 6M container and the material will be contained
within the regulatory standards in the 6M container even under accident

conditions.
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. (A UNITED 37 ATES
N NUCLEAR REGULATORY CONIAISSION
T s \‘gi,':;.--"{' ; WASHINGTON. D. C. 20555
NZPANP .
Y- / o
l"'l

Mr. Richard R. Raw]

U. S. Deparlmant of Transportation
Offite of Hazardous Materials Operations
Kashington, 0.C. 20590

Dear Mr. Rawl:

This is in recard to your letter of June &, 1979, cencerning the DOT
Specification 6 package anc its ability to meat the 1973 IAEA criteria.

The 6M packaging consists of an inner Spec. 2R containment vessel and

a steel drum overpack containing a msdia to provide impact and therma}
protection for the innar vessel. We believe the current 6M specification
is sufficient for the overpack but not for the inner vessel,

We believe package specifications should contain sufficient information

to assure that hardware fabricated in accordance with the specification wili
meet all pertinent requiremants. While this may be possible with the current
specifications, the information and reouiraments are pet suif{icient to assure
the 27 vessel would mzet the newiy aquantiiied leex-rates in IALA reaguiations,
Secondly, the 614 Spzeitication requires that larce euzntities of radicactive
miterial in normal form must be packagad in one ¢ more sealed and lezk

tight metal cans or polyathyleng bottles within the 2R ves:tel, However,
10CFR871.42 has bzen amended to require additicnal contziament for pletonium,
We believe the 6M Specification should be consistant with the requircments

of 10 CFR Part 71. Finally, the maximum heat load parmitted in various
configuraiions of the package should be tzbuicied.

The basic need is for a Specification that will assure the 2R vessel 3ad
the secondary innar container will meet the proposed DOT/HRC reauiremszats.
This neced also extends to other DOT Spzcification packages which are
authorized for greater than Typa A quantities in normal {orm.

We believe that consideration should be given to restruc*ur1ng DOT specifi-
cation packayes te 1imit the contents in norma) form $5 ro more than a

Type A quantity. The administrative reasons that previously existed for
2authorizing Type B8 packaging through Lnginuering spacifications in Fedaral
Riles have bean eliminzted oy improvements made to the NPC liconsing machanism.
Package d=signs are now authorizaed by Certificate ot Compliance ratha ¢ than

by specific amendment of individual possession or Tacility licenses; also

A.l



Mr. Richard R. Fawl -2-

other users may now simply register under 10CFRE71.12 or 49CFR173.393a
without submitting an anplication or obtaining a specirvic approval. Under
the prasent system, there appzars to be esssnriially o need to continue
authorizing Type B packages tnrougn DOT Specifications.

Sincerely,

S Ry R /4

Charles £. MacDeopald, Chief
Transportation Certitication Branch
Division of Fuel Cycie and

Material Safety, KINSS
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APPENDIX B

PACKAGING PROCEDURE FOR DISPERSIBLE PLUTONIUM MATERIAL

The purpose of this appendix is to provide procedures for packaging and
loading dispersibie(a) plutonium materials into DOT specification 6M shipping
containers, These procedures are based on the tests performed in this study
and a previous study (Taylor 1985). The packaging configuration and procedure
outlined herein for the 30-gallon size 6M container will provide a package
system that will contain plutonium powders even under hypothetical accident
conditions, Any other packaging configuration now being used or planning to
be used to package dispersible radioactive material (RAM) will have to be
tested to determine if that configuration adequately protects the inner
packaging components and restricts the release of plutonium powders to less
than Ab/wk quantity under accident conditions.

In order for the procedures outlined in this appendix to be carried out,
a quality assurance program is needed., Also, it will be necessary to write
procedures where a test method is suggested (e.g., bubble test). From these

procedures, instruction or checklists will be required.

The plutonium material being packaged for placement in the 6M container
must be characterized as to heat output, thermal stability, and chemical
stability. Only stable materials shall be packaged for shipment in the &M
container. This characterization will require documentation to verify the
condition of the plutonium material being packaged. The information provided
in Packaging of Plutonium for Storage or Shipment (V¥an Tuyl 1981) should be

followed when plutonium materials need to be characterized. Qnly those
materials meeting the conditions iisted in 49 CFR 173.417 (b)(2) shall be
loaded in the &M container.

(a)Dispersible plutonium refers to powders with typical mass median diameters
of 3.5 um.

B.l



The discussion that follows covers general specifications, general
packaging requirements for plutonium materials, packaging of plutonium
materials in food pack cans, inspection and loading 2R vessels, and checkout
of the 6M drum,

GENERAL SPECIFICATIONS

The following generic specifications are intended to apply to all
plutonium packaging for shipment. More detailed requirements are given for
dispersibie materials in the following section. This set of specifications is
intended to call attention to the principal factors that need to be
controiied.

o The inner packaging shall not degrade and shall remain intact when
subjected to the maximum temperature expected during normal shipment.
Determination of any maximum temperature shall include: 1) heat from
radioactive decay, chemical reactions within the package, and external
heat sources, 2} evaluation of insulation or barriers to heat flow, and
3) evaluation of package configuration inside the insulated drum for the
maximum credible time.

e Pressure within the food pack cans and 2R vessel shall not exceed the
pressure that these components are subjected to during leak testing _
{e.g., bubble testing ~15 psig}. Considerations relating to the maximum
pressure shall include: 1) gas formation due to thermal decomposition of
the contents, 2) thermal expansion of gases, 3) radiolytic gas
generation, and 4) gas formation by chemical reactions within the

package,

e The outer surface of the sealed metal containment system shall be free of
radioactive contamination.

e Efach containment system {metal cans) shall be clearly and uniquely
labeled, The label shall be legible after being subjected to the maximum
normally expected temperature and radiation dose for the maximum credible

time,

e [Lach package or shipment shall include a complete listing of the
contents, The listing shall describe the material within each

containment system, If needed, special handling instructions for
unpackaging shall be included with the packing list.

8.2



























10,

11,

12.

13.

14,

Check drum cover for damage and proper fit to the drum.

Check locking ring for proper fit, check for cracked welds on bolt Tugs
and check to be sure that bolt properly screws into locking ring. Check
bolt to see if a hnle is drilled in the end of the bolt to accommodate a

tamper-proof seal.

Check drum to determine if four vent holes (0.5-in, diameter) are near
the top of drum equally spaced around drum and about 1 3/4-in, down from
top of drum. Also check that plastic plugs are installed in vent holes.

Check cane fiberboard rings for damage, If rings or discs are split or

distored, replace them.

Verify 2R container is protected by minimum thickness{a) of cane
fiberboard disc.

Make certain bearing plates are in place on 55 and 110 gallon &M
containers [see 49 CFR 178.104 (3)(e)].

Place 2R vessel in 6M drum and replace cane fiberboard discs. Make
certain discs fi1l1 drum.

Install drum cover and locking ring. Make certain the bolt is in the
down position. Tighten locking ring. As the boit is being tightened,
tap the ring with a hammer. Torque the bolt to 40 ft-1b.

Place lock nut on bolt outside of lock ring lugs. Tighten nut to 10 ft-1b.
Install tamper proof seal in bolt hole.

Perform radiation survey, apply appropriate markings and labels and
prepare shipping papers.

(a)

Minimum thickness of 3.75 in. on sides and 3.75 in. on end (except
for 15-gallon or less which is 1.88 in, on end).

B.11
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