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FORWARD

This report is a compilation of Monsanto Research Corporation (MRC)
documentation of development activities to satisfy the U. S. Department
_of,Energy and the U. S. Department of Transportation shipping and
safety requirements as related to the transportatidh of pakcages

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 precedéd by a lead sheet in-
dicating the original total number of pages and date of latest re-

vision.

To obtain the lastest revision to any engineering drawings or written
specifications, inquiries 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 Adminis-
tration for a formal safety analysis of
the three insulated drum shipping con-
tainers identified as USA/9507/BLF (ERDA-
AL), also called AL-Ml, configurations 1,

3, and 5.

This 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 discus-
sions of structural integrity, thermal
resistance, radiation shielding and
radiological safety, nuclear criticality
safety; and quality control. Much of
the information on configurations- 1l and
3 was previously presented in a Safety

Analysis Report for Packaging (SARP) [1].

Complete physical and technical de-
scriptions of the packages are presented.
Each package consists of an inner con-
tainer centered within an insulated
cteel drum. The contents are plutonium-
239 and uranium-235 in configurations-}-
and -3. The results of the guclear
critiéality safety analysis show how

much of the fissile isotopes may be

shipped as Fissile Class I or II for
these containers. The configuration-S
package contains tritiated water held

on sorbent material.

Design and development considérations,
the tests and evaluations required to
prove the ability of the containers to
withstand normal transportation con-
ditions,‘and the sequence of four hypo-
thetical accident conditiéns (free drop,
puncture, thermal, and water immersion)
are discussed. Tables, graphs, dimen-l
sional sketches, photographs, téchnical
references, loading and shipping proce-
dures, Mound Laboratory experience in
using the containers, and'a copy of the
ERDA/OSD/ALO Certificate of Compliance
are included., An internal review of
this SARP has been performed in compli-
ance with the requirements of ERDA

5201-Part V;

Reference
l. J. F. Griffin, D, A. Edling, and

C. D, Winemiller, Safety Anq;ysis

Report for Packaging (SARP): Model

AL-M1 Nuclear Packaging, MLM~1981

(Nov. 30, 1972), 80 pp.



2. Introduction

In January 1968, Monsanto Research
Corporation, Mound Labofatory, obtained
a Certification of Approval for Fissile-
Large Quantity Shipping Containers
authorizing use of the shipping con-
tainer designated AL-M1l configuration -1
by the Operational Safety Division of
the Albuquerque Operations Office (0OSD/
ALO) for the U.S. Atomic Energy Com-
mission, now the U.S. Energy Research
and Development Administration. The
Department of Transportation subse-
quently granted special permit BOT—SP-
5549 for this container in March 1968.
In July 1968, approval was granted by
0SD/ALO for use of simiiar shipping
contaiﬁers designated AL-M1 configu-
rations -2 and -3 for shipments under -
the National Security Exemption which do
not require a DOT special permit.
Approval for National Security Exemption
shipments in a container designated
Aﬂ-Ml configuration -4 was granted by
OSD/ALO in April41969. besign and
testing of the configuration -5 package
was completed in 1976 and this report
proVides the first formal documentation
of this package. This report satisfies

Lhe OSD/ALO request for a safety analysis

for the family of AL-M1 containers and
the requirement for a bound distribut-
able document providing pertinent infor-
mation for all potential users as

specified in ERDA M 0529-Part V F.

Configurations -1, -3, and -5 are
equivalent from a safety standpoint and
are discussed in this report. No con-
figuration -2 containers were ever
fabricated and the design is now
obsolete along with confiéuration -4,
Therefore, neither configuration -2 nor
-4 is discussed in this report. This
safety report demonstrates that packages
comprised of AL-M1 configurations -1,
-3, gnd -5 shipping containers and the
radiocactive materials shiéped in them
are in full compliance with ERDA[l] and

DOT (2] safety requirements.

The AL-Mi containers are used to ship
plutonium-239, uranium-235, and tritium
adsorbed on a solid. Plutonium-239 and
uranium-235 may be shipped in configu-
rations -1 and -3, whereas configuration
-5 is designed for tritium adsorbed on

solid materials.

Since permit DOT-SP-5549 authorized only

shipment of up to 9.0 kg of uranium-235



in4the form of metal of any uranium-235
enrichment, all other shipments includ-
ing other radioactive materials have
been made based on analysis of the ship-
ments with OSD/ALO approval. Approxi-
mately 150 shipments have been made
safely in AL-M1 ¢ontainer§ since 1968.
No . radiocactive materials have been re-
leased from the packages during any of

these shipments.

The design of the AL-M1l containers is
patterned after the Hanford Aﬁomic
Products Operations (now Battelle
Northwest), Richland, Washington,
shipping container Model D19-9-90. 1In
1968, a Hanfofd reportf3] containing a
complefe evaluation of the D19-9-90
container, including the results of
tests simulating hypothetical accident
conditions, was submitted by Monsanto
.Research Corporation, Mound Laboratory,
to the AEC and the DOT in lieu of
actual tests on the AL-M1l containers to
assure compliance with régulatory re-
quirements. The validity of basing the
AL-M1 container design and the initial
safety evaluation on the Model Dl9-9-99
container for the purpose of obtaining

permit DOT-SP-5549 has since been proven

by the results of actual tests performed

at Mound Laboratory.

The packages are illustrated in Figures
4-1, 4-2, and 4-3. All three configu-
rations utilize a 55-gal steel drum
outer container lined internally with

3 1/2 in. of insulation to protect the
inner container from impact and fire.
The configuration-1 primary containment
vessel is a 9 1/2-in. i.d. stainless
steel inner container seaied with a
silicone 0-ring. A spacer is provided
which centers the inner container within
the insulated drgm assembly. A vent is
provided- through the 1id of the drum for
release of any vapors. The configu-'
ration=-3 primary containmént vessel is
basically the same as configuration-1,
except that it is aluminum and the 13-~
in. i.d. precludes use of a spacer
between it and the insulated drum

assembly.

Configuration-5 has an inner container
designed to contain tritiated water
adsorbed on a solid and consists of a

6 5/8-in. o.d. stainless steel cylinder
with valves and fittings. This cylinder

is designed for calorimetric assay of
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contenté and bakeout for reuse. In the
assembled package, an insulating spacer
protects the inner container and centers
it within the insulating outer drum

assembly.

A sequence of four hypothetical accident
tests was performed to prove the con-
tainers' ability to provide containment
of the radioactive materials under
severe accident conditions and to esta-
blish design parameters for any sub-
sequent inner container designs or
modifications. The four tests (the
free drop, puncture, thermal, and water
immersion) are defiged by the ERDA and
the DOT to simulate transportation ac-

cident conditions.

Figure 10-19 shows the minor damage to
the configuration-1 package resulting
from the free drop and puncture tests.
The thermal tests did not cause any ob-
servable damage to the inner containers

as a result of the water immersion tests.

Additional special tests and evaluations
were performed to completely establish
the package integrity and operating

limits. The inner containers of

configuration-1l and -3 were reassembled
foilowing the hypothetical accident

test sequence and found to be helium
leak tight when charged to 30 psig.
Configuration~5 was tested in the same
manner, except that the charge was 10
psig rather than 30 psig, and determined
to be helium leak tight. It is esta-
blished that the configuration~l inner
container can be pressurized to 10 psig,
and the EOnfigurations-3 and -5 inner
containers can be loaded at an air or
inert gas pressure of one .atmosphere at
ambient tgmperature conditions without
exceeding safe pressures in a SubsequenF

hypothetical accident.

Calcﬁlations were made for configuration
-1 to show that a radioactive decay
energy of 10 W will potentially cause an
additiqqal inner container temperature
rise of only 2.5°F during the thermal
test. A similarly negligible temper-
ature rise would also occur for the
configurations-3 and -5 containers. A
maximum contents weight of 20 kg is

established. The radicactive contents,

as well as several packing materials

which may be placed within the various

inner containers, were evaluated to



prove that they will not cause the
packaging to be breached under accident

test conditions.

A nuclear criticality analysis was per-
formed and is included in this report.
Configufations-l and -3 were determined
to be equivalent from a nuc¢lear criti-
cality safety standpoint. Configuration
-5 will not contain any fissile
materials. The results of the criti- -
cality analysis for configurations-1l and
-3 indicatevthat up to 1.8 kg of plu-
tonium—23§ or 5.7 kg of uranium-235 can
'be shipped as Fissile Class I, and up
to 4.3 kg of plutonium-239 or 16.8 kg of
uranium-235 can be shippe§ as Fissile

Class II.

A sequence of photographs is included to
illustrate the accident test equipment,

procedures, and results. .

References

1. "safety Standards for the Packeging
of Fissile ana Other Radioactive
.Materials", Chapter 0529, U.S. Energy
kesearch and Development Administra-
tion - ERDA Manual, Washington, D.C.,

approved December 21, 1976,

"Hazardous Materials Regulations of
the Deﬁartment of Transportation",
R. M. Grazieno's Tariff No. 31,
effective March 31, 1977.

C. L. Brown, Class I Shipping -Con-

tainer for Fissile Material, HWSA-

3995 (December, 1964).

s



3. Conclusions
3.1 General

It is intended that thié section of the
SARP will provide a summary of the con-
clusions determined in the subsequent
sections of the report. 1In these
sections the parameters are establishedA
which are essential to safe use of the

shipping containers.

The configurations-1l, -3, and -5 shipj
ping containers are of similar basic
design but the inner containers differ,
The majof‘components of the packaging
are the outer steel drum, the insulating
materials, and the inner containers. No

shielding is specifically provided.

3.2 Contents of Packaging

The AL-M1l packages are designed for
shipment of Type B and large quantities
of radinantive materialo as speciflied

in this report. The configurations-1
and -3 packages are intended for ship-
ment of up to 4.3 kg of plutonium-239
gcnerating 10 W of decay heat or up to
16.8 kg of uranium=235, A maximum
contents weight of 20 kg was estéblishéd

for configurations-1 and -3.

The configuration-5 package is intended

for shipment of up to 100,000 Ci of tri-
tiated water iﬁmobilized on a sorbent such
as molecular sieve. This is approximately
10 g of tritium and produces approximately
3.3 W of decay heat. Any proposed ship-
ments of more than 100,000 Ci of tritium
exceed the evaluations of this SARP and
must be separately evaluated; A maximum
of 2000 g of water may be sorbed on molec-
ular sieye or silica gel in a single pack-
age. A maximum of 3000 g of water may be
sorbed on Florco, a typical commercial

clay absorbent. Any other sorbent must

be evaluated by the user and a correspond-
ing maximum quantity of. water established.
Total organic compounds, e.g., decontamina-
tion solvents such as alcohol,lmust not
exceed 1% of this water content. Haloge-
nated compounds, e.g., decontamination and
degreasing solvents such as Freon and tri-
chloroethylene, which can be introduced into
water Gf decomposed, should not he used in
systems which will generate tritiated water
to be loaded intolthese containers. No free

standing water is permitted.

Evaluation of the plutonium-239, uran-
ium-235; tritium, and the packading
materials at 300°F proved that the
materials will nol cause the packaging

to be breached under accident test con-



ditions. Analysis of other inner

container materials or designs and of
other materials to be shipped must be

based on the conditions established by

the hypothetical accident tests..

3.3 Steady State Temperature
Profiles '

Steady state temperature profiles of

the shipping containers for several heat
loadings within the inner containers
were determined to ensure compliance
with ERDA regulatory ;equirements, to
establish the appropriate temperatures
for evaluation of the contents,-and to
establish the maximum heat load cap-

ability of the shipping containers.

The maximum heat locad for each configu-
ration and resulting temperatures were:

determined and are shown in Table 3-1.

With the heat loads up to the authorized

values for each packaging, (1) the maxi-~

mum external surface temperature of the -

steel drums would be 101°F, which is
well below the maximum of 122°F stated
in regulations, and (2) the maximum
temperatures at the external surface of
the inner container would not exceed
111°F for configurations-1 and -3 or
116°F for configuration-5 when the pack-
age is in 100°F ambient air (normal
conditions of transport). These temper-
atures will have no significant effect
on the inner containers and the inner
containers will retain théir integrity
even when the packages are subjected to

the specified 1/2 hr fire test,

In addition, for the conﬁigurafions-l
and -3 packages a maximum permissible
inner container exterior surface 'temper-
ature dgring normal conditions of 300°F

was selected. This temperature is

TABLE 3-1. MAXIMUM HEAT LOAD AND RESULTING
TEMPERATURES FOR EACH CONFIGURATION
Maximum
Maximum External Maximum External Surface
Heat Load Drum Temperature of Inner Container
Capability Temperature at Normal Conditions
Configuration (W) (°F) (OF)
1 : 10 101 111
3 ‘10 .101 111
5 3.3 100 116



sufficiently low to ensure safegy and
sufficiently high to permit shipments
"with up to 10 W of thermal decay heat.
It is not known that an additional heat
load and resulting temperature would be
unsafe. A maximum temperature at the
exterior surface of the inner container
during accident conditions is esta-
blished at SOOOF for configurations -1

and -3 and at 255°F for configuration=-5.
3.4 Internal Pressure

The internal pressure capability of all
three inner containers at various
temperatures was thprouéhly evaluated
by ASME code calculations. The con-
figurdtion-l inner container can be
pressurized to 10 psig, and the con-
figuration-3 inner container can be
loaded to atmospheric pressure at ambi-
ent temperature conditions without
exceeding the established accident
condition maximum pressures of 25 psig
and 10 psig, for these two containers
respectively, at a maximum accident
temperature of 300°F within the inner
containers. The internal pressure
allowed by ASME code for the configu-

ration-5 inner container is 218 psig at

3000F. By comparison, the maximum
possible pressure which can be gen-
erated within_the inner containér at

thé maximum accident condition temper-
ature of 255°F is less than 100 psig.

It is necessary to ensure that the
configuration-~5 inner container be
loaded to pressures of less fhan.or
equal to 1 atm absolute, and the package
must no;mally be shipped within 30 days
after loading. 7If the package is not
shipped within 30 days, the internal
pressure must be measured; If at that
time the preésure is greater than 10
psiqg, then.steps must be taken to reduce

the pressure to 1 atm prior to shipment.

3.5 Package Standards

Detailed analyses with respect to Part
II of ERDAM-OSZQ have shown that:

(1) Packaging materials and the package
contents will not cause any significant
reactions even at hypothetical accident
conditions. (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 the packagings. There are, however,



two alternate drum types,one of which
has I-bar rolling hoops. An analysis
was made of the effects of a commonly
used method of moving by fork lifts
with two forks positioned beneath one
of these I~-bar rolling hoops. Such
lifting will have no significant effect
on the packagings. (4) The AL-M1 drums
which have I-bar rolling hoops are also
equippgd with two stirrup-shaped tiedown
fixtures which are fastened to the I-bar
rolling hoop 180° apart. These tiedown
devices weére evaluated and found to
satisfy requirements. (5) The static
load requirement, normal.to and uni-
formly distributed élong its length,
will Be met. (6) The inner containers
(containment vessels) will withs;and

an external pressure of 25 psi without

loss of contents.,

3.6 Normal Conditions of Transport

Related testing and engineering evalu-
ations. demonstrated that the requirements
are satisfied for tests simulating the
normal conditions of transport (heat,
cold, pressure, vibration, water spray,
free drop, corner drop, penetration,‘and

compression). Heat from direct sunlight

at 130°F or -cold of -40°F will not in—l
crease or decrgase the temperature of
the packages beyond design capabilities.
The 7.3 psi (6.5 atm) reduced external
pressure requirement is well within the
design capability. Similar packages
have withstood years of transport with
no occurrence of significanthdamage due
to normal vibration. The water spray
test would have no adverse effect on
these ail-metal packages.'-Thirty-foot
drop tests have shown that the 4-ft drop
tests and the l—fﬁ corner drops will not
significantly reduce the effectiveness
of the pgckages; Tésts on other pack-
ages and calculations have shown that
the éenetration test results in only

minor dents in the outer steel pack-

aging.

Compreééion tests on other similar
containers with five times the authoriz-
ed gross wéight of the packages were
conducted and produced no detectable
effect. This testing is supplemented
with an evaluation. The reduction in
total‘effective volume of 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
surface of the packaging was not re-
duced by more than 5%. In both cases

the reduction was much less than 5%.

3.7 Hypothetical Accident
Conditions

The sequence of four hypothetical ac-
cident tests was performed and the
paCkages satisfied these reguirements.
The drum closures were modified to
ensure integrity when subjected to the
30-ft drop test. The damage sustained
in the 40-in. puncture test was insigni-
ficant. The maximum outside surface
temperatures of the.inner containers
were determined by 1/2-hrAfire tests to
be less than 500°F for configurations-;
.and -3 ‘and 255°F for configuration-5.
All three inner containers passed the

watcr immersion Lest with no leakage.

3.8 Criticality

The criticality safety analysis esta-
blished that configurations-1 and -3
were cquivalent from a nuclear criti-
cality safety standpoint. The results
of the criticality analysis indicate

that up to 1.8 kg of plutonium-239 or

5.6 kg of uranium-235 can be shipped as
Fissile Ciass.I, and up to 4.3 kg of
plutonium-239 or 16.8 kg of uranium~235
can be shippéd as Fissile Class II in
configurations-1 and -3. The allowable
number of packages per shipment for
Fissile Class III quantities is also
established., There is no cfiticality

hazard for configuration-5.

3.9 Radiation Shielding Analysis

The AL-Ml configurations-1 and -3
shipping cohtainers are used for trans—'
port of pluﬁonium—239 and‘urahium-235.
The radiation dose rate at the surface
of these containers will be insignifi-
canf for the materials described in

this SARP,

Configuration-5 of the AL~M1l shipping
contafﬂer is used for transport of
tritiated water only. The shielding ‘
provided b§ the primary containment is
sufficient to attenuate the beta radi-
ation to nonmeasurable levels at the

outer surface.

3.10 Quality Control

Established quality control practices

are implemented during all phases of



" fabrication of the shipping containers
as well as for packaging and unpackaging
operations. Visual, dimensional, and

functional inspections are performed.

In addition, detailed packaging and un-
packaging procedures are provided to
ensure proper handling and to provide

documentation of these operations.



4. Package Description
4.1 General

The three AL-M1 configurations desig-
nated 1, 3, and 5 are illustrated in
Figures 4-1, 4-2, and 4-3, respectively,
All three configurations utilize the
same insulating drum assembly. The

sealed inner containers are the primary

containment vessels for shipments of
plutonium-229 and uranium=-235 in con-
figurations-1 and -3 and for sorbed,
tritiated water in configuration-5.
The appropriate Monsanto Research

Corporation drawings are given in

Table 4-1.

—— Thermometer

Clamping =L

Fixture

55 Gal. DOT-6C Drum
=" Outer Container
22% in. 1.D, x 33% in. High

-Kﬁ

| —— Spacer

| Stainless Steel

i

Valve ’/‘r""“-_l ‘Y‘E‘: 4

1% in. Thermobhestas ——— "

Innier Container

N

s 5* ), | 1 % Pressure Gage

l ‘ Bl SR AR

Insulation ;
2 in. Superex —+—
Insulation 38

FIGURE 4-1 - Sketch of AL-MIl configuratiovn-1.



4.2 Steel Drum

The outer container is one of two alter-
native 55-gal, open-head, steel drums.
The alternatives are a DOT Specification
17C drum with rolled or swaged rolling
hoops or a DOT Specification 6C drum

with I-bar rolling hoops. Both of these

drums have 16 gauge steel in the body
and head. A vent is provided through
the center of the 1lid to permit vapors
to escape. A metal identification

plate is welded to the outside of the
drum body. A bolted skirt provides

additional fastening strength for the

closure ring of the drum 1lid.

i

ke

— Pressure gage

55 Gal. DOT-6C Drum
= Outer Container

22% in. 1.D. x 33% in. High

,‘L_‘

| Aluminum Inner
Container

Insulation

2 in. Superex

Insulation

FIGURE 4-2 - Sketch of AL-M1 configuration-3.



4.3 Insulation

Drum assemblies made prior to 1973
utilized a combination of 2 ip. of
Superex and l-in. of Thermobestos
(Johns-Manville) insulation to line the
55—ga1'drum;

The insulation protected

the inner containers against impact and

heat. It was held in place within the
55~-gal drum with stainless steel sheet
and is completely covered internally
with stainleés steel sheet to form a
15-in. diameter x 25-in. high cylindri-
cal cavity.

The Superex (Johns-

Manville) layer was located adjacent

Ring

Inner: Container
Protective. Cap:

ey A
T V| |

Pressure:
Transducer:

Valves; and! —} f

Caps: On: Al
Tubes:

Ihermowells/ l/

Stainiess;

(DOT-ATC is
Alternate)

l
i . .
1 65 Gali Dram
le—"  DOT6C Shown
f

-Superex. Insulation:
itv Outer’ Container’
Subassembly’

[T ——————- Firedike: Insulation
ihs Spacer’ Subassembly/

Steel!lnner:

\‘

Container:

<. Mblecular’ Sieve? -
Sorbent!

 FIGURE: 8-3% - SKetch of AL-M1 configuration-5..

4.3



TABLE 4-1. _APPLICABLE DRAWINGS FOR ALL CONFIGURATIONS . iy, B

Insulating Drum Assembly

Common to All Three Configurations AYD 740425 -

Configuration-1

Assembly
Spacer

Inner Container Cylinder
Inner Container Cover

. Configuration-3

Assembly
Inner Container

Configuration-5

Insulating Spacer

Inner Container
to the drum wall-and the'Therﬁobestos
layer waé'located adjacent to the
internal cavity. The maximum service
temperature for Superex is 1900°F and
the thermél‘conductivi£y:at 500°F is
0.71 éTU in./ftz/oF/hr. _Thermobestos
has .a maximum service teﬁpefature of
1200°F'and a thermal céhductivity at
500°F of 0.50 BTU in./ft%/°F/hr. Due to
its asbestos content, the Thermobestos
product became obsolete, and in 1977 the
design was changed to provide an alter-
native. The qlfefnativé consists of
Suéerex—2000 formed and glued to £fill
the entife space formerly filled by the
‘two types of insulation. The stainless
steel insulation spacers were elimi- -

nated, but the stainless steel cavity

4-6934
4-6897
4-6896
3-5623

4-9271
4-8618

AYD 760626

AYE 740198
liner was retained. This alternative
arraﬂgement is considered to provide a -
slight improvemest in both:éréﬁection
from hypotﬁetic;l accident fire con-
ditions and dissipation of steady

internal heat loads.

4.4 Spacefs

A spacer is used in configuration-1 to

center the inner container within the

insulated drum assembly cavity with an
air gap of at least 2-1/4 in. in all

directions between the inner container
énd the Thermobestos insulétionfu Thié
gap may bé packed with dry ice coolant.
The configuration-3 package does not

utilize a spacer since a larger diameter

inner container is accommodated.



An insulating spacer is used in configu-
ration=-5 to center and protect the inner
container, The insulating material in
this séacer is Fire Dike (Johns-

Manville).

4.5 Inner Containers

The stainless steel configuration-1
inner container measures 9 1/2-in. i.d.
by 15 1/2-in. internal height with
1/4-in. thick wall. It utilizes a
silicone 0-ring seal and is equipped
with a valve, a pressure gage, and a
thermometer.. An internal clamping
fixture mounted to the 1id is used to
secure the contents. A handle is pro-
vided at the top, and the body wall is
extended at the bottom to protec; the
valve and pressure gage. The handle at
the top and the extension at the bottom
also provide sufficient size to secure
the inner container within the insulated

drum assembly.

Thg configuration-3 innér container is
similar except that it is aluminum and
measures 13 in. i.d. by 13 in. internal
‘height with a 1/4-in. thick wall.
Stiffeners used on the top énd bottom

end plates also provide handles,

protection for the valve and pressure
gage, and sufficient size to secure the
inner container within the insulated

drum assembly.

The configuration-5 inner container is
a cylindrical vessel nominally 6 5/8
in. o.d. by 23 7/8 in. overall height.
The container is made with 316 stain-
less steel and has a‘top cap which is
sealed Qith 0-rings and whicg protects
and provides secondary t?itium contain-
ment for bellows valves, fittings, and
a pressure transducer. The Qrimary
containment vessel is normally loaded
with molecular sieve pellets or other
material for sorption of tritiated
water. The container i; designed for
assay of contents by insertion in a
calorimeter and for loading-unloading
by diféct connection to external
tritium systems in order to thermally

regenerate the sorbent bed.



5. Contents of Packaging
5.1 General

It is necessary to prove that the con-
tents of the containers will not cause
the inner containers to be breached
during normal transportation or accident
test conditions. The contents of the
configuration-1 and configuration-3
paékages include the radioactive plu-

tonium-239 and uranium-235 as well as
the packaging materials such as poly—
ethylene bags, wood, sponge, and foam.
These materials were evaluated at 300°F
in an earlier SARP[1l] and the results

are summarized in Section 5.2.

The material which is to be packaged
(loaded) in the inner container of

configuration-5 is limited to tritiated

water or tritiated water contaminated with_

organic compounds, i.e., solvents, not to
exceed 1% of the water content. ''he tri-

tiated water is immobilized on a sorbent,

such as molecular sieve, and meets the

transport criteria for a 'solid'. These
materials are described -and evaluated in

Section 5.3.

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.
The criteria are:
1. Quantity of isotopes.
2. Maximum amounts of radio-
activity.
3. Chemical and physical form.
4, Material density.
5. Moderating ratios.
6.‘Configurations as required for
nuclear safety evaluations.
7. Maximum amount of decay heat.
8. Maximum pressure buildup.
9. Leak tests,
10. Loading restriétions and limi-

tations.

5.2 Plutonium-239 and
Uranium-235

The AL-M1 containers are used to ship
plutonium-239 and uranium-235 separ-
ately and in various combinations.
Approximately 150 shipments have been
made safely in AL-M1l containers since
1968. No radioactive materials have
been released from the packages during
any of these shipments. The antici=-
pated maximum quantity of material to
be shipped produces 10 W(th) as a

result of radioactive decay energy.



Evaluation of the plutonium-239, the
uranium-235, and the packing materials
at 300°F proved that these materials
will not cause the packaging to be
breached under accident test conditions.
Analysis of other inner container
materials or designs and of other
materials to be shiéped must Be based
on the conditions established by the

hypothetical accident tests.

Unalloyed plutonium-239 enriched to
approximately 95§ is shipped after being
doubly peekaged in polyethylene bags
Which are sealed with tape in the
configurations~1l and <3 containers. Up
to 4.3 kg of plutonium=239 generating
10 W(th) of radioactive decay heat may
be shipped. For the purpose of the
plueonium-239 evaluation at 300°F, it is
assumed that the plutonium can be ex-
posed te all the air contained within
the inner container void spaces, even
though\the polyethylene bags would
prevent this from actually happening.'

'At'BOQoF, the surface plutonium, which

is exposed to the air, would oxidize and .

would expand approximately 10% on beinq
converted to plutonium oxide which wquld

then separate from the metallic surface.

This would not creaﬁe any immediate
hazard, but would necessitate special
contamination control procedures on
subsequent opening. A 20% decrease in
the pressure resulting from the reac-
tion of the oxygen would not cause the

container to be breached. There is no

. evidence that plutonium would cause

the packaging to be damaged.

Solid uranium-235 metal pieces are
secureiy fastened in the clamping
fixtures provided in the configurations
-1 and -3 inner containefs, up to

16.8 kg may be shipped as'fiesile

Class I;.' Additional packagiﬁg
materials such as polyethylene bags
fof contamination control are not \
usually required since-the low level
alpha contamination can be controlled
usingzappropriate handling procedures
for loading and unloading. The con-
figuration-3 inner container may be
shipped either filled with air at
atmospheric pressure or filled yith an
inert gas such as helium or argon at
atmospheric pressure. The,configu-
ration-l inner container may be shipped

containing air at atmospheric pressure

or an inert gas at up to 10 psig

-



pressure. The choice of the gas used
depends on product specification re-

quirements.

The uranium metal is evaluated at the
most severe accident test environment
which is taken to be air at 300°F,
Since the melting point of the uranium
is.2070°F, and oxidation in air forms
an adherent oxide coating, the uranium
metal will not change’its physical form
at 300°F in air. Oxidation is slow and
will not consume sufficient oxygen to
decrease the pressure a measurable
amount. There is no evidence that
uranium metal would.react or otherwise
change in any way that.wquld reduce the
integfity of the package during normal.
transportation or accident test condi-

tions.

Also, test results do not provide any
evidence indicating tha£ the wood,
sponge, or foam packing materials would
cause the AL-Ml .configuration-1 and -3
containers to be breached at 300°F., Low
tempcratures in normal transportation

will not damage the materials since the

minimum recommended service temperature

for all three of the foam and sponge

materials is =-100°F.

Y

5.3 Tritium

The quantity of tritium to be shipped
in each configuration-5 container is
arbitrarily limited to a maximum of
100,000 Ci or about 10 g of tritium.
This quantity does not generate enough
heat from radioactive decay (3.3 W) to
cause ény significant temperature rise
in the inner contaiﬁer. It should not
be assumed that quantities of tritium
greater than 100,000 Ci would be
hazardous, but no attémpt has been
made iﬂ this SARP to evaluate such
larger quantities. Any‘propoéed ship~
ments exceeding iO0,000 Ci must,
therefore, be separately evaluated and

approved.

In addition to this limitation on

total triﬁium, the quantity of triti-
ated water is also limited. For three
common materials evaluated as sorbents,
the allowed maximum quantities of water

are shown in Table 5-1.



TABLE 5-1.

WATER LOADING LIMITS FOR THREE SORBENTS

. Sorbent Maximum Allowed
Sorbent Quantity Water Loading
Material (kg) (g)
Molecular 5.6 2000
Sieves 4A, 5A,
or 13 x
Silica Gel 6.4 2000
Commercial Clay 4,2 2500

Absorbent (2)

(a)a typical montmorillonite clay, Florco, Floridin Company,
Pittsburgh, Pa., was tested.

The column labled "sorbent quantity"
indicates the minimum weight of sorbent
which should be loaded into the inner
container. The column labled "maximum
allowed water loading" represents
guantities which ensure that no free
liquid will exist within the container.
In actﬁal tests, equivalent quantities
resulted in loaded sorbents which did -
not cling to container sufféces and

retained the normal free-flowing prop-

erties of dry granular solids.

None of these materials in itself
constitutes a hazard to the container
(eg. corrosion, combustion, pressure)
under any of the normal or hypothetical

accident conditions.

The quantity of water to be shipped is

determined by weight difference of

the filled and unfilled packége. Other
types of solid sorbent méterial may be
used provided that the user carefully
evaluates the water sorbing capacity of
the material, No free-liquid.is

allowed. The user must also determine

that any such sorbent material will not
in itself become a hazarﬁ tn the rone
tainex under any of Lhe nurmal or
hypothetical éccident conditions.

T'hé héét load from tritium decay to
helium-3 for the m;ximum amount of
tritium is 3.3 W. The formation of
helium-3 from natural tritium decay
amounts to a generation rate of less
than four liters/year for 100,000 Ci
With a void volume of 20%

of tritium.

in the sorbent, the pressure in the

]



10-liter inner container would thus rise

only about 30 psi in one year.

" The tritium must be in the form of

tritidted water (HTO) ; organic compounds
e.g., decontamination solvents such as
alcohol, must not be present in amounts’

fgreater than i% of the water content of the

pépkage. This limitation ensures that
excessive pressure buildup due'to
radiolysis will not occur over long
storage periods. No unsafe pressure
increase will occur at these specified

concentration levels of tritium and

organic compounds.

The internal pressure ﬁuildup due to
radiolysis is an increase toward an
equilibrium partial pressure of hydrogen
formed by dissociation of water due té
energy absorbéd from the B emissions of

radiocactive tritium.

The magnitude of this pressure buildup

is a function of time and organic compound
contaminant type and concentration. It

is not expected to éXCeed 40 psi and

will typically be 10 psi or less after
several months when 6rganic compound con-
taminant levels are below 1%, as sug-

gested above.

Thus, the total pressure in the con-
figuration-5 inner container several
months after loading and sealing will
(at normal cﬁnditions) be roughly the
sumAOf three partial pressures. These
are 1) air or inert gases trapped in
the container at the time of loading,
2) helium-3 decay product, énd 3) hy-
drogen from radiolysis. At that time

the pressure could be expected to be

15 to 20 psig.

During hypothetical acci@ent fire
conditions this pressure woﬁld rise
for two reasons.l First, the heating

of the gaseous contents to 2559F will
increase the absolute partial pressures
by a factor of about 1.55. Second, the
vapor pressure of the sorbed water
would become significant at the ele-
vatedxtemperature. The vapor pressure
of free liquid water forms an upper

limit for the vapor pressure of sorbed

water. At 255°F this is 32.5 psia.

In summary, a configuration-5 container
which is loaded and sealed and then
subjected to hypothetical accident fire
conditions several months later is ex-

pected to have a maximum internal



pressure of substaptially less than 100
psig. The exact magnitqde of this
pressure depends upon several variables.
Therefore, safe practice dictates:

1. Content of organic compounds,
such as. alcohol, below 1% of

water content;

2. Loading at one atmosphere or
less;

3. Normal shipment within 30 days
after loading, or;

4, If shipment is not made within
30 days, the'inte;nal pressure
must be measuréd (e.g., using
the buil£-in pressure trans-
ducer) . If;at.that'time'the ‘
pressure is greater than 10
psig, then steps must be taken
to reduce the pressure to a
maximum of one atmosphere prior
to shipment;

5. Occasional ﬁonitoring of inter-
nal pressure during extended

storage periods.

Each configuration-5 inner container is
leak tested{with helium for a leakage
rate of less than.lo-'6 cm3/sec at time
of manufacture. A tritium.éheck by

ionization monitoring is used by the -

shipper and receiver to ascertain that

a filled container is free of ieaks.

The configuration-5 inner containers are
made of 316 L stainless steel to provide
maximum resistance to corrosion. However,
they are not intended to contain corro-
sive agents, and the user must ensure

that none are iﬁtroduced. In particular,
halogen compounds e.g., decontamination and

degreasing solvents are to be avoided.

These include (but are not necessariiy
limited to) halogenated hydrocarbons such
as Freon propellants and solvents like
tri¢hloroethylene. Hence, halogenated
compounds which can be introduced into
water or decomposed should not be used

in systems which will generate tritiated

water to be loaded into these containers.

Loading and unloading procedures are

given in Appendix B.

Reference
1. J. F. Griffin, D. A. Edling, and

C. D. Winemiller, Safety Analysis

Report for Packaging (SARP) Model

AL-Ml Nuclear Packaging, MLM-1981

(November 30, 1972), 80 pp.



- 6. Steady State
Temperature Profiles
6.1 Purpose

. The steady-state temperature profile of
each configuration was determined to

ensure compliance with DOT, ERDA, and

NRC regulatory requirements. Also, the

steady-state results were used to
determine the maximum heat load capabi-

lity of each package.

6.2 Test Equipment and Procedures

Two separate tests were performed to

determine the steady state temperatures

of the inner container outside surfaces
and drum outside surfaqé'for the AL-M1
packages. The configuration-5 inner
container surface temperature and all
AL-M1 qutside drum surfaces temper-

atures are based on measurements made

Electric Heater

Wattmeter

for a similar 55-gal package designated
USA/5791/BLF (ERDA-AL)., The equipment
used for this'testing is illustrated in
Figure 6-1, and the procedures and de-
tailed results are presented in the
SARP[1] for the 5791 package. A second
test was performed on an AL-M1l con-
figuration-1l package using similar
equipment to establi;h the temperature
of the inner container outside surface
for the configuration-1 and configura-~

tion-3 packages.

6.3 Test Results

The experimentally determined steady
state témperatures are presenfed in
Table 6-1 and shown graphicaliy in
Figure 6-2. All temperatures listed

in the table have been adjusted to an

Drum
Power-Stat
To 110 V AC
' Heater LTypo J ‘Typ .
Control Thiermocouple: . e

. ype K

Thermocouples (8) Thermocouples (3)
raYeY
: Selector
> Switch (2)

Type K -
g : . Thermocouple| 22" Type T

Thermocouple

FIGURE 6-1 - Schematic of thermal test equipment.

6.1



TABLE 6~1. STEADY-STATE TEMPERATURE RESULTS FOR AL-M1 PACKAGES
AT 100°F AMBIENT 'fEMPERATURE

. Inner Container
Drum Outside

Contents . Outside
Heat Load Surface Temp. Surface Temp.
Configuration (W) (°F) : -(°F)
1 and 3 10 101 111
5 3.3 100 116
116
12 =
w
-]
g
2108 |
H
g
-
104 |-
. Conf. 13,85 Maximum Drum Exterior
. 100 1 ! . 1
0 2 4 6 8 10
Heat Load, w

FIGURE 6-2 - Steady state temperatdre variation with heat load for AL-M1 packages at

100°F ambient.



ambient temperature of 100°F to repre-
sent normal conditions of transport on
a hot day for comparison of the re-
sulting package temperatures with DOT

and ERDA/NRC regulations.

The configuration-1 inner container
outside surface temperature increased
11°F above ambient when a heat load of
10 W was used. Thus, the resulting
temperature at 100°F ambient is 111°F.
This value is also applicable to the
configuration~3 package since the in-
sulated dfum assembly is identical for

these two configurations.

The exterior drum témperature data ob-
tained for the 55-gal 5791 package is
directly applicable to all AL-M1 con-
figurations since they are also és-gai
drum packages. It was found that the
exterior sufface temperature increased
8.6°F above ambient at a heat load of
66.5 W. This is interpolated linearly
to obtain the resulting_temperature
increases of 1.3°F at a 10 W heat load
and essentially no increase at a 3.3 W

heat load.

The inner container exterior temperature

data obtained for the 55-gal 5791 is

conservative (high) when applied to the
AL-M1 configuration-5 package. These
data were 1iﬂearly interpolated to ob-
tain a value of 16°F for a 3.3 W heat
load. Thus, the maximum temperature at

100°F ambient is estimated to be 116°F.

In conclusion, it was found‘that the
steady state temperatures of the AL-M1l
packages are well within safe limits.
The maximum temperatures for the ex-
terior drum surface shown in Table 6-1
are all less than the permitted maximum
accessible external surf;ce temperature
of 122°F. Another significant result
was that ﬁhere was no evidence that the
heating and cooling caused any misfit,

galling, or other damage.

Reference
l. J. F. Griffin et al., Safety Analy-

siéAReport for Packaging - (SARP) :

USA/5790/BLF (ERDA-AL) and USA/5791/

BLF (ERDA-AL) , MLM-2242 (April 30,

1976), 89 pp.



7. Internal Pressure
Capability

7.1 General

The internal pressure capabilities of
all three AL-Ml configurations were
evaluated in detaii. These evaluations

are given in the following for each

configuration in turn.

7.2 Configuration-1

The configuration-1 inner container is
shown in Figure 7-1. - It is a stainless
steel flanged cylinder measuring 9 1/2

-in. inside diameter by 15 1/2 in.
internal height with a 1/4-in. thick
wall. The configuration-1 inner con=-

tainer, when loaded at the prescribed

L 12 in. diam.

10 psig or less, will be exposed to a
maximum internal pressure of 12 psig

at the normai transport temperature of
111°F (see Section 9.25 and a préssure
of 21 psig at the hypothetical accident
temperature of 300°F (see Section

10.7).

ASME code[l] calculations for the
cylindrical shell, top and bottom
plates, flange, and bolt capabilities

are given as follows:

7.2.1 CYLINDRICAL SHELL
For cylindrical shells with longitudi-

nal or circumferential weld joints,

U v

10 in. diam. tube X

/— 0.35 in. wall

-o=| [«0— 0.25 in.

Handle:Pipe 3/4 in. std.

inner container.

11.0 8.C.
-——— 975 diam.
[*— a5 diam
i wES
19 |
in. 9.5 in. diam.
&iir
v 3in§
‘ |
FIGURE 7-1 - Sketch of configuration-]



the allowable internal pressures, Pl

and Pc respectively, are

P; = SEt/(R '+ 0.6t)
Po = 2SEt/(R - 0.4t)
where
S = maximum allowable stress in
psi;
E = join; efficiency, dimension-
less;
t = wall thickpess in inches;

R = inside radius in inches.

For the case, we find from Table UHA-23

6f.Reference'1 that S = 15.6 kpsi in the

range 20°F to 200°F and S = 11.9 kpsi at

300°F. We have dimensions R = 4.75 in.
and t.= 0.25 in. Also, for seamless

shells we have E = 1.

Using these values, we calculate for

normal conditions (111°F),

(15,600) (1) (0.25)

Pl = (4.75) + 0.6(0.25) = 796 PSl
p_ = 2(15,600) (1) (0.25) _ ;c0n o5,

c ~ (4.75) - 0.4(0.25)

Similarly, for hypothetical accident

conditions (300°F),

_(11,900) (1) (0.25) _ -
P} = 13.75) + 0.6(0.25) _ 007 psi

. 2(11,900) (1) (0.25) _ .
Pe = 72.75) - 0.4(0.25) ~ 1280 psi

In both cases the(smalle; allowable
pressures, Bl, control the degign and
compare favofab;y with the maximum -
expected normal and accident coné;tibﬁ
differenfiai pressureé of 12 psi‘ana
21 psi respectively. Thus, the
cylinéricél shell will contain‘these
pressures with a. large margin of

safety.

7.2.2 BOTTOM PLATE
The bottom plate has an ‘allowable
pressure, P, given by

P

st2/cd2, or t = d VCP/S
where
S = ﬁaximum allbwable stress in
psi;
t = thickness ;f plate in inches;
C = attachment factor, dimension-

less;

‘d = diameter in inches.

The attachment factor is evaluated as

C

0.5 (ty/tg)
where

t, = required thickness of seémless
cylindrical shell for the re-
quired pressure, P,, in

inches;



tg = actual shell thickness, in
inches,
We evaluate t, from a form of the

equation of the previous section,

t

r = Pyd/(2SE - 0.6P,)

Thus, at normal conditions

e = (27) (9.5)
r = (15,600) (1) - 0.6(12)
= 0.016 in.
_ (0.016)
C=0.5 ey = 0.032.

This result is less than 0.3; thus, we
follow code and use C = 0.3 to find the

required thickness,

- [10.3) a2) _ .
t = (9.5) (15,600) 0.14 in.

This js less than the actual thickness

of 0.5 in.

The allowed pressure is

(15,600) (0.5)2
(0.3) (9.5)2

= 144 psi.

Similarly, at accident conditions

t = (36) (9.5)
r " (11,900) (1) - 0.6(21)
= 0.028 in.
_ (0.028) _ :
Cc = 0.5 w25 0.056,

Thus, we again use C 0.3 to find a

required thickness of

_ 11933)(21) - .
t = 9.5 (lijEGBT—. 0.22 1in.

and the allowable pressure is

(11,900) (0.5)2
(0.3)(9.5)2

P = = 110 psi,

These allowable pressures compare
favorably with the maximum expected
pressures. Thus, the bottom plate will

contain these pressures.

7.2.3 FLANGE

The flange design was anaiyzed in
detail, including 0O-ring gasket com-
pression as related to bolt loading,
bolt load (tension and shear) from
internal pregsure, lonéitudinal hup
stress,'and radial and tangential
flange stress. All flange‘stress
criteria were met, and actual bolt
loads were found to be less than 1/2

the maximum allowable.

7.2.4 TOP PLATE
The top plate design will conform to
ASME Boiler Code Section UG~34 -

Unstayed Flat Heads and Covers.

The applicable formula for thickness

from Section UG-34(2) is

t =4 \[cp/s + 1,78 WhG/sd3,



where

t = thickness, inches;

P = internal pressure = 21-psi at
300°F; |

S = allowable stress = 11,900 psi
at 300°F;

'C = head attachment factor = 0.3
[Figure UG-34(k)];

W = bolt load at opergtive con-
ditions = 1,639 1lb at 21 psi;

d = diameter of 0-ring seal =

9,972 in.;
) B.Co— d
hG = gasket moment arm = — =
- 1123:972 - 5,514 in. For both
ciréle, B.C. = 11 in.

With these values

9.972 [(0.3)(21)

t = 11,900
. £1.78) (1.639) (0.514) |*
(11,900) (9.972)3
t = 0.26 in. (required vs. 0.5 in.

provided) .

Now rewriting equation UG-34(2) in terms

of pressure gives

- S |2 _'y 98 wn /sa3
p=2 L;Z 1.78 wh_/sd ] )

Solving for allowable pressure gives

p o 11,900 1 (0.5)2 _
0.3 [(9.972)2

0.00012%]

P = 95 psi allowable,.
for a margin of safety; M.S., of

M.S. = (95/21) - 1 = 3.5..

The design of the top flange is ade-

quate.

7.2.5 SUMMARY

Table 7-1 is a summary of these results
for configuration-1. The‘design is
adequate to contain the maximum inter-
nal pressure at hypothetical accident

conditions.

7.3 Configuration-3

The configuration-3 inner container is
shown in Figure 7-2, It is an'aluminum
flanged cylinder with externai spéqing
plates. The inside diameter is 13 in.,
and the inside height is 12 7/8 in.

The cylindrical wall is 1/4 in. thick
and tﬁé top‘and bottom plates are

3/8 in. thick.

When loaded at the prescribed pressure
of 0 psig, this configufation-3 inner
container will be exposed to maximum
internal pressures of 1 psig a£ tﬁe
normal transport temperature of 111°F

(see Section 9.2) and 6 1/2 psig at the



TABLE

7-1.
ANALYSIS AT 300

Allowable

CONFIGURATION-1 INTERNAL PRESSURE

OF

Actual

Part Load or Pressure " Load or Pressure
Cylindrical 607 psi 21 psi
Shell
) Bottom 110 psi 21 psi
Plate -
Top 11,900 psi 84,9 psi
Flange
Hub Stress
Bolts 669 1b/bolt 205 1b/bolt
Top 95 psi 21 psi
Plate -
3
6.125 C O | C )\ r0.375 in.
in. ’
—0.688 in.
12.44
in.
13.0 in. diam. olbe— 0.25 in.
- {—-0375m.
* 6.25 in.
14.688 in.

FIGURE 7-2 -
bolts.

Sketeh of configuration-3 inner container; a]qminum with stainless

steel



hypothetical accident temperature of

300°F (see Section 10.7).

ASME code calculations for the internal
pressure capabilities of this configu-
ration-3 inner container were similar in
‘type to those for the configuration-1
inner container as outlined in Section
7.2. The results of these calculations
are summarized in Table 7-2. The design
is adéquate to contain the maximum in-
ternal pressure at hypothetical accident

conditions.

- 7.4 Configuration-5
The inner container fof the Model AL-M1

configuration-5 assembly is shown in

Figure 7-3. It consists of a 12-in.

long x 6-in. diameter hollow pipe
section with dished head elements
welded to each end. A cylindrical
pipe section is welded to the bottom
of thé assembly to ;upport it in a
Qertical position. A protective capped
cylinder is placed over the top cap to
protect four nozzle protrusions that
provide access to the interior of the
container. Neither the top nor the
bottom cflindrical projection signifi-

cantly affects pressure containment,

éthhypothetical accident conditions,

the inner container will be exposed to
a maximum internal pressure-oflloo psi
at a temperature of 300°F. This pres-

sure represents the Sum of three

TABLE 7-2. CONFIGURATION-3 INTERNAL PRESSURE

- ANALYSIS AT 300°F
~Allowable Actual
Part Load or Pressure A‘Load‘or'Pressure
Cylindrical 124 psi 6 1/2 psi
Shell
Bottom ) 25 psi 6 1/2 psi
Plate -
Top 12,600 psi 519 psi
Flange
Hub Stress
Bolts 649 1b/Bolt 76 1b/Bolt
Top 22 psi . 6 1/2 psi
Plate
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FIGURE 7-3 - AL-M1 configuration-5 inner container [2].



partial pressures which could be
developed under such conditions: (1) the
vapor pressure of water, (2) hydrogen
gas from radiolysis, and (3) enclosed
air or inert gas. As shown in the
stress analysis which follows, the

inner container can safely withstand

this environment with an adequate margin

of safety.

The analysis of the pressure containment
capability of the assembly will be per-
formed in three parts: the main body;
the capped end sections; and the nozzles
that project from the top cap of the

assembly.

All the étructural components investi-
gated in this section are composed of
Type 316L stainless steel. This
material is rated at a design strength
of 11,800 psi at 300°F under Section
VIII of the ASME Boiler and Pressure
Vessel Code (1974 Edition) which is the

basis of this analysis.

7.4.1 MAIN CYLINDER BODY
Reference 1 lists the following two
formulas for determining the maximum

allowable working pressure of a

cylindrical shell exposed to internal

pressure:

Pl = SEt/(R + 0.6t) [1]
and 7

P, = 2SEt/(R - 0.4t) [2]
where

Pl = maximum working pressure based
on circumferential stress
reaching the allowable stress,
S;

P = maximum working pressure based
on longitudinal stress reaching
the allowable stress, S;

S = maximum allowable stress at
operating temperature (11,800
psi at 300°F);

E = joint efficiency for the
welded joint connecting the
main cylinder to the end caps
(E = 0.65 based on Table UW-12
of Ref, 1);

R = inside radius of cylindrical
shell = 3.1785 in;

t = thickness of shell body =

0.134 in.

With this terminology the equations
resolve into the following working

pressures:



p. = (11,800) (0,.65) {0.134)
1 3.1785 + 0.6 (0,134)

= 315 psi at 300°F,

and

_ 2(11,800) (0.65) (0.134)
3.1785 - 0.4 (0.134)

659 psi at 300°F.

The maximum permissible working pressure
at-an operating temperature of 300°F is
therefore 315 psi'in the main cylinder
body. This exceeds the maximum operat-
ing pressure at that temperature (100
psi) and the resulting margin of safety
is |

MS = (315/100) - 1 = 2,15 (3)

7.4.2 CAPPED END SECTIONS

Section 6G—32, "Formed Heads, Pressure
on Concave Side", of Reference 1, lists
the‘following'formula for evalua£ing |
the allowaﬁle working pressure in a
torospherical head:

P

SEt/(0.885L + 0.1lt) (4)
where
P = maximum working pressure, psi;
S = maximum allowable stress at
operating temperature =
11,800 psi at 300°F;
t = thickness = 0,134 in,;

L = inside dish radius = 5.3 in.;

E = head-to-shell joint efficiency =

0.65.

Substituting and solving results in the

following maximum working pressure:

(11,800) (0.65) (0.134)

P = 10.885) (5.31 * 0.1) (0.134)

218 psi at- 300°F.

The margin of safety against failure at
the 300°F operating éondition is

MS = (218/100) - 1 = 1,18
which, although lower thén that for the
main cylinder body, demonstrates that

the design is satisfactory.

7.4.3 NOZZLE PROJECTIONS

Four nozzles protrude from thg top cap
of fhe container assembly. The nozzles
are used for filling and emptying the
container and for monitoring the con-
tents.. All four nozzles are 1/2 in.

in outside diameter; the wall thick-
nesses are, in sequence, 0.047, 0.047,
0.065, and 0.156 in. Three nozzles
extend to the interior of the éontainen
the fourth nozzle penetrates the end

cap only.

The allowable weld stress permitted for

nozzles attached by fillet welds is



listed in Réference 1 as 49% of the
shear ;tress of the vessel material.
The shear stress, inVFurn, is equiva-
lent to 0.577 times the allowable
effective stress which is 11,800 psi at

300°F. The permissible fillet weld

strength is then

'S

wf (0.49)(0.577)(11,800)
= 3336 psi at 300°F
where
Swf = allowable shear stress in

fillet weld,. psi.

The allowable weld stress for nozzles
attached by groove welds in shear is
listed in Referenqe’l és 60% of the
shearlétfess of the vessel material.

The permissible groove weld stienyth is

then
Swa = (0.60) (0.577) (11,800)
= 4085 psi at 300°F
where
Swa = allowable shear stress in

groove weld, psi.

For convenience, the nozzles will be
grouped by wall thicknesses in the
following investigation of their load

capacity.

7.10

7.4.3.1 1/2 x 0.047-in, Wall Nozzles

Figure 7-4 shows a typical nozzle
attachment to the top cap of the con-
tainer. The nozzle is attached to the

container by a groove weld in shear.

"The thickness of the groove weld will

be taken as the thicknéss of the top

cap (0.134 in.).

= 0.047 in.

0.134 in. 1

3

N

.FIGURE 7-4 - Typical nozzle attachment

at end cap. _ . )

The strength of the groove weld, Fwa'

is determined by multiplying the allow-

able shear stress, S by the weld

Cwa’
thickness and the circumferential length
of weld. This gives

Fwagé 4085(0.134) (m) (0.5) = 860 1b,

The maximum internal pressure, (P
: . i max

weld, that the weld can withstand is
then found by dividing the weld
strength, Fwa; by tube area over which
the internal pressure will act.

F

wa _ (860)(4)
m(D2/y) m(0.5)%

(P ) weld =
max

= 4,380 psi..



Because the nozzle will be subjected to
éhe same internal pressure as the méin
container, its strength under that
loading will next be evaluated. The
maximum allowable internal pressure in
the nozzle will be obtained by applying.
Eq. (1) to the nozzle dimensions.

Eg. (2) will not be evaluated at this
condition because  the circumferential
pressure stress is the limiting case in
a cylinder exposed to internal pressure
loading. Applying Eq. (1) produces the
allowable ‘internal pressure in the

nozzle,

_ (11,800) (0.65)(0.047)
1 0.25 +(0.6) (0.047)

1296 psi al 300°F.
Because the value P, is less than (P )
1 max

weld, it represents the limiting case
for this nozzle. The margin of safety
for this nozzle is then

MS = (1296/100) - 1 = 12 at 300°F
and the integrity of the nozzle under

the maximum pressure loading is as-

sured.

7.4.3.2 1/2 x 0.065 in. Wall Nozzle

Figure 7-5 shows the method used to
attach the 0.065 and 0.156 in. nozzles

to the main assembly. The attachment is

made via fillet welds on either side of
the cap. TheAminimum weld thickness is
limited to 70% of the nozzle wall thick-
ness by the réstrictions of Reference 1
and this value will be used in the in-

vestigation which follows.

§

— 0.134 in.

hg—— t wall

. -~ 2 L

[ A A
¥

L

0.5 in.

v

FIGURE 7-5 - Typical nozzle penetration at
end cap.

The strength of the nozzle-end cap weld
connection is given by

F o= 0.7(t wail)(swf)(lgth)(z weldg)

where

t ya11 = 0-065 in.

length m(0.5 in,) = 1.57 in.

FW

weld strength, 1b.-
This becomes

F
w

0.7(0.065) (3336) {(1.57) (2)

477 1bs at 300°F.



The maximum internal pressure that the

weld can withstand is then

Fv _ (417)(8)
n%/4  7(0.5)°

(P Yweld =
max
. (o)
= 2429 psi at 300°F.

The pressure capacity of the nozzle
body as a pressure vessel is found by

applying Eg. (l).

_ 11,800(0.65) (0.065)
c 0.25 +(0.6) (0.065) °

I

1725 psi at 300°F.

The limiting case for this nozzle is
determined by Pc. The margin of safety

is then

Ms (1725/67) - 1

25 at 300°F.

7.4.3.3 1/2 x 0.156 _In. Nozzle

Analysis of the capacity of this nozzle
follows the procedure used in the pre-
vious case. Figure 7-5 represents the

"weld arrangement at this penetration.

The strength, Fw' of the weld connection

is -found as

F, = 0.7(0.156) (3336) (1.57) (2)

= 1144 1b at 300°F.
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The weld can therefore safely resist a
container internal pressure of

1144 x 4

(P ) weld
max . ﬂ(0.5)2

5826 psi at 300°F.

The capacity, Pc, of the nozzle body as
a pressure vessel is obtained through
application of Eq;’(l)'té the tube
dimensions., This gives

_ 11,800(0.65)(0.156)
c - T0.25 +(0.6) (0.156)

1}

3482 psi at 300°F.

Because P_ is less than (P )'weid, it
c - max )
represents the limiting condition for

this nozzle. The margin of .safety is

MS (3482/67) - L1’

51 at 300°F.

The ability of the nozzle to withstand
the maximum pressure application has

been demonstrated.

7.4.4 SUMMARY

Table 7-3 summarizes the results of the
analysis of the pressure-containing
capacity of the Model AL-Ml1 configu-
ration-5 inner container. Since the
maximum internal preséure to which the

container will be exposed is 100 psi at



300°F the design is shown to be ade-

quate.

TABLE 7-3. RESULTS OF INTERNAL PRESSURE
STUDY FOR CONFIGURATION-5
INNER CONTAINER

Allowable Pressure
at 300°F

Component (psi)

Main Body Cylinder 315 Circumferential

659 Longitudinal

End Caps 218
Nozzles:
1/2 x 0.047 in. 1296
1/2 x 0.065 in. 1725

1/2 x 0,156 in, 3482

The overall limiting pressure capa-
bility is shown to be that of the end

cap. Its value is 218-psi at an

operating temperature of 300°F. The
overall margin of safety is, therefore,

Ms = (218/100) - 1 = 1.18
The design is satisfactofy.
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8. Package Standards
Evaluation
8.1 General

In Part II of ERDA Manual 0529, general
standards are specified for materials,
closures, lifting devices, and tiedown
devices in ‘addition to structural
standards pertaining to load resistance
and external pressure., The purpose of
this evaluation is to provide the neces-
sary support information which verifieé
that the packages are in compliance with
these standards. The evaluations are
based on gross weights of 550 1b for the

packages.

8.2 Materials

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

" shipping.

8.3 Closures

Positive closures and bolts that prevent
accidental opening are used on 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 pack~
age be capable of 1ifting three times
the weight of the package and any at-
tachments without generating stress in
any material of the package in excess

of its yield strength.

No lifting devices, as such, are pro-
vided on these shipping containers,

The drum covers and inner containers

are generally removed manually and do
not require any special devices. The
assembled containers are commonly lifted
with a fork lift by positioning the
forks either beneath the bottom of the
drum asAshown in Figure 8-1 or, in the
case of 6C drums with I-bar rolling
hoops, unde; the upper rolling hoop as
shown in Figure 8-2. The 17C drums with
swaged rolling hoops should not be
lifted by the rolling hoops. The
following evaluations show that, using
these prescribed lifting methods, sup-
porting three times the weight of thg

packages will not generate stresses



N

Fork

Drum

FIGURE 8-1 - Lifting drum from bottom with fork 1ift.

in excess of the yield strength of the

mild steel drums.

The méximum gross weight.of the 55-gqal
container is taken to be 550 1b and
three times this weight is 1650 1lb. AIn
lifting from the bottom, 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:

1650 1b
(4 places) (4) (0,0598 in,)

1725 psi.

The calculated stress is less than the
27,000 psi yield strength of the mild

steel drums.

In lifting 6C drums by positioning the
forks beneath the outer flange of the
rolling hoop, the load is reacted at two
points as shown in Figure 8-2; The
maximum bending stress'occdrring in the
hoop is determined in the following
manner. Assume that the section of the
web A-B resists the 825-1b load alone
and the load carrying capability of the

flange is neglected. The flange is as-

sumed to distribute the load along the



AL-M1 Drum

\

\\ Reaction Points (2)

9.7 In.

1-Bor Ralling Hoop )

Web ‘\\‘_,//’*——_’f—h\\—_’/‘\—////—ﬁ

Flange \
Y

4
_/Z% _[ t- 0.15 in.

825 Ib.

0.95 in.

T

SYMM

FIGURE 8-2 - Lifting a 6C drum at rolling hoop with fork 1ift. This lifting method is
not to be used on 17C drums.

8.3



edge of the web. The maximum bending

stress in the hoop is given by

_ 2
Snax = 6M/bt“,.
where
S = the maximum bending stress
max 2
(psi),
M = the bending moment, M =
(825) (0.95) in.-1b,
b = engagement length, b =
9.70 in., and -
t = web thickness, t = 0.15 in.
Thus
s = 5182500.95) _ 5y 500 psi,

max (9.70) (0.15) <

The maximum shear stress- in the web is
given by

J = W/A
smax /

where W is the weight and A is the area
(b x t).

Thus

- 825 _ 825
max A (0.15) (9.7)

S

Both of these vélues are cohservative
since the resisting,action of the flange
waé not included. The minimum yield
stress of the ring ﬁaterial is 27,000
psi, as specified by the ASME Code[l].‘

The I-bar rolling hoop is prévented from

= 567 psi.

" slipping due to the corrugation in the

drum body..

- 8.5 Tiedown Devices

8.5.1 GENERAL

AL-M1 containers with'type 6C drums

hgve built-in tiedown fixtures, but
those Qith type 17C drums doAnot. ERDA
Manual Chapter 0529 specifies that tie-
down devices that are a structural part
of the péckage must be capable of with-
standing simultaneously 10-G longitudi-
nal, 5-G lateral, and 2-G vertical loads
without exceeding the yield strength of
the mate;idl. Hb&ever, this requirement
is not applicable to the AL-Ml'con—
tainérs since the tiedown devices on the
6C drums are attached to the outer drum
and are, therefore, not a structural
part of. the package. A Division of
Reactor Research and Developmerit
standard[2] proposes that all parts of

¢

the tiedown system that are not con-
sidered structural parts of the package
be so designed and fabricated that

static stresses would not exceed 75% of

'the yield strength if the-package were

subjected to a sustained acceleration of

2-G forward or backward, 1-G laterally,



3-G vertically up or 2-G vertically down.
It is demonstrated in this section that
the AL-M1l containers with and without
built~in tiedown fixtures satisfy the
requirements set forth in the RDT stand-

ard.

For AL-Ml containers without built-in
tiedowns, essentially the same analysis
applies when strapping is securely
wrapped around the circumference of tﬁe
drum in order to provide fastening
points for transversé tiedown cables or
straps. For the analysis to apply, it
is necessary for the circumferential
strap to be placed 12 in. below the top
of the drum and to be restrained against

slippage up or down.

The tiedown devices for the AL-M1
shipping container are detailed in
Figure 8-3, Each AL-M1l Type 6C drum is
equipped with two stirrup-shaped tiedown
fixtures which are fastened t? the upper
I-bar rolling hoop 180°'apart. These

" are normally used to fasten the con-
tainer in the transverse direction using
a cable (or strap) within the transporﬁ
. vehicle [Figures 8-3 (A) and (C)]}. In

addition; a tiedown cable (or strap) is

placed longitudinally over the top of
the drum aﬁd securely attached to the
floor [Figurev8-3 () and (B)]. The
I-bar rolling hoop is secured between
two corrugations on the drum, thus
preventing any vertical slippage of the

hoop.

This evaluation of the tiedown stirrups
and the I—bar‘rolling hoop sh§ws that
the devices satisfy requirements.
Failure of the devices under excessive
load will not impair the ability of the -
package to meet the requirements of the
other general standards. The cable
forces developed to resist the three
inertia loading conditions specified
were determined. In several instances,
the cable system was statically in-
determinate, and the stiffness method of
indeteéginate analysis was employed.
Throughout this analysis, it is assumed
that (1) the container itself is per-
fectly rigid, (2) the cross-sections of
all cables are identical, and (3) the
center'of mass coincides with the
centroid of the drum. The maximum
weight of the container is 550 1lb. Once

the cable forces are determined, the
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(C) Transverse Tiedowns

FIGURE 8-3 - Tiedown devices.




stresses in the drum are found for the

largest cable forces encountered.

8.5.2 VERTICAL INERTIA LOAD

The vertical inertia loading is con-
sidered first. The 3-G vertical upwards
loading is shown in Figure 8-4 (A).
Since the weight of the container (1 G)
must also be included in the analy;is,
the resulting upward load becomes
3G-1G= 1100 1b. The forces de-
veloped in the longitudinal cables (Pl)
and the transverse cébles (P2) cannot
be determined from the equations of
statics alone. In order to determine
these cable forces, it'is assumed that
the yertical loading causes the con-
tainer to displace upward an amount A

as shown in Figure 8-4 (A). From the
cable geometry as shown in Figure 8-4
(C), it is determined that the dis-
placement (A) upward causes a cable
elongation of A sin 6, where 6 is the
angle that the cable makes with the
horiz&ntal. The force in the cable is
(AEA/L) sin & and the vertical component
is (AEA/L) sin’ 6, where L = the ori-
ginal length of cable, A = cross-
secfional area of cable, and E = modulus

of elasticity. The force {(AEA/L) sin2 8

is the stiffness of the cable in the
vertical direction and is denoted P.

For the longitudinal cables 6§ =
71.01240, sin 6 = 0.9456, L = 36.88 in.,

and thus

5 = AEA(0.9456)2

1 - 36.88 » and

ol
]

0.02425 AEA, ' (1)
For the transverse cables 8 = 62.63750,
sin 6 = 0.888, L = 26,11, and thus

5 - AEA (0.888) >

2 = 26.11 + and

= 0.0302 AEA., ' (2)

ol
!

Equilibrium in the vertical direction
requires that

.2P2 + 2Pl = F, ' (33)

2(0.0302 AEA + 0.02425 AEA) = F (3B)
where F is the actual load. Solving for
AEA,

AEA = 9.18F. (4)
substituting Egq. (4) into Eg. .(l) and
(2),

P}

0.02425(9.18F) = 0,.223F, (SA)‘
and
P,

The longitudinal cable forces (Pl) are

0.0302(9,18F) = 0.277F {5B)

found by
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FIGURE 8-4 - Vertical inertia loads.
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0.223F/0.9456;

]
]

P1/51n 0 =

(6)
P = 0.236F,

The transverse cable forces (P2) are

therefore
P, = Fz/sin 8 = 0.277F/0.888;
: (7)
P, = 0.312F.

The vertical load (F) acting on the
AL-Ml container is 1100 lb, and there-

fore

0.236(1100) = 260 1b; (8)

o
I

o
1]

0.312(1100)

8.5.3 LONGI'.-I‘UDINAL'l IﬁgéR&IA LOAD

The néxt'inertia loading considered is
“the 2-G longitudinal ioéding as shown in
Figure 8-5. Initially it waéiaSSumed'.
that the AL-Ml container will'tip about
point A as shgwn iq Figure 8-6. This
can occur only if sufficient. frictional
forces are developed along the floor..
The cabie system for this case is also

statically indeterminate so a procedure

similar to that used previously for the

vertical loading. will be used here to

\

determine cable forces. Assume that the

container rotates about point A an

amount df (see Figure 8-6). The. corner

8.10 I

343 1b.- (9)

B of the container moves to B', a dis-
tance Rdf. From the geometry of the
system, it is determined that the in-

crease in cable length due to the

‘rotation df is

8

RAF cos (F + 6 - 90), (10)

The stiffness of -the longitudinal cable

is then
_ AEs _ 1R _
4P1 =5-= AEA4g [L cos (ﬂ.+ 8 90)|,
(11)
wheré
R = diagonal distance between A-B, .
L = length of cable, and

# and ¢ are angles defined in

" Figure 8<6.,

For the longitudinal cable R = 41.5Vin.,
L = 36.88 in., ¥ = 57.171%, and @ =

71.0124°, Then -

G 41.50
Pl'_ AEQZ 36.88 cos (57.171
471.0124 ~ 90); (12)
P, = (0.8845) AEdfd.

The geometry of the transverse cables

from a'longitudiﬂal rotation about point
A ié shown in Figure 8-7. From this it
can be determined that the stiffness of

each transverse cable is
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FIGURC 8-6 - Longitudinal cahle load,
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FIGURE 8-7 - Transverse cable load.

V.

All forces acting on the container are

(13)
Moment equilibrium

P2 =.{é§ {RDFcos #) sinW],
. L .
' shown in Figure 8-8,
where ¥ is defined in Figure 8-7. The
. : : about point A requires that
vertical component of the transverse _
- . 32.623(?1) + 2(P2)(ll.25) +
cable force is denoted P, and is ‘ o ‘ : :
' 550(11,25) = 1100(17.4375);
P, = %% [(Rdﬂcos #) sinzw] . (14) (16)
32.623 P, + 22.5 52 = 12,994,
For the transverse cable R = 25,77, ’ '
L = 26,11, P = 45.862, V¥ = 62.6375, sin { Substituting Eq. (12) and (15) into (16)
= 0.888, and cos #'= 0.4365. Then and solving for AEdf gives '
32.623(0.8845AE48) +
22,5(0.34AE4Q) = 12,994;
(17)

25.77 (0.4365)(0.888)2
(15) .

P, = AEQf =57
P, = (0.34) AE4g.
, AEAf = 355.94.

8.12
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FIGURE 8-8 - Forces due to longitudinal inertia.

Substituting Egq. (17) ihto Egq. (12) and
(13) provides the cable forces from the

longitudinal inertia load as follows:

il

P

1 0.8845(355.94) =

315 1b; (18)

2] =

2 P2/sin ¥ = (N.34)(355,94)/0.888,

= 136 1b. (19)

It must now be determined whether squ

ficient frictional forces can be de-
‘'veloped between the floor and container
to cause the assumed tipping condition.
All loads acting on the container are

shown in Figure 8-8. Summing forces in

the horizontal direction we find that

the frictional force that must-be
developed is

P_ = 1100 - 102 = 998 1b.

£ (20)

Summing -forces in the vertical direction

will provide the total normal force, PN'

acting on the floor,

P
N

2(121) + 550 + 298

1090 1b. (21)
The coefficient of friction between the

floor and container is taken to.be 0.4;
the maximum frictional force that can be

developed is

8.13



¢ =
“Pfymax = @.QCPN» 0.4(1090)

- = 436 1b. (22)

Thus, the maximum frictional force that
e¢an be developed is much less than that
force required to cause the container
to tip (998 1b). This means that the
container will begin to slide along the

floor before it will tip about point A.

Ih order to determine the cable loads
from the sliding of the container, all
forces acting on the container must be

congidered as shown in Figure .8-9,

Here the tramsverse cables.(sz will not
be loaded because of the sliding of the

With P

container. 2

= 0, the cable

-system is statically determinate. Aas-

suming a coefficient of friction of 0.4,

" it can be seen from Figure 8-9 that the

normal load on the floor is

P_= 550 + P

N 1 sin 8.

(23)

The frictional force along the floor ia

P =

£ (24)

0.4(550 + P, sin 8),

1

summing horizontal forces glves
(0.3254)P1 +

(550 + 0.9457 P,)0.4 = 1100,

Py cos 6 = P4(0.3254)

Py sin § = 0.9456P,

> FWD

—_—e 1100 b

VAP AV AV 4V 4 4V AV 4V AV 4D AV A 4 & 4

/7777

- P, = 04 (550+0.9456P5)

® =7nmm2

sim @ = 0.TH
s = QXS4

Py = SEOHASA5EPY

FIGURE 8-9 - Lomngitudimal slidimg forces.
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]

1250 1b, and (25)

P, = 0.

To summarize the results for the
longitudinal inertia loading, sliding
of the container will occur before
tipping, and the maximum longitudinal
cable force for the condition is 1250
lb. No transverse cable loads will be

developed.

8.5.4 TRANSVERSE INERTIA LOAD

The 1-G transverse inertia loading 1is
shown in Figure g8-10, Agéin it was
initially assumed that the container
will tip about point B.. Using a similar
stiffnes; procedure as for the longitu-
dinal inertia luad, it wao determined
that for the transverse inertia load a
sufficient frictional force could not
be developed., Therefore, for this
loading the container will slide before

S it will tip.

In order to determine cable loads from
sliding, all forces acting on the con-
tainer must be considered as shown in
Figure 8-11. Here the longitudinal
cables (Pl) will not be loaded because
of the sliding of the container. The

normal load on the floor is

PN = 550 + P2 sin ¢. (27)

With a coefficient of friction of 0.4,
the frictional force along the floor
is

P_ = 0.4 (550 + P

c sino). (28)

2

Summing horizontal forces gives
0.4 (550 + 0.888 P2) +

0.46 P2 = 550; (29)

P2 = 405 1b.

Therefore, the maximum transverse cable
force is‘developed when sliding éccurs
and is 405 1b.
8.5.5 DRUM STRESSES FROM MAXIMUM
INERTIA LOADS
Once‘the cable forces are determined,
the stresses in the drum and rolling
hoop can be found as shown below., From
the previous analysis, the maximum
transverse cable force of 405 1lb was
found to occur during the transverse
inertia loading. This load is shown
acting on the rolling hoop in Figure
8-12. The resultiﬁé horizontal force
component is 193 1lb, and the vertical

force component is 360 1lb,

It is conservatively assumed that the

vertical component is distributed over
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Looking FWD
. | ss0 1B
1G=5501b
% 17.4375 in.
‘ v B
77777 777
Pz ’
- 2P,
~— FWD
T77T77 77777 7777777777777
5 _ .
Py ! P F1

FIGURE 8-10 - Transversp inertia loads.



Looking forward

Pz cos § = 046P2

' Pgsin § = 0.888P;

(/]

550 ib

—_—ree—ee> 550 |b .

S LSS S S S

- p; = 0.4 (550+P; sin )

0 = 62.6375°

sin 6 = 0.888
cos § = 0.460

Py = 550+P; sin 0

FIGURE 8-11 - Transverse sliding forces.

3 in. of wall perimeter. Since the
thickness (t) of the drum is 0.06 in.,
the cross-sectional area resisting the

. .2
vertical component is 3t = 0.18 in.

The horizontal component of the cable
tension is resisted by‘the bending
action of the rolling hoop. The maxi-
mum bending etress in thé hoop occurs
at the point of application of the load
and'is calculated as follows:

Smax = 0.318 RF/Z,

where

S = maximum bending stress {psi),

max

w
1]

radius of hoop, R = 11.25 in,,
Z = section modulus of hoop,
2 = 0.1267 in.3, and

F

horizontal force, F = 193 1b.

Thus, the maximum bending stress acting

on the I-bar rolling hoop is

s _ 0.318 (11.25) (193)
max 0.1267

5448 psi bending stress on

I-bar.
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193 Ib

' Horizontal -
Component
Resisted by H

193 Ib

405 Ib

oop
H

/ 1-Bar Rolling Hoop

-/—360|b

/— Drum

M

FIGURE 8-12 - Cable forces.



The compressive stress in the drum wall

caused by the vertical component is

given by:
S = F/A
max /A
where
Smax = maximum compressive stress

(psi),

F = vertical force, F = 360 1b,
and .

A = cross-sectional area, A =

0.18 inz.

Thus, Smax = 360/0.18 = 2000 psi com-

pressive stress on drum wall.

The cable that overlaps the drum in the
longitudinal direction.causes a comprés-
sive ioad on the drum wall identical to
that caused by the transverse cables. -

Again it is conservatively assumed that
3 in. of perimeter resists the vertical

component of the cable load. The maxi-

mum longitudinal cable stress occurs for

the longitudinal inertia load which is
1250 18, The résulting‘vertical compo-
"nent is 1182 1b. [1250(sin 71.0124) =
1182] - The maximum drum stress for this

load condition is

)]
]

max F/A = 1182/0.18

6566 psi compressive stress

on drum top.

All the above stresses are much less
than 27,000 psi, which is the specified
yield stress of the drum material.
8.5.6 TIEDOWN STIRRUP STREéS DUE TO
MAXIMUM INERTIA LOAD
The transverse cables which secure the
AL-M1 container built with 6C drums are
attached to the rolling hoop with a
steel stirrup as shown in Figure 8-13.
In the previous sections it was deter-
mined that the maximum transverse cable
load is 405 1b and occurs when the
transverse inertia load of 1 G is
acting. In order to compute the maxi-
mum stress occurring in the stirrup it
is assumed that the 405 1lb load is uni-
formlyyéistributed over a 4-in, length
with the ends simply supported as shown
in Figure 5-13 (B). The maximum stress

equation is

S = M /2
max max
where
= l s
Smax maximum stress (psi),
M = maximum moment, M = PL/8 =
max

405(4)/8 '= 202.5 in. 1lb,



3/8 in. thread

L 1/2 in. diam

4 in.

(A)

W -wlL - 405 Ib.

(8)

FIGURE. 8-13 - Tiedown stirrup used on type 6C drums.



P = cable load, P = 405 1b,

L = length of stirrup, L = 4 in.,

Z = section modulus, 72 = nR3/4 =
(n/4) (1/4)3 = 0.01227 in.3,

and

R = radius of stirrup, R 1/4

in.

Therefore, S = 202.5/0.01227
max

16,500 1b maximum stress in stirrup.

The maximum stress will actually be
somewhat lower since the edges are not
actually simply supported but do provide
rotational restraint. VYielding of the

stirrup material will not occur.

8.5.7 SUMMARY OF RESULTS
The results of all the tiedown calcu-

lations are summarized in Table 8-1.

Since all stresses calculated for the
calculated inertia loads are well below
the 27,000 psi yield stress of the
materials, the tiedown devices meet the

necessary requirements.

8.6 Load Resistance

8.6.1 GENERAL
When regarded as a simple beam supported
at its ends along any major axis, the

shipping container must be capable of":

TABLE 8-1. SUMMARY OF TIEDOWN CALCULATIONS FOR 6C DRUMS

Forces and Stresses

Longitudinal Cable Force (1lb)
Transverse Cable Force (1lb)

I-bar Maximum Bending Force (1b)

Drum Maximum Compressive Force (1b)
I-bar Maximum -Bending Stress {(psi)
Drum Maximum Compressive Stress (psi)

Stirrup Maximum Stress (psi)

Upwards Longitudinal Transverse
Vertical Horizontal Horizontal
Inertia Inertia Inertia
Load of 3G Load of 2G Load of 1G

260 . 1250 0

343 0 405

- . - 193

- 1182 360

- - 5448

- 6566 2000

- - 16300



withstanding a static locad, normal to
and uniformly distributed along its
length, equal to five times the fully
loaded container weight without gen-
erating stresses in any material of the
container in excess of the yield

strength of that material.

The outer drum is identical for: the
AL-M1 configurations-1, -3, and -5 and
is shown schematically in Figure 8-14.

The drum material is low alloy steel

. Gross weight of container = 550 |b.
5 x 550 - 2750 Ib.

with a minimum yield stress of 27,000
psi, as specified per ASME Pressure

Vessel Code(l]. "

8.6.2 DRUM EVALUATION

Stresses in the drum resulting from the
uniform load are determined, as recom-
mended by Shappert[3], from the follﬁw-
ing equation:

S

MC/I = M/Z,

where

n
]

Stress (psi),

wk = W - 2750 Ib.

22.5 in. diom

t-0.06 in.

- 34.875 in.

FIGURE 8-14 - Drum load resistance.



M = maximum bending moment,
M =5 WL/8 (in. 1b),
Z = I/C = section modulus of drum
4 4
= (R, - R;") /AR,

(o]

t.

114

nRozt (in.3j for a large
diameter, thin-walled

cylinder,

W = weight of drum, W 550 1b,

L = length of drum, L 34.875 in.,
R = outside radius of drum, Ro =
11.25 in., and

t = thickness of drum, t = 0,06 in.

The computed maximum bending moment is
M = 5(550) (34.875)/8

= 12,000 in.-1lb.

The computed section modulus is
2 _ 2
zZ = nRo t = 1(11.25)7(0.06) .

= 23,85 in.3

The maximum bending stress is then

S = 12,000/23.85 = 500 psi

Since the material yield stress of
27,000 psi is 54 times és great as the
cdlculated results, the AL-Ml container
satisfies the load resistance require-

ment.

8.7 External Pressure

8.7.1 REQUIREMENT

The containment vessel must be capable
of withstanding an external pressure of
25 psi without any loss of contents;
that is, no leaks or failure will occur
due to yielding. Thus, each of the
three AL-M1l configurations is analyzed
in the following to determine that 25
psi external loading will not produce
stress that exceeds the yield stress at

300°F.

8.7.2 CONFIGURATION—l

This inner container is shown in

Figure 8-15., It is made of stainless
steei with a yield stress of 11,900 psi
at 300°F. First the cylindrical shell
is examined using section UG-28 of the

ASME Code. It is calculated that the

allowable load, P, is

p= B . 12000 psi
(Do/t) (10 in.)/(0.25 in.)
= 300 psi
where

B is a function of D and L/D
o/ o

t
and is evaluated from Figure
UHA-28,1, p. 302, ASME Sec.

VIII, Div. 1,



Do is outside diameter,
t is wall thickness, and

L is length.

Thus, the cylindrical shell has a cal-
culated allowable external pressure of
300 psi which exceeds the 25 psi re-

1

quirement by a large margin.

25 psi -

IFENRNNEY.

T 1
¥ [ ' .
Py |
I
o5in. 1 1 ' Lﬁ
‘ 9.5 in. ] |
19 in. ,‘ | F_IZSpﬁ
; | % in. —] 'kw
0.5 in.
-2 in.
T .
3in EF__- : 7 | |

FIGURE 8-15 - Configuration-1 inner
container. ‘

The bottom plate approximates a circular
plate with semifixed edges under a uni-
form loéding. It is treated as a
supported edge plate (higher stress
case). The gpplicable formulas for

stress in this plate are:

8.24

w0
]

1.24R2P/t? for circular
max .

plate with supported edges.
2
(1.24) (4.75) " (25)

S = = 2798 psi.
max (0.5)2

Thus, the yield stress is not exceeded.
We now determine the allowable pressure
b o st _ 11,900 (0.5)°
(1.24)(4.75)2

(1.24) (4.75)°

106 psi
which provides an ample margin of safety,
M.S.,

M.S. = (106/25) - 1 = 3.25.

The top plate is treated as a uniformly
loaded circular plate supported at the

0-ring diameter.
max 2

(1.24) (4.985)2 (25 psi)
" (0.5)2

3081 psi.

We now find the allowable pressure at

300°F,
b - st _ 11,900 x 0.5°
(1.24) (R%)  (1.24) (4.985)2
= 96.5 psi;
again,



]
]
.
[¥e)

thus, the top plate is limiting in
configuration-1, but is more than ade-

quate.

8.7.3 CONFIGURATION-3

This inner container is shown in Figure
8-16. It is made of 6061-T64 aluminum
and has a yield stress of 25,000 psi at
300°F. Again we first examine the main

body cylinder with dimensions as shown,

| 25 psi
41__;[:_ _i__l;_ — N\
| |

—> l\‘\\ AVAVAVAVAVAVAVAWAY [«
—> ‘ [ jLL —
o | TC
25 psi —», (Va4 in. / -
1244 in. / .
L ] 135 in. n/ le—
¥ ’ A\ W W W W A W W W -

G O 5

25 psi

FIGURE 8-16 - Configuration-3 inner
container. - .
From the dimensions shown in Figure

8~16, we have a ratio of outer diameter

to wéll thickness.of

25 psi

D/t = 13.5/0.25 = 54.0..

We also have a length to diameter ratio

of

L/Do = 12.44/13.5 = 0.92,

Using Figure UNF-28.30 (in pink addenda)
of ASME UG-28C, revised summer 1974, and
noting that Do/t > 10, we find the
factor |

B = 9000,

From this we calculate the maximum

allowable pressure

4B _ 4(9000) _ .
Pallow = 3(D_/t) ~ "3(54) 222 psi.

Thus, the main body cylinder is ade-
quate and has a margin of safety of

M.S. = (222,2/25) - 1 = 7.9,

For the bottom plate using Section

UG-34, ASME Code, with

.C head attachment factor = 0.5
.[Figure UG-34(e) and (£f)]}
P = design pressure = 25 psi
d = internal diameter = 13,0 in.
S = max. allowable stress value =
25000 psi at 300°F
(AL 6061-T64)
t = actual thickness = OLSO in.

(ASME Table UNF-23.1, p. 12)



s )
|

2 0.3

L2 2
The required thickness is ° _ St _ 25000 (0.375)
: cd

B 13.335
t

d VCP/S = 13 V0.50(25/25000)

0.291 in.

65.9 psi, at yield which is

I

263% of tha£ required.
and the allowable pressure is

. _ 2 =<?.50>2 <25000) 8.7.4 CONFIGURATION-5
yield d2C 13 0.50 This inner container is shown in
= 74,0 psi. ’ Figure 8-17. It is made of 316 stain-
Thus, the bottom plate will not yield less steel, From the ASME Code Section

at the stipulated pressure. UG-28 (¢) revised summer 1974, we have

) for the main body cylinder of length,
Analysis of the top plate per ASME code

L = 19 in.; diameter, Do = 6.625 in.;
follows the same procedure as for the

, ] and thickness, t = 0,134 in.:
bottom plate only the diameter dimension

. L/D
and the attachment factor will change. °

19/6.6 = 2,9

Do/t 6.625/0,134 = 49.4,

For top plate:
C = 0.3, from Figure UG-34 (J)
and (R)

P = 25 psi

- I3

—»> —
Syiera = 25000. . Ml
Required thickness [, 6.625 in. — o
I -
= ‘_—
treq d VCP/S > l
— 119 |
= | ™ 0.134 —o-| [
treq = 13,335 V0.3(25/25000) N l i —
‘—-
= 0.23 in. AR |
- / ——
versus 0.375 in. provided at gasket ¢. N —l
The allowable pressure with 0.375 in. T Tl T

thick plate is ‘ -
. FIGURE 8-17 - Configuration-5 inner
container.
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Using Figure UHA-28.4 (P-305), we find
the factor, B, is

B = 9900 psi (up to 100°F)

I

7500 psi (300°F).

Then, the allowable pressure, P, is

P = B/Do/t = 9900/49.4

200.4 psi up to 100°F

These values are considerably above the

required pressure of 25 psi, and thus,

the cylinder is adequate.

The dished top and bottom heads will be

analyzed under section UG-33 "Formed

Heads, Pressure on Convex Side", ASME

Code. For this case reference is back

to UG-28(d) with the appropriate length

factor, L, and head thickness, th'

having values of

Li = 6 in,
th = 0.124 in.
Then
Li/th = 48.4
Li/lOOﬁh = 0.484

From chart Figure UHA-28.4, p. 305, thé

factor, B, is

7500/49.4 = 152 psi at 300°F.

o
It

14500 psi at T = 100°F

o
1

11000 psi at 100°F

< T '< 300°F.

and the allowable pressure, P, is

P B/(Li/th) = 14500/48.4

300 psi at T = 100°F

11000/48.4

227 psi at 100°F < T <

300°F.

Because the inner cylinder and end caps

can safely withstand the required

pressure, the container meets the

standard for external pressure.‘
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9. Normal Conditions of

Transport Evaluation
9.1 General

ERDA Manual Chapter 0529 requires
nuclear packaging to retain its effec-
tiveness when subjected to nine tests
simulating normal transportation en-
vironment and hanaling conditions.,

These tests are:

1. Heat 6. Free Drop

2. Cold 7. Corner Drop
3. Pressure 8: Penetration
4, Vibration "9, Compression

5. Wate; Spray

The related testing. and engineering
evaluations adequately demonstrated

that the requirements are satisfied.

9.2 Heat

Direct sunlight at an ambient temper-
ature of 130°F in still air would not

increase the temperature of the drum,

insulation, or the inner containers in

excess of design capabilities.

The calculation applies to all three
configurations. The procedure consists
of determining the heat loa@ from the
sun and the resqltiqg external drum |

surface temperature that is requiréd to

dissipate the solar heat load to 130°F
ambient air. Since the temperature in-
creases resulting from the solar heat
load throughout each package are less
than, or equal to, the corresponding
increase at the drum surface; the as-
sumption that these temperature
increases are equal thoughoﬁt each
package provides conservative estimates

of the inner container temperatures.

Shappert's[l] approach establishes the
average solar heat load over a 24-hr
beriod as 42 W/ft2 of projected surface
area. The maximum possible projected
surface area is estimated basea on
viewing the upright container at an
angle perpendicular to a diagonal drawn
through the drum. The calculations for
a 55=-gal drum aré as follows:

A= [(1.89 ft diam)> +

(2.90 £t hgt) %1% x
(1.89 £t diam),
A = 6.54 ft°.

Therefore, the solar heat load (QS) is
2 2,
Os = (h.54 f£%) (42 W/Et™) = 275 W,
The resulting temperature increase at

the drum surface is determined by linear

extrapolation of the experimental steady



state temperature data for a similar
55-gal package(2]. Since the drum
surface temperature increased §.6°F
above ambient when 66.5 W was dissi-
pated, the surface femperature increase
is estimated to be 36°F when 275 W must -
be dissipated. Thus, 36°F is deter-
mined to be the éemperature increase .

on the surface of the drum and through-
out the package resulting from the solar
heat load. An additionai 30°F must be
added to account for the increase in
ambient temperature from 100 to 130°F.
At the maximum'acceétable heat load of
10 W the drum surface tempefature is
then 101 + 36 + 30 - 167°F at an

ambient temperature of 130°F in direct

sunlight. The temperatures at 100°F in
shade (see‘Seqtion‘G) and the results
of the precedingAcalculations aré
summarized in Table 9-1. It is inter-
ésting to note in Table 9-1 that the
inner container temperatures for the
configuration-5 are slightly higher than
those for configurations-1 énd -3 even
though the ipternal heat load is sub-
stantially less for tﬁe configuration-5.
This is due to the added ‘thermal .insu-
lation provided by the configuration=-5

insulating sleeve.

Thus, the heat input from the sun will

" not cause the inner container temper-

atures to exceed design capabilities.

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 ' ’

In 100°F Shade Intermediate Cal

Maximum culations In‘130°F'Sun
Contents Inner Proj. Solar Solar Inner

Heat Load Drum. Cont., Area Load Increase Drum Cont.

Configuration (W) (°F) (°F)  (ft2) ) ©(°F)y ) - (°m)
1,3 10 101 111 6.54 275 36 167 177

5 3.3 100 116 6.54 275 36 166 182

9.2



In fact, thé inner containers, as pro-
tected by their outer insuléting
assemblies, are de;igned to withstand
hypothetical accident fire conditions,
as discussed elsewhere in this report.
The effectiveness of the steel drums
and insulation is not expected to be

reduced as a result'of the sun.

9.3 Cold

The cold test requires evaluation or
testing at an ambient temperature of
-40%F in still éir and shade. It was
concluded that this temperature will
not decrease the effec;iveness of the

packages.

?9.4 Preséure

Reduced atmospheric pressure of 6.5
times standard atmospheric pressure is
well within the capability of the inner
containers. This is equivalent to an
increased 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 thorough-

ly- evaluated and are discussed in

Section 7. The calculated maximum
allowable working pressure (ASME code)
at 300°F for all configurations is in
excess of thé 22 psig which would re-
sult from the reduced atmospheric pres-

sure requirement.

9.5 Vibration

The vibration test requires that pack-
aging be capable of withstanding
vibration normally incident to trans-
port. The capability of the AL-M1l
containers to withstand normal vibration
is well documented as a result of
special tests and routine use. A com-
plete AL-Ml package, including non-
radioactive contents, was subjected to
laboratory tests which included bhoth
lateral and axial shake, rattle, and
roll tests for ensuring the product
qualit&vof the contents under. severe
conditions. An actual road test was
then performed from Livermore, Cali-
fornia, to Miamisburg, Ohio. The road
test confirmed that the laboratory
tests were more severe than actual road

conditions.

Since 1968, approximately 150 shipments

over various road conditions have been -



successfully completed. -Neither the
special tests nor routine use provides
any evidence of damage caused by vi-

bration.

9.6 Water Spray

A water spray sufficiently heavy to
kéep the entire exposed surface of the
package, except the bottom, continﬁ-
ously wet during a period of 30 min
will not damage any of the packages in
any way or have any.effect, other than
slight coéling, on the coﬁtents. The
packages are actually exempt from this
test requirement since the externéll
surfaces are of all mefal constructio£
and tﬁe vent holes are sealed with

waterproof tape.

9.7 Free Drop

A free drop through a distance of 4 ft
onto a'flat, essentiélly unyielding,
horizontal surface, striking the surface
in a position for which maximum damgge
is-expected, would ﬁot’reduce the effec-
tiveness of the packaging as it was
demonstrated that only minimal damagé £o
the drums. incurred as a result of the

30-ft drop tests discussed in Section 10

of this report.- Also, this test was

performed for a 55-gal package by the
University of Californial(3] wi;h only
minor damagé 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 succes-
sion or, in the case of a cylindrical
package, onto each quarte? of each riﬁ,
from a height of 1 ft onto a flat,
essentiallf unyielding, horizontal
surface. This test applies only to
packages that are constructed érimarily
of wood or fiberboard and do not exceed
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 weights are in excess of 110

1b, since the configuration-1l and

-3 shipping containers can be used

for Fissile Class II shipments., The
l1-ft corner drop is less severe than the
4-ft drop which was disscusséd in the

previous section and would not damage



the packages in any way that would

reduce. the volume or effectiveness,

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 weighing 13 1lb, dropped from a
height of 40 in. onto the exposed sur-
face of the package that is expected to

be most vulnerable to puncture.

This test causes minor damage to the
drum surfaces, but does not penetrate
therﬁe This was demonétratéd by tésts
performed on similar ld—gal and 30-gal
packages'by Dow Chemical Company [4,5].
It is also subsfantiated for the gb-gal
size discussed in this report by an
engineering evaluation whicﬁ compares
the stress imposed.by the dropped rod
striking the cylindrical and flat sur-
faces of the drum to the ultimate

strength of the drum material.

The ratio of dynamic load to static
weight approaches the value of 2.0: in
the limit (Reference 6, p. 368,
Reference 7, p. 40). ‘the effebfi&é

dropped load striking the drum surface

is determined using the ‘limit value as

P =2,0(13 1b) = 26 1b (for both
: : i, drum sizes)

Separate calculatioﬁs will be made for
the cylindrical surface aﬁd for the
flat, circular top of éach container.
The effect of a concentrated load‘on a'
cylindrical surface produéés the
following stress and deflections
(Reference 5, Table XIII, Case 7):

2.4 p/t?

S

NI 0.5 R 1.22
Et | *"°\R t

where
s = hqop_pending s?ress,lpsi
P = applied load (26 1b)
t = drum thickness, in.
Y = vertical deflecfion ot surface,
in.
L = length of container, in.
R = radius of coniéinér; in.
E = elastic modulus (30,000,000

psi for drum).

*The 55-gal drum has a length of 34.81

in., a radius of 11.28 in., and a

‘ thicknessiqf,0.0$98 in. The stress and

deflection are found as follows:

(2.4) (26)/(0.0598) 2

S

17,450 psi.



Y = 26 where

30 x 106(0.0598) . . ,

/7
m = reciprocal of Poisson's ratio

0.5 1.22
. 34,81\ "7(11.28 :
0.48<%ITE§> <;,0598> (3 for mild steel)
= 0.0073 in. . A = radius of point load (0.625

The resulting stress and deflection in, for rod)

will produce only slight surface damage loge = natural logarithm

to the container. (Note that the ulti- SR = maximum radial stress in
mate tensile strength of mild steel is plate, psi

60,000 psi.) The results are summarized S, = maximum tangential stress in
in Table 9-2. . ‘ plate, psi.

The following equations apply to a The resulting stresses and deflection

concentrated load at the center of a are Obtélned as follows:

circular plate with fixed edges. ‘g = 3(26) é__ (0.625)2>
R 2 2
(Reference 6, Table X, Case 8) (2)(ﬂ)(0'0598) (11'28)
’ 2 A = 3461 psi
S=._2?.—. ...é
) R on¢? R? . - 3(26)

T (3)(3)(m (0.0598) 2

2
1 - i9:§3515 = 769 psi.
‘ (11.28)°

[42]
3
]
‘w
e}
/;\
1
o >
NN
~———

3mm t2

2 2 2 -
Y = 3P (m 2-13) [R ;A _ Azloge g}
27T Em"t )

TABLE 9-2, - ANALYSIS OF DROPPED ROD ON CYLINDRICAL SURFACE

Bending Load

Container Dimensions (in.) Stress Deflection
Length * Radius " Thickness (psi) (in.)
34.81 11.28 0,0598 17,450 0.0073



' (3) (26) (3%-1)
5. .2 3
(2) (1) (30x10°) (3%) (0.0598)

[(11.28)2 - (0.625)%

2
2 (11.28)
(0.625) loge '(o—.ezs—)]

= 0.107 in.
These results 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

. cylindricgllsurfa;é of the container.
This stress (17,450 psi) is well below
the yield stress of the material, and
the resulting deflectiéﬁ is small.
Therefore, the dropped rod wéuld not
penetrate the container, 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 [4,5].

Table 9-3 indicates that the dropped

rod will produce appreciable deflections
in flat end plates; but that the re-
sulting stresses are relatively miﬁbr.
This shows that-although indentations

would occur in the container lids, there

"would be no penetration. The results of

this analysis, therefore, illustrate
that the containers are adequately de-
signed to withstand the penetration

test.

9.10 Compressions

This test requires a cqmpressive load
equal to either five times the weight

of the package or to 2 psi mu;tiplied

by ﬁhe 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.

TABLE 9~3. ANALYSIS OF DROPPED ROD ON CONTAINER LID

Radius ‘Thickness
(in.) (in.)

11.28 0.0598

3461

ST Y
(psi) (psi) (in.)
769 0.107



Previous testing by others indicates.
that the 55-dal size satisfies the com-
pression requirements. Dow Chemical
Company [5] tested a package using two -
55-gal drums we}ded fogether and.-. :
loaded with 5,250 1b to qualify .it for
a 1,050-1b @aximum gross weight, which
far excge?s thg 550-1b maximum gross.

weight of the 55-ga1 AL-M1 packages. -

The testing was subplemented with‘ahx:
evaluation. Of the two alternate d}um
types, the DOT 6C has I-bar rolling . ..
hoops held in place by rolléd-in cé?-
rugations whereas the 17-C has~onlyu
rolled or.swaged—in-roiling ﬁoops.

. Relative: to compressivé loads, howe?ef,
the same evaluation canlbe.hséd forﬁ
both drum types; because thévfhicknésé‘
of the sides is.the same inAboth'tybéé
and the shape of the rolled-in cor£uga-
tiéns'of the 6C is essentially éhé Samé
as the éhape of the swaged?in rolliﬁg ;
hoops of the 17C. The evaluation was
based on a load of 2750 1b, which is
fi?e times the assuﬁed grbsg Qeight of

550 1b. The alternate criteria yield

a value of only 804 1lb, The 55-gal drum .

is illustrated in Figure 9-1.

2750-ib Weight
Distributed Around °
.. Circumterence of Drum

—ole— t=0.0598 in.

_.{f,._ .e'=>0.A625 in

'

Y

e D=2256in. _.{

i

FIGURE 9-1 - Compressive load evaluation
for 55-gal drum. - "= - g a :

The-wall thickness (t) is-0.0598 'in.,"
and the.outside diameter of thé .drum is
22,62 in. The longitudinal compreéssive

stress (S)..is calculated by dividing

.the load by the cross-sectional area of

the drum wall as follows:
S = F/nDt- ..
where ﬁ:is the diameter and t is the

wall thickness,

The result is

- 2750
m(22.62) (0.0598)

647 psi..

The stress value is.only 2% of the yield

stress which is 27,000 psi for mild



~

steel.- This result is shown in Table

9-4.

The bending stress that occurs in tﬁe
drum rolling hoops was also determined.
For a conservative approximation, the
drum is assuﬁed to act as a beam rather.
thgn a shell; i.e., a l-in. strip of
the drum is inveétigated under condi-
tions of a longitudinal stress resul-
tant. The bending moment and maximum °
bending stress are then found. The
longitudinal stress fesulgant (s) is

given by:

F 2750

™ = Tz.emy - 387 1b/in.

The bending moment (M) at the hoop is

then

=
I}

S(e) = 38.7 (0.625 in.) -

24,2 in. 1b/in.

where e is the size of the rolling hoop.

The maximum bending stress is

s =8 80242 _ 45 600 psi.

t (0.0598)
This stress exceeds the 27,000 psi yield
strength indiéating that such large
compressive loadings will yield the
material. However, such yielding will
be localizéd and will occur only at the
surface of the drum. The cfoss section
is still capable of resisting a collapse
due to this loading, and the drums are
considered to adequa?ely satisfy this
requirement. The results of the‘calcu-

lations are shown in Table 9-4,

The ultima;e capability of each con-
tainer is verified by considering the
critical buckling stress of the cylin-
drical shell when subjecéed to uniform

axial compression.

The critical buckling- stress (SCr) is

given by the following equation:

TABLE 9-4., SUMMARY OF DRUM DIMENSIONS AND RESULTS
OF COMPRESSION CALCULATIONS

, Resulting Ultimate
Resulting Rolling Critical
Nrum Rolling Compressive Longitudinal Hoop ‘Buckling
Drum Wall Hoop Load Compressive Bending Stress
Diam, Thick. Size Requirement Stress . Stress Capability
(in.) (in.) (in.) (1b) (psi) © (psi) (psi)
22,62 0.0598 0.625 - 2750. 647 40,600 96,000

9.9



(Reference 6, Table XVI, Case 7): from the compression tests. Thus, the

Eh drums are considered to satisfy the
S = e—_—, : 4 4
cr RV3 (l—uz) _ compression test requirement.
where
_ References
E = modulus of elasticity, E =
6 l. L. B. Shappert, Cask Designers
30 x 10" psi, )
. Guide, ORNL-NSIC-68, Union Carbide
h = drum wall thickness, h =0.0598
Corporation, Oak Ridge National
in., _
: Laboratory, Oak Ridge, Tennessee
R = radius of drum, R = 11.31 'in.,
(February, 1970), p. 143.
and .
. 2, J. F, Griffin et al., Safety Analysis
Yy = poisson's ratio, H= 0.3, .
. Report for Packagirig (SARP): - USA/
Thus, the critical buckling stress is: '5790/BLF (ERDA-AL) and USA/5791/BLF
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ST 11.31 V3 (1-0.09) 89 pp.

3. J. R. Gaskill and R. D. Taylor, An

This value for the ultimate capability-

could.neVer be reached in the drum. - Improved Shipping Contalner:for

Fissile Material, UCRL-14903, Uni-

The critical buckling stress is shown

in Table 9-4. versity of California (June 3, 1968).

4, F, E., Adcock and W. F. Wackler, RFD

In summary, the resulting longitudinal éoﬁfhiner - Model 1518 for Fissile

compressive stresses in the drum body Class II and Class III Shipments,
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10. Hypothetical Accident

Tests

10.1 General

ERDA Manual Chapter 0529 requires
satisfactory performance of packaging
when the shipping container is sub-
jected to a series of four tests simu-
lating accident conditions. Escape of
radioactive materials 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 scaie containers of all three con-
figurations were subjected to the
complete series of four tests. The
configuration-1 package was prepared
with two chromel/alumel fiberglass in-
sulated thermocouples fastened with
glass tape to the inner container and
extended through the vent port in the
drum head as seen in Figure 10-1.
Temperature sensitive paints were ap-
plied to the bottom surface of the
‘clamping fixture within the inner con-
tainer, to the exterior surface of the

inner container, and to the interior

sheetmetal surface of the insulated drum

assembly. The temperature sensitive
paints were formulated to melt at 1OOOF,
200°F, 300°F, 400°F, and 500°F and were
identified bybvarious colors. Inde-
pendent tests showed that the paints
were accurate within iZOF. Three bags
of lead shot weighing 5 1lb each were
mounted in the clamping fixture to
simulate the contents weight. On final
assembly of the package, the bolt used
to fasten the closure ring in place

was aligned with the seam of the drum
so that this could be identified as the
weakest part of the drum in the free

drop test. -

The configuration-3 package was prepared
in the same manner as the>configuration—
1 package. The temperature sensitive
paints were applied at considerably

more locations. The paints used were
formulated to melt at 200°F, 300°F,
400°F, 500°F, and 600°F. Also, the
melting temperatures were written on the
sides of the inner container and simu-
lated weight cylinder (see Figure 10-2)
with paint in stick form. The simulated
weight consisted of a 10-in. long by 8-
in. diameter steel cylinder weighing

30 1b. It was secured in the holding

L0s T



FIGURE 10-1 - Package assembly, configuration-1. Temperature sensitive paints and
thermocouples were used. The void between the inner container and the drum assembly

is frequently packed with ice during shipment.

FIGURE 10-2 - Inner container assembly, configuration-3. The temperature sensitive
paint spots and markings are evident. The cylinder in the foreground was used to
simulate the typical weight to be shipped. The polyethylene sheet and glass vials

were packaged inside.

10.2



fixture inside the inner container. Five
small glass vials, containing temperature
sensitive paint, and a sheet of polyethy-
lene were placed inside the simulated
weight. A second sheet of polyethylene
was placed in the annular space between
the simulated weight and the inside wall
of the inner container. One thermocouple
was fastened to the inner container as
shown in Figure 10-3. The closure bolt
was aligned with the drum seam during

final assembly.

The configuration-5 package was prepared
somewhat differently. The inner contain-
er was loaded with 5700 of 1.16 in. diam-

eter Linde 4A molecular sieve pellets,

and two liters of water were in turn

sorbed onto the molecular sieve material.
The container was then helium leak checked
at 10 psig using a sniffer probe technique.
No leaks were detected and it was estimated
that no leaks greater than 1 x 10~° std
cm®/sec were present before the accident
tests. For the two drop tests, 164 1lb of
lead weights were fastened to the outside
of the drum to bring the package weight
up to 550 1lb. Before the fire test, ther-
mocouples were placed at six locations -
five within the assembled package (see

Figure 10-4) and one on the outer surface

of the drum.

FIGURE 10-3 - Package assembly, configura-

tion-3. Spots of temperature sensitive
paints were applied prior Lo testing.

FIGURE 10-4 - Package assembly configura-
tion-5 after the drop tests and prior to
the fire test.
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10.3 Free-Drop Test Procedure

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

age is expected.

A specially designed, 50-ft high, drop
tower was equipped with a 2-ton hoist to
drop the container from a height of 30 ft
onto a steel-covered concrete drop pad.

A chain sling was fashioned, and the con-
tainer was oriented upside down at a 45°
angle so that the bolt on the bolt ring

would strike the pad first as shown for

the configuration-1 package in Figure 10-5.

FIGURE 10-5 - Free drop test angle, con-
figuration-1. The container was oriented
upside down at a 45° angle to obtain
maximum damage.

10.4

Figure 10-6 shows the container at the
required 30-ft height just prior to manual

actuation of the quick release hook.

Figure 10-7, taken just prior to impact,
shows that the container was dropped in
precisely the initial orientation since
no twisting motion was imparted to it on

release.

10.4 Puncture Test Procedure

This test requires a free drop through
a distance of 40 in. striking, in the
position maximum damage is expected, the

top end of a vertical, cylindrical,

FIGURE 10-6 - Free drop test height, con-
figuration-1. The container is seen sus-
pended at the required 30 ft height.



FIGURE 10-7 - Free drop test, configura-
tion-1. Just prior to impact, the con-
tainer is still oriented at the proper
angle.

mild-steel bar mounted on an essentially
unyielding horizontal surface. The bar
will 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
shall be perpendicular to the unyieclding

horizontal surface.

This test was conducted in a manner

similar to the Free Drop test. Figure
10-8 shows the configuration-1 package
suspended 40 in. above the top of the

6-in. diameter cylinder.

FIGURE 10-8 - Puncture test height, con-
figuration-1.

Figure 10-9 shows the container im-

pacting on the cylinder.

10.5 Thermal Test Procedure

This test requires exposure to a thermal
environment in which the heat input to
the package is not less than that which

would result from exposure of the whole

LO%5
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FIGURE 10-9 - Puncture test impact, con-
figuration-1.

package to a thermal radiation environ-
ment of 1475°F for 30 min with an em-
missivity coefficient of 0.9, assuming
the surfaces of the package 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 at Mound Labor-
atory was designed to meet the DOT/ERDA
hypothetical accident conditions. To
simulate actual conditions, the test
facility provides an open, aviation-

gasoline-fueled fire. The facility has

10.6

been improved several times over the

vears.

The facility as used for the configura-
tion-1 test is shown in Figure 10-10.
The configuration-1 container is shown
prior to the test mounted on a stand 2
ft above thg water surface. It was
centered within the burning area ap-
proximately 3 ft from the sides since a
2- to 3-ft flame thickness is equivalent
to an infinitely thick wall[l]. The
sheet-metal burning pan measuring 8 x

10 x 0.5 ft deep was filled to a depth
of 5 in. with water for the aviation
gasoline to float on and thereby avoid
excessively heating the burning pan.
Sheet-metal "blockout boxes" measuring
48 x 6 x 6-in. high were placed within
the burning pan to decrease fuel con-
sumption and smoke. The exposed surface
area of the aviation gasoline floating
on the water was reduced to 60% of the
total area within the burning pan by the
16 blockout boxes. Addition of air for
more efficient combustion provided
additional smoke abatement. The port-
able diesel air compressor shown in
Figure 10-11 supplied approximately

1000 ft3/min (STP) of air to the fire



FIGURE 10-10 - Thermal test set-up, con-
figuration-1 with thermocouple attached.

through the air manifold. A valve was
provided in each of the 19 air supply
pipes so that adjustments could be made
to obtain uniform air distribution.
Holes of 1/16~in. diameter were drilled
horizontally completely through the
pipes at 1l6-in. intervals, and the pipes
were mounted in the manifold 6 in.
apart. Alternate pipes were drilled
with the holes staggered at 3-in. in-
tervals. Sheet-metal panels 4 ft high
surrounded the perimeter of the burning

pan to reduce wind effects.

After the configuration-~l testing,
additional panels were added to provide

an 8-ft high wind shield on the west

side for the configuration-3 test (see
Figure 10-12). The combined effects of
the reduction in fuel consumption, the
addition of air, and the wind shield
reduced the smoke from the black plume,
typically produced during open tests[1l],
to the gray plume as seen in Figures

10-11 and 10-12.

Configuration-5 was fire tested in a
facility that had been further improved
by a water spray system that virtually
eliminates the smoke, as seen in Figure

10-13.

Wind effects are reduced by 8-ft high
firebrick walls on three sides. On the
fourth side is a 4-ft wall that permits
viewing and ease of handling the ship-
ping containers. The base of the fire
pit is poured concrete measuring 10 x
10 x0.5 ft deep.[2] 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 ft3/min of air
through the air manifold outlets located
in two opposing 8~-ft sides just above

the fire pit.
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FIGURE 10-11 - Thermal test area, configuration-1 test. The air compressor can be seen
in the left background and the temperature recorder in the center background. The fuel
flow was controlled at the panel mounted on the outside wall of the concrete block

building as seen at the right. Firemen and firefighting equipment are at the far right.

The 100-octane aviation gasoline is con-
tinuously gravity-fed to the distribution
system from a 5,000-gal, buried tank
located approximately 100 fL 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 flame temperatures obtained through-

out the tests are plotted as a function

of time in Figure 10-14. The tempera-

FIGURE 10-12 - Thermal test, configura- tures were measured at the top of the
tion-3. A thick continuous wall of flame
enveloped the container. configuration-1 package, the bottom of

10.8
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FIGURE 10-14 - Thermal test

configuration-3, and the side of con-
figuration-5, Chromel/alumel thermo-
couples and a multipoiﬁt recorder were
used to monitor the tests. The flame
reached the required 1475°F less than
2 min after ignition. Throughout the
course of the tests, it was necessary
to closely monitor the temperatures and
adjust the fuel flow rates. A strong
wind blew much of the flame away from
the top of the container 20 min after
the start of the‘configuration—l test,
and it was necessary to substantially
increase the fuel flow in order to com-
pensate for this. Otherwise, the tests
proceeded without incident and a thick,

continuous wall of flame enveloped the

10.10

flame temperatures.

containers. The fire burned for 32 to
34 min for.the tests, and the flames
burned out within a few seconds after
the fuel flow was stopped. No arti-
ficial cooling was used.. The flame
temperature ranged between 1326"F and
1648°F, fluctuating in the neighborhood
of 1475°F during the configuration-1
test, and ranged between 1357°F and
1789°F flucfuating in the neighborhood
of 1652°F during the configuration-3
test. During the configuration-5 test
the flame temperature ranged between
1225°F and 1578°F, fluctuating in the
neighborhood of 1475°F., Fuel consump-
tion was somewhat over 200 gal for each

of the tests.



Reliable thermocouple temperature
measurements were not obtained for two
of the inner containers. On conclusion
of the configuration-1l test, the two
thermocouples fastened to the inner
container were found to have shorted
out after the fiberglass insulation
melted. In an effort to expediently
correct this problem, the configuration
-3 thermocouples were sheathed in
copper tubing. The copper sheaths re-
mained intact except for the one which
contained the thermocouple running

through the center of the drum 1lid to

All thermocouples functioned properly

during the configuration-5 test.

10.6 Water-Immersion

Test Procedure

This test is necessary for fissile
material packages only. The test re-
quires 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 inner container (see Figure 10-15).

the insulated drum assemblies. The

FIGURE 10-15 - After thermal test, configuraticn-2. There is a0 apparent damage to the
container from the fire other than burning ofi the paini. The copper sheath for tne
thermocouple running through the drum 1id to the inner container failed.
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tank was filled to a depth of 51 in. to
ensure immersion of all parts of the con-
tainers under at least 36 in. of water.
All inner containers were immersed over-
night for 20 hr, since it was not con-
venient to withdraw them after the re-
These tests

quired 8-hr minimum period.

are shown in Figures 10-16, 10-17 and

10-18.

FIGURE 10-16 - Water immersion test equip-
ment, configuration-1. The container is
easily lowered into the immersion tank.

10.7 Hypothetical Accident
Tests Results

10.7.1 FREE DROP
The 30-ft free drop caused obvious minor
damage to the exterior drum surfaces,

but did not damage the inner containers

10.22

FIGURE 10-17 - Water immersion test, con-
figuration-1. The pole to the right was
used to measure the water depth. A1l parts
of the container were under at least three
ft of water.

FIGURE 10-18 - Water immersion test, con-

figuration-3. The aluminum container was
weighted with Tead in order to submerse it.
in any way that would decrease the con-
tainment capabilities. Figure 10-19 was
taken immediately following the free
drop and puncture tests for the con-

It shows that the

figuration-1 package.

drum closure ring at the point of impact



was displaced, relative to the upright
pnsition, a distanece ef 3 in. wverti
cally and l-in. horizontally. Figure
10-20 taken with the 1id removed shows
the damage after the fire test.

Figure 10-21 shows the damage to the
lid. It was difficult to lift out the
configuration-1 inner container and
spacer because the insulated drum as-
sembly was slightly out of round. The

configuration-3 and configuration-5

drum assemblies sustained essentially

FIGURE 10-19 - After drop and puncture,
configuration-1. The dent at the top
left resulted from the 30 ft drop and the
the circular dent at the center resulted
from the puncture test.

&ﬁg

FIGURE 10-20 - Free drop damage to drum,
configuration-1.

R R T R

FIGURE 10-21 - Free drop damage to 1id,
configuration-1.

the same damage as the configuration-1

drum assembly.

Figure 10-22 shows the minor damage
sustained by the clampling fixture rods
wilhin the configuration-l1 inner con-
tainer. The three rods, which were
used to fasten the 5-1b bags of lead
shot in place, were bent slightly and

one of the tLhree cloth bags of shot
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FIGURE 10-22 - Free drop damage to clamp-
ing fixture, configuration-1. The three
long rods were slightly bent on impact
with 15 1b (6.8 kg) fastened near the ends
of the rods.

ruptured. Two of the three rods, which
extend 2 in. above the top plate of the
configuration-3 holding fixture, were
bent approximately 30° from vertical
(see Figure 10-23) when they hit the
inside surface of the inner container
1lid. No damage was found on the con-

figuration-5 inner container.

A careful visual examination did not
reveal any additional damage. Subse-
quent successful water immersion and
helium leak tests of all three configur-
ations, which are discussed later in
this report, support the conclusion that

no other damage was sustained.

10.14

FIGURE 10-23 - Free drop damage to clamp-
ing fixture, configuration-3. Two of the
three rods were bent on impact with 30 1b
(135 kg) fastened inside.

10.7.2 PUNCTURE

The 40-in. drop on the 6-in. diameter
cylinder slightly dented the exterior
drum surfaces but caused no observable
damage internally. Maximum displacement
of the drum surface measured 1l-in. for
the configuration-1 container pictured
in Figure 10-19. Maximum displacement
of the configuration-3 drum surface was
only 1/2-in. Displacement was not
measured for the configuration-5 drum,

but was similar to the other two.

10.7.3 THERMAL

The results of the 30-min fire at 1475°F
were the same for both configuration-1
and -3. The temperature ranges indi-

cated by the temperature sensitive paints



were identical at corresponding locations.

Neither inner container was damaged.

Observation of the containers during and
immediately after the fires was unevent-
ful. The containers did not bulge or de-
form in any way. The insulation was not
observed to smolder or be consumed. The

most noticeable change to the drum exter-

ior was that the paint burned off.

The inner containers were removed f[rom
the insulated drum assemblies following
the thermal test and visunally examined
prior to the water immersion test. Fig-
nre 1N-24 shows the bottom of the confiy=
uration-1 inner container and Figure 10-
25 shows the top of configuration-3 inner
container. The glass tape used to hold
the thermocouples in place was still
slightly tacky. The silicone cement and
the plastic valve handles, and a rubber
grommet were unharmed. There was no
evidence of damage as a result of the
fire. The temperature sensitive paints

on the external surfaces of the inner
containers did not melt (see Figures 10-26
and 10-27). At all locations where the
paints were applied on the internal sur-
face of the insulated drum assembly and
the enternal surface of the inner contain-
ers, the resulting temperature range was
400°F to 500°F for configuration-1 and

-3. The 400°F paint melted at all seven

locations on configuration-1 and all 20

FIGURE 10-24 - Thermal test visual exami-
nation, configuration-1. No damage to the
gage and valve on the bottom of the con-
tainer was observed.

FIGURE 10-25 - Thermal test visual exami-
nation, configuration-3. No damage to the
gage and valve on the top of the container
was observed.
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FIGURE 10-26 - Thermal test temperature,
configuration-1. The 500°F (260°C) spot
of temperature sensitive paint on the side
of the inner container did not melt.

lncations on configuration-3, but none
of the 500°F paint melted at any of
these locations. Thus, the temperature
range was the same on both sides of the
configuration-1 air gap (2-3/16 in.)

and on both sides of the configuration-3
air gap (which is only a fraction of an

inch) .

Subsequent to the water immersion tests,
the configuration-l and -3 inner con-
tainers were disassembled and examined

for evidence of damage and to determine

10.16

FIGURE 10-27 - Thermal test temperature,
configuration-3. The 500°F (260°C) and
600°F (316°C) spots of temperature sensi-
tive paint on the exterior surfaces of
the inner container did not melt.

the maximum temperatures reached inter-
nally. Figure 10-28 illustrates that
the silicon 0-ring, which was used to
seal the containers, remained very re-
silient and appeared "like new." The
polyethylene sheet and glass vials that
were packaged inside the configuration-3
inner container were not damaged. Folds
in the polyethylene sheet located nextL
to the inner container wall as shown in

Figure 10-29 partially stuck together,

but were easily separated without



tearing. The temperature ranged between
200°F and 300°F inside both inner con-
tainers as determined by the temperature
sensitive paints. Figure 10-30 shows

the remaining paints on the cylindrically
shaped simulated weight (configuration-3).

It can be seen that none of the paints

melted at 300°F or above. The spot of
200°F paint that had been brushed on
appears partially melted, and the "200°F"
marking which had been penciled on melted
completely. Some of the 100°F and 200°F
paints melted and leaked out of the small

glass vials which had been wrapped in poly-

FIGURE 10-28 - 0-ring undamaged in ther- ethylene sheet. Figure 10-31 shows the
mal test, configuration-3. The silicone .

0-ring remained "1like new" and the poly- remaining three spots of paints, 300°F and
ethylene sheet packaged inside was not

damaged. above, on the end surface of the config-

uration-1 clamping fixture. Only the
100°F and 200°F paints melted inside the

configuration-1l inner container.

The temperatures for the configuration-5
thermal test were monitored by therm-
couples and recorded on a multipoint
strip chart. The results are shown in
Figure 10-12. Figure 10-33 shows the
thermocouple locations schematically.
The maximum temperature reached on the
surface of the inner container was

252°F ‘at the top cap.

In summary, the thermal tests did not

FIGURE 10-29 - Polyethylene after ther- cause any observable damage to the inner
mal test, configuration-3. The polyethy- ;
lene sheet located next to the inner con- containers. The temperature at the

tainer wall stuck together somewhat, but
was easily separated.
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FIGURE 10-30 - Thermal test contents

temperature, configuration-3. Temperature

sensitive paint indicated that the tem-
perature did not exceed 300°F (149°C).
The 200°F (93°C) paint is only partially
melted.

FIGURE 10-31

end surface of the clamping fixture did
not melt indicating that the temperature
did not reach 300°F (149°C).

10.18

-VThermal tegt contents tém-
perature, configuration-1. The three spots
of temperature sensitive paint seen on the

exterior surface of the configuration-1
and -3 inner containers remained below
500°F throughout the tests. The temper-
ature reached 252°F in configuration-5.
The maximum temperature within all three
inner containers stayed well below 300°F
so that selection of this temperature
for the safety evaluation of the radio-
active materials to be shipped provides

an adequate margin of safety.

10.7.4 WATER IMMERSION

Immersion of the inner containers under
3 ft of water for 20 hr did not cause
any water leakage into the containers

or damage the containers in any way.

On disassembly, the configuration-l1 and
-3 containers were found to be complete-
ly dry inside as seen in Figure 10-34 for
configuration-l. The cloth bags which
contained the lcad shot used to simulate
the weight shipped were not damp to the
touch. The lead shot from the bag which
ruptured can be seen at the bottom of
the container in the photograph. The
test was more stringent than required
since only an 8-hr period is required
and since cold water in the immersion
tank caused the pressure with the inner

containers to decrease below atmospheric
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was forced into the containers to see

if any gross leaks existed. ©No loss of
pressure was observed after 15 min.
After being evacuated, the inner con-
tainers were then pressurized to 30 psig
with helium, and a mass spectrometer
leak detector was used to measure any
helium escaping from the containers.

No indication of helium leakage was

obtained at a sensitivity of less than

4

FIGURE 10-34 - Water immersion test re-
sults, configuration-1. No water leaked
into the inner container. Also, lead . )
shot from the cloth bag which ruptured on tainers. Finally, the pressure was de-
impact can be seen in the container.

1 x 10 ° sTP cm3/sec for both con-

creased to 10 psig and the containers
pressure. In configuration-5, which

stored for a period of 100 days. No
had been preloaded with two liters of

change in the pressure gage reading was
adsorbed water, no indication of any

observed during this period. The con-
leakage of additional water was found.

figuration-5 inner container was helium

10 8 Special Testing and Evaluation leak checked after the hypothetical

accident test sequence and no leaks
10.8.1 HELIUM LEAK TEST

were detected. A sniffer probe techni-
The stainless steel configuration-1 and

que was used at 10 psig, as before the
-5 and the aluminum configuration-3

accident sequence, and it was concluded
inner containers were helium leak tested -6

that no leaks greater than 1 x 10 STP
following the previous sequence of four 3
cm /sec were present.
hypothetical accident tests to obtain

additional assurance that they were not It was concluded that all three con-
damaged. The configuration-1 and -3 tainers were leak proof and had satis-
containers were reassembled in an as- factorily met all test requirements.

tested condition including the original

silicone 0O-rings. First, 30 psig of air
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10.8.2 HEAT BUILDUP

Calculations were made to determine the
heat buildup due to self heating resul-
ting from radioactive decay. This is
necessary to establish the maximum
temperature of the package and contents
during an accident fire. It is assumed
that no heat can escape from the inner
container. The calculations are based
on the configuration-l stainless steel
inner container, which may be considered
as a simple 1/40-in. thick, wall cylin-
der, 16-1/2 in. high and 10 in. in
diameter with 1/2-in. thick circular
end plates. Based on 4.3 kg of plu-
tonium—239, the maximum thermal decay
heat ohtput is 10 W. The accumulation
of heat is given by the following
equation:

q (BTU/hr) = W(lb) x c, (BTU/1b°F)

x AT (°F/hr),
where
q = heat accumulation = W x 3.41,
BTU/W hr,
W = weight of stainless steel =
61451,
C_ = heat capacity of stainless

steel = 0,11, BTU/1b°F,

AT = rate of temperature increase,

OF/hr.

Rearranging the above equation and sub-
stituting the above values we arrive at

the following:

°F _ _(10 W) (3.41 BTU/W hr)

AT §f = 70.11 BTU/1b0F) (61.5 1DB)

5.0 °F/hr.

Since the temperature rise due to self
heating would be only 2.5°F during the
30-min fire test, the heat buildup is
extremely small when compared to a 300°F
test condition. Therefore, the heat
buildup froﬁ radioactive decay may be
rega;ded as negligible should an ac-
cident fire occur. This conclusion

also applies to the configuration-3 and
-5 packages with self heating outputs of

10 and 3.3 W respectively.

10.8.3 MAXIMUM CONTENTS WEIGHT

The purpose of this section is to
justify selection of 44 1b (20 kg) as

an upper limit for the weight of the
materials to be shipped in the AL-M1
containers. The intent is to specify a
maximum weight sufficiently high to meet

all anticipated needs and sufficiently
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low to preclude any hazard potential.
It should not be interpreted that
quantities exceeding 44 1lb (20 kg) are
known to be unsafe. The weights of the
packages tested are shown in Table 10-1
(the gross weight of configuration-5
included 164 1lb (87 kg) of exterior
lead weights).

TABLE 10-1. WEIGHTS OF PACKAGES TESTED
IN EACH CONFIGURATION

Weight to
Gross Represent

Weight Contents

1b kg 1b kg

Configuration-1 420 191 15 6.8

Configuration-3 395 179 30 135

Configuration-5 550 249 17 77

Since an increase in the contents weight
to 44 1b (20 kg) does not significantly
increase the gross weight of the pack- .
ages, the drop and puncture tests would
cause only the same minor damage to the
insulated drum assembly as previously
discussed. On the other hand, 44 1lb is
three times as much weight as that
which slightly bent the clamping fixture
rods within the configuration-1 inner
container on impact. To be consistent
with'the 300°F temperature used for

evaluation of the contents, it is

10.22

necessary to ensure that the contents
will not cause the support rods to bend
enough so that the contents will rest
against the inner wall, since this wall
could reach 500°F during an accident
fire. 1In order to preclude this, it is
necessary to specify that any contents
weighing more than 15 1b be fastened in
the clamping fixture close to the con-
tainer 1lid to reduce the torque on
impact, rather than at the far end as
tested., With this restriction, 44 1b

is a reasonable upper limit. The actual
tests with configuration-5 demonstrated
that the outer drum assembly is not un-
duly damaged at a gross weight of 550 1b

(249 kqg).

10.9 Contents Evaluation at 300°F

10.9.1 GENERAL

It is hecessary to prove that the con-
tents of the containers will not cause
the inner containers to be breached
during normal transportation or accident
test conditions. The contents include
the radioactive plutonium-239,'uranium—
235 and tritiated water as well as the
packaging materials such as polyethylene

bags, wood, sponge, foam packing and



granular solid sorbents. All of these
are stable as initially packaged, and
their stability is not known to be
altered by impact, vibration, or below-
ambient temperatures. Thus, the scope
of the contents analysis is limited to ..
establishing what changes would be ex-
pected to occur at 300°F and the conse-
quences of these changes. Thé 300°F
temperature is selected -as the maximum
temperature of the materials under ac-
cident fire tést conditions, It is
sufficieritly higher than the actual
known temperatures during the fire tests
to provide an adequate margin of safety..
10.9..2 PLUTONIUM-239 IN POLYETHYLENE -
BAGS :
Unalloyed plutonium~239 enriched‘to ap-
proximately 95% is shipped after being .
doubly packaged in polyethylene bags
which are sealed with tape. The ap-
proach used here is to postulate
potential changes at 300°F and then
evaluate their likelihood and any.con-
sequences. It can be postulated that
the polyethylene bags could melt or de-
compose causing a pressure change and
exposure of the plutonium-239 to the'air

in the inner container.' The plutonium-

239 could then be oxidized resulting in

a pressure decrease.

The two pieces of polyethylene sheet
packaged within the configuration-3
inner container during the thermal test
remained intact. The piece located in-
side the simulated weight appeared un-
changed and the folds of the piece
located between the simulated weight
and the container wall stuck together
slightly, an indication ﬁhat-the sheet
may have begun to melt. ~The melting
point for polyethylene is given in the

literature(3] as 230°F; Experimental

" determinations at Mound Laboratory with

- polyethylene established the melting range

at 185°F to 266°F in air, and 194°F to
275°F in helium. This work also estab-
lished that degradation begins in air
at 410°F, and on continuous heating to
S45°F'6nly a 5% weight loss is obtained.
Degradation in helium did not begin
until 590°F was reached. Clearly, at
the selected evaluation temperature of
300°F, polyethylene melts in both air
and helium, but'does not decompose in
either environment. Also the ﬁargin of

safety provided by selection of 390°F is
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evident on comparison of the configu-
ration-3 test results with the melting

ranges.

For the pu;pose éf the plutqnium-239
evaluation at 300°F, it is assumed that
the plutonium can be exposed to all the
air contained within the inner container
Vdid spaces, even though the poly-
ethylene bags would prevent this from
actually happening. At 300°F, the
surfacé plutonium, which is exposed to
the air, would oxidize at a rate of
0.01 mg/cm?/min. ‘At this.rate, 44 hr
would be required to consume the avail-
able oxygen which is estimated to be 1.6
liters, and 17 g of plﬁtonium would bé
oxidiéed; . The surface layer of the
plutonium metal wouid expand approki—-
.mately 10% on being converted to plu~-
tonium oxide which would then sépaf;te
from the metallic surface. This would
not create any iﬁmédiate hazard, but
would necessitate special coptaminatiop
control procedufes on subsequent open-
iné. A 20% decrease in the pressure .
resulting from the reaction of the
oxygen would not cause the containerito

be breached.
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There is no evidence that plutonium-239 -

would cause the packaging to be damaged.

10.9.3 URANiﬁM—éBS MﬁTAL

éolié ufanium-235 metal pieces are
sécufely,fasteged in tﬁe'clamping fix-
tures providéd iﬁ the:cdnfiéufation-l
and -3 inner confaineré. Adaifional
péckaging materials éucﬁbas poiyethylene
bags for contamination-éoﬁtrollafe not
usually requiréd since tﬁe low levei
alpha contamination can be éoﬁtrolled
using'appropriate haﬁdiing'procedures
for loading and unloédiﬂg. The configu-
ration-3 inner container.ﬁay be shipped
either filied with ai; at atmospheric

pressure or it may be filled with an

inert gas such as helium or argon at

atmospheric pressure. The configuration

-1 inner container may be shippéd con-
taining air at atmospheric pressure or
an inert gas'at up to 10 psig pressure.
The choice of the gas used'depends on

product specification requirements.

The uranium metal is evaluated at the
most severe accident test environment

which is taken to be. air at 300°F.

~Since the melting point of the uranium

is 2Q70°F and oxidation in air forms an



adherent oxide coating, the uranium
metal will not change its physical form
at 300°F in air. Oxidation is slow and
will not consume sufficient oxygen to
decrease the pressure a measurable
amount, There is no evidence that
uranium metal would react or otherwise
change in any way that would reduce the
integrity of the package during normal
transportation or accident test condi-
tions.
10.9.4 WOOD, SPONGE, AND FOAM
PACKAGING

Wood, sponge, and foam packing materials

are used to position, brace, and cushion

the radiocactive materials inside the
configuration~l and -3 inner containers.
These packing materials were tested at
300°F to ensufe stability at hypotheti-

cal accident test conditions.

The packing materials tested, their
uses, and the test results are shown in

Table 10-2,

The samples to be tested were placed in
a temperature controlled oven and the
temperature was increased to 3000F over
a 30-min period. The tempera;ure was
controlled at 300°F for 70 min. After

the oven was turned off, the temperature

TABLE 10-2. EFFECT OF 300°F ENVIRONMENT ON PACKING MATERIALS

Material

Fir plywood and
solid pine

CHR-cohrlastic
silicone sponge

Johns-Manville No.
98 sponge rubber
tape

Napcofoam type
F-706 flexible
urethane poly-
ester foam

Use

Pogitioning and-
bracing

Strips used to pad
metal clamping
fixture

Strips used to pad
metal clamping
fixture

Massive pieces used
to cushion items
within metal clamp-

ing fixture

Maximum
Recommended
Service Test
Temperature Resultg
(OF) at 300 F
400 Mo change
500 No change
350 No change
275 Tacky,
slightly
darker
color
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gradually decreased to 130°F over a 70-
min period prior to femoval‘of'thé'
samples., No change in the wood sémpiés
was observed. The sponge and foam
samples felt as resilient as before
being heated, but the Napcofoam was
slightly tacky. The only change ob-
served on close visual examination was
that the Napcofoam became a slightly
darker color. The Napcofoam manu-
facturer confirmed that the material
remains structurally sound at temper-
atﬁres up to 323°F altﬁough the surface
becomes tacky and darker at temperatures
above the recommendgd maximum service

temperature of 275°F.

These test resﬁlts do not provide any
evidence indicating that the wood;
sponge, or foam packing materiais would‘
cause the AL-M1l containers to be
greached at 300°F. Low temperatures in
normal transportation will not damage
the materiéls sigce the minimum recoﬁ-
mended service temperatufe for all three
of the foam and sponge materials ig

-100°F.
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10.9.5 TRITIATED WATER

Tritiated water is the contained ma-

terial in configuration-5. The pressure
at 300°F, as evaluagédvinbsections 5.3
and 7.3, will not cause the inner con-

tainer to be breached; Corrosive

impurities in the water contents are a

long-term threat even to thig 316L
stainless steel container sinée‘it is
reusable. Thus, usérs muét ensure that
corrosive impurities are not inadver-

tantly loaded into the container.

10.9.6 GRANULATED SOLID SORBENTS
Molecular sieve pellets, silica gel,
and Florco commeréial clay absorbent
are acceptable sorbents for use in the
configuration-5 inner container. Noné

of these materials will damage this

inner container at 300°F.:
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11. Criticality Evaluation
11.1 General

The purpose of this analysis was to
evaluate the nuclear criticality safety
aspects of shipping uranium-235 and/or
plutonium-239 in configuration-1 or -3
containers, The latest configuration,
No. 5, is designated for shipment of
tritiated water only, a nonfissile
material, and is therefore not treated
in this section. Holders of the pre-
vious SARP for AL-Ml configurations-1
and -3 should take note that criticality
calculations for the shipment of combi-
nations of plutoniuﬁ-239 and uranium-
235 in.thﬁ came container have been
deleted from this version. Anyone
wishing to make a shipment of thi§ typé.
may submit a special request for evalu-
ation to the Criticality Control
Engineer at Mound Laboratory. From a
nuclear criticality safety standpoint,
the two container configgrations are
equivalent. Uranium=-235 and plutonium-
239 were the only two fissile materials
evaluated since present program fore-
casting did not indicate a foreseeable
neead ﬁo ship other fissile materials in

this container. The Fissile Classifi~

cation was determined for various

quantities of fissile material packaged

in the subject container.

11.2 The Density Analog

Calculation Method

The density analog technique, described
by Dr. H. C. Paxton[l], was used to
‘calculate the number of similar con-
tainers required to form a critical
mass. From this information and the
guidelines provided in ERDA Manual
Chapter 0529, the Fissile Classifica-
tions and the Transport Indices were
calculated for the prescribed fissile

materials and combinations of materials.

The basic equation is given as follows:

M ’ — -9
so (bare) (7 -
> S0 _\vare) [
Mc (reflected) ) (Mo) po ’

where:

Mcg;eflected - minimum water mod-
erated and reflected
critical mass.

Mso (bare) - minimum bare critical
mass for a particular
geometry and atomic
ratio. |

R ~ ratio between bare

critical mass and
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11.2

o

Fissile

Isotope
U-235

Pu-239

water reflected cri-
tical mass.

the contribution due
to neutron modeéa-
tion.

density of fissile
materiél éer conéﬁ
tainer volume. The
reflector savings
must be considered
whenever significant.
Depsity of the mini-
mum critical mass.
depends upon the size
of the fissile unit =
2(1-£) .

ratio of the mass of

a single unit to the

" critical mass of the

same fissile material

2.5 (Ref. 2)

in a similar shape

("fraction critical").

Table 11-1 gives the values for these
quantities that were used in these

calculations.

In order to make the Fissile Class I
determination using this technique, one
mﬁst state a finite number of shipping
packages which are assumed equivalent
to an unlimited number. The number used
was 2500 shipping packages. Specifying
a number of packages as infinite allows
one to use the density analog approach

with respect to the Fissile Class I

category.

The results of the density analog cal-
culations are conservative when proper
assumptions are used.

Two assumptions

ihherehﬁ in this method are:

LIMITING PARAMETERS FOR THE DETERMINATION OF THE

Mo (kq) o (g/cm’)

49.2 (Ref. 4) 18.7 (Ref. 4)

TABLE 1l1-1.
REFLECTED CRITICAL MASSES
‘R Mo
13 (Ref. 1) 2.5 (Ref.
20 (Ref. 2)

10.5 (Ref. 4) 19.6 (Ref. 4)



(1) The shipping packages are
spherical in geometry. The
actual packages are cylinders,
hence the conservatism implied
above.

(2) There are no effects due to
poisons and scattering media
within the package. These
effects will be present, and
hence the conservatism is

implied again.

A more accurate methdd of performing
calculations would be to use a "cell-
type" computér program employing "multi-
group" neutron tranépo?ﬁ theory.
However,‘the results.achieved using the
density analog technique are more con-
servative than the results achieved by
the "multigroup" computer calculations.‘
Gincc the conservative values are not
unduly restrictive to Mound Laboratory
shipping requirements, more sophisti-
cated calculations were neither at-

tempted nor deemed necessary.

11.3 Calculated Results

The Transport Indices (TIs) were first
calculated for quantities of uranium-235

ranging from 6 to 17 kg. Then TIs were

calculated for quantities of plutonium-
239 ranging from 2 to 4.25 kg. These
data are given in Table 11-2 and are

also shown in Figures 11-1 and 11-2.

TABLE 11-2. CALCULATED TRANSPORT
INDEX FOR AL-M1
(CONFIGURATION-1 AND

-3)
Fissile Quantity Transport
Isotope : (kg) : Index
235, . 6.0 0.1%(0.03)
7.0 ~ 0.1% (0.05)
8.0 0.1
9.0 0.2
10.0 . 0.4
11.0 0.6
12.0 1.1
13.0 1.8
14.0 2.8
15.0 4.4
16.0 6.9
17.0 F.C. III
239, 2.0 0.1% (0.04)
2.5 0.2
3.0 0.7
3.5 2.2
4.0 6.9
4.2 F.C. III

3yalue rounded up to 0.1, Actual values

appear in parenthesis.
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Table 11-3 gives the number of con-
tainers allowed as Fissile Class III
for specific quantities of uranium-235

and plutonium-239.

TABLE 11-3., NUMBER OF ALLOWED FISSILE .
CLASS III SHIPPING CON-

TAINERS
Number of
Fissile Quantity Allowed
Isotope : (kg) Containers
Pu-~-239 4,20 11
4,50 6
4.75 3
5.0 2
5.25 1
U-235 17.0 11
i8.0 -. 7
19.0 ) 5
20,0 ‘3
21,0 2
22.0 1

These calculations are valid only for
systems in which the H/X ratio* is =2.1.

H/X ratios in the range 0 <H/X<2.1 do

not reduce the minimum critical mass for

minimally reflected systems and thereQ_
fore the use of MSo = 49,2 kg and 10.5
kg for uranium-235 and plutonium-239 ‘is

justified. [5]

11.6

For shipments where the H/X ratio is

not known or is >2,1, a special request

for evaluation must be submitted to the

Nuclear Criticality Control Engineer,

The effect of the hypothetical accident
condition tests on the package with re-
spect to parameters affecting nuclear
criticality were shown by calculation
to be insignificant (%l% volume re-
duction), Thus, the requireménts as
stated in ERDA Manual 0529, IT H, 2.,
IT I.l.b, and II. J. 2 fop.Fissile

Classes I, II, and III are met.

Table 11-4 summarizes the maximum
quantities‘of uranium-235 and plutonium-
239 Which may be shipped -as Fissile
Classes I and II. These values apply

to metal ;ystems only and an H/X ratio
of =2.1 must be maintained in ofder for

this analysis to be valid.

*H/X ratio = atomic ratio of hydrogen,

H, to U-235 and/or Pu-239,



TABLE 11-4. MAXIMUM QUANTITIESa OF U-235 AND Pu-239 WHICH MAY BE
' SHIPPED AS FISSILE CLASSES I AND II -

Fissile Class I Fissile Class II " Fissile Class III
(kg) (kg) {(kg)
U-235 0.015 - <5.7 5.7 - 16.8 >16.8
Pu-239 0,015 - <1.9 B 1.9 - 4.3 > 4,3 ¢

aApply only for systems where H/X ratio is 2.1 (H/X ratio = atomic ratio

of H to U-235 and/or Pu-239).

11.4 Sample Calculation (2) Calculate .

effective mass of fissile material
volume of shipping package

Problem: Determine the Transport Index p =

of the undamaged shipping package con-

4
- 1.863 X lg ¥9§ = 0.068 g/cm3
taining 14.0 kg of uranium-235, 2.74 x 107 cm i

(1) Calculate effective mass based on
‘ (3) Calculate f, fraction critical

reflector savings.

effective mass

M _ 4 ( )3 minimum base critical mass
eff = 3 "'Terg’ P
_1.863 x 10% g _ 0.379
.reff = r + S {reflector savings)* 4.92 x 104 g
for a 14.0 kg sphere, r = S =2 (1-f) = 2 (1 - 0.379)
5.63 cm _ 1.243
Togg = r+ 0.,1* r
€ (4) Calculate mass of base critical
reff = 5.63 cm + (0.1)(5.63) = array
6.19 cm _
Cc vl ° -
Meff =4/3 1 = 1,863 x 10" g pq
_ 3\.-1,243
*Reference 2: The value for $ assumes = (49.2) N.068 g/cm
‘ 3
18.7 g/cm

l1-in, iron reflector. The 1l~in. iron
value is actually conservative since less

than l-in., will exist in the package.

11.7



(5)

(6)

(7)

11.8

49.2. 10.0036] 71243

49.2 (1076.7]

5.297 x 104kg of U-235

Calculate mass of optimumly
moderately and reflected array
¢

R M
o

v

Mc (reflected)

5.297 x 1044§g -
(2.5) (13)

Mc (reflected) =
1630 kg of U-235

Calculate number of packages cor-

responding to a critical array

1630 kg of U-235 _
18.63 kg/package

87.5 packages

This is Fissile Class II

Calculate the Transport Index

250 packages

87.5 packages 2.8 .
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12. Radiation Shielding
Evaluation

The AL-M1 configuration-l and -3 ship-
ping containers are used for transport
of plutonium-239 and uranium~-235. The
radiation dose rate at the surface of

these containers will be insignificant
fof the materials described in this

SARP.

Configuration;s of the AL-M1l shipping
container is used for transport of -
tritiated wéter only. The maximum
energy of the beta particle for tritium
is 18 keV with an average energy of
approximately 6 keV. The shielding
provided by the primary containment is
sufficient to aﬁtenuate the beta radi-
ation to nonmeasurable levels at the

outer surface.

12,1



13. Quality Control

The quality control measures for the

AL-M1l containers include the following:

(1)

(2)

(3)

(4)

' configuration-l and -3 and 1 x 10

Review by Mound Nuclear Operations
Department Quality Control Person-
nel of all drawings, specifi-
cations, and criteria as well as
any changes of these documents.
Maintenance of these documents in
the formal Mound Laboratory drawing
control system. Interested persons
may always obtain the létest issues
of these-documents from Drawing
Contro;.and thereby become aware

of any changes which may occur

after the publication of this SARP. -

Vendor requiréments and certifi-
cation associated with the fabri-
cation of the containers. These
requirements are shown in Section
II of Appendix A.
Acceptance_criteria and inspections
for new containers, For example,
each new iﬁner'confainer must paés
a helium leak test with no indi-
cation of leakage at a sensitivity

4

of 1 x 10 ° STP cm3/sec for the

6

STP cm3/sec for the confiquration-

(5)

(6)

5. These and other criteria are

.given in section III of Appendix A.

The associated inspection forms are
given in Section IV.

Inspections prior to use of the con-
taine;s; The checksheets for these
inspections are shown in Section V of
Appendix A. The containers are in-
dividually inspected after return to
Mound'Laboratory and repaired as re-
quired. The iﬂséection includes a

radioactive contamination check, in-

spection of the vent to ensure it is

not plugged, and a functional fit in-
spection of the parté. -
Loading procédure checklists.  These
checklists ‘are shdwn in Aépendix B.

After the materials to be shipped

. have been loaded into the inner con-

tainer, the configuration-l1 and -3
containers must pass a leak test with
no indication of pressure loss when
cbarged with 10 psig of helium pres-
sure tfor a period of 15 min; The
configuration-5 container is checked
in several ways for tritium contami-
nation and leakage. For all config-
urations, a form is completed on which
each of the attributes inspected is
listed and the inspector places his
initials by each item listed as the .
inspection is performed. These forms
are retained to provide a history of

each container.
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Appendix A

Acceptance and Reuse Inspections

Contents

Section I. INSPECTION REQUIREMENTS
Section II. VENDOR REQUIREMENTS AND CERTIFICATION
Section III. ACCEPTANCE CRITERIA

Section IV. ACCEPTANCE INSPECTION DATA SHEETS

Section V. USE AND REUSE INSPECTION CHECKSHEETS
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INSPECTION REQUIREMENTS
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i

i1,

21

25

G E'N EER AL

1 Scope. This is an inspection requirement document for the
AL-M1 radioactive materials shipping container. Three different
AL-M1 packages are designated as configurations-1, -3, and
-5.

2 This document defines the complete receiving acceptance
inspection and reinspection prior to reuse as required by
DOE Manual, Chapter 0529, including responsibilities, inspection
criteria, and documentation records. The purpose of this
document is to establish an effective system for ensuring
compliance with the drawings, specifications, and design
intent.

LN SBERPONDEY. € 10 T 0F Ni

1 The AL-M1 shipping containers are designed to be used in
the off-site transport of special nuclear materials, namely
plutonium-239, uranium-235, and tritium. These containers
meet the safety requirements of the Department of Energy
and the unique requirements of the various materials which
are shipped in them.

2 Three types of AL-Ml packages, designated configurations-1,
-3 and -5, are used. The packages are illustrated in Figures
1,2, and 3. All three configurations utilize a 55-gal
steel outer drum assembly lined internally with 3-1/2 in.
of insulation to protect the inner container from impact
and fire. The configuration-1 primary containment vessel
is a 9-1/2 in. I.D. stainless steel inner container sealed
with a silicone or viton o-ring. A spacer is provided which
centers the inner container within the insulated drum assembly.
A vent is provided through the 1id of the drum for release
of any vapors. The configuration-3 primary containment vessel
is basically the same as configuration-1, except that it
is aluminum and the 13 in. I.D. precludes use of a spacer
between it and the insulated drum assembly. These two con-
figurations, 1 and 3, are for shipment of plutonium-239
and/or uranium-235. The configuration-5 is for sorbed
tritiated water and has a primary container of substantially
different design. It is a cylinder of 6-5/8 in. 0.D. by
23-7/8 in. overall height made of 316L stainless steel.
An insulating spacer is used with this configuration.
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3.

APPLICABLE DOCUMENTS.

3.1

Monsanto Research Corporation Drawings.

AYD740425 - Model AL-M1l Insulated Drum Assembly

AYD740426 - Model AL-Ml Configuration-1 Final Assembly

AYD740427 - Model AL-Ml Configuration-3 Final Assembly

AYD760626 - Model AL-Ml Configuration-5 Insulating Spacer

AYE740198 - Model AL-M1 Configuration-5 Inner Container

1-14841 - Welding and Inspection of 300 Series Stainless
Steel Containers

1-14958 - Welding and Inspection of Aluminum Containers

Other Documents.

1) DOE Manual, Chapter 0529,

2) J. F. Griffin, D. A. Edling, and C. D. Winemiller,
Safety Analysis Report for Packaging (SARP): Model
AL-M1 Nuclear Packaging, MLM-1981 (Nov. 30, 1972),

80 pp.

3) R. A. Watkins, et al., Safety Analysis Report for Packaging.

(SARP) Model AL-M1 Nuclear Packaging, MLM-2447 (Sept,
30, 1977). .

GENERAL PROVISTIONS.

Responsibilities. The manufacturer is responsihle for
ensuring that all specific requirements are met and shall
utilize accepted guality control measures during manufacture.
Monsanto Research Corporation reserves the right to audit

the manufacturer's facilities and procedures as required.

MRC Engineering is responsible for establishing inspection
criteria for receiving acceptance and reusc, and for providing
this document. x

MRC Nuclear Operations Quality Control is responsible for
auditing the Quality Control Program and review of applicable
drawings and specifications to ensure that the Quality Control
Program is carried out as defined. MRC Nuclear Cperations

" MRC-ML.5317 (12-73)

ISSUE

B

CODE IDENT NO

. 14065

pwG NO  1-14946 SHT 7

DAC-73-SACB

THIS PRINT IS THE PROPERTY OF MONSANTO RESEARCH !:ORPORATION AND MUST BE RETURNED TO_DRAWING
CONTROL MOUND LABORATORY REPRODUCTION IS PROHIBITED WITHOUT PERMISSION OF MOUND L ABORATORY



4.1 Continued

Cost and Reporting Group is responsible for the receiving
acceptance inspection and retaining appropriate files to
document the inspections. MRC container users are responsible
for providing necessary information pertinent to the materials
to be shipped, appropriate loading procedures for these
materials, and the initiation of procurement and reuse
inspection activities in cooperation with MRC Nuclear Cost

and Reporting Group.

4.2 Inspection and Acceptance. Each container shall be examined

and tested for defects in accordance (as applicable) with

the specifications of MRC Drawing Nos. 1-14958 and 1-14841
as well as the criteria and check sheets of Divisions ii,

iii, and iv of this document (MRC Drawing No. 1-14946).

4.2.1 Definition Of Defects. Defects are classified as critical,

major, or minor. A critical defect is 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 its intended purpose. A
major defect is 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 is a defect that is not likely to reduce
materially the usability of the container for its intended
purpose, or is a departure from established standards
having little bearing on the effective use of the container.

4.2.2 Inspection of Major Assemblies. This inspection shall

consist of wvisual, dimensional, and functional examination
and . tests of major ‘assemblies which make up a complete
container. The major assemblies to .be inspected are
listed below:

MRC Dwg. No. AYD740425 - AL-Ml Insulated Drum Assembly
{(Common to Configurations-1, .
-3, and -5)
MRC Dwg. No. AYD740426 - AL-Ml Configuration-1 .Inner Container
MRC Dwg. No. AYD740427 - AL-Ml Configuration-3 Inner Container
MRC Dwg. No. AYE740198 - AL-Ml Configuration-5 Inner Container
MRC Dwg. No. AYD760626 - AL-Ml1 Configuration-5 Insulating
Spacer
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4.2.3. Inspection of Final Assembly. The final assembly shall be

examined visually and functionally with regard to meeting
the requirements of the Final Assembly. Defects which shall
be cause for rejection are listed in Division ii.

4.2.4 Sampling Plan. Each new shipping container shall be 1nspected

for all attributes listed in Division ii.

4.3 Inspection Record. The fabricator is required to submit a

completed "Fabrication and Inspection Certificate" (MRC-ML-
5537 for aluminum or MRC-ML-6202 for stainless steel) as
shown in MRC Drawings No. 1-14958 or 1-41841.
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A.12

. R v e T
SECTION. . II

FABRICATION AND INSPECTiON REQUIREMENTS AND CERTIFICATION
MRC-CL~-5537 FOR ALUMINUM
AND

MRC~ML-6202 FOR STAINLESS STEEL

(VENDOR USE)
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1.

1.1

S COPE.

This specification defines requirements for welding; visual
and dye penetrant examinations of the welds; helium leak
testing to ensure leak tight welds, fittings, and closures;
and certification to assure that all reguirements have been
met. This specification applies to aluminum containers with
wall thicknesses of 0.1 to 0.5 in. and is a supplement to
the container drawings.

All sections of this specification must be complied with
unless specifically exempted in writing. Compliance with
this specification does not relieve the vendor of the
responsibility for quality results.

2. WELDTING.

2.1

Welding process to be used -~ Gas Tungsten Arc ("GTA" was
formerly called -"TIG"). -
Welding filler material ~- The specific welding filler

material to be used depends on the particular type of
aluminum base metal and shall be used as specified below:

MRC.ML.5317 112-73)

Type of Specified Welding
Aluminum Filler Material
Base Metal (AWS-ASTM Classification)
1100 4043
2219 2319
3003 4043
5052 5356
5083 5356
5086 5356
5454 5356
5456 5356
AN61 ' 40413
6063 4043
7005 5356
7039 5356
1ssuer A | D
" CODE IDENT NO
14065 -1 DWG NO 1—14258 SHT
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.3 Shielding gas - Welding grade argon or helium shall be used

on the welding torch and on.the underside of the weld to
completely protect the weld and hot base-metal from tne ‘room
atmosphere.

.4 Welding current - Direct current stralght polarlty weldlng

current shall be used.

2.5 Cleaning procedures - The base material at and adjacent to

the weld joint and the filler material shall be cleaned
prior to welding. A chemical cleaning procedure may be used
with prior approval from Monsanto Research Corporation or
the cleaning may be accomplished using the following 'pro- -
cedures:

.5.1 Lightly hand sand with 220 grit garnet paper.

.5.2 Clean with acetone or MEK on a clean cloth followed by

reagent grade isopropyl alcohol on a clean cloth.

.5.3 Blow off all lint with clean .shop; air.

.5.4 Maintain .this state of cleanllness until the welds are

completed

.6 Welds - The fillet weld shall have continuous complete

fusion at the root of the weld joint.. The butt weld shall
have continuous complete penetration through the tube wall.
(Standard AWS welding symbols have been used on the drawing.)

2.7 Welding operator qualifications - It shall be the responsi-

bility of the vendor to ensure that the assigned welding
operators are competent, experienced, and qualified to
per form GTA welding on aluminum.

.8 Sample - The vendor shall submit one weld sample using the

GTA welding process as specified, certified to be of the
quality and appearance of welding to be performed-on the
containers. The sample must be welded simulating job
conditions.

The sample will be used by MRC as a reference for acceptance
or rejectlon of the material and workmanship.
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3.

VISUAL EXAMINATTIONS,.

.1 A detailed visual'inspection of each entire weld shall be

made using magnifying equipment with a 4X to 20X magnification
reading glass. Any defect greater than those listed in 3.2
to 3.7 shall be cause for rejection.

2 Cracks - There shall be no cracks in the welds or in the
adjacent base metal.

.3 Surface Pores - There shall be no surface pores greater than

0.012 in. diameter.

.4 Surface Contour - The surface of the weld shall be uniform

in appearance.

.5 Weld Size - The fillet weld shall be gaged to ensure that it

meets or exceeds the drawing requirement.

.6 Overlaps - There shall be no cold overlaps on the base

metal.

.7 Undercuts - There shall be no undercuts.

DYE PENETRANT EXAMINATTION.

.1 A detailed fluorescent dye penetrant examination of each

entire weld shall be made. Any defect greater than those
listed in 4.2 and 4.3 shall be cause for rejection.

2 Cracks - There shall be no crack indications in the welds or
adjacent base metal.

.3 Surface Pores - There shall be no surface pores greater than

0.012 iun. diameter.
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A.18

HELIUM LEAK TESGST,.

1 The container shall be successfully helium leak tested in
the presence of an MRC representative.

2 The vendor shall establish that he can obtain the services
of a qualified, experienced operator and the equipment to
conduct the helium leak test. '

3 All welds an; fittings must have no detectable leak greater
than 1 x 10~/ (STP) cm3/sec. )

3.1 - An elastomer o~-ring (such as viton) seal must have no
detectable leak greater than 1 x 10-7 (sTP) cm3/sec. ‘The
entire container with this type of seal must not leak more
than 1 x 107 (STP) cm3/sec.

3.2 A metal o-ring seal (or similar metal to metal seal)
must have no detectable leak greater than 1 x 1075 (sTP)-
cm3/sec. The entire container with ghis type of seal must
not leak more than 1 x 1075 (STP) cm’/sec.

4 The leak detector used for the test must be standardized
just prior to the test against a standard leak tube in the
appropriate range.

.5 1If the sniffer probe technique is used, the atmosphere

within the container must be at least 95% helium at a
minimum pressure of 15 psi above atmospheric pressure

(psig) .
CERTIFICATTION,

1 The "Fabrication and Inspection Certification" form (MRC-ML-
5537) shall be completed by an appropriate vendor representative
and transmitted to MRC Engineering. This shall constitute
certification of the container. as meeting minimum requirements.

2 Each item on the "Fabrication and Inspection Certification",
Sheet 7, shall be signed and dated when all of the necessary
operations for that particular item have been completed. It
is intended that the inspection will be performed in the
sequence listed.
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DATE
SIGNATURE COMPLETED

I.

1. Components and materials as specified.

2. Welded as specified (Section 2).

3. Visual weld examination acceptable
(Section 3).

4. Dye penetrant examination
acceptable (Section 4).

5. Dimensions as specified.

. 6. O-ring surface finish as specified.

7. Container can be assembled propcrly.

8. Helium leak test acceptable
(Section 5}).

9. Container tagged and dated to
indicate inspection results
satisfactory.

II.
Vendor review and approval

DISTRIBUTION:
WHITE - NUCLEAR QC
MRC-ML-5537 {4.77) YELLOW — SHIPPING CONTAINER ENG.

ALUMINUM CONTAINERS

FABRICATION AND INSPECTION CERTIFICATION

FABRICATED BY

CONTAINER SERIAL NUMBER

CONTAINER DRAWING NO.

PINK —FILE
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SCOPE

WELDING

VISUAL EXAMINATION

DYE PENETRANT EXAMINATION
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HELIUM LEAK TEST
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1. SCOPE.
1.1 This specification defines requirements for welding, visual,
dye penetrant, and radiographic examinations of the welds;
helium leak testing to ensure leak tight welds, fittings,
and closures; and certification to ensure that all requirements
have been met. This specification applies to 300 series
stainless steel containers with wall thickness of 0.05 to
0.25 in. and is a supplement to the container drawings.
1.2 All éections of this specification must be complied with
unless specifically exempted in writing. Compliance with
this specification does not relieve the vendor of the
responsibility for guality results.
2. WELDING.
2.1 Welding process to be used -- Gas Tungsten Arc ("GTA" was
formerly called "TIG").
2.2 Welding filler material - The specific welding filler material
to be used depends on the particular type of stainless steel
- base metal and shall be used as specified below:
Type of Stainless Specified Welding
Steel Base Metal Filler Material
(AISI) : (AWS-ASTM Classification)
301,302,304,308 ER308
304L . ER308L
309 : ER309
310 ER310
316 ER316
316L ER316L
317 ER317
330 ER330
321 ’ ER321 or ER347
347 ER247
2.3 Shielding gas ~ Welding grade argon or helium shall be used.
on the welding torch and on the underside of the weld to
completely protect the weld and hot base metal from the room
atmosphere.
issue FD|E | G
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2.4 Welding current - Direct current straight polarity welding
current shall be used.

2.5 'Cleaning procedures - The base material at and adjaéeht to
the weld joint and the filler material shall be cleaned
prior to welding using the following procedures: -

2.5.1 Lightly hand sand with 220 grit garnet paper.

2.5.2 Clean with acetone or MEK on a clean cloth followed by
reagent grade isopropyl alcohol on a clean cloth. -

2.5.3 Blow off all lint with clean shop air.
2.5.4 Maintain this state of cleanliness until the welds are
completed. ‘

2.6 Welds - The fillet weld shall have continuous complete
fusion at the root of the weld joint. The butt weld shall
have continuous complete penetration through the tube wall.
(Standard AWS welding symbols have been used on the drawing.)

2.7 Welding operator qualifications - It shall be the responsi-
bility of the vendor to assure that the assigned welding
operators are competent, experienced and qualified to per-
form GTA welding on 300 series stainless steel.

2.8 Sample - The vendor shall submit one weld sample using the
GTA welding process as specified, certified to be of the
quality and appearance of welding to be performed on .the
containers. The sample must be welded simulating job
conditions. :

The sample will be used by MRC as a reference for acceptance
or rejection of the material and workmanship.
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6. HELIUM L E A K T E S T.

6.1 The container shall be successfully helium leak tested in
the presence of an MRC representative.

6.2 The vendor shall establish that he can obtain the services
of a qualified, experienced operator and the equipment to’
conduct the hellum leak test.

6.3 All welds, valves and fittings _must have no detectable leak
greater than 1 x 10~ 7 (STP) cm3/sec.

6.3.1 An elastomer o-ring (such as viton) seal must have no
detectable leak greater than 1 x 107 (STP) cm3/sec. The
entire container with this type of seal must not leak more
than 1 x 1077 (STP) cm3/sec.

6.3.2 A metal o-ring seal (or similar metal to metal seal)
must have no detectable leak greater than 1 x 10~ (STP) -
cm3/sec. The entire container with this type of seal must
not leak more than 1 x 10-5 (STP) cm3/sec.

6.4 The leak detector used for the test must be standardized
just prior to the test agalnst a standard leak tube in the
appropriate range.

6.5 TIf the sniffer probe technique is used, the atmosphere
within the container must be at least 95% helium at a
minimum pressure of 15 psi above atmospheric pressure

(psig).

7. CERTIFICATTION,.

7.1 The "Fabrication and Inspection Certification"” form (MRC-

ML-6202) shall be completed by an appropriate vendor representative

and transmitted to MRC Engineering. This shall constitute
certification of the container meeting minimum reguirements.

7.2 The "Fabrication and Inspection Certification" Sheet 8,
shall be signed and dated when all the necessary operations
for that particular item have been completed. It is intended
that the inspection will be performed in the sequence listed.
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DYE PENETRANT EXAMINATTION,

4.1 A detailed fluorescent dye penetrant examination of each

entire weld shall be made. Any defect greater than those
listed in 4.2 and 4.3 shall be cause for rejection.

.2 Cracks - There shall be no crack indications in the welds or

adjacent base metal.

.3 Surface Pores - There shall be no surface pores greater than

0.012 in. diameter.

.4 Dye penetrant examination to be made prior to exterior

surface finishing such as glass bead finishing.

RADIOGRAPHIC EXAMINATTION.

5.1 A detailed radiographic inspection shall be made on each

weld utilizing either x-rays or gamma rays to detect dis-
continuities on the interior of the weld. Two percent
penetrameters shall be employed to verify the radiographic
guality level of each procedure. Any defect greater than
those listed in 5.2 through 5.6 shall be cause for rejection.

5.2 Cracks - There shall be no cracks in the welds or in the

adjacent base metal.

5.3 Lack of Fusion - There shall be no indications of lack of

fusion in the weld.

.4 Incomplete Penetration - There shall be no evidence of lack

of weld joint penetration.

5.5 Tungsten Inclusions - Tungsten inclusions qhall be evaluated

the same as porosity.

5.6 Porosity - The following are the acceptance criteria for

internal weld porosity. All pores must be generally circular
in shape with no sharp corners or tails. There shall be no
radiographically deteclalble pore with a diameter qreater

than 40% of the thickness, t, of the thinnest member. The
total projected area of all the pores in one inch of weld
length shall not exceed 5% of the vertical cross sectional
area of t square inches (1 inch length times the thlckness,
t, of the thinnest member of base metal).
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.9 Heat treatment - Contairers fabficated_of 316 or 317 stainless

steel must be given a full anneal at 1950 to 2050°F and
containers fabricated of 316L stainless steel must be stress
relieved at 1600°F #30°F after welding. Since the purpose

of the heat treatments is to obtain maximum corrosion resistance
in the welds and the bage metal adjacent to the welds, tthe-

heat treatment may be eliminated if the buyer.has specifically
stated that it is not necessary for the intended application.

VISUAL EXAMINATIONS.

3.1 A detailed visual inspection of each entire weld. shall be

made using magnifying-equipment with a 4X to 20X magnifi-
cation reading glass.. .Any defect greater than those llsted
in 3.2 to 3.7 shall be cause for .rejection. .

3.2 Cracks - There shall be no cracks in tﬁe welds or in the

adjacent base metal.

.3 sSurface Pores - There shall beé no surface pores greater than

0.012 in. diameter.

3.4 Surface Contour - The surface of the weld shéll be uniform

in appearance.

+5 Weld Size - The fillet.weld shall be gaged to assure that it

meets or exceeds the drawingfrequirement.

3.6 Overlaps - There shall be no cold overlaps on the base

metal.

3.7 Undercuts - Thcere shall be no undercuts.
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Container 1D Number _

Fabricated By

10.

300 SERIES STAINLESS STEEL CONTAINERS
FABRICATION AND INSPECTION CERTIFICATION

Component and materials as specified.

Welded as specified (Section 2).

Visual weld examination acceptable (Section 3).

Dye penetrant examination acceptable (Section 4).

Radiographic examination acceptable (Section 5).

Dimensions as specified.

. O-ring surface finish as specified.

Container can be assemuled properly.
Helium leak test acceptable (Section 6).

Container tagged and dated to indicate
inspection results satisfactory.

.

Vendor review and approval

MRC.ML 6202

Container Drawing No.

Name of Welder

DATE

SIGNATURE COMPLETED

DISTRIBUTION:
WHITE — NUCLEARQC

YELLOW — SHIPPING CONTAINER ENG.

PINK - FILE
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SECTION IIT

ACCEPTANCE INSPECTION CRITERIA

FOR

AL-M1 SHIPPING CONTAINERS
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PART A - INSULATED DRUM ASSEMBLY (MRC DWG. AYD740425)

l. IDENTIFICATTION,

1.1 Note the drum assembly identification markings on Inspection
Data Sheet. :

1.2 Note the assembly manufacturer (vendor).

2. VENDOR CERTIFICA TTION.

2.1 Vendor has certified by letter that all items are as speci-
fied per MRC Dwg. AYD740425 or MRC engineering approved equal.
(Major)

2.2 Vendor has certified cylinder well (MRC Dwg. Detail 17) suc-
cessfully passed the hydrostatic test (Dwg. AYD740528, Note
3) prior to installation into insulated drum assembly.
(Major) ’

3. VISUAL INSPECTTION,

3.1 Security seal channels are welded to the closure ring and

the closure ring bolt has hole for security seal. (Major)

3.2 Drum permanent head marked in arrnrdance with R; M. Grarziano's
Tariff No. 31. For DOT 6C drums this is ''‘DOT-6C880" and
""16/55/year'" as in Section 178.99-9, For DOT 17C drums this
is "company symbol DOT 17C 16 55 year month' as in Section
178.115-10.

3.3 Drum (DOT 6C only) has two I-bar rolling hoops held in place
by a corrugation on each side. (Major)

3.4 Name tag attached and as specified per MRC Dwg. 1-14599.
(Major)

3.5 Blue paint on drum exterior acceptable. (Minor)
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3.6 Two Monsanto Company symbols (Red) located as shown on
drawing. (Minor)

3.7 Workmanship accebtable with no sharp edges-or burrs.
(Critical)

3.8 Adhesive (General Electric RTV) seal completely around inter-
face of cylinder well (MRC dwg. Detail 17) and drum (MRC
Dwg. Detail 1). (Major)

3.9 Insulated drum assembly undamaged. (Major)

4, DRUM ASSEMBL Y D I MENSIONAL INSPETC-

TION,

4.1 Guard extends above vent. (Major)

4,2 Cylinder well diameter is 14-7/8 in minimum. (Major)

4.3 Cyllnder well inside height of 14-7/8 diameter section is
27- 1/8 in, minimum. (Major)

5. DRUM ASEMBLY FUNCTIONAL INSPETC-

’ TION. ' )

5.1 Vent not plugged as deterwlned by flow check, (Major)

5.2 Drum completely closed and opened successfully. (Major)

5,3 Drum tagged and dated to indicate inspection results satis-
factory. (Minor)
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PART B - CYLINDER SUPPORT (SPACER) FOR CONFIGURATION-1
INNER CONTAINER - MRC DRAWING NO. AYD740530

1. IDENTIFICATTION,.

1.1 Note the Cylinder Support Serlal Number on the Inspectlon
" Data Sheet.

1.2 DMNote the spacer manufacturer (vendor).

2, VENDOR CERTIFICATTION,

2.1 Vendor has certified that cylinder support is manufactured
per MRC Dwg. AYD740530 of the materials specified. (Major)

3. CYLINDER SUPPORT VISUAL INSPECTTION,

3.1 Workmanship acceptable and no sharp edges or burrs. (Critical)
4, CYLINDER SUPPORT FUNCTIONAL IN-
SPECTTION: '

inner container fits into cylinder support. (Major)

4.2 Cylinder support tagged and dated to indicate Lnbpectlon
results satisfactory. (H1n01)

4.1 Cylinder support fits into cyiinder well and configuration-1 |
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PART C - CONFIGURATION-1
INNER CONTAINER MRC DRAWING NO. AYD740426

1, IDENTIFICATTION.

1.1 Note the Serial Number on the Inspection Data Sheet,

1.2 Note the manufacturer (vendor).

2, V DOR CERTIFICATION AND TEST
S PLE :

E N
AM R.

2,1 Vendor completed "Fabrication and Inspection Certification"
Form No. MRC-ML-5537 (Major) :

2.2 Vendor weld sample satisfactory. (Major§

3, INNER CONTAINER VISUAL INSPECTTIO.N,.

3.1 Compound gage is 30 in..vacuum/60 psig pressure. (Major)
3.2 Valve is 1/4 in, needle valve with piﬁe cap. (Major)

3.3 Silicone or viton o-ring with nominal 9-3/4 in. I1.D. x 10
in, 0.D. (Major)

3.4 O-ring groove and cover plate sealing surfaces free of nicks
or scratches. (Major)

3.5 Workmanship acceptable and no sharp edges or burrs.
(Critical) .

3.6 Welds appear acceptable. (Major)

3.7 Inner container undamaged. (Major)

4,

INNER CONTAINER DIMENSIONAL IN-
SPECTTION.
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4,1 Cover plate thickness is 1/2 in. minimum. '(Major)
4.2 Bottom plate thickness is 1/2 in., minimum, (Majox)
4,3 Flange thickness is 1/2 + 1/64 in. (Major)

4.4 Body wall thickness is 0.250 + 0.005 in. (Major)

4.5 Top ring, brace, and cross brace are 3/8-+ 1/64 in, diameter.

(Major)

4,6 Socket head screws are stainless steel 5/16 in. diameter x 18

threads per in..x 1 in. long. (Major)
4.7 Overall dimensions as specified per MRC Drawing AYD740426,
Total assembled height is 22-1/2 + 3/64 in. (Major)
I.D. of body is 9,500 + 0.005 in. (Major)
0.D. of top ring 1is 14-5/8 + 1/64 in. (Major)

5.

R CONTAINER FUNCTIONAL INSPEGC-

I NNE
TION.
5.1 Valve operates properly. (Major)

5.2 Pressure gage operates properly (Major)

5.3 Inner contaxner completely dlsassembled and assembled satis-
factorily, (MaJor)

5.4 Helium leak test performed with no detectable leak greater

than 1 x 10-2 std. cm3/sec when filled to 15° + 1 psig- helium,

5.5 Inner container tagged and dated to indicate inspection re-
sults satisfactory,

ISSVE

B

CODE IDENT NO : .
14065 . . - o - DWG NO 1-14946 SHT

14

THIS PRINT IS THE PROPERTY OF MONSANTO RESEARCH !:ORPORATION AND MUST BE RETURNED TO DRAWING
CONTROL MOUND LABORATORY REPROODUCTION IS PROHIBITED WITHOUT PERMISSION OF MOUND LABORATORY

MRC-ML.53t7 (1273)

DAC-73-SACB |



PART D - CONFIGURATION-3
INNER CONTAINER MRC DRAWING NO. AYD740427

ISSUE

1, IDENTIFICATTION,
1.1 Note the Serial Number on the Inspection Data Sheet.
1.2 Note the manufacturer (vendor).
2, VENDOR CERTIFIGCATION AND TEST
SAMPLES.
2.1 Vendor completed "Fabrication and Inspection Certification"
Form No. MRC-ML-5537. (Major)
2.2 Vendor weld sample satisfactory. (Major)
3. INNER CONTAINER VISUAL INSPECTTION.
3.1 Comﬁound gage is 30 in. vacuum/60 psig pressure. (Major)
3.2 Valve is 1/4 in. needle valve with pipe cap. (Major)
3.3 Silicone or viton o-ring with nominal 13-1/8 in. I.D, x
13-3/8 in. 0.D. (Major) :
3.4 O-ring groove and cover plate sealing surfaces free of nicks
or scratches. (Major)
3.5 Verify existence of "legs'" with handle holes per Details
2A and 2B of MRC Drawing AYD740531 and '"legs" on bottom of
container per Details 4D and 4E of MRC Drawing AYD740532.
(Major)
3.6 Workmanship acceptable and no sharp edges or burrs.
(Critical)
3.7 Welds appear acceptable. (Major)
B
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3.8 Inner container undamaged. (Major)

NNER CONTAINER DIMENSIONAL IN -
PECTTION.

I
AS
4.1 Cover plate thickness is 1/2 in. minimum. (Major)
4,2 Bottom plate thickness is 3/8 in. minimum. (Major)
4,3 Body Qall thickness is 1/4 in., minimum. (Major)
4.4 Leg thickness is 1/4 in. minimum. (Major)

4.5 Helium leak test perfgrmed with no detectable leak greater

than 1 x 10-° std. cm.sec when filled to 15 + 1 psig helium.

(Major)

-4.6 Inner container tagged and dated to indicate inspection re-

sults satisfactory. (Major)

5. FINAL CONTAINER ASSEMBLY,

5.1 Weight of assembled container is 365 + 25 1lb. (Minor)

5.2 Shipping container functional assembly and disassembly
satisfactory. (Major)

0
g
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PART E - CONFIGURATION-5
INNER CONTAINER MRC DRAWING NO. AYE740198

1, IDENTIFICATIOHN,

1.1 Note the container identification number on the inspection
sheet. ' : C

1.2 Note the manufacturer (vendor).

2. VENDOR CERTIFICATION AND TEST

SAMPLES,.

2.1 Vendor properly completed '"Fabrication and Inspection
Certification’ Form No. MRC-ML-6202. (Major)

2.2 Vendor weld sample satisfactory. (Major)

2.3 Vendor helium leak test accepted by MRC representative.
(Major)

3, INNER CONTAINER VISUAL INSPECTTION,

3.1 Pressure transducer is Precise Sensors, Inc. Model #70101-
200 or MRC Engineering approved equal. (Major)

3.2 Valves are Nupro #SS-8BG-TSW. (Major)

3.3 Bail has shape which will self center lifting hook. (Minor)

3.4 Bottom dished cap does not protrude beyond bottom skirt ring.
(Minor) ) ,

3.5 No protrusion of top closure nut, ball, or quick disconnect
fittings above top lip of container cap., (Major)

3.6 O-ring sealing surfaces free of nicks and scratches. (Major)

1o e
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3.7 "Radioactive Material' labels on top cap and container side
are acceptable. (Major)

3.8 Container identification labels on top cap, container side,
and container top are acceptable. (Major)

3.9 Welds appear accéptable. (Major)

3.10 Container undamaged. (Major) ‘

3.11 Workmanship acceptable and no sharﬁ edges or burrs. (Critical)

4., I NNER CONTAINER DIMENSTIONATL

INSPECTTION,

4.1 Container with cap overall height 23.9 in. maximum. (Major)

4.2 Container diameter 6.685 in. maximum. (Major)

4.3 Cajon disconnect fittings center to center horizontal
separation 4 .31 +0.05 in. (Major)

4.4 Cajon disconnect fittings vertical separation between sealing
surfaces 0.75 +0.05 in. (Major)

4.5 Primary container wall thickness 0.120 in. minimum. For

) example, as measured with ultrasonic technique. (Major)
5. INNER CONTAINER FUNCTIONATL
INSPECTTON.

5.1 Valves operate properly. (Major)

5.2 Pressure transducer functions properly. (Major)

5.3 Container protective cap removed and replaced satisfactorily.
(Major) :

ISSUEB
CODE IDENT NO A

14065 . DWG NO 1-14946  SHT 18

THIS PRINT IS THE PROPERTY OF MONSANTO RESEARCH EORPORATOON AND MUST BE RETURNED TO DRAWING
CONTROL MOUND LABORATORY REPRODUCTION IS PROKIBITED WITHOUT PERMISSION OF MOUND LABORATORY

MRC-ML.5§317 (12:73)

DAC.73-SACB



5.4

5.5
5.6

5.7

6.

6.1

Container fits into calorimeter sleeve satisfactorily.
(Major)

Bail functions satisfactorilyk. (Minor)

Quick disconnect fittings function satisfactorily. (Major)
No detectable he}ium leak in primary container greater than
1 x 1076 std. cm’/sec at 15 psil pressure difference between

interior and exterior. (Critical)

T A G,

Inner container tagged and dated to indicate satisféctory

inspection results. (Major)

B

|

1SSUE

CODE IDENT NO
14065

l pwg No 1-14946 'SHT
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PART F - CONFIGURATION-5

INSULATING: SLEEVE MRC DRAWING AYD760626

1. IDENTIFICATION.. .

2,

2.1 TFiredike securely glued with no visible gaps. (Majof)

s

INS
TIO

2.2 Firediﬂe ndt crushed or broken; (Major)

,.1.1 Note the fabricator (MRC or vendor) on the inspection sheet.

ULATING SLEEVE VISUAL :INSPESC -
N. ‘

2.3 Workmanship acceptable and no sharp edges or burrs. (Major)

3.
3.1

3.2

DIMENSIONAL INSPECTTION.
Inside diameter: 6.75 in. minimum. (Major)
7.00 in. maximum, (Minor)
Outside diameter: 14.25 in. minimum, '(Minor)

14,75 in. maximum, (Major)

3.3 Overall height 25.25 + 0.25 in. (Major)

3.4 Well depth 24.25 in. minimum without pad. (Major)
4., T A G.
4.1 Sleeve tagged and dated to indicate satisfactory inspection
results. (Minor)
ssue | B

_ CODE.IDENTNO ... ..

14065 °

wae' NO il-. 14946

; .SHT,
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SECTION IV

ACCEPTANCE INSPECTION

DATA SHEETS

A.41



I

AL-M1 INSULATED DRUM ASSEMBLY
ACCEPTANCE INSPECTION DATA SHEET

MRC Drawing AYD740425 and
Ref. Section III, Part A of Drawing No. 1-14946

.

IDENTIFTICATTION.

Drum Identification

N

Vendor
VENDOR CERTIPICATTION.

Letter certifies specified items.

.
N

Well hydrostatic test certified.
VISUAL. '

1

1

1

2

2

2.

3.

3.1 Provision for security seal.

. 3.2 Permanent head marking.

3.3 Rooling hoops.

3.4 Name tag.

3.5 .Blue exterior paint.

3.6 Red Monsanto symbols.

3.7 Workmanship OK and no sharp edges or burrs.
1 3.8 RTV seal.

3.9 No damage.

4, DIMENSTIONATL.,

4.1 Guard above vent.

4.2 Well diameter 14-7/8 in. minimﬁm.

4.3 Well depth 27-1/8 in. minimum.

5. FPUNCTIONATL,

5.1 Vent open.

5.2 ) Drum closed and opened successfully.

5.3 Drum dated and tagged as OK.

COMMENTS

Signature of Inspector Date
’ DISTRIBUTION: White - Nuclear QC

T Yellow - Shipping Container Eng.

MRC-ML-6378 Pink - Fife

issue | B ]
CODE IDENT NO
14065 DWG NO 1-14946 SHT 21
—————
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1.
1.1
1.2
2.
2.1
3.

3.1

4.1

4,2

COMMENTS

SPACER _FOR AL-M1 CONFIGURATION-1
ACCEPTANCE INSPECTION DATA SHEET

MRC Drawing AYD740530 and
Ref. Section III, Part B of Drawing No. 1-14946

IDENTIFICATTION.

Serial number.

Vendor.

VENDOR CERTIFICATTION,.

Materials as specified.

VISUATL.

Workmanship OK and no éharp edges or burrs.

FUNCTTIONAL,

Spacer fits into drum well and inner container fits
into spacer.

Spacer dated and tagged as OK.

MRC ML-G373

Signature of Inspector Date

DISTRIBUTION: White - Nuclear QC
Yellow - Shipping Container Eng.
Pink - File

MRC.ML 5317 (12 73)

IS§UE

B

CODE IDENT NO

14065

DWG NO 1-14946 SHT 22
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l. IDEN

INNER CONTAINER FOR AL-M1 CONFIGURATION-1

ACCEPTANCE INSPECTION DATA SHEET

Ref. MRC Drawing No. AYD740426 and
ection III, Part C of Drawing No. 1-14946

TIFICATION

VEND

Serial number.
vendor.

OR CERTIFICATTIOHN.

N
N

w W W w W W W W
~N O e W

DIME

Form 6202 completed.
Weld sample acceptable.

A L.

VIS U

Gage is 30 in. vac/60 psig.

Valve is 1/4 in. needle with pipe cap.

O-ring is nominal 9 3/4 inl I.D. x 10 in. 0.D.
O-ring sealing surfaces OK.

Workmanship OK and no sharp edges or burrs.
Welds appear acceptable. '

Inner container undamaged. .

NS IONAL.

P - . R - S N
~NOY s N

FUNGC

Cover plate 1/2 in. thick, minimum.

Bottom plate 1/2 in. thick, minimum,

Flange 1/2 £1/64 in.' '

Body wall thickness 0.250 $0.005 in.

Top ring and braces 3/8 :1/64 in. diameter.
Stainless socket head screws 5/16 x 18 x 1.
Overall height 22-1/2 $3/64 in., body I.D. 9.300
$+0.005, top ring O.D. 14-5/8 *1/64 in.

T I ONAL.

S.
5.1 Valve operate properly.
5.2 Pressure gage operates properly.
5.3 Disassembled and assembled satisfactorily.
5.4 "No He Leak greater than 1 x 10-% at 15 psig.
5.5 Dated and tagged as OK.
COMMENTS
Siynature of Inspector Date
DISTRIBUTION: White - Nuclear QC
Yellow - Shipping Container Eng.
MRAC-ML 6374 N Pink - File
“ssue | B
.CODE IDENT NO .
14065 DwG No 1-14946 . guy 23
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INNER CONTAINER FOR AL-M1 CONFIGURATION-3
ACCEPTANCE INSPECTION DATA SHEET

Ref. MRC Drawing No. AYD740427 and
Section III, Part D of Drawing No. 1-14946

IDENTIFICATTION.
.1 Serial number.
2

Vendor.
. VENDOR CERTIPFICATTION.

1 Form 6202 completed.
.2 __ Weld sample acceptable.
y I SUAL.
Gage is 30 in. vac/60 psig.
vValve is 1/4 in. needle with pipe cap.’
O-ring nominal I.D. 13 1/8 in. and O0.D. 13 3/8 in.

O-ring sealing surfaces OK.

|
|

1
2
3
4
.5 "Legs" as specified.
6 Workmanship OK and no sharp edges or burrs.
7 Welds appear acceptable.
8 Inner container undamaged.

DIMENSTIONATL,

1 Cover plate 1/2 in. thick, minimum.
2 Bottom plate 3/8 in. thick, minimum.

3 Body wall 1/4 in. thick, minimum.
.4 Leg 1/4 in. thick, minimum.

5 No He leak greater than 1 x 1073 at 15 psig.
6 Dated and tagged as OK.
FINAL ASSEMBLY,.
.1 Assembled weight 365 25 lb.

2 Functional assembly and disassembly OK.

COMMENTS
Signature of Inspector Date
DISTRIBUTION: White - Nuclear QC
Yellow - Shipping Container Eng.
MNC-ML-8375 Pink - File
issve | B l
CODE IDENT NO
14065 pwa NO 1-1494s SHT 24
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A.46

INSULATING SLEEVE FOR AL-M1 CONFIGURATION-5
ACCEPTANCE INSPECTION DATA SHEET .

Ref. MRC Drawing No. AYD 760626 and
Section III, Part F of Drawing No..1-14946

1, IDENTIFICATTION.

Fabricator or vendor.

2, VISUATL.

Firedike well glued with no gaps.

Firedike not crushed.

Workmanship acceptable and no sharp edges or burrs.

3. DIMENSTIODNAL.

COMMENTS

I.D. 6.75 in., minimum and 7.00 in. maximum.
0.D, 14.25 in,, minimum and 14.75 in. maximum.
Overall height 25.25 + 0.25 in.

Well depth 24.00 in., minimum.

Dated and tagged as OK.

Signature of Inspector : Date

MRC-ML-6376

DISTRIBUTION: White - Nuclear QC
Yellow - Shipping Container Eng.
Pink - File

MRC.ML.5317 {1273)

ISSUE.

B

CODE IDENT NO
14065

DWG NO 1l- ].;‘4946

SHT 25

DAC-73.SACB .
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INNER CONTAINER FOR AL-M1 CONFIGURAT1OUN-5

~ ACCEPTANCE INSPECTION DATA SHEET
Ref. MRC Drawing No. AYE740198 and

Section III, Part E of Drawing No. 1-14946

1. IDENTIFICATTION.

1.1 Identification number

1.2 vVendor

2, VENDOR CERTIFICATION,

2.1 Form 6202 completed.

2.2 Weld sample acceptable.

2.3 Vendor He leak test accepted.

3. V1ISUAL.

3.1 Pressure transducer is Model =s70101-200.

3.2 __ Vvalves Nupro #SS-8BG-TSW.

3.3 Bail shaped to take lifting hook.

3.4 Bottom dished cap does not protrude.

3.5 No protrusions above top lip of cap.

3.6 O-ring sealing surfaces satisfactory.

3.7 "Radioactive Material" labels on side and cap top.
3.8 I.D. labels on side, vessel top, and cap top.
3.9 Welds appear acceptable.

3.10 Container undamaged.

3.11

4. DIME

Workmanghip acceptable and no sharp edges or burrs.

NSIONA-WL.

Overall height 23.9 in., maximum.
Diameter 6.685 in., maximum,

Cajon center to center 4.31 :0.05 in.
Cajon vertical separation 0.75 $0.05 in.
Vessel wall 0.120 in. thick, minimum.

T I ONA L.

LS

~N o e W

(= BT B VL B ¥ BV, TV B O N * U N T -

o
—

COMMENTS

T A G.

Valves operate properly.

Pressure transducer functions properly.

Cap removed and replaced satisfactorily.
Container fits into calorimeter sleceve.

Bail functions satisfactorily.

Quick disconnects function properly.

Nou He leak greater than 1 X 1076 ac 15 psiyg.

Dated and tagged as acceptable.

Signature of Inspector Date

MRAC-ML 6377

'
OISTRIBUTION:  White - Nurlear OC
Yellow - Shipping Container Eng.
Pink - File

{SSUE

B

CODE IDENT NO

14065

DWG NO 1-1494¢ SHT

26
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SECTION V

USE AND REUSE INSPECTION CHECKSHEETS



MONSANTO RESEARCH CORPORATION
MOUND LABORATORY

SHIPPING CONTAINER

OPERATION SHEET

QPERATION ¢

PEOGEAM SMERY MANUAL NUmMBER OPERATION
Reusable Radioactive Shipping Containers 1l of 1 MD-70152 3
AUTHORIZATION CLASSIFICANON EFFECTIVITY ECNIST INCOSPORATED
Unclassified 9-26-77 M4-C .

e

Use Inspection and Loading of AL~-Ml Configuration 1 or 3

Hew

USE INSPECTION

Reuse Configuration (1 or 3) Serial No.

I.

TI.

CONTAMINATION LEVEL ACCEPTABLE (REUSE ONLY)

initials ~ Date

CHBCR L1ST

The following inspections and/or actions are required. Do not check off any item
until indication action 18 completed and any defect found has been corrected. In-
dicate repair by the latters Rpr and replacement by the letters Rpl. A simple

check mark is satiafactory to indicate completion of an inspection or action.
Enter HA if the inspection or action does not apply.

A. Insulated Drum Assembly
1. Labels, adhesives, etc. removed 8. Vvent
2. Vinyl emblem
3. Paint
4. Ildentification plate

9. Closure ring
10. Closure boit

LL, Interior dry and
clean

S. Tiedown brackets
6. Security seal bracket
7. Welds

12, vent not plugged
1). Assembles properly

[T
[T

B. Cylinder Support [Configuration 1)

1. Clean and undamaged
2. Puncticnal fit (drum and
inner container)

|

C. 1lnner Container (Configuration 1 and 1)

1. No physical damage 7. Braces and fixtures

2. Gage 8. -No nicks or scratches
in sealing surfaces

3. Vvalve 9. Valve operational

4. O-ring 10. ijessxlue gage opera-
tinna

[ [T

11. Passes helium_leak
test (1 x 10-5 std
cc/sec at 15 psiqg)

S, Cap auiaws

|1

6. Welds

Signature Date

LOADING PROCEDURE

1. Radioactive material form (solid, liquid or gas}.
2. Check and lubricate inner container O-ring.

|

J. Close and cap inner container check‘°valve(s).
4. Place sketch within insulated drum.

5. Close drum.

6. Inetall lead wire s&eal.

7. Apply labels (Radiocactive).

|

1

Signature Date

DISTRIBUTION:
whito - Container File
Yellow - Nuclear QC
Goldenrod - Shipper File
Pink - Originator

WRC-ML-128 Issue 3 o 10-27=77

issue BB )
CODE IDENT NO 27
14065 DWG No 1-14946 SHT
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MONSANTO RESEARCH CORP.
MOUND LABORATORY

SHIPPING

l

CONTAINER

..OPERATION SHEET

PRO0AAM SMEEY

MANUAL NUMBER OPERATION
REUSABLE RADIOACTIVE SHIPPING CONTAINERS 1 of 1 MD-70152 14
1 CLASIIFICATION ~ Y erFecTivityY - TCN(S) INCORPORATE|
Unclassified 9-26-77 M4-C

pressure released through monitor.
2,20, Gross weight with cover.

3, LiISULATIHG SLEEVE

Clean and undamaged.
Surface wipes less than 1000 DPM ﬂ.

]

in good condition.
Sketch and form packed above Cerawool pads.

. INSULATING DRUM ASSEMBLY

Paint and vinyl emblem.
Tdantification plate.

Tiedown brackets (as applicable).
Security seal bracket,

Welds

Vent not damaged or plugged.
Iinterior dry and clean.
Assembles properly.

Closure ring and bolt.

w

11111

cenbbbonbas 0w LLWWW
OO GUA AW~

©o s v s s s 0 e

DISTRIBUTION Signature

1. [DENTIFICATION
1.1, " Inner container serial number and date of last interior surface
. evaluation

1.2. oOuter container serial number

1.3, Received from N i

1.4. The following Inspections and/or actions are required. DO not check off any item
until the indicated action is completed and any defect found has been corrected,
Indicate repair by the letters Rpr and replacement by the letters Rpl. a simple
check mark is satisfactory to indicate completion of an inspection or action.
Enter NA if the inspection or action does not apply.

2, LMER CUATATHER

2.1, Less than 5 years since last interior surface evaluation.

2.2, Regeneration tempcrature of sorbent.

2.3, Date of regeneration.

2.4. Grams of water loaded.

2.5. .Date loaded.

2.6. Ci of tritium loaded (best estimate).

2.7. Primary containment leak checked and no leak through valwe.

2.8, Pressure transducer operational. Primary container pressure no nmore than

1 atm absolute. .

2.9, Valves operational and closed.

2,10, Cajon fitting interior dry (e.g., by evacuation).

2.11. valves capped.

2,12, Exterior surfaces decontaminated.

2.13. No physical damage. .

2.14. B welds OK.

2.15. No nicks or scratches in sealiny surfaces.

2.16. O-rings dry, grease free, and in good condition.

2.17. N Protective cover installed.

2.18. Cover pressurized to 20 psiy. No pressure decreasce in i, minutes.

2.19, Cover interior produces less than 180 M’i/m’ on iritium monitor when

Cerawool pad in bottom of wellin good cumdition,
Large and small diamecter <erawnal pads placed on top 0! nner

. ©0ld labels, adhesives, etc., remc&ed and correct new labels applicd.

White - Container File Date

Yollow -~ Nuclear QC
Goldenrod - Shipper File
Pink - Originatar

Issue 2 o 10-27-77-

ISSUE

B

+

CODE IDENT NO

14065 4
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- Appendix B

Packaging and Unpackaging Procedures



The following Mound Laboratory Forms or
their equivalent are completed as the
shipping packages are being loaded, as-
sembled, and shipped to ensure compli-
ance with Mound Laboratory procedures
an@ safety4precautions for handling

radioactive materials:

1) MD-70152, OP.3 (Figure B-1, for con-
figurations-1 and -3 only). This is
a use inspection and loading proce-
dure checklist for containers loaded
with Pu-239 and U-235,

2) MD-70152, OP.1l4 (Figure B-2, for con-
figuration-5 only). This is a check-
list for use inspection and general
assembly procedure when either loaded
(filled) or empty inner containers
used for tritiated water are shipped.

3) MRC-ML-1245 (Figure B-3, for all three
configurations). This form is used by
Mound Laboratory to record surface
contamination levels of the outer
shipping package and to provide docu-
mentation to show compliance with all

shipping regulations. Equivalent

forms will be completed by other users,

Before a container is packaged for

shipment, all components are visually
inspectedifor'aémhge cr malfunction
which would impair their use or create
a hazardous condition. All deviations
found are corrected and so indicated on

the appropriate Operation Sheet of Form

MD-70152,

The containers are loaded after the in-
spection. In the case of configuration-
1 or -3 containers, the contents are
wiped and placed in the iﬁner container,
Void space in the container is filled
with inert haterial. The inner container
lid is fastened to the body. The con-
tainér assembly is placed in the outer
drum assembly. The 1id is placed on the
drum and held in place with the closure
ring., The shipping drum is checked for
contamination and is surveyed to ensure
that the external radiation from the drum
complies with the required Transportation
Index. As each operation is completed,
the loading section of Form MD-70152,
QP.3, is so marked. In additioﬁ, Form
MRC-ML-1245 is cémpleted giving contami-
nation and radiation levels. Radioactive

labels are completed and attached to the



drum. The package is then ready for

shipment.

For loading (filling) cénfiguration-s,
the inner containef is attached to the
filling system with Cajon fittings. The
."inner containér is loaded wither by ad-
mitting tritiated water directly or by
passing air, containing the HTO, through
the dry sorbent; In either case the load-
ing is done through the valve marked "to
top". Direct loading with water should
be done slowly, because sorbency is exo-
thermic. The maximum loading limits are
100,000 Ci of tritium and 2000 g of water
on molecular sieve or silica gel or 3000
g of water on Florco commercial clay ad-
sorbent. The quantity of water is deter-

mined by weighing tﬁe inner container be-

fore and after loading.

" after loading the configuration-5 inner
container, the valves to the container
are closed with a torque wrench. Before
being disconnected from the filling sys-
tem, the tubing and Cajon fittings above
the valves should be kept under vacuum
until dry. Blind Cajon nuts (caps) are
inserted in each'cajon fitting to provide
secondary containment. 'The surface of

the container is then decontaminated,

allowed to dry, and probed with a tritiim

monitor for leakage or surface offgass-
ing: If tritium is observed, the decon-
tamination procedure is repeated. If no
tritium is detected with the monitor,
then surface wipes are taken. Further
dgcontamination is performed as needed
until fhese wipes are below 1000 dis/min

beta. No leakage is permitted.

The protective cover is attached to the
configuration-5 inner container to pro-
tect the valves and trénsducer from phys-
ical damage. Through the quick-discon-
nect fittings, the leakage ffom the cover
and also from the container is. deter-
mined by.pressurizing the cover to 20
psig. No change in pressure shﬁuld be
observed after 30 min. The pressure is
then released Fhrough a tritium monitor.
If a tritium concentration reading
greater tﬁan 180 uCi/m3 is obtained, the
cap must be removed in order to look for

a leak or to repeat the decontamination,

The test is then repeated.

If the external surface of the capped
configuration-5 inner container yields
a surface wipe count of lecss th;n 1000
Ais/min beta, the container is inserted
into the insulatéd‘sleeve which is”al—

ready in place in the outer 55-gal



shipping package. The Cerawool insula-
ting pads are placed on the top of inner
container and the insulating sleeve. -
The lid is placed on .the drum and held
in place with the closure ring.. The
shipping drum is checked for contamina-
tion to ensure compliance with shipment -
regulations (less thdan 100 dis/min beta).
As each operation is completed, Form
MD-70152, OP.14 is so marked. In‘addi-
tion, Forﬁ MRC-ML—IZ&S is compieted giv-
ing contamination levels a;d documenta-
tion of shipment., Closure seals and
labels are attached to the drum. The
configuration-5 package is now ready fqr

shipment.

Unloading a package is basically the re-
verse of loading it. Upon receipt, the
druﬁ is checked for contamination before
removal of the cover, and each component
is checked as it is removed from the
package. After the contents of a con-
figuration-1 or -3 backage are removed
from the inner container and checked for
contamination, ghé package.is storeq for
further uée. After é coﬁfigufatiqn-s
inner container is'removed from ﬁhe in-

" sulating sleeve and cheéked for‘contamin-
ation, it is'assayed by calorimetry and

then stored in a hood until removal of

the -tritidted ‘water is begun. The pres-
sure is monitored if the container is

not emptied within 30:days after filling.

oy



MONSANTO RESEARCH CORPORATION

SHIPPING CONTAINER

MOUND LABORATORY . L B OPERATION SHEET
'RMOGIAM - o SHEET MANUAL NUMBER . OPERATION
"Reusable Radioactive Shipping Containers { 1 of-1 MD-70152 | 3
AUTHORZATION CLASSIFICATON . EFFECTIVITY ] ECN(S) INCORPORATED ,
~Unclassified. . 9-26-77 M4—C; .

OPERATION TTLE "

Use Inspection and LoaﬁinQLQf AL-M1 Configuration 1 or 3

New’

USE INSPECTION . ) C .

II1.

Reise configuration (1 or 3) Serial No,

CONTAMINATION LEVEL ACCEPTABLE (REUSE ONLY)

Initials Date
CHECK LIST

The following ingpections and/or actions are required. Do not check off any item
until indication action is completed and any defect found has been corrected. In-
dicate repair by the letters Rpr and replacement by the letters Rpl.-. A simple
check mark is satisfactory to indicate completion of an inspection or action.
Enter NA if the inspection or action does not apply.

A. Insulated Drum Assembly

l. Labels, adhesives, etc. removed 8. Vent
2. Vinyl emblem
3. Paint )
4. 1Identification plate

9. Closure ring
10. Closure bolt

*1l. "Interior dry and
clean

5. Tiedown brackets
6. . Security seal bracket
7. Welds

12. vVent not plugged
13. Assembles properly

B. Cylinder Support (Configuration 1

1. Clean and undamaged
2. Functional fit (drum and
inner container)

C. Inner Container (Configuration 1 and 3)

1. No physical damage ’ 7. Braces and fixtures

2. Gage 8. No nicks or scratches
* in sealing surfaces

3. Vvalve 9, Valve operational

4. O-ring 10. z;essTre gage opera-
iona

I

11, Passes helium leak
test (1 x 10-5 std
6, welds cc/sec at 15 psig)

S. Cap screws

Signature Date

LOADING PROCEDURE

1. Radioactive material form (solid, ligquid or gas).
2, Check and lubricate inner centaiuer uU-rlhg.

3. Close and cap inner container check valve(s).

4. Place sketch within insulated drum.

5. Close drum.

6. Install lead wire seal.

7. Apply labels (Radiactive).

L

Signature Date
' DISTRIBUTION:
White - Container File
Yellow - Nuclear QC
Goldenrod - Shipper File
Pink - Originator
MRC-ML- (28 Issue 3 ® 10-27-77
FIGURE B-1
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MOUND LABORATORY

MONSANTO RESEARCH CORP SHIPPING CONTAINER

OPERATION. SHEET

PROGRAM . N ) . sN!EI MANUAL NUMBER Q"E‘RA_‘.ION
REUSABLE RADIOACTIVE SHIPPING CONTAINERS 1l of 1 MD-70152 | 14
AUTHO TION CLASSIFICATION . » - EFFECTIVITY = iC‘N(SI INC_AOIPO>IA;H e -

%~ T /ny—~ Unclassified 9-26-77 - | M4-c. = .
OPENATION TITLE j -

Use Inspection and Loading of AL-M1 Configuration 5

1,” IDENTIFICATION
1

evaluation

Outer container serial number

.1. Inner container serial number and date of last interior surface

l.2.
1.3. Received from
1.4.

The following inspections and/or actions are required. Do not check off any item
until the indicated action is completed and any defect found has been corrected.
Indicate repair by the letters Rpr and replacement by the letters Rpl. A simple

Enter NA if the inspection or action does not apply.

2.10. Cajon fitting interior dry {(e.g., by evacuatioﬁ).

in good condition.

check mark is satisfactory to indicate completion of an inspection or action.

2. LER CUATAIWER

2.1. Less than 5 years since last interior surface evaluation.

2.2, Regeneration temperature of sorbent,

2.3. Date of regeneration,

2.4. Grams of water loaded.

2.5. Date loaded.

2.6. Ci of tritium loaded (best estimate).

2.7. Primary containment leak checked and no leak through valve. .

2.8. Pressure transducer operational. Primary container pressure no more than
1 atm absolute.

2.9. Valves cperational and closed.

2.11. Valves capped.

2.12. Exterior surfaces decontaminated.

2,13, No physical damaye.

2.14. Welds OK.

2.15, No nicks or scratches in sealing surfaces.

2.16. . " O-rings dry, grease free, and in good condition.

2.17, Protective cover installed.

2.18, ___ Cover pressurized to 20 psiy., No pressure decrecase in 33 mirnutes.

2.19. Cover interior produces less than 180 .Ci/m' on tritium monitor when.
pressure released through monitor.

2.20. Gross weight with cover.

3, THSULATHIG SLEEVE

3.1. "Clean and undamaged.

3.2, surface wipes less than 1900 oPM :.

3.3. Cerawool pad in bottom of well in good condition.

3.4. Large and small diameter Zerawool pads placed on top of 1inper container,

3.5. Sketch and form packed above Cerawool pads,
4, IHSULATING DRUM ASSEMBLY

4.1. Paint and vinyl emblem.

4.2, Identification plate. .

4.3. Tiedown brackets {as applicable),

4.4. : Security seal bracket.

4.5. ) Welds

4.6. Vent not damaged or plugged.

4.7, Interior dry and clean.

4.8. Assembles properly.

4.9. Closure ring and bolt.

4.10, 0ld labels, adhesives, etc., removed and correct new labels applied.
DISTRIBUTION Signature
White -~ Container File Date
Yellow - Nuclear QC

Goldenrod - Shipper File

Pink - Originator

MRC-ML-128

Issue 2 o 10-27-77

FIGURE B-2



SHIPPING RADIOACTIVE : MONSANTO RESEARCH CORPORATION

AND FISSILE MATERIAL MOUND LABORATORY
MIAMISBURG, OHIO 45342
PO cC MATERIAL CLASSIFICATION Date Shipment Req. NO. OF PKGS. “M.L."" NUMBER
~ Ov Oc¢ Osro
SHIP TO:
MODES OF TRANSPORTATION COURIER AGENCY (IF ANY} ESCORT AGENCY (IF ANY}
Cur !
ARE FEDERAL SHIPPING REQUIREMENTS MET? SEALS APPLIED! PACKAGING AFFIDAVIT ATTACHED FOR AIR SHIPMENTS?
O ves Owe O ves O wo O ves O ~o
Container Contents Curie Tr. Radiation (Mrem/hr) Surra:ei(;%:,li:mnanon Transport Index |
Identification Isotope Amount GP. Surface 3/ Primary Outer Max. 10/Pkg.. 50/Shipment
¢ = -
. DOT Approved Physical §173. |py 10 [By | 0 [onie | anie. | Fixed | Radiation Criticality
Package Form -390 alplalplalp Index | Class
u
RADIATION SURVEY: INSTRUMENT USED a p Y n
None W-1 Y-11 Y-111 | White | Others
u RADIOACTIVE IS"F Empty PERSONNEL INVOLVED IN
n
LABELS REQUIRED Y LOADING OF CONTAINERS
WAREMOUSE SHIPPING DOCUMENT NUMBER
“ v
COMMENTS:
’
TIME DATE
INSTRUCTIONS:
Requestor
I. Requestor complete Part I, except M.L. Number, and Part
Nuclear Criticality Il columns | and 2.
2. Health Physics complete Part Il columns 3-5 and Radia-
Health Physics tion portion of column 6 and Part 1) and insert M.L.. No.
Special Material Handling 3. Nuclear Criticality complete Criticality column 6 of Part I ).
4. Speciat Material Handling complete Part IV and make
DISTRIBUTION: B G TE T T AT Ty C—— distribution,
. Special Matl, Handling SEC 5 See Mannal MNINNRT, Chaptar 6
2. Wucliear Prog. Planming CCA! D - Must be signe
3. Nuclaar Criticality 4 i 1pecifing 6. For Empty_Containers. no M.L. Number is 0 be issued.
i UNCLASSIFIED - Must by 9 by
;' Health Physics O‘ Supervisor or Deng:nedeAll'(:'::nle
. Clessification
Category
Authorized
Sigawre
t:‘e
MAC-ML-1245 (4:76) :
171435
> .

’ FIGURE B-3



Appendix C
ERDA Certificate of Compliance



.t A AL
L S T AL
K b

UNITED STATES ENERGY RESLARCH AND DEVELOPMENT ADMINISTRATION

Form AEC618 N
{12-11) .. .. _,. ' CERTIFICATE OF COMELIANCE, -
A%f&?;‘,‘, R A 2 T For Radicactive Maxcnals Pad:agcs :
1a. Certificate Numuer 1b. Revision No, } 1c. Package Idenufication No. 1d. Page No. | 1e. fotal No. Payes,
USA/9SO7/BLF(ERDA ~AL) Original USA/9507/BLF (ERDA-AL) 1 3

2. PREAMBLE

23.  This certilicate is usﬁed to satisfy Sections 173.3932, 173.334, 173,395, and 173.396 of the Department of Transportation Hazardcus
Materials Regulations (48 CFR 170-189 and 14 CFR 103) and Sections 146-19-10a and 146-19-100 of the Department ot Teaaspostition
Dangerous Cargues Regulations (46 CFR 146-149), as amended.

2b. The packaging and contents described in item S below, meets the safety standards set forth in Subpart C of Title 10, Coce of Federal
Regulations, Part 71, “"Packaging of Radioactive Material (or Transport and Transportation of Radioactive Material Under Certain
. Conditions."” . . .

2c. This certificate does not relieve the consignor from compliance with any requirement of the requlations of the US. Departrment of
' Transpartation or ‘othee applicable regulatory agencies, including the government of any country through or into which the pach:age
will be transported.

3. This certificate is issued on the basis of a safety analysis report of the package design or application—

(1) Prepared by {Mame and address): {2} Title and idemification of repon or application: . {3) Date:

Monsanto Research Corporation MLM-~2447 19/30/77
Mound Laboratory Safety Analysis Report for Packaging (SARP)
P. 0. Box 32

Miamisburg, Ohio 45342 . : USA/9507/BLF (ERDA-AL)

4. CONDITIONS A ) N '
This certificate is conditional upon the fulfilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions specified
in item 5 below. .

5. Description of Packasing and Authorized Contents, Model Number, Fissile Class, Other Conditions, and References:

(a) Description of Packaging

The AL-M1 package utilizes a 55-gal, DOT 6C or 17C, steel drum as an outer
container which is lined with 3% in, of insulation. Inner containers are
.ddentified as (a) configuration-l - a stainless steel inner container

Q% in. T.ND. hy 15% in. internal height ‘'sealed with a viton or silicone
O-ring; (b) configuration-3 - an aluminum inner container 13 in. I.D.

by 13 in. internal height sealed with a viton or silicone O-ring: and

" (c) configuration-5 - a stainless steel inner container 6 5/8 in. 0.D.

by 23 7/8 in. overall height ;ealed with valves, fittings, and protective
cover,

The configuration is selected as necessary to accommodate the desired
contents.

(b) Authorized Contents

Authorized contents for configurations-l and -3 consist of plutonium-239
and uranium-235, and the authorized content for configuration-5 is
tritiated water sorbed on solid material. Contents are limited by the
envelope described in Section 3 of the SARP,

63. Date of Issuance: September 9, 1977 ) Tﬁb Expiration Date: N':T

FORTHE .U.S. FERDA / -

7a. Address fof ERDA Issuinﬁ Office) ) 7b. Signatfe, N e chggiym;thMmul
Albuquerqiie Operations Office o
P, 0. Box 5400 .

~Mbuquerque, New Mexico 87115 -exational Safety Division

a



Fissile
Isotope

235U

239p,

Fissile
Isotope

239Pu

235y

: 9507
-2 - 9/9/77

‘CALCULATED TRANSPQRT'INDEX FOR AL-M1
" (CONFIGURATION-1 AND -3)

" Quantity Transport
L (kg) —Index
6.0 a 0.1 .

7.0 0.1
" 8.0 0.1.
9,0 0.2
10.0° 0.4 -
11.0 . 0.6
12.0 1.1
13.0 1.8
14.0 2.8
15.0 4.4
16.0 6.9
17,0 F.C,I1X
2.0 0.1
2,5 0.2
" " 3.0 0.7
" 3.5 2,2
4,0 6.9
4,2 F.C. 111

NUMBER OF ALLOWED FISSILE CLASS II1 SHIPPING CONTAINERS

Quantity Number of Allowed

(kg) L Containers
4,20 11
4,50 6. .
4,75 - 3
5.0 2
5.25 1

17.0 - 11
18.0 7
19.0 5
20.0 3
21.0 2.
. 22,0 1



: . 9507
-3 - : 9/9/77

“(e) Restrictions

Shipments in containers which are modifications of the designs
described in the SARP or of contents which differ from or exceed
those described in the SARP must be evaluated on an individual
basis. Specific limjitations are summarized below:

Pressure - The maximum packaging pressure for the configuration-l
) innei container is 10 psig (1.7 atm) and for the
configurations-3 and -5 inner coritainers is 0 psig
(1 atm) at ambient temperature at time of loading.

Time - A configuration-5 package is to be shipped soon after
" loading, and the internal pressureipflthe inner container
is to be monitored after 30 days if the tritiated water
contents are not removed before that time.

. Iemperature - With the assembled package at normal ambient
conditions, the user of any of the three
configurations must ensure that the temperature )
of the outside surface of the inner container does’
not exceed 300°F, In addition, at hypothetical
actident conditions this temperature can read
approximately SOO0°F in configurations~1 and -3
and 250°F in configuration-5, The.-user must ensure
that the contents are safe at these temperatures.

Weight ~ The maximum gross weight of the package is 550 1b (250 kg)
' for all three cdonfigurations. The maximum gross weight

of the contents of configurations-) and -3 is 44 1b (20 kg).

Contents exceeding 15 1b (6.8 kg) in configurations-1
and -3 must be packaged such that the clamping fixture
will not be bent excessively on impact.

. Iritiated water - Free standing liquid water is not permitted in
the configuration-5 inner container. Its
contents are limited to 2000 g net weight of
tritiated water immobilized by sorption on
molecular sieve or silica gel. For commercial
clay absorbent this limit is 3000 g. The
tritium content of this water is limited to
100,000 ci (10 g).

Heat Load -~ The configuration-l and -3 containers are limited to
’ 10 W of radioactive decay energy. The tritium content
limit restricts the configuration-5 container to 3.3 W
of decay energy.

—a
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Distribution

" EXTERNAL
TID-4500 UC-71 (163)
J. F. Stevens, DAO
J. A. Chacon, DAO
E. L. Barraclough, ALO (2)
W. C. Purchase, ALO
R. K. Flitcraft, MRC

INTERNAL

H. F. Anderson

A. G. Barnett

R. E. Bertram

R. K. Blauvelt

J. D. Braun

W. T. Cave

D. A. Edling (2)
R. D. Evans

T. M. Flanagan

J. F. Griffin

A. F. Heitkamp

C. W. Huntington -
L. V. Jones

H. B, Kreider

P. H. Lamberger (2)
J. R. McClain

J. B. Peterson

- T. B. Rhinehammer fS)

A. F. Schmidt

A. R. Stambaugh
R. A. Watkins (10)
M. A. Whitney

H. L. Williams
Publications
Library (15)





