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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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FOREWORD

This report is a compilation of Monsanto Research Corporation (MRC)
documentation of development activities to satisfy the U. $S. Energy
Research and Development Administration and the U. S. Department of
Transportation shipping and safety requirements as related to the
transportation of packages containing nuclear materials.

Although MRC drawings and specifications in the Appendix have been
reduced or reformatted, all are controlled documents with appropriate
references to their latest technical updating and editorial changes.
For this reason, many specifications are preceded by a lead sheet in-
dicating the original total number of pages and date of latest re-
vision.

To obtain the latest revision to any engineering drawings or written
specifications, inguiries may be directed to the following address:

Monsanto Research Corporation

Mound Laboratory

Attention: Drawing Control
Engineering Department

Miamisburg, Ohio 45342
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1. SUMMARY

This Safety Analysis Report for Packaging (SARP) satisfies the

request of the U. S. Energy Research and Development Administra-

tion for a formal safety analysis of the two insulated drum shipping
containers identified as USA/5790/BLF ERDA-AL and USA/5791/BLF ERDA-AL.
The report makes available to all potential users the technical infor-
mation and the limits pertinent to the construction and use of the
shipping containers. This SARP includes discussions of structural
integrity, thermal resistance, radiation shielding and radiological
safety, nuclear criticality safety, and gquality control. Much of the
information was previously submitted to ERDA/OSD/ALO and the Department
of Transportation (DOT) and provided the basis for obtaining special
permits DOT-SP-5790 and DOT-SP-5791 as well as the Interim Certificates
of Compliance until the SARP could be prepared. Complete physical and
technical descriptions of the packages are presented. Each package
consists of a modified DOT Specification 2R cylindrical steel inner con-
tainer centered within an insulated steel drum. The contents may be any
radioactive materials which satisfy the requirements established in this
SARP. A shipment of plutonium=-238 in the form of a solid oxide is
evaluated in this SARP as an example. The results of the nuclear
criticality safety analysis show how much of the fissile isotopes may

be shipped as Fissile Class I, II, or III for each container.

Design and development considerations, the tests and evaluations re-
quired to prove the ability of the containers to withstand normal
transportation conditions, and the sequence of four hypothetical

accident conditions (free drop, puncture, thermal, and water immersion)
are discussed. Tables, graphs, dimensional sketches, photographs,
technical references, loading and shipping procedures, Mound Laboratory
experience in using the containers, a copy of the AEC/0SD/ALO Certificate
of Compliance is included. An internal review of this SARP has been
performed in compliance with the requirements of ERDA 5201-Part V.



2. INTRODUCTION

2.1. GENERAL

In August, 1968, Monsanto Research Cor-
poration, Mound Laboratory, obtained
Certification of Approval for Fissile-
Large Quantity Shipping Containers
authorizing use of the shipping con-
tainers designated AL-M3 and AL-M6é by the
Operatiovnal Safety Division of the
Albuguerque Operations Office (0SD/ALQO)
for the U. S. Atomic Energy Commission.
Mound Laboratory documents and drawings
were submitted as supportive material in
requesting the interim certificate.(1-5)
The Department of Transportation sub-
sequently granted special permits DOT-SP-
5790 and DOT-SP-5791 for these containers
in October, 1968.

In October, 1974, Interim Certificate of
Compliance number USA/5790/BLF (AEC-AL)
was issued for the AL-M3 package and
number USA/5791/BLF (AEC-AL) was issued
for the AL-M5, AL-M6, and AL-M7 packages
by 0SD/ALO. The AL-M5 and AL-M7 pack-
ages are no longer regquired and, there-
fore, are not covered by this report.

ERDA Manual chapters 0529 and 5201 re-
quire that a Safety Analysis Report for
Packaging (SARP) be prepared for each
shipping container to be used for ship-
ments of gquantities of radioactive mate-
rial which exceed specified limits.
This SARP satisfies the requirement for
a formal safety analysis of the two
shipping containers. The SARP includes
discussions of structural integrity,
thermal resistance, radiation shielding
and radiological safety, nuclear criti-
cality safety, and gquality control.

The packages are used to ship fissile
and other radioactive materials which
satisfy the safety criteria discussed
in this report. An example shipment of
a heat source containing plutonium-238
in the form of a solid oxide is eval-
uated in Section 5. From 1968 through
197%, 395 shipments were made safely

in the containers. No radiocactive mate-
rials were released from the packages
during any of these shipments.

2.2. DESIGN

The design of the containers is similar
to the Department of Transportation
Specification 6M packaging. The pack-
ages are designed to transport

radioactive and fissile materials safely
by common carrier in accordance with DOT
and ERDA requirements. A complete physi-
cal and technical description of the
packages is presented. Both packages

are of the same basic design but differ
in size. The nominal sizes of the outer
steel drums are 12 and 55 gal. The pack-
age identification numbers are AL-M3 for
the 12-gal and AL-M6 for the 55-gal size.
In each, a steel inner container, the
containment vessel, is approximately
centered within an insulated drum assem-
bly. Vent holes are provided around the
perimeter of the outer drums for release
of any gases generated at hypothetical
accident fire conditions. The maximum
gross weights of the packages are 90 1lb
for the 12-gal size and 300 1b for the
55-gal size.

2.3. TESTS

The containers were extensively tested
and evaluated to show that they will
function effectively with respect to all
required standards and when subjected to
normal transportation conditions and the
sequence of four hypothetical accident
conditions (free drop, puncture, thermal,
and water immersion). In addition, a
steady state temperature profile test

was performed. A nuclear criticalit
safety analysis was performed for 2°°%Pu0,,
a-phase plutonium~-239, uranium-233 metal,
and uranium-235 metal. The guantities of
these materials comprising Class I, Class
II, and Class III shipments are summarized
in this report.

2.4. QUALITY CONTROL

Established gquality control practices
are used for receiving and reuse in-
spections and packaging operations. In-
spection criteria and packaging and un-
packaging procedures are provided in
Appendix I and Appendix II, respectively,
of this report. A copy of the 0SD/ALO
approval is included in Appendix C.
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3. CONCLUSIONS

3.1. GENERAL

It is intended that this section of the
SARP will provide a summary of the con-
clusions determined in the subsequent
sections of the report. In these sections
the parameters are established which are
essential to safe use of the shipping con-
tainers.

The two shipping containers are of the
same basic design but differ in size.
The major components of the packaging
are the outer steel drum, the insulating
materials, and a steel inner container.
No shielding is specifically provided;
however, shielding may be placed within
the inner container.

3.2. CONTENTS OF PACKAGING

The packagings are intended primarily for
shipment of Type B solids and large gquan-
tity solids in normal or special form;
however, solid Type A gquantities and
lesser amounts would be authorized.

The authorized contents are limited only
on a basis of physical, chemical, and
radiation characteristics (thermal output,
physical form and density, behavior of
radicactive material under conditions
which could be encountered under normal
and accident conditions, penetrating rad-
iation and subseguent shielding reguired,
etc.), such that all conditions specified
in this report are met. One limitation
which can be specifically stated is that
liguid radioactive materials are not
authorized.

The inner steel container serves as the
primary containment under all conditions,
and no release of radicactive material
would be expected if these packagings
were subjected to the tests specified in
ERDA M-0529. Sound practice would dic-
tate that "strong and reliable" packaging
be used inside the inner steel container
which could reasonably be expected to
retain the radicactive materials if the
package were subjected to the normal con-
ditions of transport tests.

3.3. STEADY STATE TEMPERATURE PROFILES
Steady state temperature profiles of the

shipping containers for several internal
heat loadings and various packing materials

within the inner steel container were de-
termined to assure compliance with ERDA
regulatory requirements and compliance
with Mound Laboratory product specifica-
tions, to establish the appropriate tem-
peratures for evaluation of the contents,
and to establish the maximum heat load
capability of the shipping containers.

The maximum heat load capabilities for
each size packaging were determined to be:

Maximum
Nominal Maximum External
Size Heat Load Drum
Package Capability Temperature
(gal) (W) (°F)
12 30 112
55 42 106

With heat loads up to the authorized
values for each packaging: (1) the
maximum external surface temperature of
the steel drums would be 112°F, which is
well below the maximum of 122°F stated in
regulations, (2) the maximum temperatures
at the external surface of the inner con-
tainer would not exceed 300°F when the
package is in 100°F ambient air (normal
conditions of transport), and (3) the
maximum temperature at the external sur-
face of the inner container would not ex-
ceed 500°F when the package is subjected
to the fire test (hypothetical accident
conditions). The 300°F temperature will
have no significant effect on the inner
steel container, nor will the Firedike
insulation discolor at this temperature.
At 500°F (hypothetical accident condi-
tion), the steel inner container will
also retain its integrity when the
package is subjected to the fire test

for the specified time, 1/2 hr.

Note that guidance on heat loading which
maintains a contents surface temperature
of 750°F or less is provided on pages
6-9 and 6~-10 of this document.

3.4. INTERNAL PRESSURE

The internal pressure capability of both
packagings at various temperatures was
thoroughly evaluated. The weakest com-
ponent was found to be the welded bottom
plate of the inner steel container. How=-
ever, the pressure capabilities are



sufficiently high to contain the pres-
sures which would result from heating
the air environment trapped during pack-
aging operations (1 atm) to the tempera-
tures reached during normal shipment and
hypothetical accident conditions.

3.5. PACKAGE STANDARDS

Detailed analyses with respect to Part
II of ERDA M-0529 have shown that: (1)
Packaging materials and the package con-
tents will not cause any significant re-
actions even at hypothetical accident con-
dition; (2) Positive closures are used
which will prevent inadvertent opening
and in addition, seals are secured to
the drum closures; (3) No lifting devices,
as such, are provided on either of the
packagings; however, an analysis was
made of the effects of the commonly used
method of moving by fork lifts with two
forks positioned beneath the drum. Such
lifting will have no significant effect
on the packagings; (4) There are no tie-
down devices used with these packagings;
(5) The static load requirement, normal
to and uniformly distributed along its
length, ..., will be met; and (6) The
inner steel containers (containment ves-
sel of both packagings) will withstand
an external pressure of 25 psi without
loss of contents.

3.6. NORMAL CONDITIONS OF TRANSPORT

Related testing and engineering evalua-
tions adequately demonstrated that the
requirements of the normal conditions of
transport tests (heat, cold, pressure,
vibration, water spray, free drop, corner
drop, penetration, and compression) are
satisfied. Heat from direct sunlight at
130°F (54°C) or cold of -40°F (-40°C) will
not increase or decrease the temperature
of the packagings beyond design capabil-
ities. The 7.3 psi (0.5 atm) reduced ex-
ternal pressure requirement is well with-
in the design capability. Similar pack-
ages have withstood years of transport
with no occurrence of significant damage
due to normal vibration. The water spray
test would have no adverse effect on

these all-metal packagings. Tests have
shown that the 4~ft drop tests and the
1-ft corner drops (where required) will
not significantly reduce the effective~
ness of the packagings. Tests have shown
that the penetration test results in small
minor dents in the outer steel packaging,
having no significant effect. Compressive
tests with five times the authorized

gross weight of the packages were con~
ducted and produced no detectable effect.
The reduction in total effective volume of

more than 5%.

the packaging on which nuclear safety is
assessed did not exceed 5%. In addition,
the effective spacing on which nuclear
safety is assessed between the center of
the containment vessel and the outer sur-
face of the packaging was not reduced by
In both cases the reduc-
tion was much less than 5%.

3.7. HYPOTHETICAL ACCIDENT CONDITIONS
The sequence of four hypothetical accident
tests was performed and both packages sat-
isfied these reguirements. The drum
closures were modified to assure integrity
when subjected to the 30-ft drop test.

The damage sustained in the 40-in. punc=~
ture test was insignificant. The maximum
outside surface temperatures of the inner
containers were determined to be 237°F for
the 12-gal size and 244°F for the 55-gal
size when fire tested after an initial uni-
form package temperature of 100°F. Both
inner containers passed the water immersion
test with no leakage.

3.8. CRITICALITY

The criticality safety analysis established
quantities of fissile materials allowable
for shipment in both packagings as Fissile
Class I, II and in some cases III. One
example of these values is given below

for the plutonium~239 a-phase:

Maximum Authorized

Size Quantity (kg)

Packaging F.C. I F.C. II
55 gal <4.4 kg <5.0 kg
3.9. RADIATION SHIELDING

The radiation shielding analysis shows
that the quantities of ?3%Pu0, authorized
for transport will result in exposure rates
much less than the allowed 200 mrem/hr and
10 mrem/hr at the package surface and 3 ft
from the package surface, respectively.

3.10. QUALITY CONTROL

Established guality control practices are
implemented during all phases of fabrica-
tion of the shipping containers as well as
for packaging and unpackaging operations.
Visual, dimensional, and functional inspec-
tions are performed. 1In addition, de-
tailed packaging and unpackaging proced-
ures are provided to ensure proper hand-
ling and to provide documentation of
these operations.

-



4. PACKAGING DESCRIPTION

4.1. GENERAL

In this section sufficient information is
given regarding the design intent and
the design detail to accurately identify
the shipping containers and to provide
the basis for the evaluation of the
packages. The two shipping containers
(Figures 4-1 and 4-2) are of the same
basic design but differ in size. They
are generally referred to in this report
by the nominal size of the steel drum
outer container. In both sizes, a steel
inner container, the containment vessel,
is approximately centered within an in-
sulated drum assembly. The 1l2-gal pack-
age is identified as USA/5790/BLF (ERDA-
AL) and the 55-gal size is identified as
USA/5791/BLF (ERDA-AL). The maximum
gross weights and overall dimensions are
given in Table 4-1.

The containers are fabricated in accord-
ance with the following drawings and
specifications:

MRC Dwg. AYD750138 1l2-gal shipping con-
tainer, Model AL-M3

MRC Dwg. AYD750148 55-~gal shipping con-
tainer, Model AL-M6

MRC Dwg. SPA740977 Acceptance and Re~
use Inspections

No shipping container materials are nor-
mally used as neutron absorbers or moder-
ators. No shielding is normally required,
although appropriate shielding may be
placed inside the inner containers when
necessary.

4.2. DESIGN INTENT

The two packages were designed to be used
in much the same manner as the Department
of Transportation Specification 6M pack-
ages except as specified in this report.
The packages are intended primarily for
shipment of normal and special form

solids in physical forms which are not
readily dispersible. The quantities and
types of materials are limited by the
results of the tests and evaluations pre-
sented in this report. Shipments are gen-
erally made by commercial carrier and
several packages are frequently shipped
simultaneously. The packages are rela-
tively inexpensive, are easy to use and
maintain without special tools, and may
be reused frequently. They are designed
to provide the required containment dur-
ing normal transportation and hypothetical
accident conditions.

The packages are insulated to provide pro-
tection for the inner containers at hypo-
thetical accident fire conditions. The
type of insulation and the thickness are
selected to preclude overheating when con-
taining the maximum permissible decay heat
load.

Each inner container is designed in accord-
ance with the American Society of Mechan-
ical Engineers (ASME) code. The internal
pressure capability of each is sufficient
to contain the pressure buildup resulting
from heating the atmospheric air, which
is trapped during packaging operations,
to the maximum temperatures at accident
conditions.

Table 4-1

MAXIMUM GROSS WEIGHTS AND OVERALL DIMENSIONS

Package Nominal
Identification Size
Number (gal)
AL-M3 12
AL-M6 55

Maximum
Gross Overall Overall
Weight Diameter Height
(1b) {(in.) {in.)
90 14.6 21.1
300 23.9 34.8
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strapped in place as reguired during trans-

portation.
be lifted using
or a fork lift,

The packages are intended to

drum handling equipment
in which case, the tines

are placed under the bottom of the drum.

4.3.

STEEL DRUMS

The outer container for each package is

an open head steel drum.

The drums are

vented to permit escape of any vapors

/

U,

7/

\/

Web Lifting Strap

\ﬁ Vent Holes (4)
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1A

Firedike Insulation Discs

\

Plywood Disc

l

- Twelve-gallon drum shipping container Model AL-M3 USA/5790/BLF(ERDA-AL).

during the hypothetical accident fire and
the vents are sealed with waterproof tape
during normal use. A metal identifica-
tion plate is welded to the ocutside of
the drum body and security seals are
fastened to the closure during shipment.
The closure ring for both sizes has been
modified to keep the drum 1lid in place
during the 30-ft drop test. The drums
used are listed in Table 4-2.
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Table 4-2

SPECIFICATIONS FOR OUTER STEEL DRUMS

Specification

MS~-27684-8

DOT~-17C

Gauge
Body/Heads

20/20

16/16

Inside No. of
Diameter 1/4-in. Diam.
(in.) Vent Holes
13.8 4
22.5 12

o>
{
w



4.4. INSULATION
Firedike-1085 (Johns-Manville) insulating
material is used in both sizes to protect
the inner containers from impact and heat.
Firedike has a density of approximately
24 1b/ft® and consists of mineral wool
fibers which offer exceptional fire pro-
tection. The flame resistance rating is
Class A - Incombustible, and the flame
spread rating is Class I (0-25). Fire-
dike discolors significantly at 400°F,
The Firedike consists of 5/8 in. thick
discs and rings glued together with B. F.
Goodrich CA-108 nonflammable latex adhe-
sive to eliminate air gaps. A plywood
disc is glued to the bottom of the cavity
which contains the inner container to pro-
vide a bearing surface for the inner
container during shipment. This protects
the Firedike from wear. The insulated
cavity cover has a web strap attached to
facilitate handling. The combined thick-
ness of the Firedike at the top and
bottom and the minimum thickness of the
Firedike at the side (at the inner con-
tainer flange area) are given in Table
4-3.

4.5. INNER CONTAINER
The cylindrical steel inner
which are nested within the
are the containment vessels
active materials. They are similar in
design to the Department of Transporta-
tion Specification 2R containers except

as specified in this report. Two closure
styles are used. 1In the 12-gal package,
the inner container closure is a standard
4-in. pipe plug which is modified to pro-
vide an o-ring seal. The inner closure
for the 55-gal package is a fianged assem-
bly with an o-ring seal. Silicone and
Viton o-rings are acceptable. No valves
or gauges are used. Various packaging
materials, such as aluminum pellets,
nickel spheres, steel wool, and copper
turnings, are used to position the mate~-
rials being shipped within the inner con-
tainers. The inner containers must pass

a helium leak test with no detectable

leak greater than 1 x 107° std. cm®/sec
when filled with 15 psig helium. The di-
mensions of the inner containers are

given in Table 4-4.

containers,
insulation,
for the radio-

Table 4-3

THICKNESS OF INSULATION IN EACH DRUM

Minimum
Package Firedike Firedike
Nominal Thickness Thickness
Size Top and Bottom at Sides
(gal) (in.) (in.)
12 2 4
55 7 6
Table 4-4

INNER CONTAINER DIMENSIONS

Package Overall Bottom Minimum
Nominal Body Body Flange Outside Inside Plate Top Plate Flange
Size o.d. Wall o.d. Height Height Thickness Thigkness Thigkness
(gal) (in.) (in.) {(in.) (in.) (in.) (in.) (in.) {in.)
12 4.5 0.250 - 14.1 10.0 0.250 0.484 -
55 7.0 0.250 9.88 17.9 16.0 0.250 0.484 0.438




5. CONTENTS OF PACKAGING

5.1. GENERAL

The materials which can be packaged in
the containers are not necessarily
limited to the examples given in this
section. The examples discussed are

some materials which have been shipped:
fissile and other radiocactive materials
which are dry solids in normal or special
form not readily dispersible, and with no
removable contamination.

5.2. SPECIAL FORM

The radioactive material is placed in
capsules some of which comply with the
special form criteria. The special
form capsules to date have consisted
of either plutonium-238 or plutonium-
239 in dry form. Two types of special
form capsules which may be shipped in
the containers have been subjected to the
DOT hypothetical accident tests or
equivalent. The results are reported
in References 1, 2, and 3.

....l
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213/16
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5.3. NORMAL FORM

The normal form radioactive material has
consisted of the same plutonium materials
noted above. Other materials of normal
form have been uranium and thorium anhy-
drous oxide powders and small amounts

(<20 mg) of thorium nitrate powder. The
plutonium powder was placed in either cen-
ter post cans (Figure 5-1) or in nested
cans with an o-ring seal (Figures 5-2 and
5-3). The pellet or cermet form was
welded into stainless steel cans which
were subjected to a helium leak rate test.
The uranium and thorium powders were
placed in glass vials which were in turn
placed in o-ring sealed metal cans as
shown in Figure 5-3. Lead shielding was
placed around the metal cans, when neces-
sary, to meet the required transportation
index.

304 Stainless Steel
321 Stawnless

Y oyy4

/ Steel O Ring
304 Staintess Steel

e

L 304 Stainless Steel

9/32 ___l

15/8

2630

FIGURE 5-1 - Plutonium powder storage and shipping capsule (dimensions in inches).
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FIGURE 5-2 - Plutonium inner capsule (dimensions in in.).
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FIGURE 5-3 - Plutonium outer capsule (dimensions in in.).



5.4. THERMAL OUTPUT

The thermal output of cans holding plu-
tonium=-238 material was determined by
calorimetry to ensure that the thermal
content placed in the shipping containers
will not exceed the maximum allowable
heat load for the containers as stated
in Section 6. The cans, including that
of the special form, after insertion in-
to the inner container are normally sur-
rounded by packaging materials such as
described in Section 6.

5.5. SPECIFIC CRITERIA

Section B (page 3) of the ALO SARP Guide
suggests certain criteria which should
be considered in describing the contents.
Information concerning the applicable
criteria are given in this section.

5.5.1. QUANTITY OF ISOTOPES

The quantity of isotopes shipped in each
container is limitea by the physical,
chemical, and radiation characteristics
of the isotope to be placed in the inner
container. Isotopes controlled by the
inner container volume include the thor-
ium and uranium isotopes and plutonium-
239 because these isotopes do not gener-
ate any appreciable amount of thermal
decay heat. For example, the 55-gal con-
tainer can hold up to 1,000 g of thorium
oxide. On the other hand, because the
plutonium=-238 isotope does provide signi=-
ficant amounts of thermal decay, the
quantity which can be placed in the inner
container is limited as follows:

12~gal 30w 910 Ci
55-gal 42 W 1,270 Ci

The plutonium-238 material normally con-
sists of approximately 80 at. % pluton~
ium=-238, 16 at. % plutonium-239, 3 at. %
plutonium=240, and considerably lesser
quantities of plutonium=-236, plutonium-
241, and plutonium-242. The material also
contains no more than 1% of other actinide
impurities.

5.5.2. MAXIMUM AMOUNTS OF RADIOACTIVITY

The maximum amounts of plutonium-238 in
each container are as follows:

Container Size Plutonium=-238
(gal) {Ci)
12 910
55 1,270

5.5.3. CHEMICAL AND PHYSICAL FORM

The radioactive materials shipped were
present as nitrate or oxide and existed
either as loose powder or in pressed form.
5.5.4. MATERIAL DENSITY

The density of the radiocactive material
varied. The thorium and uranium isotopes
were loosely packed powders whereas the
plutonium isotopes were pressed forms
which had densities up to 9.5 g/cm®.
5.5.5. MODERATING RATIOS

Not applicable.

5.5.6. CONFIGURATIONS AS REQUIRED FOR
NUCLEAR SAFETY EVALUATIONS

See section on criticality.
5.5.7. MAXIMUM AMOUNT OF DECAY HEAT

The maximum amounts of decay heat for
each container are as follows:

Container Size Maximum Decay Heat
(gal) (W)
12 30
55 42

5.5.8., MAXIMUM PRESSURE BUILDUP IN THE
INNER CONTAINER

All radioactive materials which may be
shipped in the container do not decompose
at temperatures generated during the hypo-
thetical accident fire condition even when
the maximum allowable wattage is present in
the container. The plutonium-238 material
does generate helium as part of its decay
mode. Fortunately, the rate of generation
is rather modest amounting to 0.1 ml/mo/W.
In addition, the helium is held tightly in
the crystal lattice of the material and
does not begin to escape until the material
is heated to 2200°F which is well above the
temperature that the inner container is ex-
pected to see under hypothetical accident
fire conditions. The only pressure increase
in the inner container which will occur if
the package is exposed to fire will be from
the heating of air trapped in the container
at the time of sealing. This pressure in-
crease will be nominal and should not ex-
ceed 20 psig. Therefore, there will be no
appreciable pressure increase in the con-~
tainer.,



5.5.9.

All material is tested for leakage before

LEAK TESTS helium leak testing is used to determine

that the material is free of leakage.

being packed into the inner container. 5.5.10 LOADING RESTRICTIONS AND LIMITA-
Radicactive contamination checking or TIONS

Loading procedures are given in Appendix
II.
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6. STEADY-STATE

6.1. PURPOSE
The steady-state temperature profiles of
each package and its contents were deter-
mined experimentally to ensure compli-
ance with DOT, ERDA, and NRC regulatory
requirements and conformance with any
product specification and to establish
the appropriate temperatures for evalua-
tion ¢of the contents. Also, the steady-
state data obtained at the heat loads
tested experimentally were used to deter-
mine the maximum heat load capability of
each package.

6.2. TEST EQUIPMENT AND PROCEDURES
The tests were performed using the equip-
ment illustrated schematically in Figure
6=1. Pigure 6-2 shows the eqguipment and
the l2-gal package during the test. A
3/4-in. diameter x 7-3/4-in. long elec-
tric heater was installed inside the inner
container to simulate a radiocactive heat
source. Separate tests were made for
each size with the heater packaged in
steel wool (See Figure 6-3) or simply
suspended within the inner container air
environment at atmospheric pressure in
order to determine the heater temperatures
when these packaging methods were used.
Also, a series of tests was performed us-
ing the 12-gal size for evaluation of
copper turnings, nickel spheres, lead
shot, and aluminum pellets for packaging
materials (See Figure 6=-4). The electri-
cal wires and thermocouples were fed
through small holes in the drum head and

Electric Heater

Wattmeter
Power-Stat -\

TEMPERATURE PROFILES

inner container cover. A wattmeter was
used to determine the heat loads.

A digital thermometer was used to obtain
the temperature data at several locations.
The thermocouples used to measure surface
temperatures were welded in place. Fig-
ure 6-5 shows the 12 thermocouple loca-
tions for the 55-gal size; thermocouples
were located similarly for the 12-gal
size. The eight type-~-K thermocouples

(No. 2-9) were connected to a selector
switch, and a single lead from the selec-
tor switch was connected to the digital
thermometer. Temperatures were then ob-
tained by simply dialing the thermocouple
number and reading the temperature
directly on the digital thermometer.
three type-T thermocouples (No. 10-12)
were used similarly. The type-J thermo-
couple, which was fastened to the heater
(No. 1), was connected to a temperature
controller so that the entire system
would safely shut down if the heater tem-
perature exceeded a preset temperature.

The

The heating procedure required approxi-
mately one week for each set of data.
heat load was set at the desired value,
the temperature profile throughout the
package was allowed to reach steady state.
A complete set of temperature values was
then obtained, and the procedure was re-
peated until a heat load of 60 to 70 W
was reached. The temperature increases
during the equilibration periods were
studied to verify that steady state con-
ditions were reached. The ambient

The
and

Drum

To 110 VAC
|
L Type J
Heater Thermocouple T K
Contro! ype

Thermocouples

Type K

Thermocouple

FIGURE 6-1

Type T

® Thermocouples (3)

Selector

Switch (2)
Type T

Thermocouple

Digital
Thermometer

- Schematic of thermal test equipment.



FIGURE 6-3 - Heater and steel wool pack-
aging materials for 55-gal package.

temperature was determined at each heat
load by averaging several readings taken
at 0.5 to 1 ft away from the sides and
top of the drum.

6.3. TEST RESULTS

The experimentally determined steady
state temperatures are presented in
Table 6-1 for the l2-gal size and in
Table 6-2 for the 55-gal size. All tem-
peratures listed in these tables have
been adjusted to an ambient temperature
of 100°F (38°C) to represent normal con-
ditions of transport on a hot day for
comparison with DOT and ERDA/NRC regqula-
tions. The maximum temperatures found
for each drum exterior, inner container,
and heater are plotted in Figure 6-6 for
the 1l2-gal size and Figure 6-7 for the
55~-gal size. The heater temperature data
at steady state for the various packag-
ing materials tested in the 12-gal pack-
age are presented in Table 6-3 and shown
graphically in Figure 6-8.

The two graphs (Figures 6~6 and 6-7)
clearly show that a higher heat load may
be packaged in the 55-gal size without ex-
ceeding the 1inner container temperature



PIGURE 6-4 - Packaging materials tested in 12-gal package

capabilities. The exterior drum surface
temperature was lower for the 55-gal size
than for the l2-gal size because of the
larger exterior surface area. Also, Fig-
ures 6-6 and 6-~7 show that the resulting
heater temperatures in steel wool and aixr
are similar for both sizes. Figure 6-8
1llustrates that the aluminum pellets
performed the best and the steel wool
performed the poorest of the packaging
materials tested. The results are dis-
cussed in detail in Section 6.4.

Another significant result of the tests
was that there was no evidence tnat the
heating and cooling caused any misfit,
galling, or other damage to the packages
except for discoloring the Firedike at
approximately 400°F.

6.4. MAXIMUM HEAT LOAD CAPABILITY

The maximum heat load capability is deter-
mined for each package based on the maxi-
mum capability of the inner containers and
the Firedike since these are the limiting
factors for these packages. The drum ex-
terior surface temperatures at the maxi-
mum heat loads are determined. Alsc in

this section, guidance is provided regard-
ing packaging materials based on the heater
surface temperature data.

The maximum-permissible temperature for
the inner-container exterior surface dur-
ing normal transportation 1is selected at
300°F (149°C) when the package 1s in 100°F
ambient air. The 300°F temperature 1is
selected to ensure the Firedike insula-
tion will not be dascolored. (It will
discolor significantly above 400°F). This
temperature 18 sufficiently low so that the
inner containers will not exceed design
capabilaities even at the hypothetical
accident fire temperature of 500°F
(260°C). The pressure capability of the
inner containers 1is based on 500°F. The
life of Silastic or Viton o~-rings 1s
indefinitely long at 300°F. At 500°F tne
li1fe 1s 7 hr for Silastic and 4 hr for
Viton. Based on the 300°F maximum tem-
perature for the 1inner container surface
during normal transportation and the re-
sulting temperature increases at hypo-
thetical accident conditions (See Section
10), the resulting maximum heat load capa-
bilities and external drum temperatures at
100°F ambient temperature, as shown 1in
Figures 6-6 and 6~7, are given 1in
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Table 6-1

STEADY-STATE TEMPERATURE TEST RESULTS FOR 12-GAL
PACKAGE AT 100°F AMBIENT TEMPERATURE

Thermocouple No. Steady-State Temperature (°F)
and Location With Steel Wool With Air

Watts = 20 37 63 20 31 60

HEATER

TC-1 Heater Surface 532 744 952 439 541 728

INSIDE INNER CONTAINER

TC-2 Near Bottom 277 387 515 236 272 372

TC-3 Near Side 410 586 771 253 312 439

TC-4 Near Top 300 429 551 342 411 541

OUTSIDE INNER CONTAINER

TC-5 Bottom Center 235 325 437 229 283 410

TC~6 Side Mid-Ht. 241 335 450 235 290 417

TC=-7 Top Cover Side 234 321 427 234 286 404

TC-8 Top Center 230 312 413 239 290 406

FIREDIKE

TC-9 Inner Surface 216 302 413 201 246 362

DRUM EXTERIOR

TC-10 Bottom Center 108 115 122 108 112 119

TC-11 Side Mid-Ht. 108 113 120 105 110 117

TC-12 Top Center 108 111 118 107 109 116

Table 6-2

STEADY-STATE TEMPERATURE TEST RESULTS FOR 55-GAL
PACKAGE AT 100°F AMBIENT TEMPERATURE

Thermocouple No. Steady-State Temperature )°F)
and Location With Steel Wool With Air

Watts = 30 43.5 64.5 30 66.5

HEATER

TC=1 Heater Surface 651 809 993 497 715

INSIDE INNER CONTAINER

TC-2 Near Bottom 241 298 382 253 402

TC=-3 Near Side 330 412 525 253 400

TC-4 Near Top 277 338 422 269 405

QUTSIDE INNER CONTAINER

TC-5 Bottom Center 237 297 374 238 384

TC~6 Side Mid-Ht. 246 305 390 241 382

TC-7 Top Cover Side 226 275 349 236 362

TC-8 Top Center 224 273 346 237 362

FIREDIKE

TC~-9 Inner Surface 225 278 358 222 354

DRUM EXTERIOR

TC-10 Bottom Center 104 104 104 101 104

TC~11 Side Mid-Ht. 105 106 109 104 109

TC-12 Top Center 104 105 107 104 108
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Table 6~

HEATER SURFACE TEMPERATURES AT STEADY STATE IN VARIOUS

Table 6-3

PACKAGING MATERIALS FOR 12-GAL PACKAGE

Packaging Materi

Heat Load
al (W)

Steel Wool

Air

Copper Turnings
Nickel Spheres
Lead Shot‘

Aluminum Pellets

4. The maximum capabilities of
the 12- and 55-gal sizes are based on
the 300°F limitation and the estimated
maximum temperatures in a fire are

20
37
63

20
31
60

20
40
62

approximately 60°F below the specified
maximum of 500°F.

The maximum temperatures for the exterior
drum surface shown in Table 6-4 are all
less than the permitted maximum accessible
external surface temperature of 122°F

(50°C) ;

factor for determination of the maximum
heat load capability.

thus, this is not

The

Temperature

(°F)

532
744
952

439
541
728

362
527
680

322
466
584

333
474
559

317
449
566

loads listed are considered sufficiently
high to provide for anticipated require-
ments and sufficiently low to provide a
reasonable margin of safety.

The heater surface temperature data
shown in Figure 6-8 provides a compari-

a limiting

maximum heat

Table 6-4

MAXIMUM HEAT LOAD CAPABILITY AND TEMPERATURES

Inner Cont.

son between the packaging materials tested
and provides a basis for establishing
guidelines which may be used to ensure
that package contents will not reach ex-
cessive temperatures.
lets, lead shot, and nickel spheres per-
formed well as indicated by the lower

The aluminum pel-

Inner Cont.

Maximum Maximum Inner Cont. Maximum
Maximum Drum Steady State Temp. Increase Temp. with
Nominal Heat External Temp. at Resulting from Heat Load and

Size Load Surface 100°F Hypothetical Hypothetical
Package Capability Temp. Ambient Fire Fire
{(gal) (W) (°F) (°F) (°F) (°F)
12 30 112 300 137 437
55 42 106 300 144 444



heater temperatures achieved when these
materials were used. For most uses the
aluminum pellets are ideal because of
their heat transfer capability, light
weight, and low price. Use of lead shot
is somewhat limited because of its low
melting temperature of 621°F (327°C) and
weight. The highest heater temperature
resulted when steel wool was used and, as
a result, it may be necessary to use
other packing materials when high wattage
amounts of some products are shipped. In
addition to the results shown in Figure
6~-8, a configuration was tested in which
a metal can containing copper turnings was
placed inside the inner container: The
results were similar to the "air" curve
but cannot be compared directly since a
smaller heater was used for this test.

The results of the tests using steel wool
and alir were approximately the same for
both packages. Thus, the results for all
of the packaging materials tested in the
12-gal size provide reliable guidance for
these materials when used in the 55-gal
size. However, the actual temperature of
an item being shipped will not necessarily
be the same as the experimental heater
temperatures. Even though the products
typically shipped from Mound Laboratory
are similar in geometry to the 7-3/4 in.
long x 3/4 in. diameter electrical heater

used for the testing, the actual tempera-
ture of a product being shipped depends on
the particular characteristics of that
product; for example, a smaller surface
area will result in a higher surface
temperature.

Most of the products typically shipped
from Mound Laboratory can be shipped safe-
ly at a surface temperature of up to 750°F
(399°C). It is not intended that the
750°F value be interpreted either as a
limiting temperature for the contents or
that all materials can be shipped safely
at 750°F. For example, a product with

the same heat transfer characteristics as
the heater and with a maximum surface tem-
perature capability of 750°F can be pack-
aged in steel wool in the 55~gal package
if the heat load is limited to approxi=-
mately 38 W. Also, it could be packaged
in any of the other materials tested

when containing up to the maximum per-
missible heat loads of 30 W for the l2-gal
size and 42 W for the 55-gal size. The
above provides an example of how to use
the data shown in Figure 6-7. In general,
it is necessary to consider the specific
characteristics of the material being
shipped and the temperature capability

in order to ensure compliance with require-
ments.



7. INTERNAL PRESSURE CAPABILITY

7.1. GENERAL

The internal pressure capabilities of the
- *  inner containers were thoroughly evalu-
ated. The evaluation clearly demonstrates
that the vessels are capable of safe pres-
sure containment during normal transporta-
tion and hypothetical accident conditions.

Sample calculations for the internal pres-
sure capability of the 55-gal package inner
container at up to 100°F are presented,
and the results for both packages at tem-
peratures up to 500°F are then tabulated.
b separate calculation is required for
each of the three basic components, which
are the cylindrical body, the welded
bottom, and the bolted cover. The maxi-
mum pressure capability is then based on
the values for the welded bottom since
these are the lowest values for the three
components.

7.2. BODY CALCULATIONS

- The basic structure of the inner con-
tainer for the 55~gal package is shown in
Figure 7-1. It is a cylinder with a
welded bottom plate and a bolted cover
sealed with a 1/8 in. diameter cross sec-
tion silicone o-ring. It is fabricated
of mild steel, and the welds are exam-
ined after fabrication (see Appendix I).
The maximum allowable working pressure

of the seamless tubing body is calculated
according to the following:

b = SEt
R+ 0.6t
where P = Maximum allowable working pres-
sure, psi,
8§ = Maximum allowable stress,
5 = 10,800 psi at -20 to 100°F,
10,000 at 300°F, and 9,400 at
500°F,
E = Welded joint efficiency, E = 1,
for seamless tubing,
R = Inside radius of inner con-
~ tainer, R = 3.25 in.,
t = Wall thickness, t = 0.25 in.

Substitution of the appropriate values in-
to the above eguation yields:

(10,800) (1) (0.25)

P = 137535y ¥ (0.6) (0.25)

)

P

i}

794 psi.

The required parameters and the results
of the seamless body calculations for
both packages are shown in Table 7-1.

7.3. WELDED BOTTOM PLATE CALCULATIONS

The inner container bottom for the 55-
gal package is welded to the body. Its
pressure capability is calculated as
follows:

p=Sft ? (ASME Code, page 21)
C\ZR

where P = Maximum allowable working

pressure, psi,

5 = Maximum allowable stress,
8 = 10,800 psi at =20 to 100°F,
10,000 at 300°F, and 9,400 at
500°F,

C = Factor accounting for method
of attachment, C = 0.5,

R = Inside radius of inner con-
tainer, R = 3,25 in.,

t = Thickness of bottom plate,
t = 0.25 in.

The resulting calculation is as follows:

b z(lo,soav' 0.25 )2
0.5 A2 x 3.25

P = 32 psi.

The required parameters and the results
of the welded bottom plate calculations
for both sizes are shown in Table 7-2.

7.4. BOLTED COVER CALCULATIONS

The 55-gal container has a bolted cover
and a silicone o~ring closure. The 12~
gal size has, instead, a screwed pipe
plug closure which has been modified to
accept an o-ring seal. Since the pipe
plug is much thicker than the bottom
plate, it is not the limiting factor

and no additional calculations are re-
guired for this size. A sample calcula-
tion is presented for the 55-~gal size.

The calculation for the 55-gal inner con-
tainer cover is similar to that for the
bottom except that, because it is attached
by bolts, the edge moment must be
accounted for. The applicable equations
are as follows:

P - 8 [(&) - Llsihrer; L
=T (7R § (2R ¢ | p. 21)
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FIGURE 7-1 - Structure of inner container for 55-gal package.

Table 7-1

INNER CONTAINER BODY PRESSURE CAPABILITY CALCULATIONS

Nominal
Size Inside Body ' Wall Internal Pressure Capability (psig)
Package Radius Thickness At =20
(gal) (in.) (in.) to 100°F At 300°F At 500°F
12 2.00 0.25 1256 1186 1093
55 3.25 0.25 794 750 691 -



W=TH + Hp, and (Ref. 1, p. 219) The required parameters and the results
‘ of the calculations for the bolted cover

2
H = % (2r) P, calculations are shown in Table 7-3.
where P, 8, C, t, and R are as defined Calculations were also performed to en-
above for the inner container bottom and sure that the stresses existing in the
flange (as a result of the bolt loads
W = Total bolt load, 1lb, required to seal the container) satisfied
H = Hydrostatic end force exerted requirements. The resulting stress was
. by maximum allowable working found to be well below the maximum allow-
pressure, 1lb, able stress.
Hp = Force to ensure tight joint,
H, = 0 for the silicone o-ring
) since it is considered self- 7.5. RESULTS AND CONCLUSIONS
sealing, and
hG = Gasket moment arm, hG = 0.557 in. Comparison of the resulting internal
pressure capability calculations for the
Combined, rearranged, and simplified, the three basic components indicates that
pressure equations yield the following: the welded bottom plate is the weakest
component for both inner containers.
p =S (ii) ;/(l 4 L1781 hG> Thus, the ASME Code maximum allowable
C \2R 8 RC working pressures are those shown in
Table 7-2. The pressure capabilities
P _(10,800 0.4375 );/l N 1.78m x 0.557 are sufficiently high to contain the
“\70.3 2 x 3.25 8 x 3.25 x 0.3 20 psig pressure which would result from
heating the air environment trapped
P =117 psi. during packaging operations at one atmos-
phere to the temperatures reached during
normal shipment and during hypothetical
accident conditions.
Table 7-2
INNER CONTAINER WELDED BOTTOM PLATE PRESSURE CAPABILITY CALCULATIONS
Nominal Bottom
Size Inside Wall Internal Pressure Capability (psig)
Package Radius Thickness At -20
(gal) (in.) (in.) to 100°F At 300°F At 500°F
12 . 2.00 0.25 84 80 73
55 3.25 0.25 32 30 28
Table 7-3

INNER CONTAINER BOLTED COVER PRESSURE CAPABILITY CALCULATIONS

Nominal Gasket
Size Inside Cover Moment Internal Pressure Capability (psig)
Package Radius Thickness Arm At -20
(gal) (in.) (in.) (in.) to 100°F At 300°F At 500°F
) 55 3.25 0.4375 0.557 117 108 101

7.6. REFERENCES

l. J. M. Guy, et al., ASME Boiler and Pressure Vessel Code, Section VIII, Rules for
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2. R. J. Roark, Formulas for Stress and Strain, McGraw-Hill, New York, N. Y., 4th Ed.,
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8. PACKAGE STANDARDS EVALUATION

8.1.- GENERAL

In Part II of ERLA Manual 0529, general
standards are specified for materials,
closures, lifting devices, and tiedown
devices in addition to structural stand-
ards pertaining to load resistance and
external pressure., The purpose of this
evaluation is to provide the necessary
support information which verifies that
the packages are in compliance with
these standards. The evaluations are
based on gross weights of 150 1b for the
12-~gal package and 400 1lb for the 55~gal
package. These values provide conserva-
tive results since they are significantly
higher than the actual maximum gross
weight of 90 1b and 300 1lb.

8.2. MATERIALS

The packaging materials and the package
contents will not cause any significant
reactions even at hypothetical accident
conditions. Design materials were care-
fully selected on the basis of test data
and past experience with container pack-
aging, unpackaging, storage, and shipping.

8.3. CLOSURES

Positive closures, bolts or screwed pipe
threads which prevent accidental opening,
are used on both the inner containers and
the drums. In addition, seals are secured
to the drum closures during shipment.

8.4. LIFTING DEVICES

It is required that lifting devices which
are an integral part of the package be
capable of lifting three times the weight
of the package and any attachments without
generating stress in any material of the
package in excess of its yield strength.

No lifting devices, as such, are provided
on either shipping container. The drum
covers and inner containers are dgenerally
removed manually and do not require any
special devices. The assembled containers
are commonly lifted with a fork 1ift by
positioning the forks beneath the bottom
of the drum as shown in Figure 8-1.

The following evaluations show that sup-

porting three times the weight of the pack-

ages will not generate stresses in excess
of the yield strength of the mild steel
drums.

A sample calculation is provided for the
55-gal package. The gross weight of the
55-gal container is taken to be 400 1b
and three times this weight is 1200 lb.
This load is reacted at points as shown
in Figure 8-1. Each fork is typically

4 in. wide and the drum wall is 0.0598 in.
thick. The maximum stress in the drum is
found by dividing the required load by
the total cross-sectional area as
follows:

1200 1b

S = {4 places) (4 x 0.0598 iIn.)

= 1250 psi

The lifting stress in the 12-gal package
was determined in a similar manner, and
the results are presented in Table 8~1.
The calculated stresses are less than the
27,000 psi yield strength of the mild
steel drums.

"—* 4 in. Typical
/_ Fork

Drum

FIGURE 8-1 - Lifting stresses in drum.



Table 8-1

RESULTS OF FORK LIFT STRESS CALCULATIONS

Nominal Drum Assumed Maximum
Size Wall Gross Compressive
Package Thickness Weight Stress
(gal) (in.) (1b) (psi)
12 0.0359 150 781
55 0.0598 400 1250
8.5. TIEDOWN DEVICES

ERDA Manual Chapter 0522 specifies that
the tiedown devices which are a struc-
tural part of the package must be cap-
able of withstanding simultaneously 10 g
longitudinal, 5 g lateral, and 2 g verti-
cal loads without exceeding the yield
strength of the material.

No tiedown devices are used on the pack-
ages discussed in this report. The
packages are normally retained in place
within the transport vehicle by other
packages or are strapped in place.

8.6. LOAD RESISTANCE

When it is regarded as a simple beam
supported at its ends along any major
axis, the shipping container must be

capable of withstanding a static load,
normal to and uniformly distributed along

Gross Weight of Container = W, W= 4001b, 5 x 400 = 2000 Ib
w = Weight per unit length, Ib/in. = W/L

wh = W= 2000 Ib

RERRRRREEE

its length, egual to five times the fully
loaded container weight without generating
stresses in any material of the container
in excess of the yield strength of that
material.

A sample calculation is presented for the
55~gal package and the results are then
tabulated for both packages. The 55-gal
size uses a DOT specification 17C drum,
which is fabricated of 16 gage mild steel.
The drum with the required load is illus-
trated schematically in Figure 8-~2. The
drum material is mild steel with a mini-
mum yield stress of 27,000 psi, as speci-
fied per ASME Pressure Vessel Code. (1)
For the purpose of this evaluation, the
gross weight is taken to be 400 1lb, al-
though the maximum gross weight is 300
1b. The gross weight used in this evalu-
ation for the 12-gal calculation is also
conservatively high.

Stresses in the drum resulting from the
uniform load are determined, as recom=-
mended by Shappert (2), from the follow~-
ing equation:

_MCc _ M
S=71 =3
where S = stress (psi),
M = maximunm bending moment,

M = 5 WL/8 (in. lb)

FIGURE 8-2 - DpDrum load resistance

t = 0.0598 in.

}

for 55-gal package.

22.63 in diameter

t

= 34.81 in.

8-2



7 = % = gection modulus of drum
= 47;0(R;*~ R{") = mRZ t (in?)
for a large diameter, thin-
walled cylinder,
C = maximum distance from neutral
axis (in.)}, C = R,
W = welght of drum, W = 400 1b,
L = length of drum, L = 34.81 in.,
R, = outside radius of drum,
Ro = 11.32 in.,
R; = inside radius of drum,
R{ = 11.25 in., and
t = thickness of drum, t = 0.0598
in.
The computed maximum bending moment is
w = 348000 (348D _ 5,700 in. 1b.

The comput

Z = TRS t

ed section modulus is

= 7(11.32)2(0.0598) = 24.1 in.}

The maximum bending stress is then

S = 8

Since the material vield stress of 27,000

psi is 75

lated maximum bending stress, the 55-gal
drum container satisfies the load resis-

tance requ
and the re
calculatio

;700

5T 361 psi

times as great as the calcu-

irement. The required data
sults of the load resistance
ns for both sizes are summar-

ized in Table 8-~2.

Table 8-2

SUMMARY OF LOAD RESISTANCE

DATA AND RESULTS

Drum Size

Reguired Data 12-Gal 55-Gal
W, 1b 150 400

L, in. 21.1 34.81
R, in. 6.94 11.32
t, in. 0.0359 0.0598
Results

S, psi 364 361

S yield 74 75

S actual

8.7. EXTERNAL PRESSURE

The containment vessel must be capable of
withstanding an external pressure of 25
psi without any loss of contents. Con~
servatively, it is assumed that no loss of
contents will result 1f the allowable
stress of the inner container body mate-
rial is not exceeded and if local buckling
loss does not occur even though these con-
ditions would not necessarily cause the
inner container to be breached. The inner
container of the 55-~gal package is shown
in Figure 8-3. It is constructed of mild
steel with an allowable stress of at least
9,800 psi at 400°F, as specified per ASME
Pressure Vessel Code. Sample calculations
are presented for the 55~-gal package, and
the results are tabulated for both pack-
ages.

First, the maximum bending stresses in
the inner container cover and in the cir-
cular bottom end plate are considered.

The actual boundary conditions for the top
and bottom plate lie somewhere between
fixed and simply supported. The top cover
plate is bolted to a flanged body and

is assumed to have simply supported edges.
The bottom plate is welded to the container
body, and the edge of the plate is con-
sidered to be fixed. The maximum bending
stresses in uniformly loaded circular
plates are given by:

2
Smax = 542375——2 for simply supported

t (top cover plate)

and
0.75 R?2 P

Smax —fz ¢

L}

for fixed edge
(bottom plate)

where Sp,x = maximum bending stress (psi)
= 9,800 psi at 400°F,
R = radius of plate, R = 4.938 in.
for the top cover plate and

R = 3.313 in. for the bottom
plate,

P = pressure, P = 25 psi, and

t = thickness of plate, t = 0.4843

in. for the top cover plate,
and t = 0.250 in. for the
bottom plate.

The maximum bending stress in the top
cover plate is

s _1.24 R2 P _ 1.24 (4.938)%(25)
max t2 - (0.4843) 2
= 3223 psi

8-3



oo 9.875 in.

t

Bolt

)

0.4843 in,

Top Cover

H—|-H

o~ s 0.25 in.

0.25 in.

Plate

ol i
'..—__

Bottom Plate

L»——t———— 6.625 in. —————_al

FIGURE 8-3 -~ Pressure capability of mild steel inner container for 55-gal package.

and the maximum stress in the bottom
plate is

s = 0.75 R’ P _ 0.75 (3.313)%(25)
max t2 (0.25)2 :
i
= 3293 psi

In the above cases, the maximum bending
stresses in the material are only 33 and
34% of the allowable stress.

Next, the maximum membrane stress in the
inner container body is calculated. It
is the hoop stress expressed as

Smax = gtE:
maximum hoop stress (psi)
pressure, P = 25 psi,
radius of body,
R = 3.50 in., and
t = body wall thickness,

t = 0.25 in.

where Smay
P
R

For the 55-gal package inner container,

25 (3.50) _ .
Smax = —-—(—)-:'7-5-— = 350 psl
This value for the maximum hoop stress
is only 4% of the allowable stress.

The third consideration is the buckling
strength of the inner container. The
allowable external pressure for the
vessel is computed using the procedures

specified in the ASME Pressure Vessel
Code (1), which provides conservative
critical pressures. The Code states
that the allowable external pressure is
given by the expression

P B
allowable T D/’

where P

allowable = the allowable pressure

load of the vessel (psi),

D = outside diameter of
vessel, D = 7.0 in.,

L = length of vessel,
L = 16.01 in.,

t = thickness of vessel,
t = 0.25 in., and

B = constant depending on
the ratios L/D and D/t,
B = 12,000 for the 55-
gal package inner con-
tainer.

For the 55-gal package, the allowable
pressure load is

Pallowable =

12,000 _ .
7.0/0.25 - 422 psi

This calculated value of the allowable ex-
ternal pressure is 17 timés greater than
the reguired pressure capability of 25
psi. The required data and the results

of the external pressure capability cal-
culations for both sizes are summarized

in Table 8-3.




Table 8-3

SUMMARY OF EXTERNAL PRESSURE CAPABILITY DATA AND RESULTS

Required Data

top cover, in.

top cover, in.
bottom plate, in.
bottom plate, in.
body, in.
body, in.
D, body, in.

L, body, in.

L/D, body

D/t, body

B, psi

Resulting Stresses

with 25 psi External
Pressure (psi)

Material Allowable Stress

Max. bending stress of
top cover plate

Max. bending stress of
bottom plate

Max. membrane stress
in body

Resulting External Pressure

Capabilities (psi)

Minimum required

ASME allowable

8.8.

Drum Size

12-Gal

18

12,500

9,800

1,277

225

25

694

REFERENCES

55-Gal

4.938
0.4843

3.313

28
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9. NORMAL CONDITIONS OF TRANSPORT EVALUATION

9.1. GENERAL

ERDA Manual Chapter 0529 reguires nuclear
packaging to be capable of satisfactory
packaging effectiveness and radioactive
materials containment when subjected to
nine tests simulating normal transporta-
tion environment and handling conditions.
These tests are:

1. Heat 6. Free Drop
2. Cold 7. Corner Drop
3. Pressure 8. Penetration
4. Vibration 9. Compression
5. Water Spray

The related testing and engineering eval-
uations adequately demonstrate that the
requirements are satisfied.

9.2. HEAT

Direct sunlight at an ambient temperature
of 130°F (54°C) in still air would not
increase the temperatures of the drums,
insulation, or the inner containers (pri-
mary containment vessels) in excess of
design capabilities.

A sample calculation is presented for the
55-gal size and the temperatures result-
ing from direct sunlight are presented

for both sizes. The procedure consists

of determining the heat load from the sun
and the resulting external drum surface
temperature which is required to dissipate
the solar heat load to 130°F ambient air.
Since the temperature increases resulting
from the solar heat load throughout each
package are less than, or equal to, the
corresponding increase at the drum surface,
the assumption that these temperature
increases are equal throughout each package
provides conservative estimates of the
inner container temperatures.

Shappert's (1) approach establishes the
average solar heat load over a 24-hr
period as 42 W/ft? of projected surface
area. The maximum possible projected sur-
face area is estimated based on viewing
the container, when in an upright posi-
tion, at an angle perpendicular to a diag-
onal drawn through the drum and is calcu=-
lated for the 55-gal size as follows:

A=[(1.89 ft diam)?+ (2.90 £t height)?]*
x (1.89 £t diam),

A = 6.54 £t2,

Therefore, the solar heat load (Q,) is

Q, = (6.54 ft?) (42 W/ft?) = 275 W.

The resulting temperature increase at the
drum surface is determined by linear ex-
trapolation of the experimental steady
state temperature profile data. For the
55~-gal size, since the drum surface tem-
perature increased 8.6°F above ambient
when 66.5 W was dissipated, the surface
temperature increase is estimated to be
36°F when 274 W must be dissipated. Thus,
36°F is determined to be the temperature
increase on the surface of the drum and
throughout the package resulting from the
solar heat load for the 55-gal size. An
additional 30°F must be added to account
for the increase in ambient temperature
from 100 to 130°F. At the maximum accep~
table heat load of 42 W for the 55-gal
size, the drum surface temperature is then
106 + 36 + 30 = 172°F at an ambient tem-
perature of 130°F in direct sunlight. The
temperatures at 100°F in shade (see Sec-
tion 6) and the results of the above cal-
culations for both sizes are summarized
in Table 9-1.

Table 9-1

DRUM AND INNER CONTAINER TEMPERATURES IN SHADE AT 100°F AND
IN DIRECT SUNLIGHT AT 130°F WHEN CONTAINING MAXIMUM HEAT LOAD

Maximum
Nominal Contents In 100°F Shade Intermediate Calculations In 130°F Sun
Package Heat Load Inner Proj. Solar Solar Inner
Size Capability Drum Cont. Area Load Increase Drum Cont.
(gal) (W) (°F) (°F) (££2) (W) (°F) (°F) (°F)
12 30 112 300 2.44 102 36 178 366
55 42 106 300 6.54 275 36 172 366



Thus, the heat input from the sun will
not cause the inner container temperatures
to exceed design capabilities. In fact,
the inner containers are designed to with-
stand hypothetical accident fire condi-
tions, as discussed elsewhere in this re-
port. The effectiveness of the steel
drums and insulation is not expected to
be reduced as a result of the sun, al-~
though the insulation temperatures would
approach 400°F, which is estimated to be
the temperature at which the Firedike in-
sulation will begin to char slightly.

]

9.3. COLD

An ambient temperature of —-40°F in still
air and shade will not decrease the
effectiveness of the packaging. This
would reduce the temperature profile
within the packages and possibly would
be beneficial.

9.4. PRESSURE

Reduced atmospheric pressure of 0.5 times
standard atmospheric pressure is well
within the capability of the inner con-
tainers., This is equivalent to an in-
creased internal pressure of 7.3 psi
above the maximum normal operating pres-
sure of approximately 14.7 psig (2.0 atm
absolute) at 1 atm external pressure.

The internal pressure capabilities of the
inner containers have been thoroughly
evaluated and are discussed in Section 7.
The calculated maximum allowable working
pressures (ASME code) at 300°F are in ex-
cess of 22 psig, which would result from
the reduced atmospheric pressure require-
ment.

9.5. VIBRATION

Vibration normally incident to transport
will not reduce the effectiveness of the
packaging. The capability of these pack-
ages to withstand normal vibration is

well established as a result of routine
use and special tests which were performed
for similar packages. Since 1968, approx-
imately 395 shipments have been success-
fully completed with no evidence of dam-
age from vibration. Also, the AL-M1l
shipping container, which is similar in
design, was subjected to laboratory vibra-
tion tests which did not cause any

damage.

9.6. WATER SPRAY

A water spray sufficiently heavy to keep
the entire exposed surface of the package,

except the bottom, continuously wet during
a period of 30 min will not damage any of
the packages in any way or have any effect,
other than slight cooling, on the contents.
The packages are actually exempt from this
test requirement since the external sur-
faces are of all metal construction and
the vent holes are sealed with waterproof
tape.

9.7. FREE DROP

A free drop through a distance of 4 ft onto
a flat, essentially unyielding, horizontal
surface, striking the surface in a position
for which maximum damage is expected, would
not reduce the effectiveness of the packag-
ing. This is indicated by the fact that
only minimal damage to the drums is in-
curred as a result of the 30-ft drop tests
discussed in Section 10 of this report.
Also, this test was performed by Dow Chem-
ical Co. for similar 10-gal and 30-gal
packages (2,3) and for a 55-gal package

by the University of California (4) with
only minor damage to the drums. Thus, the
minor damage resulting from the 4-ft drop
would not cause any hazardous conditions.

9.8. CORNER DROP

This test requires a free drop onto each
corner of the package in succession or, in
the case of a cylindrical package, onto

each quarter of each rim, from a height

of 1 ft onto a flat, essentially unyield-
ing, horizontal surface. This test applies
only to packages which are constructed pri-
marily of wood or fiberboard and do not ex-
ceed 110-1b gross weight, and to all Fissile
Class II packagings.

This test is applicable even though the
packages are of metallic construction and
the 55~gal size weighs in excess of 110 1b,
since the shipping containers can be used
for Fissile Class II shipments. The 1-ft
corner drop is less severe than the 4-ft
drop which was discussed in the previous
section and would not damage the packages
in any way that would reduce the volume or
effectiveness. Also, this test was per-
formed for similar 10-gal and 30-gal pack-
ages by Dow Chemical Co. (2,3).

9.9. PENETRATION

It is necessary to evaluate the impact of
the hemispherical end of a vertical steel
cylinder, 1-1/4 in. in diameter and weigh-
ing 13 1b, dropped from a height of 40 in.
onto the exposed surface of the package
which is expected to be most vulnerable to
puncture.



This test causes minor damage to the

drum surfaces, but does not penetrate
them. This was demonstrated by tests
performed on similar 10-gal and 30-gal
packages by Dow Chemical Co. (2,3). It
is also substantiated for both sizes dis-
cussed in this report by an engineering
evaluation which compares the stress im-
posed by the dropped rod striking the
cylindrical and flat surfaces of the

drum to the ultimate strength of the drum
material.

The ratio of dynamic load to static weight
approaches the value 2.0 in the limit (Ref-
erence 5, p. 368, Reference 6, p. 40).

The effective dropped load striking the
drum surface is determined using the

limit value as;

P=2.0x 13 1b = 26 1b (for both drum
sizes)

Separate calculations will be made for
the cylindrical surface and flat, circu-
lar top of each container.

The effect of a concentrated load on a
cylindrical surface produces the follow-
ing stress and deflections (Reference 5,
Table XIII, Case 7):

s = 2.4 P/t?
B P05 /R\l22
where: Hoop bending stress, psi

Applied load (26 1b)

Drum thickness, in.

Vertical deflection of surface,
in.

Length of container, in.

Radius of container, in.
Elastic modulus (30,000,000
psi for drum).

[x: I o A v B ]
Woonu

A sample calculation will be illustrated
for the 55-gal drum, The 55-gal drum
has a length of 34.81 in., a radius of

11.28 in. and a thickness of 0.0598 in.
The stress and deflection are found as
follows:

s = (2.4)(26)/(0.0598)2 = 17,450 psi.

26 [0.48 (34.81,0'5(11.28 \Lzz}

Y = 30x10°%0.0598 ll.ZW 0.059@
= 0.0073 in.

The resulting stress and deflection will
produce only slight surface damage to

the container. (Note that the ultimate
tensile strength of mild steel is 60,000
psi.) Similar calculations were made for
the 12-gal drum size. The results are
summarized in Table 9-2.

The following equations apply to a con-
centrated load at the center of a circu-

lar plate with fixed edges. (Reference
5, Table X, Case 8)
3p al
S T 7w e (1 - §2>
5. = 3P A
T ® 3@ Ef\t T R?
_ 3P (m®*-1) [R*-A% _ _, R
Y = 37Emt 2 A"loge 3
whare: m = Reciprocal of Poisson's

ratio (3 for mild steel)

A = Radius of point load
(0.625 in. for rod)
log, = Natural logarithm
Sg = Maximum radial stress
in plate, psi
ST = Maximum tangential stress

in plate, psi.

The resulting stresses and deflection in
the 55-gal drum are obtained as follows:

= 3 x 26 - (0‘625)2 B
52 T 3m (0.0598)‘(1 m%* ;;uisl

Table 9-2

ANALYSIS OF DROPPED ROD ON CYLINDRICAL SURFACE

Nominal
Size of Bending Load
Drum Container Dimensions (in.) Stress Deflection
{gal) Length Radius Thickness (psi) (in.)
12 21.1 6.925 0.0359 48,416 0.0124
55 34.81 11.28 0.0598 17,450 0.0073



_ 3 x 26 ~
ST = 137(3) () (0.0598) G—

= 769 psi

(0.625)2
(11.28) %

- (3) (26} (3%*-1)
Yy = {2) (m) (30x10¢6) {32) (0.0598) 3

(0.625)* loge

{Ell.28ﬁ - (0.625 7%
2

(11.28)
(0.625)

= 0.107 in.

similar calculations were obtained for
the 12-gal drum and are summarized in
Table 9-3.

A review of Tables 9-2 and 9-3 shows that
the maximum bending stress occurs when the
dropped rod strikes the cylindrical sur-
face of the 12-gal container. This stress
(48,416 psi) is well below the yield
stress of the material and the resulting
deflection is small. Therefore, the
dropped rod would not penetrate the con-
tainer and the surface damage would be
slight. This is borne out by the results
obtained on a similar container during

the Dow Chemical Company test program
(2,3).

Table 9-3 indicates that the dropped rod
will produce appreciable deflections in
flat end plates, but that the resulting
stresses are relatively minor. This

shows that while indentations would occur
in the container 1ids, there would be

no penetration. The results of this anal-
ysis, therefore, illustrate that the con-
tainers are adequately designed to with-
stand the penetration test.

9.10. COMPRESSION

This test requires a compressive load
equal to either five times the weight of
the package or 2 psi multiplied by the
maximum horizontal cross section of the

package, whichever is greater. The load
must be applied during a period of 24 hr,
uniformly against the top and bottom of
the package in the position in which the
package would normally be transported.

Previous testing by others indicates that
the 55-gal size satisfies the compression
requirements. Dow Chemical Co. (4) tested
a package using two 55=-gal drums welded
together with 5,250 1b to gualify it for a
1,050-1b maximum gross weight, which far
exceeds the 300-1b maximum gross weight of
the 55-gal AL-M6 package.

The above testing is supplemented with
evaluations of both sizes and a sample
calculation is provided for the 55-gal
size. The evaluation is based on a load
of 2,000 1lb, which is five times the
assumed gross weight of 400 1b. The alter-
nate criteria yields a value of only 804
1b. The 55-gal drum is illustrated in
Figure 9-1. The wall thickness (t) is
0.0598 in., and the outside diameter of
the drum is 22.56 in. The longitudinal
compressive stress (S) is calculated by
dividing the load by the cross-sectional
area of the drum wall as follows:

2,000
TDt

S =

where D is the diameter and t is the wall
thickness.

The result is

S - 2,000
= 7({22.56) (0.0598)
S = 472 psi.

This stress value is only 2% of the yield
stress which is 27,000 psi for mild steel.
The results for both sizes are shown in
Table 9-4.

The bending stresses that occur in each of
the drum rolling hoops are also determined.

Table 9-3

ANALYSIS OF DROPPED ROD ON CONTAINER LID

Nominal
Size of
Drum Radius Thickness
(gal) (in.) (in.)
12 6.925 0.0359
55 11.28 0.0598

Sk St y
(psi) (psi) (in.)
9554 2123 0.182
3461 769 0.107




2,000-1b Weight
Distributed Around

Circumference of Drum

—ote—1t = 0.0598 in.

(
_..| e e = 0.625 in.

e D=2256in. ___.l

FIGURE 9-~1 - Compressive load evaluation
for 55-gal drum.

For a conservative approximation, the drum
is assumed to act as a beam rather than a
shell; i.e., a l=-in. strip of the drum is
investigated due to a longitudinal stress
resultant. The bending moment and maximum
bending stress are then found. The longi-
tudinal stress resultant (S) for the 55-
gal drum is given by:

2,000 _ 2,000

5= =95 % 7(22.56)

= 28.2 1lb/in.

The bending moment (M) at the hoop is then

M= S(e) = 28.2 (0.625 in.) = 17.6 in.=-
1b/in.,

where e is the size of the rolling hoop.
The maximum bending stress is

M _6(17.6)  _ -
Smax ® ¥z = 70.0598)2 29,500 psi

The above stress exceeds the 27,000 psi
vield strength indicating that such

large compressive loadings will yield

the material. However, such yielding

will be localized and will occur only at
the surface of the drum. The cross sec-
tion is still capable of resisting a
collapse due to this loading, and the
drums are considered to adequately satisfy
this requirement. The results of the cal-
culations for both sizes are shown in
Table 9-4.

The ultimate capability of each container
is verified by considering the critical
buckling stress of the cylindrical shell
when subjected to uniform axial compres-
sion.

A sample calculation is provided for the
55-gal size. The critical buckling stress
(S¢; ) is given by the following equation:
(Reference 5, Table XVI, Case 7):

Eh
Ser = RVF (1-p0)

where: E = Modulus of elasticity,
E = 30 x 10°% psi,

h = Drum wall thickness,
h = 0.0598 in.,

R = Radius of drum, R = 11.28
in., and

u = Poisson's ratio, pu = 0.3.

Thus, the critical buckling stress is:

_ 30 x 10°(0.0598)

s 2
7 11.28 {3 (1-0.09)

= 96,300 psi

This value for the ultimate capability
could never be reached in the drum. The
critical buckling stresses for both
sizes are shown in Table 9-4.

In summary, all the resulting longitudi-
nal compressive stresses in the drum body
are far below the 27,000 psi material
yield stress. On the other hand, the re-
sulting rolling hoop bending stresses are
sufficiently high for the 12- and 55~-gal
sizes to cause localized yielding, but
will not cause the drums to collapse.

The ultimate critical buckling stress cap-~
abilities far exceed any stresses that
could be developed from the compression
tests. Thus, the drums are considered to
satisfy the compression test requirement.



Table 9-4
SUMMARY OF DRUM DIMENSIONS AND RESULTS OF COMPRESSION CALCULATIONS

Resulting Ultimate

Resulting Rolling Critical
Nominal Drum Rolling Compressive Longitudinal Hoop Buckling
Size Drum Wall Hoop Load Compressive Bending Stress
Drum Diam. Thick Size Requirement Stress Stress Capability
(gal) (in.) (in.) (in.) (1b) {(psi) (psi) (psi)
12 13.85 0.0359 0.375 750 480 30,100 94,100
55 22.56 0.0598 0.625 2000 472 29,500 96,300
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10. HYPOTHETICAL ACCIDENT TESTS

10.1 GENERAL

ERDA Manual Chapter 0529 requires satis-
factory performance of packaging when

the shipping container is subjected to a
series of four tests simulating accident
conditions. Escape of radiocactive mate-
rials must be below defined limits, and
the package must remain subcritical. The
free drop, puncture, thermal, and water
immersion tests must be performed in the
listed sequence.

10.2. TEST PACKAGE PREPARATION

Full scale 12- and 55~gal shipping con-
tainers were subjected to the complete
series of four hypothetical accident
tests. All test inner containers were
packaged using lead shot to simulate
maximum contents weight. Chromel/alumel
thermocouples were used for temperature
measurements inside the inner containers.
-In addition, temperature sensitive paints
were applied to the inside and outside
walls of the inner containers. The
paints and labels were formulated to melt
at 200°F (93°C), 300°F (149°C), 400°F
(204°C), and 500°F (260°C) and were color
coded. Each metal drum had a chromel/
alumel thermocouple attached to its outer
surface and one thermocouple placed near
the top surface of the drum to measure
flame temperature.

On final assembly of the packages, the
bolt used to fasten the closure ring in
place was aligned with the seam of the
drum so this could be identified as the
weakest part of the drum in the free-drop
test.

10.3. FREE-DROP TEST PROCEDURE

This test requires a free drop through a
distance of 30-ft onto a flat, essentially
unyielding, horizontal surface. The
package is positioned to strike the sur-
face in a position for which maximum
damage is expected.

A specially designed, 50-ft high, drop
tower equipped with a 2-ton hoist was used
to drop the packages from a height of 30
ft onto a steel-covered concrete drop pad.
The packages were oriented upside down at
a 45° angle so that the bolt on the bolt
ring would strike the pad first as shown
for the 55-gal package in Figure 10-1.

Figure 10-2 shows the container at the
required 30-ft height Jjust prior to man-
ual actuation of the quick release hook.
Figure 10-3, taken just prior to impact,
shows that the container was dropped in
precisely the initial orientation since
no twisting motion was imparted to it by
the guick release hook.

10.4. PUNCTURE TEST PROCEDURE

This test requires a free drop through a
distance of 40-in. striking, in such a
position that maximum damage is expected,
the top end of a vertical, cylindrical,
mild steel bar mounted on an essentially
unyielding horizontal surface. The bar
must have a 6-in. diameter, with the top
horizontal and its edge rounded to a
radius of not more than 1/4 in., and of
such a length as to cause maximum damage
to the package, but not less than 8-in.
long. The long axis of the bar must be
perpendicular to the unyielding horizon-
tal surface.

This test was conducted in a manner simi-
lar to the Free-Drop Test. Figure 10-4
shows the 55-gal package suspended 40 in.
above the top of the 6-in. diameter
cylinder. Figure 10-5 shows the container
impacting on the cylinder.

10.5. THERMAL TEST PROCEDURE

This test requires exposure to a thermal
test in which the heat input to the
package is not less than that which would
result from exposure of the whole package
to a radiation environment of 1475°F (800°C)
for 30 min with an emmissivity coefficient
of 0.9, assuming the surfaces of the pack~
age have an absorption coefficient of 0.8.
The package may not be cooled artificially
until 3 hr after the test period, unless
it can be shown that the temperature on
the inside of the package has begun to
fall in less than 3 hr.

The fire test facility was designed to
meet the DOT/ERDA hypothetical accident
conditions. To simulate actual conditions,
the test facility provides an open, avia-
tion-gasoline-fueled fire. A water spray
system was designed intc the facility to
eliminate the huge volumes of smoke nor-
mally associated with open gasoline fires.
Wind effects are reduced by 8-ft high
firebrick walls on three sides and on the
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FIGURE 10~1 - Prior to the 30~-ft drop,
the 55-gal package 1s attached to the required 30-ft height.

hoist.

The 55-gal drum in place for

FIGURE 10-4 -

55~-gal drum prior to
puncture test.

FIGURE 10-3 =~ The
impact.
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FIGURE 10~5 - Puncture test impact.

fourth side a 4~ft wall to permit view-
ing and ease of handling the shipping
containers. The base of the fire pit is
poured concrete measuring 10 x 10 x 0.5
ft deep.(l) Fuel and seven water spray
nozzles are located in the fire pit base
which is flooded with water 5 in. deep
to avoid excessively heating the pit. A
5 HP fan supplies approximately 8000
ft¥/min of air through the air manifold
outlets located in two opposing 8-ft
sides just above the fire pit.

The 100-octane aviation gasocline is con-—
tinuously gravity-fed to the distribu-
tion system from a 5,000-gal, buried
tank located approximately 100 ft from
the fire pit. The gasoline floats to
the surface of the water and burns. The
nozzle spray is directed horizontally
providing complete coverage of the burn-
ing aviation fuel surface. The water
spray reduces the smoke plume far below
maximum allowable requirements.

The test facility was used to test the
12-gal and 55-gal packages. The 55-gal
package is shown after the test in Fig-
ure 10-6; it was mounted on a stand 2 ft
above the water surface and was centered
within the burning area approximately

3 ft from the sides.

B ”ﬂm&
FIGURE 10-6 - The 55~gal container after
fire test.

The flame temperatures obtained through-
out the tests are plotted as a function
of time in Figure 10-7. The temperatures
were measured at the side of the package.
Chromel/alumel thermocouples and a multi-
point recorder were used to monitor the
tests.

10.6. WATER-IMMERSION TEST PROCEDURE

This test is necessary for fissile mate-
rial packages only. The test requires
immersion in water to the extent that
all portions of the package to be tested
are under at least 3 ft of water for a
period of not less than 8 hr.

A permanently installed, 10-ft diameter
by 9-ft deep tank, equipped with a 2-ton
hoist, was used. Prior to this test,
the inner containers were removed from
the insulated drum assemblies. The tank
was filled to a depth of 51 in. to ensure
immersion of all parts of the containers
under at least 36 in. of water. Both
inner containers were immersed overnight
for 20 hr, since it was not convenient
to withdraw them after the required 8-hr
minimum period.
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10.7. TEST RESULTS

The results of the hypothetical accident
tests are summarized in Table 10-1. The
containers passed the drop tests to the
extent that the drum covers remained
intact and the inner containers did not
suffer any observable damage. Modified
closures were used since both sizes pre-
viously passed only marginally using
standard drum closures. The puncture
test caused only minor dents in the drums.
The 12- and 55-gal sizes passed the im-
mersion tests with no evidence of water
leakage into the inner containers. The
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inner containers were removed from the
insulated drum assemblies prior to this
test. In addition, after the immersion
test, both inner containers were re-
assembled, using the same o-rings, and
found to be helium leak tight at an in-
strument sensitivity of 107* std cm®/sec
when containing 20 psig of helium pres-
sure.

Both sizes passed the fire test. The out-
side surface (side at mid-height) of the
55~gal inner container reached a maximum
temperature of 194°F and the inside sur-
face reached 183°F. The silicone o-ring



seals used to seal the inner container
did not appear damaged in any way. Fig-
ure 10-8 shows the charred Firedike
insulation after the fire test. The
average temperature of the package prior
to the fire test was estimated to be 50°F.
Thus, a 50°F correction must be added to
the resulting temperatures to adjust to
the required initial package temperature
of 100°F. Based on this, the inner con-
tainer surface temperature reached 194°F +
50°F = 244°F when corrected to 100°F am-
bient. The results for the 1l2-gal size
were similar except that the inner con-
tainer reached 205°F and the initial
package temperature was 68°F. Thus, a
32°F correction is added to give a re-
sulting maximum temperature of 237°F at
100°F ambient.

FIGURE 10-8 - Insulation from 55-gal pack-
age after the fire test. The Firedike
insulation is charred around the outside
perimeter.

Table 10-1

RESULTS OF HYPOTHETICAL ACCIDENT TESTS

Maximum
Temperature
of Inner
Total Cont. After
Drum Package 30-£ft 40-in. 30-min Immersion
Size Weight Drop Puncture Fire Test
(gal) (1b) Results Results (°F) Results
12 87 Modified Minor 237 No
Cover Com- Dent Leakage
pletely in=-
tact (3-in.
dent)
55 304 Modified Minor 244 No
Cover Dent Leakage
Complete~
ly Intact
(4-in. dent)
10.9. REFERENCES
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11.

11.1. GENERAL

This analysis defines the quantities of
four forms of fissile material comprising
Class I, Class II, and Class III shipments
for each of the packages. The packages
and their significant dimensions are given
in Table 11.1.

Table 11-1

EFFECTIVE DIMENSIONS OF
SHIPPING CONTAINERS

Drum Effective
Nominal Drum Drum Cubic
Size o.d. Height Dimension
(gal) {(in.) {(in.) (in.)
12 14.6 21.1 15.2
55 23.9 34.8 25.0
The four forms of fissile material con-

sidered are %2°%%Pu0, (80% plutonium-238,
20% plutonium=-239, and stoichiometric
oxide), uranium=-235 metal (nominal 100%
enrichment), a-phase plutonium-239 metal
{including 3% plutonium-240), and uran-
ium-233 metal. Although the mass limits
for stabilized S§-phase plutonium-239 are
higher, the limits established for the
o-phase material should be applied to
avoid possible confusion.

11.2. CONDITIONS AND ASSUMPTIONS

Each package consists of a sealed inner
container which is approximately centered
within the drum by -the Firedike insula-
tion. At hypothetical accident condi-
tions, distortion of this outer drum is
minimal, so that the interunit spacing

of the inner containers in an array of
drums is assumed not to decrease. Be-
cause of vent holes in the outer container,
water will leak into the drum during im-
mersion, but the sealed inner container
will not leak. Therefore, it is safe to
assume that the fissile material will not
go into solution or form a slurry or other
intimate mix with neutron moderating mate-
rial in the event of immersion. Because
of the relatively large interunit spacing,
water saturation of the Firedike would re-
sult in overmoderation of the central units,
and little or no interaction of the units
would occur. Consequently, it is safe to

CRITICALITY EVALUATION

assume that immersion or other credible
damage to the containers would not increase
and would likely decrease the reactivity

of the array. All calculations below are
based on what is believed to be the more
conservative situation of interaction of
air spaced units, i.e., undamaged con-
tainers.

Each central unit is assumed to be sgpher-
ical and reflected by up to 1/2 in. of
steel and a minimum of 5 in. of Firedike.
Because of the unknown reflectivity of
this combination, the maximum quantity
allowed in any one container was arbitrar-
ily established as 0.9 times the minimum
water-reflected critical mass of each
isotope. These critical masses and the
package limits are given in Table 11-2.

Table 11~-2

CRITICALITY PARAMETERS FOR FISSILE FORMS

Density Minimum
of Reflected Container

Fissile Critical Limit

Isotope Mass {(M.) (0.9 x M)
Form (g/cc) (kqg) (kg)
238py0, 9.96 13.32 12.0
2357 18.7 22.8° 20.5
a-23%%pPu  19.3 5.6 5.0
233y 18.5 - 7.5 6.7

2Reference 2
Reference 3

11.3. DETERMINATION OF MASS

AND PACKAGE LIMITATIONS

On the recommendation of D. R. Smith from
LASL, maximum safe storage arrays for the
four isotopes in the two drum sizes were
determined from the ANS Nuclear Storage
Guide. (1) For this analysis, each fissile
unit is assumed to be located at equal
spacing on a cubical lattice, with an
effective cubical spacing equivalent to
the volume of the outer drum. This
effective spacing is given for each drum
in Table 11-1. The referenced safety
guide gives storage limits for cubic cells
of 10, 12, 15, 18, and 24 in. Quantities
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of fissile material per package are

given for selected numbers of units such
that the reflected array would have a
Keff = 0.95. Mass limits for the two
drum sizes were calculated for the vari-
ous numbers of packages by interpolation
and extrapolation between effective

cubic sizes in the mass tables. For ex-
ample, the mass limitations for the 12-
gal drum, which has an effective cubic
dimension of 15.2 in., was determined

for 1000 packages by interpolation of
values between the 12-in. and 18-in.
table values. Likewise, mass limitations
for the 55-gal drum were determined by ex-
trapolation of the 24-in. storage array
tables.

Determination of Class I, Class II, and
Class III shipping limitations depends
on obtaining realistic estimates of the
numbers of shipping containers required
to achieve critical mass of the array.

Class I Shipments

Class I shipments can be made only if any
number of identical packages would be sub-
critical. The term, "any number" is
interpreted to be 2500 containers or
greater. Any package containing less than
the Class I maximum may be shipped as
Class I. There are no restrictions on

the number of packages in Class I ship-
ments.

Class II Shipments

Class II shipments are based on calcula-
tions that at least 25 packages would be
required to achieve a critical array.

All Class II shipments must specify a pack-
age transport index, defined by one of the
following relations:

I, = 50 _ 250
P Nu./5 Nu
or
7. = 50 _ 100
P Ng/2 N4

whichever is the greater of these two.

In these relations, Ny is the number of
undamaged containers required to achieve
a critical array, and Ny is the number

of damaged containers required to achieve
a critical array. The maximum number of
packages that can be shipped in a Class
II shipment is the number for which the
summation of the package transport in-
dices is <50. This maximum number con-
taines a safety factor of 5; i.e., the
maximum permissible number of packages in
a shipment is 1/5 the number comprising

a critical array.

11-2

Class II1 Shipments

A shipment must be Class III if the summa-
tion of package transport indices exceeds
50 or if the package transport index of
any one package exceeds 10. This condi=-
tion will be met if less than 25 packages
will comprise a critical array. The maxi-
mum number of packages in a Class III
shipment is 1/2 the number comprising a
critical array.

Mass limits for cubic arrays of the two
drum sizes were calculated for various
numbers of packages required to achieve
a Kerr = 0.95 as a function of the mass
of the fissile isotope, using the tables
in Reference 1. Limits for Class I and
Class II shipments are given in Table
11-3 for the four isotopes.

Table 11-3

LIMITS FOR MASS (kg) OF FISSILE
ISOTOPE PER CONTAINER

Isotope 12 gal 55 gal
238Pu02

Class I 2.6 4.7

Class II n.a. n.a.
235U

Class I 4.9 12.6

Class II 18.4 (20.5)
239Pu

Class I 2.5 4.4

Class II (5.0) (5.0)
233U

Class I 2.8 5.8 °

Class II (6.7) (6.7)

Two points are immediately apparent from
Table 11-3. The Class I mass limits for
23%py0, are academic. Because of the high
heat density of this material (~0.5 W/g),
the amount of material that can be shipped
in any one container is limited by the
heat dissipation characteristics of the
container. The drum type of container
would never be used for more than a
hundred grams of 23°%Pu0,, a figure well
below the calculated Class I maximum for
these containers.

The second point to be noted in Table 11-3
is that, since the maximum amount of mate-
rial that can be shipped in any one con-
tainer is no greater than 0.9 x M., Class
III shipments can be avoided for all com-
binations except uranium=-235 in 12-gal




drums. All other shipments may be made
as either Class I or Class II, depending
on the quantity of fissile material per
package.

Values of mass vs number of containers
for Keff = 0.95 are given for uranium-
235, a-plutonium=-23%, and uranium-233 in
Tables 11-4, 11-5, and 11-6, respective-
ly. 1In these tables, arrays requiring
more than 2500 packages are Class I and
are left blank. Class II shipment limita-
tions are based on a safety factor of 5;
therefore, to obtain the number of con-
tainers that can be shipped Class II,

the appropriate number in these tables

is divided by 5. If it is desired to
ship more than the Class II limit, the
shipment must be Class III; the number

of packages permissible would be the num-
ber from the table divided by 2.

Class II shipments require that the pack-
age transport index of each package be

no greater than 10; package transport in-
dices are plotted for both packages with
uranium-235, o-plutonium-239, and uran-
ium-233 in Figures 11-1, 11-2, and 11-3,
respectively. From these figures it is
also apparent that the 0.9 x M. criterion
is really the limitation of the Class II
shipments.

All prospective shipments of these four
isotopes can be properly specified by
using Tables 11-4, 11-5, and 11-6 and
Figures 11-1, 11-2, and 11-3.

Table 11-4
NUMBER OF PACKAGES COMPRISING
A SUBCRITICAL ARRAY
(Keff = 0.95) FOR 23°%y

235y Mass
per Package

(kg) 12 gal 55 gal
4.9 2500 -
6.0 1968 -
8.0 1000 -
10.0 420 -
12.0 199 -
12.6 - 2500
14.0 105 1750
16.0 57 892
18.0 27 481
20.0 14 250
20.5 12 216

Table 11-5

NUMBER OF PACKAGES COMPRISING
A SUBCRITICAL ARRAY
(Ketf = 0.95) for a=23%°py

a-2%%Pu Mass
per Package

(kg) 12 gal 55 gal
2.5 2500 -
3.0 1250 -
3.5 590 -
4,0 270 -
4.4 - 2500
4.5 125 2200
5.0 58 970
Table 11-6

NUMBER OF PACKAGES COMPRISING
A SUBCRITICAL ARRAY
(Keff = 0.95) for 23°%y

233y Mass
per Package
{(kg) 12 gal 55 gal
2.8 2500 -
3.0 2167 -
4.0 800 -
5.0 305 -
5.8 - 2500
6.0 125 2300
6.7 64 1100
11.4. SAMPLE CALCULATION

A sample calculation is presented to
illustrate use of the tables and graphs
presented. The sample calculation assumes
that it is desired to ship a guantity of
uranium-233 metal in 12~gal drums, with
5.5 kg per drum. From Table 3, the ship-
ment must be at least Class II. The num-
ber of containers for which Kefg = 0.95

is interpolated from values in Table 6 as
follows:

5.0 kg would require 305 containers
6.0 kg would require 125 containers,
or a difference of 180 containers.
Number of containers required for 5.5 kg:

305 - 0.5 x 180 = 215 containers

Class II limit = 215/5 = 43 containers.
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FIGURE 11-1 - Fissile Class II package transport index as a function of uranium-235

mass per package.

Class II transport index = 50/43 = 1.2,
which agrees with the value on the proper
curve in Figure 11-3.

3.
If it is desired to ship more than 43 con-
tainers, the shipment must be Class III,
and the shipment limitation would be 215/2
= 107 containers.

4.

11.5. SAFETY FACTORS

Contributing to the conservatism of this
evaluation are the following:

1. As was noted above, the calculations
are based on reflected air-spaced 5.
arrays. Because of the Firedike
spacers, the interaction of the cen-
tral units would likely be less than
would be expected from air spacing.

2. Interunit spacing will not decrease

significantly with a credible accident,
and water immersion of the array will

11-4

reduce the interaction of the central
units.

All values calculated in this summary
are based on an array with Kerr = 0.95,
rather than K¢y = 1. Therefore, the
Class I and Class II limits shown are
very conservative.

The fissile central units are assumed
to be spherical with almost total iron
reflection. It is very unlikely that
this geometrically optimum configura-
tion would ever be achieved with any
proposed shipments.

The absoclute maximum amount of fissile
material permitted in any one package
is only 0.9 times the minimum water
reflected critical mass of the isotope;
i.e., no one.container can achieve
criticality under any condition of re-
flection or moderation. This limit was
chosen because of the unknown reflec-
tivity of the steel-Firedike combina-
tion around each central unit.
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12. RADIATION SHIELDING EVALUATION

12.1. GENERAL

The neutron and gamma dose rates ex-
pected at 3 ft (Transport Index) from

the surface were calculated for both con-
tainers.

12.2. ASSUMPTIONS AND DISCUSSION

The following assumptions were made:

1. 2°%%pu0, is the radioactive material
which is analyzed. A separate analy-
sis or measurement is conducted for
any other isotope(s) shipped.

e This material comprises essentially
100% of the Laboratory shipments.

2. Neutron yield from typical ?3°%Pu0,
shipped is 1 x 10" n/sec-g of plu-
tonium=-238.

¢ This is somewhat higher than the
neutron emission from heat-source
grade 2%®Pu0,; however, it is
assumed that materials that are not
as pure as heat-source grade will
be shipped at times.

3. Neutron multiplication due to internal

fission was ~20% of (a,n) neutrons.

4. Increase in neutron dose rate due to
scatter and buildup was ~10% of (a,n)
neutrons.

5. The packaging components would not sig-

nificantly reduce the neutron dose
rate.

6. The average neutron energy is approxi-

mately 2 MeV.
Note: The (o,n) average energy is
~2.25 MevV

The fission spectrum energy is
~1.00 MeV

The spontaneous fission energy
is ~1.00 MeVv

7. Point source emission with no correc-
tion for anisotropy.

8. Ratio of unshielded neutron to gamma
dose rate is approximately 15:1.

9. For gamma shielding the linear atten-
uvation coefficient, u (cm~}!), for iron
is a good approximation for the

actual packaging construction
materials.

10. The sample is located near the geo-
metric center of the primary packag-
ing and this is approximately the geo-
metric center of the package.

12.3. RESULTS AND CONCLUSIONS

The authorized quantities shown in Table

12-1 for each package will not result in

a total dose rate in excess of 200 mrem/hr
at any accessible point on the surface or
result in a total dose rate in excess of
10 mrem/hr at 3 ft (Transport Index) from
any accessible external surface of the
package.

Table 12-1
AUTHORIZED QUANTITIES OF 2%%pu (IN

OXIDE FORM) PER PACKAGE AND RESULTS
OF RADIATION SHIELDING ANALYSIS

Authorized
Quantity Quantity
Based on Based on
Dose~Rate Internal
Packaging Criteria Heating?
g W 9 W
12 gal 417 188 67 30
55 gal 1120 504 93 42

These values, based on internal heat-—

ing restrictions, are the ones which
are applied for shipment.

For the packaging and contents proposed,
the dose rates could never exceed 1000
mrem/hr at 3 ft from the external surface
cf a totally unshielded package; there-
fore, compliance with ERDA M-0529 F.l.a.
is assured.

12.4. SAMPLE CALCULATIONS

Sample calculations are given for deter-
mining the quantity of plutonium-238 in
oxide form which could be placed in the
12-gal package such that the appropriate
pencc.ating radiation exposure criteria
in 10CFR49 are not exceeded.

12-1



Neutron Dose Rate:

The neutron dose rate (Dn) was calculated
at 17.6 cm (radius of package or surface
of package) for 1 g of plutonium-238 in
oxide form.

S (Neutron Yield) _ S
4n1r?C¢ (Neutron = = 4wr’Cy
flux to dose rate
conversion factor)

Dy, =

mrem

where C; = 7.3 n/cm?-sec per 1 e

(Ref. 1)

1 x 10"

Do = 717,602 (7.3)

= 0.35 mrem/hr/g of
238py as oxide

Internal Fission Multiplication Effect:

(0.35 mrem/hr) (1.2) = 0.42 mrem/hr

Scatter and Buildup Effect:

(0.42) (1.1) = 0.46 mrem/hr

Gamma Dose Rate:

0.46
15

Io = mrem/hr = 0.031 mrem/hr

Effect of Shielding on Gamma Dose Rates:

v = Linear Attenuation Coefficient
= 0.527 cm” ! for iron for a gamma
photon energy of 0.725 MeV.

x = Equivalent thickness of iron shield-
ing for 12-gal packaging.

I,= Unshielded gamma dose rate.

I = Ioe"ux = 0.031 e—0.527x 0.726

i

0.021 mrem/hr

Total Dose Rate:

The total dose rate per gram of pluton-
ium-238 in oxide form is the sum of the
neutron and gamma dose rates.

Dt = Dy + Dy = 0.46 + 0.02 = 0.48 nrem/hr

12.5.

Allowed Quantity Based on Dose Rate
Criteria:

Surface of Package

Allowed Quantity = 200 mrem/hr : 0.48
mrem/hr/g ?3°®Pu as oxide = 417 g

Transport Index (3 ft from surface)

The same procedure was followed to cal-
culate the total dose rate per gram of
plutonium-238 at 3 ft from the surface of
the package. This value was 0.013 mrem/hr.

Allowed Quantity = 10 mrem/hr + 0.013
mrem/hr/g 2%%Pu as oxide = 769 g.

Both of these quantities exceed the
authorized quantity based on internal
heating. This was true for both packages
analyzed; hence, the authorized contents
were determined based on internal heating
restrictions.

REFERENCE

1. Protection Against Neutron Radiation up to 30 Million Electron Volts, Handbook 63,

U. S. Department of Commerce, National Bureau of Standards, Washington, D. C.



13. QUALITY CONTROL

The shipping containers are inspected and
the inspections are documented in com-
pliance with ERDA Manual 0529. The par-
ticulars of the inspections are provided
in Mound Laboratory drawing SPA740977
{(see Appendix I).

Visual, dimensional, and functional in-
spections are performed at various stages
of fabrication and on receipt of the con-
tainers from the fabricator prior to use.
Visual and functional inspections are per-
formed after each use prior to reuse.

It is required that the inner containers
must pass a helium leak test with no de-
tectable leak greater than 1 x 107° std.
cm®/sec when filled with 15 psig of
helium.

In addition to the above inspections,
packaging and unpackaging procedures are
provided (see Appendix II) to ensure
proper handling and to provide documenta-
tion of operations.
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ACCEPTANCE AND REUSE INSPECTIONS
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1.

1.1

2.

2.1

SCOPE.

This is an inspection criteria document for the following
radiocactive materials shipping containers:

Certificate of
Model Type Compliance Size

103 AL-M3 5790 12 gallon container

131 AL-M6 5791 55 gallon container

It defines the complete receiving acceptance inspection and
reinspection prior to reuse to be performed as required by
Energy Research and Development Administration Manual,
Chapter 0529, including responsibilities, inspection criteria
and documentation records. The purpose of this document is
to establish an effective system for assuring compliance
with the drawings, specifications and design intent,

INTRODUCTTION.

The special permit number 5790/91 shipping containers are
designed to ship offsite radioactive materials, including
Pu 238 oxide. They meet the safety requirements of the
Energy Research and Development Administration and the
unique requirements of the various materials which are
shipped in them.

The two sizes of containers are illustrated in Figures 1 &
2. All have similar basic designs consisting of an outer
steel drum and an inner, steel primary container. Space
between the steel drum and inner container is packed with
insulation to provide for mechanical and thermal shock
during accident conditions.
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3.

4.

4.1

APPLICABLE DOCUMENTS.

Monsanto Research Corporation Drawings:

AYD750138 =~ 103/AL-M3 Shipping Container Assecmbly
AYD750140 - 103/AL-M3 Inner Container
AYD750148 - 131/AL-M6 Shipping Container Assembly
AYD750150 - 131/AL-M6 Inner Container

Other Documents.

Energy Research and Development Administation Manual, Chapter 0529

Safety Analysis Report for Packing (SARP):

5790/5791 Insulated Drum Nuclear Shipping Containers
Identified as Energy Research and Development Administration-
AL USA/5790 BLF and Energy Research and Development Adminis-
tration-AlL USA/5791 BLF

GENERAL PROVISIONS.

Responsibilies. The manufacturer is responsible for assuring
that all specific requirements are met and shall utilize
accepted guality control measures during manufacture. Monsanto
Research Corporation reserves the right to audit the manufac-
turer's facilities and procedures as required., MRC Engincering
1s responsible for establishing inspection criteria for
receiving acceptance and reuse, and for providing this
document,
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continued

MRC Nuclear Operations Quality Control 1s responsible for
auditing the Quality Control Program and review of applicable
drawings and specifications to assure that the Quality
Control Program 1s carried out as defined. MRC Nuclear
Operations Cost and Reporting Group 1s responsible for the
receiving acceptance 1inspection, and retalning appropriate
files to document the inspections. MRC contalner users are
responsible for providing necessary information pertinent to
the materials to be shipped, appropriate loading procedures
for these materials, and the 1initiation of procurement and
reuse 1inspection activities in cooperation with MRC Nuclear
Cost and Reporting Group.

Inspection and Acceptance. Each container shall be examined
and tested for defects in accordance with Appendix I, II,
I1I, and IV.

4.2.1 Definition of Defects. Defects are classified as critical,

major, or minor. A craitical defect 1s a defect that
judgment and experience indicate is likely to result in
hazardous or unsafe conditions for individuals using or
depending on the container for 1ts intended purpose. A
major defect 1s a defect, other than critical, that is
likely to result in failure, or to reduce materially the
usability of the container for its intended purpose. A
minor defect 1s a defect that 1s not likely to reduce
materially the usability of the container for 1its intended
purpose, or 1s a departure from established standards
having little bearing on the effective use of the container.

4,2,2 1Inspectaion of Major Assemblies. This inspection shall

consist of visual, dimensional, and functional examlination
and tests of major assemblies which make up a complete
container. The major assemblies to be 1nspected are
listed below:

Part A - Al-M3, 12 gallon -~ Insulated Drum Assembly

Part B - AL~M3, 12 gallon - Inner Contalner Assembly
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4.3

continued

Part C - AL-M6, 55 gallon - Insulated Drum Assembly

Part D - AL-M6, 55 gallon - Inner Container Assembly
Inspection of Final Assembly. The final assembly shall be
examined visually and functionally with regard to meeting

the reguirements of the Final Assembly. Defects which
shall be cause for rejection are listed in Appendix II.

Sampling Plan. Each shipping container shall be inspected
for all attributes listed in Appendix II.

Inspection Record. The fabricator is required to submit a

completed "Fabrication & Inspection Certificate" (MRC-ML-
5537) as shown in Appendix I,
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APPENDIX I

FABRICATION AND INSPECTION CERTIFICATION

MRC-ML-5537

(VENDOR USE ONLY)
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MRC-ML-5537

FABRICATION AND INSPECTION CERTIFICATION

FABRICATED BY

CONTAINER SERIAL NUMBER

CONTAINER DRAWING NO.

SIGNATURE

DATE
COMPLETED

Components and materials as specified.

Welded as specified (Section 2).

Visual weld examination acceptable
(Section 3).

Dye penetrant examination
acceptable (Section 4).

Dimensions as specified.

O-ring surface finish as specified.

Container can be assembled properly.

Helium leak test acceptable
(Section 5).

Container tagged and dated to
indicate inspection results
satisfactory.

DISTRIBUTION

WHITE - NUCLEAR QC
YELLOW - SHIPPING CONTAINER ENG

PINK - FILE
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APPENDIX II

ACCEPTANCE INSPECTION CRITERIA

For

5790/5791 RADIOACTIVE MATERIALS SHIPPING CONTAINERS

¥
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PART A ~ Insulated Drum Assembly (MRC Dwg. AYD750138 -
Model 103/AL-M3 - 12 Gallon

1. IDENTIFICATTION. ) .

1.1 Note the Drum Assembly serial number on the Inspection Data
Form No. MRC-ML-5794.

1.2 Note the assembly manufacturer. (Vendor)

2, VENDOR CERTIFICATIONS.

2.1 Vendor has certified by letter that all items are as specified
per MRC Dwg. AYD750138 or MRC engineering approved equal.
(Major)

3. VISUAL INSPECTTION.

3.1 Drum permanent head marked MS-27684-23, DOT 17C, 20-10-year
manufacture, name or symbol of manufacture. (Major)

3.2 Name tag securely attached and reads as specified per IMRC -
Dwg. AYD750138. (Major)

3.3 Upper third of drum has four vent holes sealed with tape.
(Major) -

3.4 Drum closure ring has drop forged lugs and closure ring nut
and bolt has hole for security seal. (Major)

3.5 Drum closure ring has metal skirt securely welded to edge.
(Major)

3.6 Web strap securely fastened for lifting. (Major)
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Workmanship acceptable with no sharp edges or burrs.

3.7
(Critical)
4, DIMENSIONAL INSPECTTION.
4.1 Drum overall diameter is 14-1/2 + 1/4 inch. (Major)
4.2 Drum overall height is 21 + 1/4 inch. (Major)
4.3 Insulated inner cylinder height with the insulated cap
assembly removed is 10-3/4 * 1/4 inch. (Major)
4.4 Insulated cylinder inner diameter is 5-3/4 + 1/4 inch. (Major)
4,5 Cap assembly inner cylinder height is 4-3/8 + 1/4 inch.
(Major)
4.6 Cap assembly inner cylinder diameter is 5-3/4 t 1/4 inch.
(Major)
5. FPUNCTIONAL INSPECTTION.
5.1 The cap assembly can be lifted intc and out of the drum
easily. (Major)
5.2 Insulated drum assembly can be assembled and disassembled
easily. (Major)
5.3 Drum tagged and dated to indicate inspection results satisfactory
(Major)
5.4 Signature of Nuclear Quality Contrcl Engineer acceptance of
inspection.
z
4
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PART B ~ Inner Container Assembly (MRC Dwg, AYD750140 and
AYD750141) Model 103/AL-M3, 12 Gallon

1. IDENTTIPFICATTION.

1.1 Note the inner container serial number on the Inspection
Data Torm.

1.2 DNote the container manufacturer, {(Vendor)

2. VENDOR CERTIFICATTION.

2.1 Vendor has certified by letter all items are specaified per
MRC Dwg. AYD750140 and AYD750141 or MRC engincering approved
equal. {vajor)

2.2 Vendor has certified the i1nner container has passed the
helium leak test per MRC Dwg. AYD750140 and AYD750141.
(Major)

2.3 Vendor has completed the "Fabrication and Inspection Certifi-
cation" as shown in Appendix I. (Major)

3. VISUAL INSPECTTION.

3.1 Metal plate securely attached with the words "Radioactive
Material" stamped or etched into the plate. (Ma jor)

3.2 Welds appear acceptable. (Major)

3.3 Threaded sealing surfaces appear to be 1in gooda condition.
(Major)

3.4 Workmanship acceptable with no sharp edges or burrs. (Critical)

3.5 Silicon or viton O-ring has no visible damage. (Major)
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4, DIMENSIONAL INSPECTTON.

4.1 Container tube outer diameter is 4-1/2 + 1/64 inch. (Major)
4.2 Container tube height is 12-3/4 + 1/32 inch. (Major)

4.3 Cap screws into tube such that a minimum of five complete
threads are engaged. (Major)

5. FUNCTIONAL INSPECTTION.

5.1 1Inner container completely disassembled and assembled satis-~
factorily. (Major)

5.2 Helium leak test performed with no detectable leak greater
than 1 x 10-7 std. cc/sec when filled to 5 *+ 1 psig helium.
(Major)

5.3 1Inner container tagged and dated to indicate inspection
results satisfactory. (Minor)

5.4 Signature of Nuclear Quality Control Engineer acceptance of

inspection. S
z
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PART C - Insulated Drum Assembly (MRC Dwg. AYD750148)
Model 131/AL-M6 - 55 Gallon

1. IDENTIFICATION.

1.1 Note the Drum Assembly serial number on the Inspection Data
Form No. MRC-ML-579%4.

1.2 Note the assembly manufacturer. (Vendor)

2, VENDOR CERTIPFPICATTIONS.

2.1 Vendor has certified by letter that all items are as specified
per MRC Dwg. AYD750148 or MRC engineering approved equal.
{Major)

3. VISUAL INSPECTTION.

3.1 Drum permanent head marked DOT 17C, 16~55-year manufacture,
name or symbol of manufacture., (Major)

7 3.2 Name tag securely attached and reads as specified per MRC
Dwg. AYD750148. (Major)

3.3 Upper third of drum has twelve vent holes sealed with tape.
(Major)

3.4 Drum closure ring has drop forged lugs and closure ring nut
and bolt has hole for security seal. (Major)

3.5 Drum closure ring has metal skirt securely welded to edge.
(Major)

3.6 Web strap securely fastened for lifting. (Major)
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3.7 Workmanship acceptable with no sharp edges or burrs.
(Critical)

4. DIMENSIONAL INSPECTTION.

4.1 Drum overall diameter is 23-7/8 t 1/4 inch. (Major)
4.2 Drum overall height is 34-3/4 + 1/4 inch. (Major)

4.3 Insulated inner cylinder height with the insulated cap
assembly removed is 15-5/8 + 1/4 inch. (Major)

4.4 Insulated cylinder inner diameter is 7-7/8 + 1/4 inch. (Major)

4.5 Cap Assembly inner cylinder height is 3-7/8 * 1/4 inch. (Major)

4.6 Cap Assembly inner cylinder diameter is 10-1/4 1 1/4 inch.
(Major)

5. FUNCTIONAL INSPECTTION,

5.1 The cap assembly can be lifted into and out of the drum
easily. (Major)

5.2 Insulated drum assembly can be assembled and disassembled
easily. (Major)

5.3 Drum tagged and dated to indicate inspection results satis-
factory. (Major)

5.4 Signature of Nuclear Quality Control Engineer acceptance of

inspection,
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PART D - Inner Container Assembly (MRC Dwg. AYD750150 & AYD750151)
Model 131/AL-M6 - 55 Gallon

1. IDENTIFICATTION,

1.1 Note the inner container serial number on the Inspection
Data Form.

1.2 ©Note the container manufacturer. (Vendor)

2. VENDOR CERTIFICATTION.

2.1 Vendor has certified by letter all items are specified per
MRC bwg. AYD750150 & AYD750151 or MRC engineering approved
equal, (Major)

2.2 Vendor has certified the inner container has passed the
helium leak test per MRC Dwg. AYD750150 & AYD750151. (Major)

2.3 Vendor has completed the "Fabrication and Inspection Certifi-~
cation" as shown in Appendix I. (Major)

3. VISUAL INSPECTTION,.

3.1 Metal plate securely attached with the words "Radiocactive
Material” stamped or etched into the plate. (Major)

3.2 Welds appear acceptable. (Major)

3.3 O-ring sealing surfaces appear to be in good condition. (Major)

3.4 Workmanship acceptable with no sharp edges or burrs. (Critical)

3.5 Lifting handle for 1lid securely attached. (Major)
3.6 Silicon or viton O-ring has no visible damage. (Major)

4. DIMENSIONAL INSPECTTION.

4,1 Container tube outer diameter is 6-5/8 + 1/64 inch. (Major)
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4.2 Container tube height is 16-1/4 % 1/32 inch. (Major)
4.3 Hex head closure bolts are 3/8" dia. x 1-1/2" long. (Major)
4.4 Lifting handle securely fastened. (Major)

5. FUNCTIONAL INSPECTTON.

5.1 Inner container completely disassembled and assembled satis-
factorily. (Major)

5.2 Helium leak test performed with no detectable leak greater
than 1 x 107 std. cc/sec when filled to 5 + 1 psig helium.
(Major)

5.3 1Inner container tagged and dated to indicate inspection
results satisfactory. (Minor)

5.4 Signature of Nuclear Quality Control Engineer acceptance of

inspection.
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APPENDIX III
INSPECTION DATA SHEET
FOR
APPENDIX II, ACCEPTANCE INSPECTION CRITERIA
FOR
5790/5791 RADIOACTIVE MATERIALS

SHIPPING CONTAINERS
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ACCIPTANCEL INSPECTION DATA SHEL

Shipping Container Type and Size
Insulated Drum Assembly
1. IDENTIPICAT ION

1.1 Drum serial number _
1.2 Manufactured by
2. VENDOR CFRTIFICATION Signatuare T it
2.1 vVendor matertials certificatio

3. VISUAL INSPLCTION

3.1 Drum marking

3.2 Name tag

3.3 Vent holes

3.4 (losure ring, bolt aind nut

3.5 Closure Ping Skirt

3.6 Web Strap Lifting Handle

3.7 Workmanship

4 DIMLNSIONAL INSPICTION
4.1 Drum diameter
4.2 Drum height

4.3 Inner cylinder height
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Signature Date

4.4 Inner cylinder diameter

4.5 Cap cylinder height

4.6 Cap cylinder diameter

5. FUNCTIONAL INSPECTION

5.1 Cap assembly

5.2 Insulated drum assembly
5.3 Drum tagged and dated

5.4 Q. €. engineer

Inner Container Assembly

1. IDENTIFICATION
1.1 Inner container serial number -

1.2 Manufactured by

2. VENDOR CERTIFICATIONS Signature Date

2.1 Vendor materials certification -
2.2 Vendor leak test certification

2.3 Fabrication and Inspection certification
3. VISUAL INSPECTION

3.1 Metal plate

3.2 Welds acceptable

3.3 Sealing surfaces

3.4 Workmanship

3.5 Lifting handle attachments

DISTRIBUTION

WHITE NUCLEARQ C

YELLOW NUCLEAR COST & REPORTING
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Signature Date
3.6 Silicon or Viton O-ring . .
4, DIMENSIONAL INSPECTION
4,1 Tube diameter o o
4.2 Tube height _ o o
4.3 Hex bolts . o
4.4 Lifting handle or hole -
5. PUNCTIONAL INSPECTION
5.1 Container assembly and disassembly .
5.2 Leak test o
5.3 Contalner tagged and dated B
5.4 Q. C. engineer o
OISTRIBUTION
WHITE NUCLEAR Q C
YELLOW NUCLEAR COST & REPORTING
MRAC.ML-5798 12 76/ PINK ENGINEERING INSPECTION -
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APPENDIX IV
REUSABLE CONTAINER INSPECTION AND MAINTENANCE
OPERATION SHEET
FOR
5790/5791 RADIOACTIVE MATERIALS
SHIPPING CONTAINER

MD-70152 (OPERATION 1)
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MONSANTO RESEARCH CORPORATION
MOUND LABORATORY

SHIPPING CONTAINER

OPERATION SHEET

PROGRAM SHEET MANUAL NUMBER OPERATION
REUSABLE RADIOACTIVE SHIPPING CONTAINERS| 1 of 1 MD-70152 1
AUTHOR ZATION CLASSIFICATION EFFECTIVITY ECN(S) INCORPORATE
o) /( Unclassified 10~8-73

OPERAT ONTITE ~ 7

Use Ingpection and Loading (for use 'with DOT-6M, -5333, -5790, -~5791)

New Reuse Specification

USE INSPECTION

Serial No.

FINDING

1. Remove labels
2. Closure ring and locking device
3. Thread appearance (remove foreign matter)
4. Centering material
5. Overall condition (circle one):

Like New Reworked Scrapped

Date Signature

LOADING PROCEDURE (GLNERAL)
COMPLETED

1. Radiocactive material form (special form

only in DOT-5333)
2. Lute 2R threads/gasket
3. Torgue 2R closure (if required}
4, Place sketch under lid
5. Close drum
6. Install seal (lead wire)
7. Aapply labels (Radioactive)

Date Signature

DISTRIBUTION:
Whaite - Container File

Yellow - Nuclear QC

Pink

- Shipper File

MRC ML 128

Issue 1 e 10~-12-73

Mo 551 273

Mk
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APPENDIX B

PACKAGING AND UNPACKAGING PROCEDURES



APPENDIX B

PACKAGING AND UNPACKAGING PROCEDURES

Mound Laboratory Forms MD-70152, Op. 1; MD-70152, Op. 9;
and MRC-ML-1245 are completed as the shipping packages are
being loaded to ensure compliance with Mound Laboratory
procedures. Form MD-70152, Op. 1 (Figure B-1), is a
checklist for use inspection and general loading proce-
dure. Form MD-70152, Op. 9 (Figure B-2), is a special
procedure which must be followed for loading Special Form
material., Form MRC-ML-1245 (Figure B-3) is used to
record contamination and radiation levels of the con-
tainer,

Before a shipping package is loaded, all components are
visually inspected for damage which could impair its use.
Further inspection inevitably occurs as the components are
assembled. If some parts are found not to fit properly
they are corrected at this time. The inspection section
of Form MD-70152, Op. 1, is then completed.

Loading of the container is started after the inspection.
Materials of Special Form are handled in accordance with
MD-70152, Op. 9. Other contents are wiped and placed in
the inner container. Void space in the container is
filled with metal shot or wool. The inner container 1lid
is fastened to the body. The container assembly is placed
in the outer drum on the Firedyke-plywood filler support.
The 1lid is placed on the drum and held in place with the
closure ring. The shipping drum is checked for contami-
nation and is surveyed to ensure that the external
radiation from the drum complies with the required Trans-
portation Index. As each operation is completed the
loading section of Form MD-70152, Op. 1, is so marked. 1In
addition, Form MRC-ML-1245 is completed giving contami-
nation and radiation levels. Radioactive labels are
completed and attached to the drum. The package is now
ready for shipment.

B-2



Unloading a package is basically the reverse of loading
it. Upon receipt, the drum is checked for contamination
before removal of the 1lid, and each component is checked
as it is removed from the package. After the contents
are removed from the inner container and checked for
contamination, the package is stored for further use.

B-3



MONSANTO RESEARCH CORPORATION SH’PPING CONTA,NER

MOUND LABORATORY OPERATION SHEETY

PROGRAM SHEET MANUAL MNUMBER OPERATION

REUSABLE RADIOACTIVE SHIPPING CONTAINERS| 1 of 1 MD-70152 1

AUTHORIZATION / CLASSIFICATION EFFECTIVITY ECMN(S] INCORPORATED -

K. , Unclassified 10-8-73

OPERATION TTFTE ~J / ,
Use Inspection and Loading (for use with DOT-6M, -5333, -579%0, -5791)

USE INSPECTION

New Reuse Specification Serial No.

FINDING

.  Remove labels

Closure ring and locking device

Thread appearance {remove foreign matter)
Centering material

Overall condition (circle one): .
Like New Reworked Scrapped

°

Ul b 0 BN =
s e @

Date Signature

LOADING PROCEDURE (GENERAL)

COMPLETED

1. Radioactive material form (special form
only in DOT-5333)

Lute 2R threads/gasket

Torque 2R closure (if required)

Place sketch under 1lid

Close drum

Install seal (lead wire)

. Apply labels (Radioactive)

.

.

~NOY U s W N
.

Date Signature

DISTRIBUTION:

White - Container File
Yellow - Nuclear QC -
Pink ~ Shipper File

MRC miL 128

FIGURE B-1 Issue 1 e 10-12-73
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MONSANTO RESEARCH CORPORATION SHIPPING CONTAINER
MOUND LABORATORY OPERATION SHEET
PROGRAM SHEET MANUAL NUMBER OPERATION

Milliwatt Generator lof1l MD-70152 9
TADIHEEWMATION - CLASSIFICATION EFFECTIVITY ECMNI[S] INCORPORATED
{ ’\D;\, /ot 7//' | - “
] ew . 21 Unclassified October 10, 1974
OPERATION TITLE
Preparation and Packaging
Initial Date
1. Wipe check each source (< 20 dpm)
2. Wrap source(s) individually in nickel foil.
3. Place inside pressure vessel, surround with
metal shot. (Optional)
4. Place inside 2R container, surround with
metal shot or steel wool.
Distribution:
White - Container File
Yellow - Nuclear QC
Pink - Shipper File
|
i
i
i
|
MRC m( 128
. FIGURE B-2 Issue 1 & 10-18-74
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v

SHIPPING RADIOACTIVE
AND FISSILE MATERIAL

MONSANTO RESEARCH CORPORATION
MOUND LABORATORY
MIAMISBURG, OHIO 45342

DISTRIBUTION

I Special Matl Handling
2 Nuclear Prog Planning
3 Nuclear Criucabity

4 Heaith Physics

5

MRC ML 1245 (4-75)
17 1435

FIGURE

B-6

PO cC MATERIAL CLASSIFICATION Date Shipment Req. | NO, OF PKGS. “M L NUMBER
Ou Oec Osro
SHIP TO
MODES OF TRANSPORTATION COURIER AGENCY (IF ANY) ESCORT AGENCY {i{F ANY)
ARE FEDERAL SHIPPING REQUIREMENTS MET? SEALS APPLIED? PACKAGING AFFIDAVIT ATTACHED FOR AIR SRIPMENTS?
[ ves Cwo [ ves O wo O ves o
Container Contents Curnie Tre Radiation (Mrem/hr) Surfacedlcs9&tlimmanon Transport Index
fdentification Isotope Amount GP. Surface 3’ Primary Outer Max 10/Pk S0/ Shipment
Remov- [Remov-
DOT Approved Physical §173. By | M By ] able Fixed Radtation Criticality
Package Form 390 a |PplaiBialp Index i Class
RADIATION SURVEY INSTRUMENT USED « B Y n
None W- | Y-11 Y-t White | Others
RADICACTIVE |8n‘e, Empty PERSONNEL INVOLVED IN
n
LABELS REQUIRED Y LOADING OF CONTAINERS
WAREHOUSE SHIPPING DOCUMENT NUMBER
COMMENTS
TIME DATE
INSTRUCTIONS
Requestor
I Reguestor complete Part | except™M L Number and Pat
Nuclear Criticality Il columns | and 2
2 Health Physics complete Part || columns 3 5 and Rad a
Health Physics von portion of column 6 and Part 111 and mnsert M L No
Spectal Matenal Handling 3 Nuclear Criticality complete Criccality column 6 of Part

Special Matenial Handling complete Part IV and 1 ake
distribution

5 See Manual MD 10087 Chapter 6

B-3
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L”’:I';IED TATED ELERGY RESEARCE AND DEVELOPMENT ADMINISTRATION

Fornr AECS)
o e CERTIFICATE OF COMPLIANCE
AECH 5270’1 For Radiocactive Materials Packages
ta Certificate Number i Rewision No ic Pacxage tdentsfication No 1d. Page No te Totol No Pages
SR /5790/Bif (ERDA~AL) 1 SA/5790/BLF(ERDX~ALJ 1 2

2. PREAMBLE

2a, Thus cernficate 1s issued to satisty Sections 173 393a, 173 334 173 395, and 173 396 of the Depariment of Transportation Hazsrdous
Materials hegulations (49 CFR 170-189 and 14 CFR 103} and Sections 146-19-10a and 146-19-100 of the Department of Transportation
Dangerous Cargoes Reguiations {456 CFR 146-149), as amendea

2.  The packagmg and contents described i item § below, meets the safety standards set forth ir Subpart C of Title 10, Code of Federa!
Regulations, Part 71, “Packaging of Radioactive Material for Transport and Transportation ot Radwsactive Matenial Under Certatn
Conditions

2e.  This certficate does not reiieve the consignor from comphance with any requirement of the reguiations of the US Department of
Transportation or other applicable regulatory agencigs, including the government of any courtry through or 1nto which the package
will be transported

3. This certificate s ssued on the tasis of a safety anatyss repont of the package design or apphcation—

(1) Prepared by (Name and addressi: {2} Tuie and idenuification of report or application® {3} Date
Monsantc Research Corp. MLM=-2242 14‘30"76 i
Jound Laboratory "Safety Analysis Report -for Packaging (SARP):
P.0O. Box 32 USA/5790/BLF (ERDA-AL) and USA/5791/BLF (ERDA~

Miamisburg, Ohio 45342 g AL} "

4. CONDITIONS

This certificate is conditional upon the fulfiling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions specified
wn item 5 below.

5. Deseripuon of Packaging and Authorized Contents, Model Number, Fissile Class, QOther Conditions, and References:

1. The packaging consists of an 0-ring sealed cylindrical steel inner
container centered within glued Firedike insulation in a 12-gal. drum. The
package model number is AL-M3. The outer drum is provided with 4 vent holes

which are sealed with waterproof tape. The overall drum height is 21.1 in.
and the overall diam. is 14.6 in.

2. The maximum authorized gross weight is 90 1lb and the maximum heat locad
permissible in the package is 30 watts. The user mus= assure that the
temperature of the contents is acceptably low. The maximum permissible
temperature of the outside surface of the inner container is 300°F at ambient
conditions and the ASME pressure capability at the accident condition
temperature of 500°F is 73 psig.

Authorized Contents - 5790

The authorized contents include the following as metals, oxides, or
compounds :

Isotope Maximum Allowable Quantity
Plutonium-238 30 Thermal Watts
Fissile Class I
62 Dateof Issuance APril 16, 1976 ]Sb Expiration Date N/A
FORTHE U.S, FRDA___

7a. Address fof ‘ERDA Issuing Office) o 7b %’natur . NameZand Title fof ERDApproving Offic 31}
Albuguerque Operations Office ) gpng/<?i/§f§4§/
P.O. Box 5400 ) Jdatk R. ‘Roeder, Director )
Albuguerque, New Mexico 87115 Operational Safety Division




5790
April 16, 1976

-2 -
Isotope Maximum Allowable Quantity
Uranium-235 4.9 Kg as Fissile Class I

18.4 Kg as Fissile Class II
20.5 Kg as Fissile Class III

Plutonium-239 2.5 Kg as Fissile Class I
5.0 Kg as Fissile Class II
Fissile Class III Quantities
not permitted

Uranium-233 *2.8 Kg as Fissile Class I
*6.7 Kg as Fissile Class II
Fissile Class III Quantities
not permitted

*Maximum allowable quantities based upon criticality analysis, however,
radiation levels may be the controlling factor in determination of quantity
permitted to be shipped.




UNITED STATED ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

33 CFR 7Y
AECM 5203

CERTIFICATE OF COMPLIANCE

For Radicactive Matenials Packages

18, Cernficate Number 1b. Rewsion No. ¢, Package identibication No, 1d. Page No. |1e Total No. Pages
USA/5791/BLF (ERDA=~AL) 1 USA/5791/BLF (ERDA-AL 1 2

2. PREAMBLE

This certsficate s 1ssued to satisfy Sections 173 3933, 173 394 173 395, and 173 396 of the Department of Transportation Hazardous

14 CFR 103) ard Sections 146-19-10a and 146-19-100 of the Department of Transporrat on

The packaging and contents described in 1tem S below, meets the safety standards set forth in Subpart C of Title 10, Code of Federal
“Packaging of Radioactive Matenial for Transport ang Transportation of Radioactive Material Under Certain

2.

faterials Reguiations (43 CFR 170-189 and

Dangerous Cargoes Raguiations (46 CFR 146-149), as amenced
2b.

Reguiations, Part 71,

Conditions.”
2c.

" This certificate does not relieve the consrgnor from compliance with any requirement of the regulations of the U.S. Department of

Transportation or other appl cabie regulatory agencies, including the government of any country through or 1nto which the package

will be transported.

3. This ceruficate 5 issued on the basic of a safety analyss report of the package design or application—

{1) Prepared by (Name and address;®

Monsanto Research Corp.
Mound Laboratory

P.0. Box 32
Miamisburg,

Chio 45342

{3) Date.
4—30-76

{2} Title and identification of report or apphication:

MIM=-2242
"Safety Analysis Report for Packaging (SARP)
USA/5790/BLF (ERDA~AL) and USA/5791/BLF (ERDA-
AL) 13

4. CONDITIONS

Thus certificate 1s conditional upon the fulfiliing of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions specified

in1tem S below,

- 8. Descripuon of Packaging and Autrornzed Contents, Model Number, Fissile Class, Other Conditions, and References.

1. The packaging consists of

container centered within glued Firedike insulation in a 55-gal. drum.

package model number is AL-M6

holes which are sealed with waterproof tape.
and the overall diam

34.8 in.

2. The maximum autnorized gr
permissible in the peckage is
temperature of the contents i
temperature of the outside

an O-ring sealed cylindrical steel inner

The
The outer drum is provided with 12 vent

The overall drum height is

. is 23.9 in.

oss weight is 300 1b and the maximum heat load
42 watts. The user must assure that the

s acceptably low. The maximum permissible

surface of the inner container is 300°F at

ambient conditions ard the ASMET pressure capability at the accident
condition temperature of 500°F is 28 psig.

Authorized Contents 5791

The authorized contents include the following as metals, ox1des, or

compounds.

Isotope
Plutonium=-238

Maximim Allowable Quantity

42 Thermal Watts
Fissile Class I

6a. Date of tssuance April 16, 197¢ [sb Expicuon Due N/R -

. fCRT L.S. ERDA
7a. Azaress fof ERDA Issuing Cifice) |7 &4~ wrg, Na uerurERUbouﬂwﬂguf:ei
Albugquerque Overatiors Office J@éﬁ (;iéffdi(
P,0. Box 5400 ck R. Poed ,r, Director
Albuqucorgue, lew Mexico 37115 . ¢3eratlon 1 Safety Division




Isotope

Uranium~235

Plutonium-239

Uranium-233

5791
April 16, 1976

Maximum Allowable Quantity

12.6 Kg as Fissile Class I

20.5 Kg as Fissile Class II

Fissile Class III Quantities not
permitted.

4.4 Kg as Fissile Class I

5.0 Kg as Fissile Class II

Fissile Class III Quantities
not permitted.

*5.8 Kg as Fissile Class I

*6.7 Kg as Fissile Class II

Fissile Class III Quantities
not permitted.

*Maximum allowable guantities based upon criticality analysis,

however, radiation levels may be the controlling factor in determination

of guantity permitted to be shipped.
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