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SAFETY ANALYSIS REPORY ON MODEL UC-699
SHIPPING PACKAGE

ABSTRACT

This Safety Analysis Report for Packaging demonstrates that model UC-609 shipping
package can safely transport tritium in any of its forms. The report describes the package
and its contents. It also evaiuates the package when subjected to the transport conditions
specified in the Code of Federal Regulations, Title 10, Part 71. Finally, it discusses com-
pliance with ihese regulations.

1.0 INTRODUCTION

1.1 General Information

The model UC-609 shipping package will be uscd to provide containment and offer impact and thermal
resistance for shipments containing tritium during transport under both normal and accident conditions.

Any tritium to be shipped will be placed in an appropr;ate storage vessel, That vessel will be placed within
a stainless steel containment vessel, and the containment vessel placed within an insulated stesl druin.

Each package will contain either a type-B gquantity or a large quantity of tritium in any form, as defined in
the Code of Federal Regulations, Title 10, Part 71 (10 CFR 71). All shipments will comply with the ap-
propriate sections of these regulations. No exemptions arc claimed.

The following peints constitute the design basis of the UC-609 shipping package:

@ The containment vessel is considered to be the primary containment boundary and will contain the
tritium when the package is exposed to the normal or hypothetical accident conditions specified in 10 CFR 71.

@ Tritium will never be loaded directly into the containment vessel but will be put into a storage vessel.

@ For design and analysis purposes the storage vessel will receive no credit fortritium containment.

@ Although the storage vessels receive no credit for containment, they are to be designed, certified, and
tested to provide the maximum assurance of containment under all shipping conditions.

1.2 Package Description

1.2.1 Packaging

The total package weighs 500 Ib. The external dimensions are 25 in. in diameter X 55 in. high (see Fig. 1).
Fabrication drawings of this package are presented in Appendix A. The major components, i.e., drum, insula-
tion, and containment vessel, are described in the following paragraphs.

The drum is fabricated from 16-gauge carbon steel to the dimensions of 24.0-in. i.d. X 52.5-in. inside
height per military standard MS 27683. Two l-in.-diam holes near the center of the drum lid prevent package
rupture from internal pressure during an accidental fire. These holes are sealed weathertight by inserting
molded plastic plugs. Eight 3/16-in.-thick stainless brackets secure the cover to the drum with 3/¢-in.-diam
stainless sieel bolts (see Fig. 2).

The insulation that cradles the containment vessel within the drum is Celotex Jaminated military packing
board (a product of tie Celotex Corp.) per military specification MI1L-F-26862. The insulation is fabricated
into disks and annular pieces of varying thickness. When the insulation pieces are installed in the drum, an in-
ternal cavity 18 in. in diameter and 44 in. long is formed. For ease in handling, the pieces of Celotex that must
be removed to gain access to the containment vessel are glued inte an assembly. Laminated into that assembly
is a 1/2-in.-thick disk of plywood that will prevent the ring on the containment vessel cover from penetrating
the Celotex if the package is dropped on the top end. 1t is necessary to prevent this pentration because of
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Fig. 1. Modet U'C-609 shipping package.

possible damage to the valves and gauge on the cover. A sheet metal heat shield covers the top edge ol the
Celotex cover. The function of this part is to protect the Celotex lrom burning if a gap orcurs between the
drum and its cover as a result of an accidental drop.
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stainless steel
bolt

~Cover bracket

[ Drum cover

Drum body

Fig. 2. Detail of drum cover bracket,

A disk of 1/2-in.-thick Cerablanket (a porous refractory fiber insulation produced by the Johns-Manville
Corp.) is placed between the Celotex and the drum cover. This refractory fiber insulation performs the follow-
ing functions:

@ Protects the Celotex fron direct exposure to [lame,

@ Allows venting of the internal pressure,

@ Limits the inflow of air to the drum 1o prevent the Celotex from smoldering after exposure Lo fire,

® Prevents separation of the Celotex by filling the gap between the drum cover and the Celotex.

The eontainment vessel consists of two parts, the body and the cover. 8nth are 1/8-in.-thick type-316
sta.ntess steel. The body of the vessel is made by tungsten-inert-gas welding American Society of Mechanical
Enginecrs elliptical heads to each end of a rolled and welded tube. The head on the top end of the ontainer
body has a flange welded into it. The mating flange is part of the wetded cover assembly. The primary seul be-
iween the body and cover is made when opposed knife edges on the mating flanges are {orced into un an-
nealed, oxygen-free, high-cc nductivity copper gasket by the torquing of eight 3/8-in. ulloy steel bolts. A Viton
O-ring backs up the primary seal and allows a leak check of the primary seal with a mass spectrometer leak
detector (see Fig. 3).
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Fig. 3. Detail of containment vessel cover-to-body seal.

The cover asse:ubly has two penetrations. One is a 1/8-in. national pipe tapered-threzd female pipe port
that connects to the small volume between the primary and secondary seals. A valve designated the leak-test
valve is screwed into the port. The second port is in the center of the cover and connects to the main container
volume. A manifold containing a 200-psi gauge and a valve is welded into this port. Both valves, the manifold,
and the gauge components exposed to the container gas are type-316 stainless steel. The connections on both
the valves are 1/4-in. tube, 37° male flare fittings (see Fig. 4). )

Aluminum honeycomb (Hexcel Corp. designation AL-1/4-5052-0015P-3.4), 3.7 in. thick on the sides and
5 in. thick on the ends, lines the containment vessel, This honeycomb will prevent the storage vessel from im-
pacting against the coutainraent vessel shell if the package is accidentally dropped. The maximum force that
can be transmitted through the honeycomb is its crush strength, which is 150 psi. A 10-in.-i.d. aluminum tvbe
protects the inner surface of the honeycomb. The cavity formed within the containment vessel is 10 in. in
diameter X 31 in. long (see Fig. 5).



Fig. 4. C vessel cover a: y.

Fig. 5. Honreycomb tube bly in i vessel.




The vessel carrier is basically a mounting, handling, and focating fixture for the storage vessel (see Fig. 6),
but the major function in the package design is to distribute any forces transmitted by the storage vessel over
the entire area of the end pieces of the honeycomb. The vessel carrier may be redesigned in the future to ac-
commodate storage vessel configurations not yet anticipated. The following restrictions must be observed in
any redesign:

® Load-distributing aluminum (6061-T6) plates 1/2 in. or thicker ure required between the storage
vessel and the end pieces of honeycomb.

® The total weight of the storage vessel plus the vessel carrier cannot exceed 120 lb.

@ If materials less dense than aluminum are used for the vessel carrier, the total volume of the compo-
nents to be installed in the containment vessel must be considered (see Sec. 1.2.3).

The vessel carrier is held in position by a close fit with the aluminum tube described previously. A gap in
the long axis prevents interference due to tolerance buildup. Lightly compressed rubber pads fill the gap. This
method of positioning provides both axial and traverse support and restricts the movement of the vessel
carrier during transport.

1.2.2 Operating Features
The operational features of this packaging are described in Ch. 7.0, Operating Procedures.

1.2.3 Contents of Packaging
The radioactive contents of this package will be tritium in any of its forms. The following restrictions ap-
ply to the use of the container:

Maximum total gas contents 30 mole
Maximum tritium contents 25 mole

Fig. 6. Typical storage vessel mounted on vessel carrier,
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Muaximum radioactive decay heat 48 W
Maximum combined weight of storage vessel und vessel carrier 120 1b
Mauaximum combined volume of storage vessel and vessel carrier 20 litres

A maximum weight of 120 1b will limit the combined volume of the storage vessel and vessel carrier to 20
litres if the materials of construction are at least as dense as aluminum (0.098 1b/in. 3). I materials less dense
than aluminum are used, either the maximum total volume of the vessel and the carrier or the maximum total
gas contents must be reduced. New limits may be calculated using the following equation:

N =34.48-0224Vp,

where
N = maximum number of moles of material,
VvV, = total volume of vessel and carrier.

2.0 STRUCTURAL EVALUATION

2.1 Structural Design

2.1.1 Struectural Members

The principal structural members of the model UC-609 shipping puckage are the stainless steel contain-
ment vessel lined with impact-absorbing honeycomb, the Celotex insulation, and the carbon sicel drum.

The containment vessel has a removable cover that is held in place by eight alloy steel bolts. These bolts.
when tightened. foree knifc edges on the mating flanges into a copper gasket, providing the primary closure
seal. A secondary seal is provided by an O-ring.

Two valves penetrate the cover. The (first, cailed the fill valve, is part of 4 gauge manifold that is welded
into the cover. This valve is used to pressurize or evacuate the container and to monitor the vessel contents.
The second, called the leak-12st valve, is screwed into a port that connects to the volume between the primary
and secondary seals. By conneciing u mass spectrometer 10 this valve and pressurizing the container through
the fill valve, it is possible to make a very sensitive leak check of the primary seal.

The aluminum honeycomb that lines the interior of the containment vessel prevents the storapge vessel
from impacting against the vessel walls. A 178 in.-thick ziuminum tube protects the honeycomb surface and
acts as a load distribution member in the radial direction. Aluminum disks 1/2-in. thick act as load distribu-
tion members in the longitudinal direction.

The Celotex not only insulates but centralizes the containment vessel within the stecl drum that forms the
outer surface of the package. The drum cover is held on by eight special brackets secured by 3/8-in.-diam
stainless steel bolts.

2.1.2  Design Criteria
The load criteria (or the containment vessel are:

Maximum internal pressure 110 psig
Maximum external pressure 25 psig
Maximum combined pressure load 260 psig

The calculated maximum pressure that could occur during a normal shipment is 103 psig (see Sec. 3.4.4).
The 110-psig pressure is used for conservatism.

An accidental drop of the package may result in localized crushing of the honeycomb that lines the con-
Lainment vessel. If that occurs, the 150-psi crush streng:h of the honeycomb will be added to the 110-psig inter-
nal gas pressure.

The maximura stress in the containment vessel shell is 25% of the minimum material tensile strength. This
is the value specified in the ASME Boiler and Pressure Vessel Code. ' Appendix P, p. 365.

The maximum stress in the bolts used to secure the cover Lo the containment vessel is 60% of the
minimum tensile strength. The Sturtevant Torgue Manual, 2 p. 41, recommends a fastener tension hetween 60
and 70% of the minimum tensile strength.



22 Weights and Center of Gravity

Weights, in pounds; of the component parts of the model UC-609 package are:

Storage vessel plus vessel carrier 120 maximum
Celotex 110
Containment vessel i70
Drum 100

Total 500 maximum

The center of gravity of the package, assuming that the storage vessel is located centrally on the vessel
carrier, is on the centerline of the drum and within 2 in. of the center of the long axis of the drum.

2.3 Mechanical Properties of Materials

The ASME Boiler and Pressure Vessel Code, Table UHA-23, pp. 182-183, specifies that the minimum
yield strength of type-316 stainless steel is 30,000 psi, the minimuii ultimate tensile strength is 70,000 psi, and
the maximum design stress at temperatures between 93 and 149°C {200 and 300°F) is 14,600 psi.

The crush strength of the aluminum honeycomb is 150 psi. 3

The specified minimum tensile sirength for the cover retaining bolts is 170,000 psi.

2.4 General Standards tor All Packages

2.4.1 Cherical and Galvanic Reactions

There is no reaction between the packaging and contents. However, some tritium can permeate through
the wall of the containment vessel (see Ch. 4.0, Containmient). Also there will be no significant reaction be-
tween any of the parts of the packaging. The following materials are used in the package construction:

Aluminum
Carbon steel
Celotex
Cerablanket
Copper

Epoxy paint
Nylon
Polyurethane rubber
Silicone rubber
Stainless steel
Teflon

Viton rubber
Wood

2.4.2 Positive Closure

The closure system has two distinct levels, neither of which can be inadvertently opened.

The drum cover is fastened to the drum with eight brackets, each held in place by one bolt. Two of these
bolts are secured with tamper seals,

The containment vessel cover is secured with eight bolts that may be secured with tamper seals if required
for in-plant control. The two valves on the cover and the caps on their fittings also have provisions for tamper
seals.

2.43 Lifting Devices

Not applicable. There are no lifting devices on the drum.

244 Tie-Down Devices
Not applicable. There are no tie-down devices on the drum,
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2.5 Standards for Type-B and Large-Quantity Packaging

2.5.1 Load Resistance

A drum identical to the one used on this package is used on he JP 157 shipping package. ¢ For qualifica-
tion of that package, bags of lead shot totaling 2400 Ib were stacked uniformly inside an empty drum along
one side. After the lid was installed, the drum was carefully laid on its side and brought to rest with only the
rim at each extreme end in contact with supporting timbers. No deformation or damage resuited.

That 2400-1b test was only 100 lb less than would be required for the model UC-609 package [5 X the
weight of UC-609 (500 Ib) = 2500 Ib]. In actual use the drum is stiffened considerably by being filled with
Celotex and could certainly support an additional 100 Ib without damage.

2.5.2 External Pressure

External pressure will affect only the stainless steel containment vessel, because it is the only sealed
volume in the package. The weakest part of that vessel from an external pressure is the cylindrical shell be-
tween the two cad heads. The method for calculating the maximum allowable working pressure is outlined in
the ASME Boiler and Pressure Vessel Code, paragraph UG-28, p.15:

D, = outside diam of cylindrical shell = 18.0in.,

= thickness of cylindrical shell = 0.125 in.,

~ -
n

design length of cylindrical section
distance between head bend lines + 1/3 of the depth of each head
35 + 2[1/3(4.5)] = 38. To be conservative, use L = 40.

To find Factor B for temperatures up to 204°C (400°F), use values for L/D, and D/t in Fig. UHA-28.2
of the Pressure Vessel Code, p. 303.

L _40
= == =222,
D, 18
D

o _ 18

t  0.125 144

2.6 Normal Conditions of Transport

2.6.1 Heat

2.6.1.1 Summary of Pressures and Temperatures. The maximum temperature of the containment vessel
during normal transport is 76°C (see Sec. 3.4.2).

The maximum pressure in the containment vessel during normal transport is 103 psig (see Sec. 3.4.4).

2.6.1.2 Differential Thermal Expansion. Hypothetical accident tests did not cause any damage at-
tributable to differential thermal expansion (see Sec. 2,7.3.2). Conditions of normal transport are much less
severe. Thus, no problems will be encountered during normal transport or actual transport conditions.

2.6.1.3 Stress Calculations. Calculations of the stresses and maximum working pressure of the cylin-
drical body and the formed heads of the containment vessel were made using methods specified in the ASME
Botler and Pressure Vessel Code. For conservatism we used an internal pressure of {10 psig rather than the ac-
tual pressure of 103 psig.



2.6.1.3.1 Cylindrical Section.

P SEt

T em—— Ref. 1, . P
s od (Ref. 1, paragraph UG4, p. 14)

where
P = pressure = 110 psig,
E = joint efficiency (Ref. 1, Table UW-12, p. 74, but1 joint fully radiographed) = 100%,
S = stress,
t = shell thickness = 0.125 in.,
R = inside radius = 8.875 in.
Solving for stress,

]

- PR +06) _ 110 [8875 + 06 (0.125)]

Er = 1.0 (0.125) = 7876 psi.

2.6.1.3.2  Formed Ellipsoidal Heads.

P= —_— 25t (Ref. 1, paragraph UA<4, pp. 226-228)

KD, -2t K - 0D - s paragrap > PP 2
where

D, = outside diameter = 18.0in.,

t = shell thickness = 0.125 in.,

S = stress,
K = ellipsoidal head factor for head with (D/2h = 2) (Ref. 1, Table UA 4.1, p. 228),
K =10,

P = pressure = 110 psig,

Solving for stress,

s = PIK®@)-2t(K-0D _110[1 (180) - 2 (0.125)(1 - 0.1)]
- 2t 2 (0.125)

= 7821 psi .

2.6.1.3.3 Cover Bolts. The cover-to-vessel joint is assumed to be rigid. That is, we assume little or no
spring effect from the copper gasket. This is a reasonable assumption, since the gasket is very thin and is
plastically yielded when the joint is tightened. Therefore, any elastic recovery of the gasket will be very small
relative to the bolis.

With a properly tightened rigid joint, internal pressure effects on the bolis can be eliminated and the
stresses on the bolts limited to the amount caused by initial tightening. 2 To achieve this condition, the total
tension in the eight bolts must be greater than the total pressure force on the cover.

The force (F) on the cover due to internal pressure is calculated as follows:
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where
D = diam at gasket seal = 10.5 in.,
P = internal pressure = 110 psig.

F = %(10.5)2 (110) = 9524 1b .

The initial tension (L) in the bolts from torquing can be calculated as [ollows:

__ T
L = 52057 (Ref. 5, p. 34),
where
D = bolt diam = 0.375 in,,
T = torque = 45(12) in.-Ib

L4512 _
L 520375 7200 Ib per bolt .
The total force on the cover from the eight bolts is 57,600 lb, which is much greater than the pressure

force of 9524 1b.
The stress (S) on the bolts from initial tightening is:

=L
S = 3
where
L = initial tension = 7200 lb,
A = tensile stress area at root of thread (Ref. 5) = 0.0878 in. 2
_ 7200 .
S = 20878 82,000 psi .

2.6.1.34 Flanges. A finite element analysis of the 1.ange assembly was made. ® At an internal pressure
of 110 psig, the maximum stress was 13,000 psi.

To verify the adequacy of the flange design, one of the prototype containers was hydraulically pressurized
to failure with the following result:

® At 425 psia the primary (copper gasket) seal began to leak. The secondary (O-1ing) seal held.

® At 650 psia the flange had deformed to the point that the O-ring blew out, releasing the pressure.
None of the bolts failed. Although all were slightly bent from the deformation of the flanges, they were easily
unscrewed and removed.

2.6.1.4 Comparison with Allowable Stresses. The most highly stressed area in the 316 sainless steel con-
tainment vessel is the flanges. The 13,000-psi stress calculated for that area is approximately 90% of the max-
imum allowable stress of 14,600 psi per the ASME Pressure Vessel Code (see Sec. 2.6.1.3).

The maximum bolt stress was calculated at 82,000 psi. The Sturtevant Torque Manual (p. 41) recom-
mends a maximuu. stress n{ 60% of the tensile strength, or 0.60 X 170,000 = 102,000 psi. The 82.000-psi stress
is approximately 80% of that value.

2.62 Cold

The effectiveness of the packaging material is not significantly impaired by a temperature of -40°C. The
tensile strength and ductility of the materials do not change significantly at ~40°C. In fact, the tensile strength
of the type-316 stainless steel used for the containment vessel increases without a loss in ductility.

11



2.63 Pressure

Reduction of the external pressure to 7.4 psia (0.5 atm) would give a maximum differential pressure
across the containment vessel wall of 110.0 + 7.4 = 117.4 psig. Each vessel is tested at 200 psig and therefore
would not be damaged at a pressure of 118 psig.

2.64 Vibration

A vibration test on one prototype package simulated transportation by common carrier as secured
cargo. ' The package was vibrated in the upright position in a sweep from 5 to 200 to 5 Hz, 12 min up and 12
min down, for a total of 84 min. The acceleration level was 1.5 g.

The tightness of all fastenings was checked before and after the test. No changes were found. The primary
seal was tested hefore and after the test at 120 psig. No leakage was found on a mass spectrometer with a sen-
sitivity in the 10 - atm-cm 3/s/div range.

2.6.5 Water Spray
The closed steel drum with the vent holes sealed by piastic plugs is impervious to water spray and is not
significantly affected.

2.6.6 Free Drop

The requirements of the free-drop condition for normal transport are less severe than those for the free-
drop condition of the hypothetical accident to which the prototype shipping package was actually subjected.
In fact, one package was dropped twice from 30 ft with no resulting damage to the containment vessel. The
results of these impact tests provide the basis for the conclusion that the package complies with the free-drop
requirements for normal transport.

2.6.7 C»:_cr Drop
Since this package is constructed primarily of metal, not wood or fiberboard, and because it weighs more
than 110 1b, this test is not applicable.

2.6.8 Penetration
The required penetration test was performed on the JP 1578 package, which uses the same drum and

Celotex insulation as is used for the model UC-609 shipping package (Ref. 4, pp. 1-8). In those tests, max-
imum deflection to the drum surface was less than 1/4 in. with no damage to the Celotex insulation.

2.6.9 Compression

A drum identical to the one used on this package is used on the JP 1578 shipping package (Ref. 4, pp. 1-
8). To qualify that package, an empty drum was loaded to 2400 1b, and no visible damage or deformation oc-
curred. That 2400-1b test was only 100 Ib less than would be required for the model UC-609 package [5 X the
weight of UC-609 (500 Ib) = 2500 ib]. In actual use the drum is completely filled with Celotex and could cer-
tainly support 100 1b more than an empty drum without dariage.

2.7 Hypthetical Accident Conditions

Records of tests made to verify adequacy of the design when subjected to the hypthetical accident condi-
tions are contained in Engineering Note END 78-004 (UC-609 test recards).

2,7.1 Free Drop

In the process of developing a satisfactory method of securing the drum cover, a total of seven 30-ft free
drops were made on the two prototype containment vessels. The impact surface was a 1-in.-thick steel plate
resting on an asphalt roadway for the first three drops and a 6-in.-thick steel plate resting on concrete for the
last four. Five drops impacted the package on the edge of the drum cover with the center of gravity directly
above the impact point (see Fig. 7). One drop impacted on the long axis of the drum. In all but one instauce,
the drum and any damaged Celotex were replaced before making another drop. In the one exception, one
package was dropped on the cover and then on the side of the drum with no repair or replaceinent between
drops.
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Fig. 7. Orientation of package on free drop.

A 100-ib weight (a steel bar 5 in. diam X 18 in. long) was used to simulate the heaviest storage vessel
allowed for the package. On three drops this 100-Ib weight was loose within the containment vessel cavity. On
the other drops the weight was securely attached to the vessel carrier.

The last drop was onto the edge of the drum cover with the final drum closure system in use. On this last
drop the corner was crushed ahout 3 in., but no opening occurred and no significant loss of insulating capacity
resulted (see Figs. 8-12),

None of the drops resulted in damage 1o the containment vessels that impaired leak tightness. The
greatest effect on the containment vessel was caused by the horizontal drop impacting on the long axis of the
drum. This flattened the containment vessel to a maximum depth of 1 in. along one side. There was no loss of
insulation thickness.

The copper gasket-to-flange seal was tested before and after each drop with the container pressurized to
120 psia with helium. No leakage was detectable on a mass spectrometer with a sensitivity in the 10 2 atm-
cm3/s/div range. All drops were made with the container at approximately 20 psia.
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2.7.2 Puncture

The package used for the final drop test was dropped 40 in. onto a 6-in.-diam stecl post 10 in. high. The
side of the drum was indented no more than 1 ir. (see Figs. 15 and 186).
2.7.3 Thermal

2.7.3.1 Summary of Pressures and Temperatures.

Assumed maximum ambient temperature before fire 38°C

Maximum containment vessel temperature 141°C (See Sec. 3.5.3.1.1)
Maximum storage vesse: temperature 170°C (See Sec. 3.5.3.1.2)
Maximum containment vessel pressure 125 psig (See Sec. 3.5.4.)

2.7.3.2 Differential Thermal Expansion. The furnace test (see Sec. 3.5.1) did not cause any damage that
could be attributed to differential thermal expansion. There is no rigid structural coupling of materials having
dissimilar expansion rates or important temperature gradients.

The clearances, the temperature differentials involved, and the thermal expansion coefficient of the
materials will minimize the effects of thermal expansion.

2.7.3.3 Stress Calculations. The effective internal pressure of the containment vessel may be temporarily
increased to 260 psig as a result of a free drop. This would happen only if the honeycomb lining were crushed.
At the location where crushing occurs, the 150-psi crush strength would be added to the 110-psig norma! con-
ditions pressure. Subjecting the package to the fire enivornment would increase the containment vessel tem-
perature to 141°C and thereby increase the internal pressure to 125 psig (see Sec. 3.5.4).

The greatest stress on the containment vessel occurs on the flanges (see Sec. 2.6.1.3.4). At 260 psig the
calculated maximum stress is 30,600 psi. ©

Fig. I5. Package orientation for 40-in. drop onto 6-in.-diam bar.
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Fig. 16, Impact point for penctration test.

The force on the cover, calculated as in Sec. 2.6.1.3.3, a1 260 psig is 22,513 Ib. The total initial bolt tension
of 57,600 b (see Sec. 2.6.1.3.3) is much greater than the 22,513-1b force on the head. Therefore, increasing the
containment vessel pressure to 260 psi will not increase the bolt stress.

2.7.3.4 Comparison with Allowable Stresses. The calculated maximum stress of 30,600 psi on the con-
tainment vessel flanges is slightly greater than the specified minimum yield of 30,000 psi that is listed in the
Pressure Vessel Code (Table UHA-23, p. 182). A more meaningful number is that the 260-psig pressure is 61%
of the 425-psia pressure that was required to cause the primary seal to leak (see Sec. 2.6.1.3.4).

2.7.4 Water Immersion
Not applicable. There is no fissionable material in this package.

2.7.5 Summary of Damage

A complete package was dropped on a flat surface and on a piston. Then it was heated in a furnace in the
manner prescribed in Appendix B of 10 CFR 71. The appearance of the package after the drops is shown in
Figs. 8-11. The package was not significantly damaged from these tests, The Celotex insulation was in good
condition after the furnace test, as shown in Fig. 13, The temperature rise in the test was low enough that the
tritium permeation and leakage are less than the 10-Ci release liniit (see Sec. 4.3).

2.8 Special Form

Not applicable. No special form is claimed.
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2.9 Fuel Rods

Not applicable. There are no fuel rods in the shipment.

3.0 THERMAL EVALUATION

3.1 Discussion

The significant thermal design feature of the UC-609 package is the Celotex insulated shippisig drum, A
minimum of 2.88 in. of Celotex insulation completely surrounds the containment vessel (primary containment
boundary). This thickness of Celotcx adequately protects the package contents during both normal transport
and hypothetical accident conditions. Similar packaging, the JP157S, 4 has been used for numerous shipments
over a period of several years without adverse effects due to heat.

The maximum decay heat load is 48 W. The minimum heat load is zero. Significant results of the thermal
analysis follow in Secs. 3.1.1 and 3.1.2.

3.1.1 Normal Transport Conditions

Ambient air temperature 54.4°C
Maximum containment vessel temperature 76.0°C
Maximum storage vessel temperature 106.0°C*
Containment vessel pressure 103 psig

3.12 Hypothetical Accident Conditions

Assumed maximum ambient temperature before accident 38°C
Measured containment vessel temperature

rise during furnace test 79°C
Measured temperature difference between ambient

air and containment vessel 24°C
Measured temperature difference between containment

vessel and storage vessel 29°C
Calculated containment vessel temperature

afier hypothetical fire 141°C
Calculated storage vessel temperature

after hypothetical fire 170°C*
Containment vessel pressure 125 psig

*The analysis of the UC-609 package is based on the hypothetical escape of tritium from the storage vesse! into the containment vessel. If
that occurred, the temperature of the two v:23sls would be essentially the same. The temperatures noted are for the case in which all
tritium remains with,n the storage vessel and are included as information only.
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3.2 Summary of Thermal Properties of Materials

The thermal properties of Celotex and stainless steel are summarized in Table 1,

Table 1. Summary of thermal properties of materials.

2

Thermal conductivity, cal/s-cm“-°C
5 Temperature
Density, Specific heat o
glem3 calfg 30°C 49.9°C 100°C 150°C
Cetotex®? 025 0.3 178 x 1074 189 x 107 203x 1074 159x 104
Stainless steel 8.0 0.12 0.04 at all temperatures

Heat transfer coefficients and emissivity values 19 used in the thermal calculations for heat transfer to or
from the external surfaces are:

Free convection,

ezlfs-em2-°C Emissivity
Top (end) surface 8.000 x IO_S 0.8
Cylindrical surface 7.000 x 1075 0.8

3.3 Technical Specification of Components

Celotex is fiberboard made from sugar cane fibers bonded with organic glue per MIL-F-26862. It is stable
to 120°C.

Cerablanket is a loosely spun alumina-silica refractory inaterial 1/2 in. thick with a density of 41b/ft 3. it
is stable 10 1260°C.

3.4 Thermal Evaluation for Normal Conditions of Transport

34.1 Thermal Model

3.4.1.1 Analytical Medel 'L In making the thermal analysis of the UC-609 package, we assumed that the
container was resling on an insulated surface in a vertical position. In this position the solar input on the
horizontal top surface depends only on the relative angle between the sun rays and vertical. '2 This angle
varies during the day, but the solar input never goes to zero during the daylight hours. The solar input on the
vertical sides depends additionally on the orientation of the surface with respect to the east-west plane. For a
specific vertical surface element this angle varies during the day, and the solar input can actually be zero dur-
ing daylight. The azimuth angle of the sun, which varies with the time of day, iocation on the earth, time of the
year, and solar declination, also affects the solar flux. '¥ We obtained appropriate relationships between the
varjous angles and the time of day for a position at 30° north latitude from May to August. We combined
these with the vertical cylinder geometry and wrote a small computer code !? to evaluate the solar flux incident
on the exterior surfaces. At sea level, at the location specified above, the normal solar flux at noon on a clear
day (attenuated by the atmosphere) is approximately 356 BTU/h/ft 2, 12 We obtained calculations for a
specified zone structure of the sides and top from sunrise to sunset. We then used this information as the solar
heat input for the thermal model of the structure. The daily total integrated solar flux on the package surface
is shown in Fig. 17

We assumed that the sky was clear during daylight and that a cloud cover existed at night. This assump-
tion maximizes the radiation input during the day and minimizes the radiation loss at night.
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Fig. 17. Daily solar heat ion for entire pack

The air temperature input to the model varied sinusoidally between a maximum of 54.4°C (130°F) and a
minimum of 26.7°C (80°F) over repeating 24-h cycles. The maximum temperature occurred 3 h after solar
noon.

To properly input the solar radiation flux, we used a three-dimensional thermal model from the outer sur-
face through the Celotex insulation. We used a two-dimensional thermal model to simulate the inner portion
(containment vessel to storage vessel) of the package. Usiag a two-dimensional model inside the Celotex
causes the radial gradients at the inner surface of the Celotex to smooth out to an average uniform tem-
perature in the stainless steel wall of the containment vessel. This is reasonable, especially when the aluminum
honeycomb that backs up the stainless is considered. The integrated thermal model is shown in Fig. 18. We
used a free convection coefficient and a radiation coefficient (see Sec. 3.2) to connect the exposed outer surface
of the thermal model to the cycling boundary. (Note: The surface emissivity value used represents that of new,
oxide-free, light-color paint.)

There are two major areas of thermal resistance between the outer surface of the package and the internal
storage vessel. The dominating thermal resistance is in the Celotex insulation material between the outer steel
drum and the containment vessel. In this closed-end cylindrical part, the thermal resistance between the outer
surface and the containment vessel depends aimost completely on the thermal conductivity coefficient of the
Celotex. The thermal resistance of the thin outer metal wall (steel drum) is negligible compared to the thick
Celotex and was not used in the thermal model. We made the Celotex thickness in the thermal model equal to
the space between the outer drum and the containment vessel. This compensates for any air-gap resistances at
the interfaces. The other area of major thermal resistance is between the containment vessel and the storage
vessel. The heat path between these two vessels is such a ¢ licated network of conduction, convection, and
radiation that the thermal coefficients for the path cannot be reliably calculated. However, using temperature
data from an experiment with constant boundary conditions and selected internal-heat-generation rates (see
Sec. 3.4.1.2), we determined an equivalent convection coefficient. We used this value to calculate the storage
vessel temperature for the condition in which the tritium remains within that vessel.

We used the TRUMP ¥ computer program for the thermal calculations, This Lawrence Livermore
Laboratory (LLL)-developed code has been thoroughly checked out and has been used for a number of years
at LLL and at other agencies throughout the U.S. and abroad. Figures 19-21 show the results of the computer
calculations.
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Fig. 21. Model UC-609 steady-state temperatures with constant 21°C boundary cendition.

Figure 19 is the daily temperature fluctuation for both the containment and storage vessels with a 48-W
heat load. The temperature cycles shown are calculated after three consecutive days in the sun and will repeat
daily as long as the boundary conditions remain the same. The storage vessel curve is only for the case in
which the tritium remains within that vessel and is included as information only.

Figure 20 shows the maximum daily temperatures for both vessels for internal heat loads from O to 50 W.
As in Fig. 19, the maximum temperatures are achieved only afier three consecutive days in the sun.
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3.4.1.2 Test Model. We tested a prototype package identical to that described in Sec. 1.2.1 1o determine
the temperature distribution through the package at steady-state conditions under several internal heat loads
with constant boundary conditions. The test was run as follows.

We attached a storage vessel containing a resistance wire to the vesse! carrier. We installed the storage
vessel in the containment vessel, which was in turn put in a Celotex-insulated drum. The volume inside the
contzinment vessel was then filled with helium to 15 psia. We put the assembled package in a temperature-
coatrolled room and applied electrical enesgy to the resistance wire. Thermocouples recorded the tem-
peratures at numerous points throughout the package. Figure 21 compares the results cf the test with com-
puter calculations. The good agreement between the test data and the calculations shows that the thermal
model is good and that the values used for conductivity through the Celotex and for convection between the

two vessels are accurate. ‘t
L.

3.4.2 Maximum Temperatures

Figure 19 shows that the maximum temperatures for normal transport condition are 76.0°C for the con-
tainment vessel with a 48-W heat load and 106°C for the storage vessel with the same heat load in the storage

vessel.

34.3 Minimum Temperatures
The UC-609 package contains no materia's harmfully affected by a temperature of -40°C.

344 Maximum Internal Pressure

Maximum initial gas contents of storage vessel 30 moles*
Measured volume of containment vessel 154 litres
Maximum initial pressure in containment vessel 1 atm at 0°C
Maximum temperature of containment vessel 76°C (349K)
Calculated volume of 120-1b aluminum

(storage vessel + vessel carrier) 20.0 litres

If all the material in the storage vessel leaks into the containment vessel, the maximum pressure is
calculated as follows:

Number of moles X volume of 1 mole at standard temperature and pressure
initial Volume of container — volume of contents

=p

final

31.4 moles X 22.4 litres/mole
154 litres — 20 litres

=1 atm +

6.25 atm at 0°C (273K) .

u

P at 76°C = 625 X gi;-z- =8 amm = 118 psia = 103 psig.

3.45 Maximum Thermal Stress

The temperature differentials throughout the package are relatively small and will cause no significant
thermal stresses. There is no rigid consiraint among the steel, aluminum, and other packaging elements.

*Some of the tritium will decay into helivm-3 wilhin one ycar, thereby increasing the original 30 moles of material 10 31.4 moles.
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3.4.6 Evaluation of Package Performance

The package will not be affected by full sunlight and a temperature of 54°C. because the maximum tem-
perature of the containment vessel will not exceed 76°C. It is well under the 120°C temperature that affects the
Celotex and well within the temperature capabilities of the other package components. The minimum tem-
perature of -40°C will produce no detrimental effects on the package. The containment materials are of the
type that increase in strength and retain ductility at low temperature.

An internal pressure of 103 psig or an external pressure of 25 psig will not damage the containment vessel
(see Secs. 2.5.2 and 2,6.1.4). Vibration and water spray will not affect the package (see Secs. 2.6.4 and 2.6.5).

Free drops and penetration will have no significant effect on the package (see Secs. 2.6.7 and 2.6.8). The
compression test will produce no damage 1o the package (see Sec. 2.6.9).

3.5 Hypothetical Thermal Accident Evaluation

3.5.1 Thermal Model

3.5.1.1 Analytical Model. The maximum temperatures achieved during the fire are based entirely on ex-
perimental results.

3.5.1.2 Test Model. The model used for both the drop and thermal tests was identical to the packaging
described in Sec. 1.2.1. A complete package was dropped on a flat unyielding surface and on a piston, then
heated in a heat-treating furnace in the manner prescribed in Appendix B of 10 CFR 71. The furnace was
heated to 1475°F (802°C). The package was inserted for 30 min, then removed and allowed to cool {Fig. 22).

The maximum temperatures that various points inside and outside the containment vessel reached were
determined by the conditions of Tempilabels (manufactured by Tempil Corp. of New York, NY). The Tem-
pilabels have indicator spots that permanently change color at specific temperatures. The color change occurs
within 1% of the indicated temperature. Figure 23 shows Tempilabel installation inside containment vessel.

The puckage tested contained no radioactive materials. The containment vessel was pressurized 10 ap-
proximately 20 psia during both the drops and fire tests.

A separate test was performed 1o determine the effectiveness of the flange-to-copper-gasket seal when
subjected to both pressure and temperatures. The cover and top end of one of the prototype containment
vessels were heated to 121°C and pressurized internally with helium to 150 psig. The maximum leakage across
the seal was 3.0 X 10~ atm-cm 3/s. The leak rate increased slowly with temperature and decreased 1o below
<he sensitivity of the mass spectrometer (5 X 10 ~!! atm-cm 3/s/div) as the package cooled.

3.5.2 Package Conditions and Environment

The condition of the package during disassembly afier the drops and fire tests is shown in Figs. 24-27.
The 100-1b weight, which simulated the storage vessel, crushed the end piece of honeycomb slightly, dented the
aluminum tube, und deformed the vessel carrier (see Figs. 25 and 26). The containment vessel shell was un-
damaged by any of the six drops. Before and after each drop the containment vessel was pressurized to 120
psia and the metal-to-metal seal leak-tested with a mass spectrometer leak detector. No leakage was observed
on a leak detector with sensitivity in the 10 9 atm-cm 3/5/div range.

The drop test did not significantly damage the Celotex and therefore was not detrimental to the container
during the furnace test. Note in Figs. 24 and 27 the good (uncharred) Celotex adjacent to the contaimnent
vessel.

3.5.3 Package Temperature Calculations

Based on Tempilabel data, the maximum temperature reached by the UC-609 containment vessel in the
furnace test was as follows, with no decay heat load:

Outer wall of vessel (5 places): greater than 90°C, less than 104°C:
Aluminum tube lining vessel (2 places): greater than 71°C, less than 77°C:
Mock storage vessel (1 place): less than 66°C.

Note: The Tempilabel sensors change color at specific temperatures. The “'greater than™ temperatures are
the highest value that changed color, and the “less than” temperatures are the next higher sensor that did not
change.
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Fig. 22. Package being semoved from furnace after 30-min fire test.
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P 23 Lempilabels inside containment sessel.

Lig. M. Cover of containment vessed after drops and fire tests,
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Tago 23 Insnde o contaisment yessel aftor draps and fiee roses

Fig. 20 Dammy vessel and carrier removal after drops and fire tesis
I Feotesis,
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Fig. 27, Insulation condition after drops and five teses,

Lhe masimum wemperature of the containment vessel and ghe storage vessel with the 48-W decay heat

load van be cafeulated as follows:
1531 Contairment Vessel (Heat Joad in either storage vessel or contiunment vessely. The moximum

temperature of the containment vessel is @ sum of the following:

Assumed maximum wmbient tempecature before fire W
Measured containment vessel temperature rise

durmg fire (104°C - 25°C) 79°(
Measured temperature difference between ambient

air und containment vessel (see Fig 20 at 48 W) 249(
Mauximum temperature of containmeznt vessel f1e¢

1532 Storage Vessel (Heat load in storage vessel). The maximum wemperature of the storage vessel
with the heat load in that vessel is the sum of the maximum iemperature of the containment vessel, determined
aborte, plus the measured temperature difference between the containment and storage vessels,

M iximum containment vessel temperature 141°C
Temperature difference between containment vessel

and sto.age vessel (Fig. 20 at 48 W) 29°¢
Mauxiinum temperature of storage vessel 170°C

3.5.4 Maximum Internal Pressure

From See. 3.4.4, the maximum pressure within the contaiument vessel with 20 moles of gas at 0°C is 6.25
atm,
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4.2.1 Release of Radioactive Material

Gaseous tritium permeates the material of construction at rates dependent upon pressure, temperature,
concentration, and other factors. Therefore, the requirement in 10 CFR 71.35 (a) (i) that there be no release
from the containment vessel during normal conditions of transport is considered to be satisfied by complians 2
with Internationa] Atomic Encigy Agency (IAEA) regulations, paragraph 230 (a). This regulation restricts the
loss of contents to no more than Factor A, X 10 -8/h. 15 Factor A, for tritium equals 1000 Ci (Ref. 15, Table
VII), and the permissible release is

—6 1 ) ( 1 \= =7 3
(1000 X 107° Ci/h) X (3600 h X 357 Cijom3/ 1.08 X 1077 em’/s, .

4.2.1.1 Permeation through Stainless Steel. Steady-state permeation through the containment vessel wall
is assumed to have been reached when

Dy _
(Li) =045 (Ref. 16)

where
t = time in s,
L = thickness of diffusion barrier = 0.317 ¢cm (0.125 in.),
D = diffusion rate in cm 2/s = 4.7 X 10-3 ¢ -12%00/RT) (Ref. 17),
R = 1,987 cal/mole K,
T = temperature = 349K (76°C) (see Sec. 3.1.1).

The above relationship shows that the time to reach steady state is 104 days. Since the time for norinal
transport is considered to Iast not more than 30 days, the nonsteady-state situation applies. The tlowrate
through the container wall for very short times can be calculated using the following equation:

k3 2
InF=1In [ZCl (D\ ] - et 16) ,

at, 4Dt
where
°| = surface concentration = CVP atm-cm 3/cm 3 (Ref. 17),
C = 1.28¢-(40/RT) a¢m.cm 3/atm /2 -¢m
P = internal pressure = 8.0 atm, 118.0 psia (see Sec. 3.4.4),
T = 345K (see Sec. 3.1.1),
D = diffusion rate in em 2/s = 4.7 X 10 -3¢ ~(12%00/RT),
R = 1987 cal/mole K,
L = thickness = 0.317 c¢m,

F = flowrate, atm-cm 3 of tritium (T,)/s/cm 2

Using a containr nt vessel area of 1.8 X 104 cm 2(a right circular cylinder 18 in. diam X 40 in. long), the
flow through the vessel wall at 30 days is less than 10 1% atm-cm 3 T, /s, which is far below the allowable 1.08
X 107 atm-cm 3 T,/s. Therefore, there is no problem with permeation through the contaii:aent vessel walls
during normal transport.

4.2.1.3 Permeation through Copper Gasket. Because permeation of tritium through copper is less than
through stainless steel, and the area for permeatisa through copper is so much smaller, the diffusion through
the gasket is too small to have an effect,

4.2,1.3 Total Release for Normal Transport, The total release during transport is the sum of permeation
through the stainless steel and the copper gasket 0glus any leakage.

Permeation through stainless steel < 1 X 10 1% atm-cm 3 Ty/s

Permeation through copper gasket << L X 10 1% aim-cm 3 Ty/s

Leakage past gasket (see Sec. 7.1) < 1 X 10 -3 atm-cm 3 Ty/s

Leakage from total vessel (see Sec, 8.1,3) < 1 X 10-8atm-am 3 Ty/s
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The total release from all the above is less than 2 X 10 -# atm-cm 3 T,/s, which is less than the allowable
1.08 X 107 atm-cm 3 Ty/s: therefore, the normal transport mode is acceptable.

4.2,2 Pressurization of Containment Vessel

Although tritium decay produces two volumes of helium for each volume of tritium lost, the increase in
pressure is negligible because of the short duration of a shipment (30 days or less).

The gases within the containment vesse] cannot ignite or explode because no oxygen is present. The con-
lainer volume is pumped out and backfilled with helium before zach shipment.

4.2.3 Coolant Contamination
There is no coolant in the UC-609 package.

4.2.4 Coolant Loss
Not applicable.

4.3 Containment Requirements for the Hypothetical Accident Conditions

The performance of the package during the hypothetical accident tests is given in Secs. 2.7.1 - 2.7.5. The
results indicate that the package can withstand the mechanical abuse and fire that these tests comprise.

4.3.1 Fission Gas Products
Not applicable. There are no fission gas products in this package.

432 Release of Contents

For purpose of analysis the accident conditions 141°C and 9.10 atm (see Secs. 3.5.3.1 and 3.5.4) are con-
sidered to exist for 12 h. (This is conservative because the regulations permit artificial cooling of the package
after 3 h.) During and as a result of the hypothetical accident conditions, the regulations [10 CFR 71.36 (a) (2).
ii] specify a maximum release of 10 Ci for Group IV radionuclides. No leak rates are specified for tiitium in
Group VII; however, tritium is also a Group 1V material, so the Group IV leak rate is used.) The release rate
required to lose 10 Ciin 12his 9 X 10 -5 atm-cm 3 Ty/s.

4.3.2.1 Permeation through Stainless Steel. The time required 1o reach steady-state permeation through
the containment vessel wall at a temperature of 141°C was found to be approximately 700 days. Since the tiine
of concern is much shorter, we must do a short-time calculation as in Sec. 4.2.1.1, The flowrate then becomes
lessthan 1.8 X 10-% aim-cm 3 T,/s after 12 hat 141°C.

4.3.2.2 Permeation through Copper Gasket. The permeation through the copper gasket is less than
through the steel, so it is negligible in this case.

4.3.2.3 Total Rel for Accident Conditi For the accident condition, total release is the sum of all
permeation and leaks.

Permeation through stainless steel < 1 X 10 -%5 atm-cm 3 T,/s
Permeation through copper gasket << 1 X 10 "% atm-cm 3 Ty/s
Leakage past gasket (se¢ Sec. 7.1) < | X 10 -8 atm-cm 3Ly/s
Leakage total vessel (see Sec. 8.13) < 1 X 10 % atm-cm 3 T,/s

The total release from all of the above is less than 2 X 10 -8 atm-cm 3 T,/s, which is much less than the 9
X 10-5 atm-cm 3 T,/s that is allowable. Therefore, the containment vessel meets the requirements for the
assumed accident conditions.

5.0 SHIELDING EVALUATION

It is unnecessary to evaluate shielding for this package, since the radioactive material (tritium) is a weak
beta emitter and gives off no penetrating radiation, and the resultant bremsstrahlung radiation is insignificant.
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5.1 Discussion and Results

Not applicable.

5.2 Source Specification

Not applicable.

5.3 Model Specification
Not applicable.

54 Shielding Evaluation

Not applicable.

6.0 CRITICALITY EVALUATION

The radioactive material (tritium) in this package is not fissile. Therefore, nuclear criticalily safety is of no
concern in the shipment of this package.

6.1 Discussion and Results

Not applicable.

6.2 Package Fuel Loading
Not applicable.

6.3 Model Specification
Not applicable.

6.4 Criticality Calculations and Experiments
Not applicable.

6.5 Critical Benchmark Experiments

Not applicable.
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7.0 OPERATING PROCEDURES

7.1 Procedure for Loading the Package

The model UC-609 package is loaded per END 77-21. An empty contaimment vessel is visually inspected
for dumage with special attention o assure that

® the internul cavity is clean and frec of foreign material,

® the O-ring and metal gasket sealing surfaces are clean and undamaged,

@ the valves and the gauge on the cover are in good condition.

A tritium-loaded storage vessel with a leak rate of less than 1 X 10 - atm-cm 3/s is mounted on the vessel
carrier. Thal assembly is put into the containment vessel, and the cover is installed with a new copper gasket.

The containment vessel is evacuated, then pressurized with helium through the fill valve to a minimum of
1 1/2 times the pressure that would occur if the storage vessel vented into the containment vessel. (The max-
imum test pressure is | 70 psia for a storage vessel containing 30 moles of gas.) A mass spectrometer leak detec-
tor is connected to the open leak-test valve, and the leak rate across the copper gasket is measured. To be ac-
ceptable, the leak rate must be less than 1 X 10 % aim-cm 3/s, Upon completion of the test, the pressure is ven-
ted to atmospheric and both valves are closed and capped. The valve caps and cover bolts have provisions for
lockwire. Tamper seals may be installed if required for in-plant control.

The shipping drum is opened and inspected for significant defects or damage. The sealed containment
vessel is then placed within the overpack, the insulation cover is installed, and the Cerablanket insulation s
put in place. Finally the drum cover is installed. The cover is held on by eight spectal brackets, which are
secured by eight bolts. Two of the cover retaining bolts are sealed with tamper seals. After attachment of the
necessary labels. the sealed overpack is ready for shipment.

7.2 Procedure for Unloading the Package

After moniloring Lhe exterior of the puckage for radioactivity, the seals on the lid retaining bolts are
broken and the lid and insulation cover are removed. A sample of the gas within the container is monitored by
metering through the fill valve. When the gas is ascertained to be “'clean,” the bolts can be removed and the
cover lified. Removal of the storage vessel from the carrier completes the unloading procedure.

7.3 Preparation of an Empty Package for Transport

No special procedures are required to prepare an empty model UC-609 package for transport. Any con-
tainer that becomes radioactively contaminated will be removed from service.

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

8.1.1 Visual Inspection

Upon receipt, the containment vessel will be inspected for bulges, dents, mars, or other obvious defects.
The shipping packaging will be inspected for obvious damage such as cracks or voids in the insulation or
damage to the drum. The acceptance criteria for the various components and assemblies that make up the
package are specified on the applicable fabrication drawings. Noncomplying parts are to be rejected for
rework or replacement.

8.1.2 Structural and Pressure Tests

Each containment vessel is to be proof tested at 200 psig with helium for a minimum of 4 h before its first
use and every 2 years thereafter. Before each shipment, the container is proof tested at 1.5 times the maximum
pressure possible during the shipment.
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8.1.3 Leak Testing

Each containment vessel will be leak tested with helium before its first usage at 150 psig. Maximum
leakage allowable is less than 1 X 10 -8 aim-cm 3/s,

Before each shipment, the primary seal will be leak tested at 1.5 times the maximum pressure that could
occur during the shipment. Maximum leakage allowable is less than 1 X 10 -8 atm-cm ¥/s.

8.1.4 Component Tests

8.1.4.1 Valves. The valves on the containment vessel cover will be checked for leakage during shipping
preparations (see Secs. 7.1 and B.1.3).

To qualify the fill and leak-test valves for usage at temperature, three of each were pressurized to 105 psig
at 121°C. No leakage was detected on a mass spectrometer with a sensitivity of 1.9 X 10 - atm-cm 3/s/div.

8.142 Gaskets. The primary and secondary cover seals will be tested prior to each use by vacuum and
pressuce tests (see Secs. 7.1 and 8.1.3).

To qualify the primary and secondary seals at temperature, the following test was run. The cover area of a
prototype containment vessel was heated to 121°C and then pressurized to 150 psig. A maximum leakage of
3.1 X 109 atm-cm 3/s was observed across the primary seal. This leak stopped as the temperature decreased.
The secondary seal held the vacuum required for the use of a mass spectrometer. The above leakage can be
tolerated (see Sec. 4.2.2).

8.1.4.3 Miscellaneous. The bourdon tube gauge that is part of the fill valve manifold will be leak tested
before each shipment in the same manner as the valves and gaskets. The high-temperature test of the gaskets
described in Sec, 8.1.4.2 included the valves and the gauge that are on the containment vessel cover. No
leakage from either the gauge or the valves was found.

8.1.5 Test for Shielding Integrity

Not applicable.

8.1.6 Thermal Acceptance Test

The thickness and condition of the Celotex insulation will be checked as the packages are received. No
further testing is necessary, based on results found during development of this packaging. ®

8.2 Maintenance Program

8.2.1 Structural and Pressure Tests

The containment vessels are to be pressure tested prior to each shipment (see Sec. 8.1.3). The pressure is
measured on a Heise gauge, which is accurate to + 1 psi.
8.2.2 Leak Tests

The containment vessel will be leak tested at the same time it is pressure tested prior to each shipment.
The sensitivity of the tests is the sensitivity of a mass spectrometer leak detector, typically between [ X 10 -10
and | X 10-% atm-cm ¥/s.
8.2,3 Subsystems Maintenance

Not applicable. There are no subsystems requiring periodic maintenance.

8.24 Valves, Rupture Disks, and Gaskets on Containment Vessel

The valves will be tested before each usage and replaced as necessary. A new copper gasket is to be used
for each shipment. The O-ring will be inspected before each use and replaced as necessary.

8.2.5 Shielding
Not applicable.

8.2.6 Thermal

The insulation and drum are to be inspected for moisture, voids, or cracks prior to loading the contain-
ment vessel into the package. Damaged items will not be used for shipment,
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8.2.7 Mliscellaneous
The containment vessel is to be retested at 200 psig every two years.

9.0 QUALITY ASSURANCE REQUIREMENTS

9.1 General Information

The quality assurance functions for the UC-609 package are the inspection tests and certifications that
are required during fabrication and over the entire life of the package (see Fig. 28).

The most important criterion that the package must meet if it is to operate safely and successfully is that
the containment vessel be leaktight and structurally sound. That criterion 1s met as follows:

® The drawings require that the manfacturer provide certification of the materials used for structural
components. That certification along with the dimensional inspection data is reviewed by the project engineer
before the components can be used in assemblies. Reference: END 77-20, Components Inspection Form.

@ Structural welds are made and inspected per the requirements of the ASME Pressure Vessel Code.
The nondestructive test reports plus other assembly data is reviewed by the project engineer before a package
is released for use. Reference: END 77-19, Assembly and Fabrication Record.

@ Every completed containment vessel is pressure tested at 200 psig and leak tested at 150 psig before
the first usage and every two years thereafter. Reference: END 77-914, Containment Vessel Safety Note.

@ Before cach shipmenl the copper gasket seal is leak tested at 1.5 times the maximum pressure that
would occur if all the gas in the shipment were released into the containment vessel. Reference: END 77-21,
Packing and Test Procedure.

A second important criterion for successful operation is that the package nol deteriorate with use. That
criterion is achieved as follows:

® Al structural parts that may come in contact with hydrogen during shipping are made frem materiuls
that are not affected by hydrogen (type-316 stainless steel and oxygen-iree, high-conductivity copper).

® Before each shipment, the entire package is completely inspected and any damaged or nonconforming
vomponents are replaced. References: END 77-21, Packing and Test Procedure; END 77-22, Packing Check
List.

® Every two years the containment vessel is completely inspected and pressure tested by a group com-
pletely independent of the users.

The third important criterion for successful use is that the package must be used correctly and within the
design limits that have been approved. This is accomplished by having all packing, testing, and maintenance
operations performed according to written procedures with a check list that covers each step of the procedure.
All operations are performed by trained technicians. A qualified professional (engineer, chemist, health
physicisl, etc.) inspects and approves all work.

9.2 Organization

Mechanical Engineering Department management is responsible for quality assurance of the UC-609
puckage at LLL. Quality assurance is an integral part of the design-fabrication-operational system in cach
working engincering group at LLL. This system also includes an independent check at all orgunizational
levels.

Personnel in the various groups shown on the organization chart (Fig. 29) have been trained and have ac-
quired expertise in their respective fields,

Fubrication, shipping, and iesting operations are performed with approved procedures.

9.3 Quality Assurance Program

" 3.1 Procedures

The fabrication and testing of the UC-609 shipping package is covered by a written procedure. Reference:
END 77-16. Fubrication Specification. Quality assurance is also incorporated into the operating and main-
tenance procedures. 3
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9.3.2 Approvals
Quality assurance functions are incorporated into the fabrication and operating procedures. The
procedures are reviewed and approved by the engineering group leader.

93.3 Safety-Related Items
Safety-related or “Q items” are the containment vessel, the insulation, and the shipping drums. The
“non-Q item™ is the storage vessel.

9.3.4 Training
The mechanical technicians that will perform the various operations involved in fabricating. testing, and
shipping are trained by mechanical engineers using approved procedures.

9.4 Design Review

The UC-609 shipping package has been independently reviewed by the Separations and the Separations
Technology Departments of the Savannah River Plant of E. 1. duPont de Nemours and Co.

9.5 Procurement Document Control

The component aud assembly drawings are the procurement documents that specify the minimum
acceptable quality.

9.6 Instruction, Procedures, and Drawings

All fabrication, testing, shipping, and maintenance are performed in accordance with written procedures.
Activities that affect the quality of a shipment are certified on “use every time’ procedures or certification
sheets.

Refer to Ch. 7.0, Operating Procedures, for specific information relating to procedures governing ac-
tivities with this packaging.

9.7 Document Control

Operating procedures and drawings are given an independent review by the enginecring group supervisor
and by the technician group supervisor. The reviewers thoroughly understand that quality assurance is an in-
tegral part of the design, construction, and operations at LLL.

Documents to be controlled are LLL drawings and procedures. Drawing and procedure changes must be
approved by the engineering group leader. It is his responsibility to verify that any proposed change will not
violate the substance of the Safety Analysis Report on Packaging. The Mechanical Engineering Department
records section maintains a file of the latest revisions. The master files reflect the latest revisions and is up-
dated as soon as changes are released. Newly revised copies of documents are issued to the appropriate groups
as soon as released.

9.8 Control of Purchased Material, Equipment Parts, and Services

The drawings require that fabricators provide mill test reperts for the critical matcrials used. At LLL,
dimensional inspections and radiographic examinations are made. Only after the above data have been
reviewed and approved by the project engineer are the parts tagged and stored for use in a secure, limited-
access storage area. The results of these inspections will be included in the quality assurance record file.
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9.9 Identification and Control of Materials, Parts, and Components

Verification of material and identification of parts for use on the UC-609 shipping package are discussed
in Sec. 9.8.

9.10 Control of Special Processes

The welding on the containment vessel is controlled by visual and radiographic inspections. All welding
must meet the requirements of the ASME Boiler and Pressure Vessel Code, Sec. VIII, paragraph UW-51.
Radiographic inspections will be made by LLL by qualified personnel in the nondestructive test section of
Mechanical Engineering Department.

9.11 Inspection

Each lot of parts will be inspected and the inspection results reviewed before the parts are released for use.
See Sec. 9.7.

9.12 Test Control

9.12.1 Preoperational Test Program

The only preoperational tests required for the UC-609 shipping package are the proof test and the leak
test of the containment vessel. That testing will be accomplished using written test procedures that have been
approved by engineering supervision. The tests will be performed at LLL by high-pressure technicians and ob-
served by a pressure inspector. The project engineer must review and certify that the test results meet the re-
quirements before the container can be used.

9.12.2 Acceptance Tests and Maintenance Program
See Secs. 8.2.1 and 8.2.2 for discussion.

9.13 Control of Measuring and Test Equipment

9.13.1 Calibration

Standard helium leaks usk 1in calibrating mass spectrometer leak detectors are purchased from reputable
manufacturers who certify the k k rate of each unit.
9.13.2 Standards

The Heise gauges used to pressurize the containment vessel are periodically calibrated on dead-weight
testers.

9.14 Handling, Storage, and Shipping

Written operating procedures in Ch, 7 cover the handling and storage of UC-609 p2.kaging components.
Shipment of UC-609 packages will comply with U.S. Department of Energy and Department of
Transportation requirements. On receipt, all packaging is visually inspected for obvious damage.

9.15 Inspection, Test, and Operational Status

The status of each UC-609 package is maintained by a procedure which outlines and records each re-
quired step in the preparation of a package for shipment. See Ch. 7.

A tag indicating that the containment vessel has been successfully proof tested and leak tested is attached
by the pressure inspector. The packaging is not complex, and its status is determined per Ch. 7 and 8.
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9.16 Nonconforming Materials, Parts, or Components

9.16.1 Disposition

Nonconforming packaging will be tagged, removed from service as soon as it is identified. and replaced
with a spare. The nonconforming packaging, if repaired, will be repaired using an approved procedure and
standard maintenance techniques.

9.16.2 Acceptance
Inspections of packaging at the vendor’s shop or upon receipt may result in rejection of material.

9.17 Corrective Action

Nonconforming packaging may be repaired by the vendor or by LLL, depending on the cost and pay-
ment allocations made belween the purchasing department and the vendor, Repairs are to be made using ap-
proved procedures.

9.18 Quality Assurance Records
The records for the UC-609 containment package will be kept on permanent file at LLL.

9.19 Audits

LLL Materials Management will make annual audits to determine if the packaging is being used in an ap-
proved manner.
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LAWRENCE LIVERMORE LABORATORY - UNIVERSITY OF CALIFDRNIA FILE WD, 1 PaGe

ENGINEERING NOTE END 77-16 |

SURJECT NAME

oTE

July 7, 1577 _

UC-609 SHIPPING CONTAINER
FABRICATION SPECIFICATION

by

i
|
Ronald R. Sandberg '
I
|
|
t

Approved by: Jb C ﬁzrb l ék—gﬁ

LL-2A8 (REV.6/71)
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LAWRENCE LIVERMORE LABORATORY - UNIVERSITY OF CALIFORNIA

ENGINEERING NOTE END 77-16 2

FiLE %0, Pagt

sumajecT

UC-609_SHEPPING CONTAINER

" R. Sandberg

oare

FABRICATION SPECIFICATION

July 7, 1977

LL-208 (%€

1.0 SCOPE
This specification covers the fabrication, inspection,
examination, and testing of Model UC-609 shipping containers.

container shall be manufactured in accordance with the listed
drawings and the requirements of this specification.

2,0 APPLICABLE DOCUMERTS

2.1 Assembly Drawings

The

Title Number
Model UC-609 Shipping Container AAA76-109771
Vessel Assembly - AAAT5-113083
Leak Test Assembly AAA75-113967
Cover Assembly AAA77-102165
Insulation Cover Assembly AAA77-104161
Insulation, Body AAA77-104163
Drum Assembly AAAT7-104165
Vessel Carrier Assembly AAAT5-112930

2.2 Sub-Assembly and Detail Drawings

Gasket AAR75-108816
Liner Honeycomb Assembly AAAT7-103369
Containment Vessel Lirer AAAT75-113581
Honeycomb Segment AAAT7-103389
Honeycomb Plug AMA75-111105
Head to Cylinder Weldment AAAT5-111306

v.8/T1)
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LAWRENCE LIYERMORE LABORATORY - UNIVERSITY OF CALIFORNIA

ENGINEERING NOTE

FiLe o, Pace
END 77-16 3

sumJECt

UC-609 SHIPPING CONTAINER

Wt

R. Sandberg

FABRICATION SPECIFICATION

July 7

1977

2.2 cont’d

Top Head

Semi-E1liptical Head
Cover Machined and Welded
Plug Backing Plate

Fil1l Valve Assembly
Nupro Valve Mod.

AAA75-104814
AAAT5-113082
AAAT5-104817
AAA77-102164
AAAT6-106629
AAA76-106627

Weld Tee (Rework) AAR76-106619
Plug (Reworked) AAAT6-106618
Leak Test Valve Assembly AAA76-106616
Hoke Valve {Rework) AART6-106617
Insulation Cover AAA77-104164
Heat Shield AAA77-104162
End Flange AAAT75-112931
Mounting Plate AAA75-104815
Brace AAAT5-112928
Spacer Block AAAT76-118323
Identification Plate AAAT77-104603
8racket - Drum Cover AAR76-115288
Handle Assembly AAA77-101635
2.3 Documents

#ode1 UC-609 Pressure Test Report END 77-18

" " Assembly Fab. Record END 77-19

Y v Companent Inspect. Form TND 77-20

" " Packing & Test Procedure END 77-21

" " Packing Check List END 77-22

" " Safety Note END 77-914

LL-398 (REV.8/T1)
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LAWRENCE LIVERMORE LABORATGRY - UNIYERSITY OF CALIFORNIA FILL NO. 2AGC
ENGINEERING NOTE END 77-16 4
UMY 1e-609 SHIPPING CONTAINER "*“ R, sandberg
FABRICATION SPECIFICATION M July 7, 1977

3.0 MATERIAL

A1l materials used in fabricating the containment package must
be certified by the supplier as meeting the drawing requirements.
Where required by the drawings, a mil) test report shall be provided.
The mi1l test report shall include the ASTM specification number,
Type, grade, finish, manufacturers name, the heat number, and the
results of chemical analysis and mechanical properties tests.

4.0 WELDING

Welding shall be done using methods and materials specified
on the applicable drawings.

4,1 Fitting and Alignment

Edges to be welded shail be uniform and free of foreign
materials. Parts to be welded shall be fitted, aligned, and
retained in position during the welding operation so that the
full penetration required by the drawings is obtained.

4,2 (Cleaning of Surfaces to be Welded

Surfaces to be welded shall be free of foreign materials
such as grease, oil lubricants, and marking paints.

4,3 Repair of Weld Defects

Visible defects such as cracks, pinholes, and incomplete
fusion, as well as defects that can only be detected by prescribed
examinations or tests, shall be removed. Then the joint shall be
rewelded. The repaired weld shall be retested as required of the
original weld and to be acceptable must meet the quality require-
ments of the original weld.

LL-308 CREV.0/TY)
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LAWRENCE LIVERMORE LABRDRATORY - UNIVERSITY OF CALIFORNIA FILE WO, PAGL
ENGINEERING NOTE END 77-16 | 5
TMECTyC-609 SHIPPING CONTAINER "™ R. Sandberg
FABRICATION SPECIFICATION " July 7, 1977

5.0 [INSPECTION AND TEST CERTIFICATION

A component inspection form (END 77-20) and/or an assembly
fabrication record (END 77-19) must be completed for each lot of
components or assemblies. (A lot is defined as a series of parts/
assemblies made from one drawing at the same time.) Each complieted
inspection document must be reviewed and signed by the engineer
responsible for directing the fabrication of the containers before
the parts are released for use. ilon-conforming parts are to be
returned to the supplier for rework or replacement as required.

The acceptance proof and leak test must be documented by the
completion of a pressure test report (END 77-18). The pressure test
report must contain the signature of the responsible engineer before
the parts are released for use.

6.0 RECORDS

A permanent QA file shall be started and maintained for each
container manufactured. As a minimum that file must contain:

1. Results of acceptance inspections (END 77-19, END 77-20)
Proof and Leak Test Certifications (END 77-18)

Records of periodic inspections and retests

Use record copies of packing check lists (END 77-22)

Records of any rework or component replacement.

I I R O )

Weld radiography records.

LL-338 (REV.8/71)
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TiTLE:

fiLe na,

END 77-18

Ipm
1

WRITTEN BY

MODEL UC-609 SHIPPING CONTAINER R. Sandberg

oate

7/5/77

PRESSURE TEST REPORT cn&ltlw E

9/6/16

Reference:Drawing AAA75-113967, Safety Note END 77-914

Container Serial No.

1. Sensitivity of mass spectrometer:
atm cc/s/div. (hand probe)
atm cc/s/div. (integrated leak test)
Standard Leak No.

with a leak rate of
2. Proof pressure psig for hr
3. Leak test pressure psig

4. Leak rates:

Across Cu gasket atm cc/s

External atm cc/s

(total must be less than % x 1078 atm cc/s)

Tested by Date

Inspector: Fressure tested label aprlied:

Date

Approved for use, Date
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e Fiee wo. ‘-m
77:-19 1
MODEL UC-609 SHIPPING CONTAINER e o
assen - R. Sandberg 7/5/77
SSEMBLY FABRICATION RECORD cg‘c o %76 /76
Assembly Drawing No.
Lot No.___ Size of Lot
List Serial Nos.
Supplier
LLL P.O. No. Cost § each
ITEM SPECTFICATION REMARKS
1 Component parts inspected and approved
for use {attach inspection forms END77-20})
2 __ % of assemblies inspected for
dimensional compliance
3 General comments on workmanship and
quality of assemblies
4 Acceptable assemblies tagged with LLL
P.C. No. and Lot Ko. J
Inspection: Accepted Date
N.D. Tests Accepted Date
Date
Date

Approved for-use
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TITLE:

FILE b,

END 77-20

Pacc

1

WRITTEN oY

MODEL UC-609 SHIPPING UONTAINER R. Sandberg

DATE
7/5/77

COMPONENT INSPECTION FORM :xjntr.!E E@

&

Part Drawing No.

Lot No. Size of Lot

1/6/18

List Serial Nos.

Supplier
LLL P.0. Ro. Cost $ each
SPECTFICATION REFARKS
1 Matertal - meets drawing reguirements,
certification attached
2 % of parts inspected for dimensional
compliance, Summary attached.
3 General comments on workmanship and
quality of parts
4 Acceptable parts tagged with LLL
P.0. No. and Lot No.

Inspection: Accepted

Date

N.D. Tests Accepted

Date

Date

Approved for use

Date
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LAWRENGE RADIATION LABORATORY - UN1VERSITY OF CALIFORNIA J FILE NO. ey

| TENGINEERING _NOTE o072 | 1

SUBSEET Phasi ~

R. Sandberg
July 5, 1977

[oave

MODEL UC-609 SHIPPING CONTAINER
PACKING & TEST PROCEDURE

BY
RON SANDBERG

July 5, 1977

§ ¢ el

Approved by:

RS:jm

RL-99A | Rev.e.87)
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LAWRENCE RADIATION L ABORATORY - UN|VERSITY OF CALIFQRNI A FILE NO. PAGE
- rENGINEERING NOTE END 77-21 2
6sE¢ T e — —

NAE
MODEL UC-609 SHIPPING CONTAINER PACKING & TEST PROCEDURE Fren R. Sandberg |
July 5, 1977

Reference assembly drawing AAA76-109771.

1.  Packing check Tist END 77-22 to be completed by individuals assem-
bling container for shipment.

2. Mount storage vessel on vessel carrier per users written procedure.
Record pertinent information about storage vessel op check Tist.

3. Inspect interior of contaimment vessel, seal areas of flanges, and
cover valves for cleanliness and damage. (lean or replace parts
as required.

4. Ipspect "0" ring and copper gasket for nicks, cuts, scratches, etc.
{A new copper gasket is to be used for each shipment.} Coat "0"
ring with a light film of silicone vazuum grease.

§. Install vessel carrier into container. Use care ta aveid damaging
sealing surface on flange.

6. Verify that the rubber pads on the container cover are compressed
a minimum of 0.06 inches when the cover is in place. Add additional
pads if necessary.

7. Install and torque cover bolts as follows:

A, Verify that bolts meet drawing requirements. (170,000 psi
min. wit tensil str.)

B. Coat bolt threads and under-side of neads with “Kopr-Kote",

C. Torque bolts in order stamped next to holes to 20 Ft - Lb.
Go around pattern twice.

D. Increase torque to 45 Ft - Lb. Go around pattern until no
bolt movement is observed.

BL-7R8 (Mev.4/B7)
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ENp 77-20

Naur

LAWRENCE RAUJATION LARORATORY o nb(JFRSETY OF CALIFORNIA r T

ENGINEERING NOTE | _

suesteT
MODEL UC-609 SHIPPING CONTAINER PACKING & TEST PROCEDURE

oaTE

Leak test container as follows:

Evacuate the container volume (through the fil1l valve) to less
than 150 Torr (3 psia).

A.
8, Pressurize through the fill valve with helium to the pressure
determined from the tabla on page 5. Close the fill valve.
Determine the sensitivity of a mass spectrometer leak detector
with a standard leak.

Connect the leak detector to the open leak check valve and to
the closed fill valve. Measure leakage across gasket and

across fill valve seat.
E. Vent pressure to atmospheric.
F. Close both valves, and cap fittings.

If regquired for in plant contral install tamper seals on cover bolts
and on valves.

Inspect celotex insulation, drum, drum cover and drum cover brackets
for damage. Remove any old shipping
labeis.

Replace parts as necessary.

Verify that plastic plugs are in place in drum cover.

Instal) container into insulating overpack. Use enough % inch
thick ceroblanket disks on top of the insulation cover so that
approximately 100 pounds force must be applied to the cover to
engage the cover brackets,

Torgque bolts securing drum cover to 20 ft.-1b. and install tamper
seals on two bolts 180° apart.

2

Monitor package for contamination: .ust be Tess than 150 d/m/100 cm'

beta-gamma.

l

RN

R. Sandberg

_July 5, 1977

Ereg

—
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LANRENCE LIVERMORE LABORATORY - UNIVERSITY OF CALIFORNIA l FILE WO, FAGE

ENGINEERING NOTE END 77-21 4

WBIECT NAME,

MODEL_UC-609 SHIPPING CONTAINER PACKING & TESTING PROCEDURE™ R, Sandberg

[P 301y 5, 1977

15, Install appropriate labels in conformance with DOT regulations.
Also attach tag identifying shipment.

LL-300 (REV.B/TV} fU. 6, GO 1977-791- 234
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LAWRENCE RADIATION LASORATORY - UNIVERSITY OF CALIFORNIA

ENGINEERING NOTE

FILE WO, FaGE

END 77-21 5

SUBJECT

MOBEL UC~609 SHIPPING CONTAINER PACKING & TESTING PROCEDURE |omt—Sandber

NAME

July 5§, 1977

MODEL UC-603 SHIPPING CONTAINER

TABLE OF PRESSURES & TEMP. FOR VARIOUS QUANTITIES OF GAS

Quantity Decay Contaimment vessel Pressure s1ra)_(3)

of gas heat load Temp (2)

moles (1) watts o o Equilibrium Test {4)
2 3.8 54.8 377.8 23.5 35..
4 77 56.7  329.7 29.5 a5
6 .5 8.5 . 3.5 35.7 54
8 15.4 60.4 l 333.4 4.9 63
10 19.2 62.2 i 335.2 48.2 73
12 23.0 64.0 | 337.0 54,5 82
14 26.9 65.9 } 338.9 60.9 92
16 30.7 67.7 : 3407 7.4 102
18 3.6 0.6 | 3426 73.9 m
20 38.4 71.4 344.4 80.5 12
22 4.2 73.2 386.2 g7.2 131
2% 46.1 75.1 348.1 93.9 19
25 8.0 76.0 369.0 97.3 146
6 48,9 76.0 349.0 100.5 15)
2 48,0 76.0 349.0 106.8 161
30 48.0 76.0 349.0 13 170

AL-3RR (Rav.4/57)
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LAWRENCE RAD(ATION LABORATORY - UNIVERSITY OF CALIFORNIA FILE NO, PAGE

ENGINEERING NOTE END 77-21 6

SUBJECT 3 R. Sandberg

MODEL UC-609 SHIPPING CONTAINER PACKING & TEST PROCEDURE BATE
July 5, 1977

Notes:

(1) Gas is considered to be 1003 tritium up to 25 moles of gas.
For guantities greater than 25 moles the amount over 25 moles
is considered to have no decay heat load.

(2) Temperatures are the maximums for "normal’ conditions of
transport.

{3) Egiiibrium pressure is calculated as if all of the gas in
the shipment were within the containment vessel at the listed
temperature. The following equation was used:

P = 1+ [_‘?ﬂ“)—" 22.4 ] -3y (14.7)

where N = HNumber of Moles of Material

T = Max. Temp. For Normal Transport

* 134 = Net Volume of Containment Vessel Mith 20 |ire
Storage vessel & carrier inside.
(120 1b total - Aluminum)

(4) Test pressure s 1.5 times the equilibrium pressure.

RLeORB (Ruv.é/37)
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TITLF:

IV R

»ace

END 77-22 1

WRITTEN BY

Model UC-609 Shipping Container R, Sandberg *316/77

Packing Check List :@(tj! (9 caz/e /_'3

Reference: Dwg. AAA76-109771, Procedure END 77-21

Container Serial No.

Storage Vessel:

Serial No. Dwg. No.

Contents g moles (€25 g moles 72,530 g moles totat)
Leak rate {<1x 1072 atm ccls)

Height { £100 pounds)

Certifid by

date

Item

Specification

Remarks

Storage vessel mounted to vessel carrier per
users written procedure {Attach signed copy)

Interior of container, flanges, and valves
clean and free of defects: Record Retest Date

"0" Ring and new copper gasket inspected.
"0" Ring coated with vac grease

Rubber pads on cover compressed against
vessel carrier a minimum of 0.06 inch
when the cover is in place

Cover bolts: Use certified parts cnly from
bonded storage.

Cover bolts torqued to 45 ft-1b

Pressure Test:
a} Container evacuated to less than

150 torr
Actual Pressure torr
b) Pressurized to psia

(see END 77-21 Table on Page5
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TITLE

Mode1 UC-609 Shipping Container FRRITTER Y
Packing Check List

FILE WD,

race

END 77-22 2

Qevreeca ar

pare

R. Sandberg 1/6477

DAYE

Item

Specification

Remarks

7 cont'd

c) Sensitivity of leak detector:

atm cc/s/Div.
Standard leak No.
teak rate

d) Leak rate:
Across gasket
Across fill valve seat

(Must be less than 1 x 10
atm/ec/s total;

e} Container vented to atmospheric
pressure, valves closed, and
fittings capped

Tamper seals on cover if reouired:
Record Laocations’,
Record No's. if Applicable:

Drum, Celotex, am{ drum closure brackets in-
spected. Plastic plugs in place in drum cover

Oernblanket'\disks in place on top
of insulation cover

Bolts on drum cover brackets torqued to
20 ft-1b

12

Tamger seals on two caver securing bolts
180° apart, Record No's. if Applicable

13

Package monitored for rad'loactévi ty must
be lass than 150 d/m/m¢ 100 ¢cm” beta-gamma

13

Appropriate DOT labels and tag identifying
shipment in place.
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TN FiLE wo.

»act

Model UC-609 Shipping Container

END 77-
[smiten o7 D 77-22 DATE =
R._Sandberg 206477

Packing Check List CHECKED Y

DATE

Shipment Packed and Tested by

Date.

Inspected and Approved by

LTght Isotopes Chemist

LLL Materials Management
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I, BOLT SPECIFICATIONS:
ITEM NO. 1
n) 38-24 UNF-3A CAP SKREW 125 LONG
&) MATERIALIALLOY STEEL WiTh A mmmm
ULTIMATE TENSILE STRENGTH OF (1)
€} HEAD sm: DP‘TKDNAL BUT MUST 5€ DRu.u.En
FOR SEAL
I'I'EM NO. 12
a) ¥8-24 UNF-I4 CAP SCREW .75 LONG
b) MATERIALL CORROSION RESISTANT STEEL WITH A
MINMUM ULTIMATE TENSILE STRENGTH OF
80,080 PS),
(REFD OHEAD STYLE DPTIONAL BUT MUST BE DRILLED FOR
: SEAL Wi

[A ASSEMBLE AND TEST PACKAGE FOR
SHIPMENT PER END 77-21 4

EAN CHECK VALVE)

. @601 § . naw.

] AN &-1097T!
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NOTES *

COAT ‘0 RING wiTh A L\GHT FiLM oF
e.n.lwm: ACUUM LRLALE BLFCRU
SLTALLNY S N GROCUT .

% LCAT BUUT THRDADS TR T KGPR- KeTe
AND TCRGUE W CRDER $TAMPCD NUT
CokmoLes AD FOLLOWS
A TORQUE ALL BoutTs Te 10 FTULB.
S0 RRC.ND PATTCRN TWICE.
B INLRENSL TERGUC o 4% ST-\B. GO
A TEST vt e :‘B:)uuo PATTERN _umiL NO 2OLT
ce e ge ) CUYCMEMT S DETELTCD

[

. PROOF AND LLAE TEST LCUTAWER AS FOUOWS!
A AFTER A TOBE s NTTALNCE TC THE

Lo VI\L\)EJANE‘\'N.L THE LUNTAINER

W A LARGE PLRSTIC, ZhG. SCAL AL

CPLNINGS ~wWiTH  TAPE .

B, PROSSURIZE THRCLoH THE Frog JAWE
TO 200 PSHI6 WITH mb . M, A0LD
PRULSSLRC Fer o MIN, CF & NCURS
(. VENT PRESSURE SO 158 P56
&\D. CAK LREcg COnTAILER AR A

MRSS SPEC, LOAK TCTLlTOR vinwD

PROBE BY CeTTmiNG KN SMALL Hoc N

THE PLASTIC BAG. NO LTAYALE

\ GREAPER THAN 1% 1078 57TP cefste
15 AfoweD. .
E, ComnEQYT LEAK DLTCOTOR DIRECTLY
TO THE LTAK TEST LALUE AND
MEASURE LEAKAGT ALROSS THE
COPPER. GASKTT sCAL- NO

A LERCAGE GROATTR “THAM 1ai15°
579 an /SEL 15 ALLOWED.

&E PELORD PCRTINENT =aTA AL T
PROOF /LCAX NESTs Cw EWND77-48
(PROCSSURE TLST ®MPERT)
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DRILLED FOR LOLKUWIRE
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CRUSH HONEYCOMB W WCLD ARCA YO
PROVIDE THE MIN WELDWG CLEARANCE MDIATED,

2. CEMENT HONENCOWMEB  IMTO ASSY  JSING
SILASTIC 732 RTV (MFD @Y Dow CORNNG 08
ADHESWWE To C0JCR APPRoX [MATECW Ve
OF THE ABEA BSEINGL BONDED, PREVENT
ACHESIVE  FROM  LONTALTIIG  wELD jondT ARCA,

3. CENTCR RBOTTOM END CF nOMEXCCME AnsY (. TEM 2)
WOLYL (1TEMLY SO THAT GAP BETWECLN
L uge TuE AND FLANGE SCCEET 1S UNIFORH
AND DoTS NGT EXLEED 662 AT AnY POT,
CONCONTYRICITY TC BE MANTAIMCD B¢
DRING /2 1NCY WIDE AL SHIMAMS oF
SUITABLT THILKNESS BETWEDH noNTYWO™MB
AND  3TECW. CWL

4. CONSUMRARLE NSERT SPECIFICATION .
ARCOS E.B. MSERT, TYPE A g wed SAE,
TYPE 3l STAINLESS. MFD BY ARMOS
CORP., PRLADELP RIA PA.

STE WOTE 3 5. FABRIATER T SUPPLY TLRY ©F L TEST
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G FulL PENETRATION, TiG PReeCss WELD . SEE
ARLUS WRP RLWMMEONDATIGNS For FIT uP
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INICRTIR O T3S0 T./25 (um) =t 580 "
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'r_/ gL MCTE 2 NOTES

t. ITEM 1 - CARRUN STECL DROUM PR
MILITARY STANDARD MS 27683 WITH
THE FOLLCWING EXCEPTIONS!

%) BOOY AND QGUER TO BE 1 GAGE (-0L73) MATL.
A——b,) TNSIDE WEIGHT To BE 52.50 r.I25.

C.) 'NSIDC DIRMETCR TO BE 24.00 £ .C3.

d) WiN zF 4 RowING HoePs EGUIDISTANT,

S} -0CKING RING L GRSCCT ARE WOT TEQAD,

2. USC wWCLOwWG PROCCDURE THAT mivimizrs
DISTORTION ©OF CHVER. COVER WMUST
FiT DRUM  AFTLR ~WOLDING,

3. PAINT WSI0E & CLTSIDEC OF DRUM A Couc
AS FOLLOWS:
@) MLl SURFALES ™MUST BE FREE of
ROST , (in , cR CTHER  FOURCIGN MATL.
(SANL LLASTING 1S REQD FoQ RUSTED m~MATL.
b) PRIMT  wiTs RBoODY BROL DAwT we Efery
PRIMORE WO 422\ SGYT0E6. APPLY
PCR  MTRT RLLOMHMONDATIONS.
C) Fintn LOAT- OSMA SATCTY 3LUE
MeDIWFITD EPoaY ENAMMEL | BoDY .
BReL PAINT WO, PRCDULT WO WLS -Bgen
. . Miu. FulM THICKNESS ONE Mo {471,y
/ E%?E-€°3a¢P::ELL’5 APPLY PLR MFR Ecccuucuclx‘rsfms_w\

4. BEND 1WOLWTITWVATICN PLATL TC e wTLRH
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TEM PRAT NO. DENCHPTION MO. MATERIAL APEC. NO.. STOCK ND.
.__J...__._.._
DIMENSIOHING mn m“!}'ﬂ"g e reu m
Lty of Culloris
POSITIONAL AND Fi omwcor.s
e s. (nmm.zss o FEATURE slm.
TSR 3 SURFACE VEXTURE PER Ml '77 |O4~‘QS OA
PONT AR RE QA&



http://Ci.TS.Otr
file:///jTCPM

— CHAMFER ,50 .10 < A5°£S°

©» ~® e

1818%.08 0

23.8

QRN N

S e
/ A e
— e ps— 2 00 ¥ .10 - — 4.0 NOMINAL
11 PLARES
SEE NOTE 3
40.25 T .08
4394 € 06

e)ouepineg Courance |Eoic-oL |R. sau 3l
H

72102774 . 3-24277
INSULATION , BODY < 3-9-M




4
1
i
|
i
i

LT | ORI cH 1 pATE- Zont CHANGE

i wr

] ik Soe0 o Ewﬁj _,%-u.-éfz-vi'i:
3.
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A__‘_ MATERIAL! CELOTCK  wDUSTRIRL BOARD
PER. MIL-F- 15862 CiCEPT PARAGLRAPHS®
37 WATER. ADZORPTION, 3.10.10 MODULUS
£F RUPTURL weCT, 3.1 FUMOLUS
RELZTANCE , & 1. 47771 MeISTORE RETENTION

TARRILATOR. WADT JO\NTS TO
FGUIAL FALTERY  WAMIWNKTIONS. DO HOT
CAMINATE THE 4 men THILK RMGS § DSk
TCOLTHD R

™

3. THT WBWIDUAL RINGS AMD THE ThSC ARE TC
BE NOMINALLY 4.0 .. THIRK . TO ADIUST
THE TOTAL LLNGTH 4F THE STALK,
CNE CR MIRL RINGS MAY BE FRoM
3B TC B uecs THILK AS RCGD.

4, PACEAGE ASSEMBLY TU PRCULCNT
SEPARATICN R PAVMAGL TUuRING
LHIPEMONT.

5. UKTCTRIAL CCRTIFICATICN REQD FrwR
LEWCTER USED IN ASSY.
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