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1. Summary 
This Safety Analysis Report for Packaging shipped as Fissile Class I or I1 for 

(SAW) satisfies the request of the U. S. these containers. The configuration-5 

Energy Research and Development Adminis- package contains tritiated water held 

tration for a formal safety analysis of 
on sorbent material. 

the three insulated drum shipping con- 

tainers identified as USA/9507/BLF (ERDA- 

AL), also called Ab-M1, configurations 1, 

3, and 5. 

  his 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., radiati0.n shielding and 

radiological safety, nuclear criticality 

safety, and quality control. Much of 

the information on configurations.1 and 

3 was previously presented in a Safety 

Analysis Report for Packaging (SARP) [l] . 

Complete physical and technical de- 

scriptions of the packages are presented. 

Each package cons.ists of ari inner con- 

tainer centered within an insulated 

ctcel drum. The contents are plutonium- 

239 and uranium-235 in configurations-1' 

and -3. The results of the nuclear -- 

criticality safety analysis show how 

Design and development considerations, 

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 conditions (free drop, 

puncture, thermal, and water immersion) 

are discussed. Tables, graphs, dimen- 

sional sketches, photographs, technical 

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 

Reference 

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

C. D. Winemiller, Safety Analysis 

Report for Packaging (SARP): Model 

AL-M1 Nuclear Packaging, MLM-1981 

(Nov. 3 0 ,  1-972),  80 pp. 

much of the fissile isotopes may be 



2. Introduction 
In January 1968, Monsanto Research 

Corporation, Mound Laboratory, obtained 

a Certification of Approval for Fissile- 

Large Quantity Shipping Containers 

authorizing use of the shipping con- 

tainer designated AL-M1 configuration -1 

by the Operational Safety Division of 

the Albuquerque Operations Office (OSD/ 

ALO) for the U.S. Atomic Energy Com- 

mission, now the U.S. Energy Research ' 

and Development Administration. The 

Department of Transportation subse- 
t 

quently granted special permit DOT-SP- 

5549 for this container in March 1968. 

In July 1968, approval was granted by 

OSD/ALO for use of similar shipping 

containers 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 

AL-M1 configuration -4 was granted by 

OSD/ALO in April 1969. Design 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 

LIiu BSD/ALO request for a safety analysis 

for the family of AL-~1 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 configuration -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, and -5 shipping containers and the 

radioactive materials shipped in them 

are in full compliance with ERDA[l] and 

DOT [2] safety requirements. 

. . 

The AL-MP containers are usdd 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 



in the form of metal of any uranium-235 by the results of actual tests performed 

enrichment, all other shipments includ- at Mound Laboratory. 

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 containers since 1968. 

No.radioactive materials have been re- 

leased from the packages during any of 

these shipments. 

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 

The design of the AL-M1 containers is steel inner container sealed with a 

patterned after the Hanford Atomic 

Products Operations (now Battelle 

silicone O-ring. A spacer is provided 

which centers the inner container within 

Northwest), Richland, Washington, the insulated drum assembly. A vent is 

shipping container ~odei D19-9-90. In provided.through the lid of the drum for 

1968, a Hanford report[3] containing a . release of any vapors. The configu- 

complete evaluation of the D19-9-90 ration-3 primary containment vessel is 

container, including the results of basically the same as configuration-1, 

tests simulating hypothetical accident except that it is aluminum and the 13- 
. .. 

conditions, was submitted by Monsanto in. i.d.. precludes use of a spacer 

Research Corporation, Mound Laboratory, between it and the insulated drum 

to the AEC and the DOT in lieu of assembly. 

actual tests on the AL-M1 containers to 
Configuration-5 has an inner container 

assure compliande with regulatory re- 
designed to contain tritiated water 

quirements. The validity of basing the 
adsorbed on a solid and consists of a 

AL-M1 container design and the initial 
6 5/8-in. 0.d. stainless steel cylinder 

safety evaluation on the Model D19-9-90 
with valves and fittings. This cylinder 

conta'iner for the purpose of obtaining 
is designed for calorimetric assay of 

permit DOT-SP-5549 has since been proven 



contents 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 hyp'othetical 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 defined 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-1 and -3 were reassembled 

following 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-1 inner 

container can be pressurized to 10 psig, 

and the configurations-3 and -5 inner 

containers can be loaded at an air or 

inert gas pressure oE one.atmosphere at 

ambient temperature conditions, without 

exceeding safe pressures in a subsequent 

hypothetical accident. 

Calculations were made for configuration 

-1 to show that a radioactive decay 

energy of 10 W will potentially cause an 

additional inner container temperature 
. . 

rise of only 2.S0~ 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 radioactive 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. 

Configurations-1 and -3 were determined 

to be equivalent from a nuclear criti- 

cality safety standpoint. Configuration 

-5 will not contain any fissile 

materials. The results of the criti- 

cality analysis for configurations-1 and 

-3 indicate that up to 1.8 kg of plu- 

tonium-239 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 shipped as Fissile 

Class 11. 

A sequence of photographs is included to 

illustrate the accident test equipment, 

procedures, and results. 

References 
1. "Safety Standards for the Packaging 

of Fissile and Other '~adioactive 

Mater'ials", Chapter 0529, U.S. Energy 

2. "Hazardous Materials Regulations of 

the Department of Transportation", 

R. M. Graziano's ~ariff No. 31, 

effective March 31, 1977. 

3. C. L. Brown, Class I shipping-con- 

tainer for Fissile Material, HWSA- 

3995 (December, 1964). 

Research and Development Administra- 

tion - ERDA Manual, Washington, D.C., 
approved December 21, 1976. 



3. Conclusions 
3.1 General The configuration-5 package is intended 

for shipment of up to 100,000 Ci of tri- 
It is intended that this section of the a 

tiated water immobilized on a sorbent such 

SARP will provide a summary of the con- 

clusions determined in the subsequent 

as molecular sieve. This is approximately 

10 g of tritium and produces approximately 

sections of the report. In these 3.3 W of decay heat. Any proposed ship- 

sections the parameters are established 

which are essential to safe use of the 

shipping containers. 

The configurations-1, -3, and -5 ship- 

ping containers are of similar basic 

design but the inner containers differ. 

The major'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-M1 packages are designed for 

shipment of Type B and large quantities 

of radioactive materialo as specicied 

in this report. The configurations-1 

and -3 packages are intended for ship- 

ment of up to 4.,3 kg of .plutonium-239 . 

generating 10 W of decay heat or up to 

16.8 kg nf 1.1ranium-235. A rnaximu~~ 

contents weight of 20 kg was established 

for configurations-1 and -3. 

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 sieve 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, must 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 or decomposed, should nnt he used in 

systems which will generate tritiated water 

to be loaded into these containers. No free 

standing water is permitted. 

Evaluation of the plutonium-239, uran- 

ium-235 tri Liu111, and the packagillg 

m'aterials at 300°F proved that the 

materials will not 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 

Prof iZes ' 

Steady state temperature profiles of 

the shipping containers for several heat 

loadings within the inner containers 

were determined to ensure compliance 

with ERDA regulatory requirements, to 

establish the appropriate temperatures 

for evaluation of the contents,.and to 

establish the,maximum heat load cap- 

ability of the shipping. containers. 

values for each packaging, (1) the maxi- 

mum external surface temperature of the 

steel drums would be 10l°F, which is 

well below the maximum of 122OF stated - , 

in regulations, and (2) the maximum 

temperatures at the external surface of 

the inner container would not exceed 

lll°F for configurations-1 and -3 or 

116OF for configuration-5 when the pack- 

age is in 1 0 0 ~ ~  ambient air (normal 

conditions of transport). These temper- 

atures will have no signiiicant effect 

on the inner containers and the inner 

containers will retain their integrity 

even when the packages are subjected to 

the specified 1/2 hr fire test. 

In a'ddition, for the configurations-1 
The maximum heat load for each configu- 

and -3 packages a maximum permissible 
ration and resulting temperatures were, 

inner container exterior surface 'temper- 
determined and are shown in Table 3-1. 

ature during normal conditions of 300°F 
. .. 

With the heat loads up to the authorized was seiected. This temperature is 

TABLE 3-1. MAXIMUM HEAT LOAD AND RESULTING 
TEMPERATURES FOR EACH CONFIGURATION 

Maximum 
Maximum External Maximum Exter.na1 Surface 
Heat Load Drum Temperature of Inner Container 
Capability Temperature at Normal Conditions . 

Configuration (W) (OF) (OF 

1 10 101 111 



sufficiently low to ensure safety 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- 

0 
blisl~ed at 500 F for configurations -1 

0 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 thoroughly evaluated 

by ASME code calculations. The con- 

figuration-1 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 

0 
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 

300'~. By comparison, the maximum 

possible pressure which can be gen- 

erated within the inner container at 

the maximum accident condition temper- 

ature of 255OF is less than 100 psig. 

It is necessary to ensure that the 

configuration-5 inner container be 

loaded to pressures of less than or 

equal to 1 atm absolute, and the package 

must normally be shipped within 30 days 

after loading. Tf the package is not 

shipped within 30 days, the internal 

pressure must be measured. If at that 

time the pressure is greater than 10 

psig, 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 

I1 of ERDAM-0529 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 typestone 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 wi.11 have no significant effect 

on'the packagings. (4) The AL-M1 drums 

which have I-bar rolling hoops are also 

equipped with two stirrup-shaped tiedown 

fixtures which are fastened to the I-bar 

rolling hoop 180' apart. These tiedown 

devices were evaluated and found to 

satisfy requirements. (5) The static 

load requirement, normal. to and uni- 

formly distributed along its length, 

will he met. (6) The inner containers 

(containment vessels) will withstand 

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 1 3 0 ~ ~  or .cold of -40O~ will not in- 

crease or decrease the temperature of 

the packages beyond design capabilities. 

The 7.3 psi (0.5 atm). reduced external 

pressure requirement is well within the 

design capability. Similar packages 

have withstood years of transport with 

no occurrence of significant damage due 

to normal vibration. The water spray 

test would have no adverse effect on 

these all-metal packages. Thirty-foot 

drop tests have shown that the 4-it drop 

tests and the 1-ft corner'drops will not 

significantly reduce the effectiveness 

of the packages. Tests on other pack- 

ages and calculations have shown that 

the penetration test results in only 

minor dents in the outer steel pack- 

aging. 

Compression tests on other similar 

containers with five times the authoriz- 

ed gross weight 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 requirements. 

The drum closures were modified to 

ensure tntegrity when subjected to the 

30-it 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-hr' fire t'ests to 

be less than 500°F for configurations-1 

0 
and -3 and 255 F for configuration-5. 

All three inner containers passed the 

.water immersion LesL with no leakage. 

3.8 Criticality , 

The criticality safety analysis esta-. 

blfshed that configurations-1 and -3 

were cquivalent from a r~uclear 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 Class I, and up to 4.3 kg of 

plutonium-239 or 16.8 kg of uranium-235 

can be shipped as Fissile Class I1 in 

configurations-1 and -3. The allowable 

number of packages per shipment for 

Fissile Class I11 quantities is also 

established. There is no criticality 

hazard for configuration-5. 

3.9 Radiation Shielding Analysis 

The AL-~1 configurations-1 and -3 

shipping containers are used for trans- 

port of plutonium-239 and urahium-235. 

The radiation dose rate at the surface 

of these containers will.be insignifi- 
. . 

cant for the materials described in 

this SAW. 

Configuration-5 of the AL-M1 shipping 

contaiher is used for transport of 

tritiated water only. The shielding 

provided by 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 In addition, detailed packaging and un- 

as well as for packaging and unpackaging packaging procedures are provided to 

operations. Visual, dimensional, and ensure proper handling and to provide 

functional inspections are perf orrned . documentation of these operations. 



4. Package Description 
4.1 Geneml containment vessels for shipments of 

plutonium-229. and uranium-235 in con- 
The three AL-M1 configurations desig- 

figurations-1 and -3 and for sorbed, 
nated 1, 3, and 5 are illustrated in 

tritiated water in configuration-5. 
Figures 4-1, 4-2, and 4-3, respectively. 

The appropriate Monsanto Research 
All three configurations utilize the 

Corporation drawings are given in 
same insulating drum assembly. The 

Table 4-1. 
sealed inner containers are the primary 

Vent _ 
F - -  - -. - -  

Clam&# 
Fixture 

Valva 

1% in. lltennobm 
Inmilatian 

2 in. Suprnx 
Insulation 

65 0.1. WTBC Drum 
Outer Containar 
22% in. l.D, x W in. 

. .' 
- Prarrure Gaga 

High 

F I G U R E  4 -1  - S k e t c h  o f  AL-M1 configuratlun-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 lid 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 lid. 

Vent 

- -  . -  

Valve 

56 Gal. OOT-BC. Drum 
Outer Container 
22% in. I.D. n S3Ya In. 

1 W in. Tharmobastos 
Insulation 

2 in. Sumrex 
Insulation 

Aluminum 
Container 

lnmr 

U 
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4.3 Insulation heat. It was held in place within the 

55-gal drum with stainless steel sheet 
Drum assemblies made prior to 1973 

and is completely covered internally 
utilized a combination of 2 in. of 

with stainless steel sheet to form a 
Superex and 1-in. of Thermobestos 

15-in. diameter x 25-in. high cylindri- 
(Johns-Manville) insulation to line the 

cal cavity. The Superex (Johns- 
55-gal drum. The insulation protected 

Manville) layer was located adjacent 
the inner containers against impact and 

Modified Cover 



TABLE' 4-1. APPLICABLE, DRAWINGS FOR ALL CONFIGURATIONS : .- . > . . . - .. , . .  

Insulating Drum Assembly 
Common to All Three Configurations AYD 740425 . . '  . - .  . ' . 

Assembly 
Spacer 
Inner Container Cylinder 
Inner Container Cover 

Assembly 
Inner Container 

Insulating Spacer 
Inner container 

AYD 760626 
AYE 740198 

to the drum wall and 'the'~hermobestos 1iner.was retained. This alternative 
. . 

layer was located adjacent to the arrangement is considered.t.0 provide a .  
. . . . 

internal cavity. The maximum service , slight improvement in both protection 

temperature ior superex i.s 1 9 0 0 ~ ~  and from hypothetical accident fire con- 

the thermal conductivity at SOOOF is ditions and dissipation of steady 

0.71 BTU in./ft2/OF/hr. , Thermobestos internal heat  loads^ 

has .a maximum service tempeiature of . 

1200°~ and a thermal conductivity at 4.4 Spacers 

500°F of 0.50 BTU in./ft2/OF/hr. Due to A spacer is used in configuration-1 to 

its asbestos content, the Thermobestos center the inner container within the 

product became obsolete, and in 1977 the insulated drum assembly cavity with an 

design was changed to provide an alter- air gap of at least 2-1/4 in. in all 

native. The alternative consists of directions between the inner container 

Superex-2000 formed and glued to fill and the Thermobestos insulation.. This 

the entire space formerly filled by the gap may be packed with dry ice coolant. 

two types of insulation. The stainless The con£ iguration-3 package does not 

steel insulation spacers were elimi- utilize a spacer since a larger diameter 
, . 

nated, but the stainless steel cavity 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 spacer 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 O-ring seal .and is equipped 

with a vaive, a pressure gage, and a 

thermometer.. An internal clamping 

fixture mounted to the .lid is used to 

secure the contents. A handle is pro- 

vided 'at the top, and the body wall is 

extended at the bottom to protect 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. 

The configuration-3 inner 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. ' 

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. 0.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 with O-rings and which protects 

and provides secondary tritium contain- 

ment for bellows valves,~fittings, and 

a pressure transducer. The primary 

containment vessel is normally loaded 

with molecular sieve pellets or other 

material for sorption of tritiated 

water. The container is designed for 

assay of contents by insertion in a 

calorimeter and for loading-unloading 
. .. 

by direct connection to external 

tritium systems in order to thermally 

re'generate the sorbent bed. 

Stiffeners used on the top and ,bottom 

end plates also provide handles, 



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 

packages 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 3 0 0 ~ ~  

in an earlier SARP[l] and the results 

are summarized in Section 5,2. 

Information concerning the applicable 

criteria are given in this section. 

The criteria are: 

1. ~ u a n t i t ~  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 restrictions and limi- 

The material which is to be packaged tations. 

(loaded) in the inner container of 5.2 Plutonium-239 and 
configuration-5 is limited to tritiated Uranium-235 
water or tritiated water contaminated with 

organic compounds, i.e., solvents,,not to . 

exceed 1% of the water content. The 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 

Sectiur~ 5.3. 

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-M1 containers since 

1968. No radioactive materials have 

been released from the packages during 

any of these shipments. The antici- 

Section B (page 3 )  of the ALO SARP Guide pated maximum quantity of material to 

suggests certain criteria which should be shipped produces 10 W(th) as a 

be considered in describing the contents. result of radioactive decay energy. 



Evaluation 'of the plutonium-239,.the 

uranium-235, and the packing materials 

at 3 0 0 ~ ~  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 shipped must be based 

on the conditions established by the 

hypothetical accident tests. 

Unalloyed plutonium-239 enriched to 

approximately 95% is .shipped after being 

doubly packaged in polyethylene bags 

which are sealed with tape'in the 

configurations-1 and -3 containers. Up 

to 4.3 kg of plutonium-239 generating' 

10 ~(th), of radioactive decay heat may 

Be Shipped. For the purpose of the 

plutonium-239 evaluation at 300°F, it is 

assumed that the plutonium can be ex- 

posed to all the air contained within 

the inner container void spaces, even 

though the polyethylene bags would 

prevent this from actually happening. 

. At' 300°F, the surface plutonium, which 

is exposed to the air, would oxidize and 

would expand approximately 10% on being 

converted to plutonium oxide which would 

then separate from the metallic surface. 

This would not create 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 

securely fastened in the. clamping 

fixtures provided in the configurations 

-1 and -3 inner containers, up to 

16.8 kg may be shipped as fissile 

Class 11. ' ~dditional packaging 

materials such as polyethylene bags 

for contamination control ,are not 

usually required since the low level 

alpha contamination can be controlled 

using.,appropriate handling procedures 
. . 

for loading and unloading. 'The con- 

figuration-3 inner container may be 

shipped either 'filled with air at 

atmospheric pressure or filled with an 

inert gas such as helium or argon at 

atmospheric pressure. The. coniigu- 

ration-1 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. 

X i n c e  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.  here is no evidence that 

uranium metal wouid.. reic't or otherwise 

change in any way that would reduce the 

integrity of the package during normal. 

transportation or accident test condi- 

tions. . 

Also, test results do not provide any 

evidence indicating that the wood, 

sponge, or foam packing materials would 

cause the AL-M1.configuration-1 and -3 

containers to be breached at 300°F. Low 

tempcratures in normal transgort.a.t.i,on 

for all- three of the foam and sponge 

materials is -lOo°F. 

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 o£ tritium. 

This quantity does not generate enough 

heat from radioactive decay (3.3 W) to 

cause any significant temperature rise 

in the inner container. It should not 

be assumed that quantities of tritium 

greater than 100,000 Ci would be 

hazardous, but'no attempt has been 

made in this SARP to evaluate such 

larger quantities. Any .proposed ship- 

ments exceeding 100,000 Ci must, 

therefore, be separately evaluated and 

approved. . .. 

In addition to this limitation on 

total tritium, 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. 
will.not damage the materials since the 

minimum recommended service temperature 



TABLE 5-1. WATER LOADING LIMITS FOR TBREE SORBENTS 

Sorbent 
Material 

Molecular 
Sieves 4A, 5A, 
or 13 x 

Sorbent Maximum Allowed 
Quantity Water Loading 

(kg) (9) 

Silica Gel 6 . 4  2000 

Commercial Clay 
Absorbent (a) 

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

The column labled "sorbent quantity" . the filied and unfilled package. Other 

indicates the minimum weight of sorbent types of solid sorbent material may be 

which should be loaded into the inner 

container. The column- labled "maximum 

used provided that the user carefully 

evaluates the water sorbing capacity of 

allowed water loading' represents the material. No free. liquid is 

quantities which ensure' that no free allowed. The user must also aetermine 

liquid wi.11 exist within the container. that any such sorbent material wili not 

In actual tests, equivalent quantities in itself become a hazard t.n t h e  con- 

resulted in loaded sorbents which. did . tainar undcr any of Llle I I U L I I I ~ ~  or 

not cling to container surfaces and hypothetical accident conditions. 

. ., 

retained the normal free-flow$ng prop- . . 
* 'I'I~C heat load fro111 tritium decay to 

erties of dry granular solids. \ 

helium-3 for the maximum amount of 

None of these materials in itself tritium is 3.3 W. The formation of 

constitutes a haza$d to the container helium-3 from natural tritium decay 

(eg. corrosion, combustion, pressure) amounts to a generation rate of less 

under any of the normal or hypothetical than four liters/year for 100,000 Ci 

accident oonditions. of tritium. With a void volume of 20% 

in the sorbent, the pressure in the 
The quantity of water to be'shipped is 

I 

determined by weight' difference of 



10-liter inner container would thus rise 

only about 30 psi in one year. 

The tritium must be in the form of 

tritiated water (HTO); organic compounds 

e.g., decontamination solvents such as 

alcohol, must not be present in amounts' 

greater than 1% of the water content of the 

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 buildup due to 

radi~&,~sls i s  an increase toward an 

equilibrium partial pressure of hydrogen 

formed by dissociation of water due to 

energy absorbed from the B emissions of 

radioactive tritium. 

The magnitude of this pressure buildup 

is a function of time and organic compound 

oontaminant type and concentration. -It 

is not expected to exceed 40 psi and 

will typically be 10 psi or less after 

several months when organic 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 conditions) be roughly the 

sum of three partial pressures. These 

are 1) air or inert gases trapped in 

the container at the time of loading, 

2) helium-3 decay product, and 3) hy- 

drogen from radiolysis. At that time 

the pressure could be expected to be 

15 to 20 psig. 

During hypothetical accident fire 

conditions this pressure would rise 

for two reasons. First, the heating 

of the gaseous contents. to 255OF will 

increase the absolute partial pressures 

by a factor of about 1.35. Second, t h e  

vapor pressure of the sorbed water 

would become significant at the ele- 

vated,temperature. The vapor pressure 

of free liquid water forms an upper 

limit for the vapor pressure of sorbed 

water. At 255OF 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 substantially less than 100 

psig. The exact magnitude of this 

pressure depends upon several variables. 

Therefore, safe practice dictates: 

1. Content of organic compounds, 

such as. alcohol, below l%,of 

water content; 

2. Loading at one atmosphere or 

less ; 

3. Normal shipment within 30 days 

a£ter loading, or; 

4. If shipment is not made within 

30 days, the internal pressure 

must be measured (e.g., using 

the built-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 monitoring of inter- 

nal pressure during extended 

storage periods. 

Each configuration-5 inner container is 

leak tested with helium for a leakage 

-6 3 
rate of less than.10 cm /sec at time 

shipper and receiver to ascertain that 

a filled container is free of leaks. 

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 introduced. In particular, 

halogen compounds e.g., decontamination and 

degreasing so1ven.t~ are to be avoided. 

These include (but are not necessarily 

limited to) halogenated hydrocarbons such 

as Freon propellants and solvents like 

trichloroethylene. Hence, halogenated ' 

compounds which can be introduced into 

water or d,ecomp.osed 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. 

Ref ekence 
1. J. F. Griffin, D. A .  Edling, and 

C. D. Winemiller, Safety Analysis 

Report for Packaging (SARP) Model 

AL-M1 Nuclear Packaging, MLM-1981 

(November 30, 19721, 80 pp. 

of manufacture. A tritium,check by 

ionization monitoring is used by the 



- 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. 

for a similar 55-gal package designated 

USA/5 791/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[l] for the 5791 package. A second 

test was performed on an AL-M1 con- 

figuration-1 package using similar 

equipment to establish the temperature 

of the inner container outside surface 

for the configuration-1 and configura- 
6.2 Test Equipment and Procedures 

tion-3 packages. 

Two separate tests were performed to 

6.3 Test Results determine the steady state temperatures 

of the inner container outside surfaces The experimentally determined steady 

and drum outside surface for the AL-M1 state temperatures are presented in 

packages ; Tha conf j guration-5 inner Table 6-1 and shown graphically in 

container surface temperature and all Figure 6-2. All temperatures listed 

. . 
AL-M1 outside drum surfaces temper- in the table have been adjusted' to an 

atures are based on measurements made 

Drum 

Thermocouple: 
Type K 

- Type T 
Thermocouples 

~hermocot~ples (8) 

Thermocouple 

F I G U R E  6-1 - S c h e m a t i c  o f  thermal test equipment. 



TABLE 6-1. STEADY-STATE TEMPERATURE RESULTS FOR AL-M1 PACKAGES 
AT lOOOF AMBIENT TEMPERATURE 

Inner Container 
Contents Drum Outside Outside 
Heat Load Surface Temp. Surface Temp. 

Configuration (IJ) (OF) (OF 

1 and 3 

. 100 
0 2 4 6 8 10 

Heat Load. w 

F I G U R E  6 - 2  - S t e a d y  s t a t e  t e m p e r a t u r e  v a r i a t i o n  w i t h  h e a t  l o a d  f o r  A L - M 1  packages  a t  
100°F a m b i e n t .  

. . 
. . 



ambient temperature of 1 0 0 ~ ~  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 

ll°F above ambient when a heat load of 

10 W was used. Thus, the resulting 

temperature at 1 0 0 ~ ~  ambient is lll°F: 

This value is also applicable to the 

configuration-3 package since the in- 

sulated drum assembly is identical for 

these two configurations. 

The exterior drum temperature data ob- 

tained for the 55-gal 5791 paelcago is 

directly applicable to all AL-M1 con- 

figurations since they are also 55-gal 

drum packages. It was fovnd that the 

exterior surface temperature increased 

8.6OF above ambient at a heat load of 

66.5 W. This is interpolated linearly 

to obtain the resulting temperature 

increases of 1.3OF at a 10 W heat load 

and essentially no increase at a 3.3 W 

heat load. 

conservative (high) when applied to the 

AL-M1 configuration-5 package. These 

data were linearly interpolated to ob- 

tain a value' of 16OF for a 3.3 W heat 

load. Thus, the maximum temperature at 

1 0 0 ~ ~  ambient is estimated to be 1 1 6 ~ ~ .  

In conclusion, it was found that the 

steady state temperatures of the AL-M1 

packages are well within safe limits. 

The maximum temperatures for the sx- 

terior drum surface shown in Table 6-1 

are all less than the permitted maximum 

accessible external surface temperature 

of 122OF. Another significant result 

was that there was no evidence that the 

heating and cooling caused any misfit, 

galling, or other damage. 

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

. . 
sis Report for packaging , (SARP) : 

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

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

19761, 89 pp. 

The inner container exterior temperature 

data obtained for th'e 55-gal 5791 is 



7. Internal Pressure 10 psig or less, will be exposed to a 

Capability 
7.1 General 

maximum internal pressure of 12 psig 

at the normal transport temperature of 

lll°F (see Section 9.2) and a 
The internal pressure capabilities of 

of 21 psig at the hypothetical accident 
all three AL-M1 configurations were 

temperature of 300°F (see Section 
evaluated in detail. These evaluations 

10.7). 
ar.e given in the following for each 

configuration in turn. ASME codeill calculations for the 

cylindrical shell, top and bottom 

plates, flange, and bolt capabilities 

The configuration-1 inner container is are given as follows: 

shown in Figure 7-1.. It is a stainless 

steel flanged cylinder measuring 9 1/2 
7.2.1 CYLINDRICAL SHELL 

For cylindrical shells with longitudi- 
in. inside diameter by 15 1/2 in. 

nal or circumferential weld joints, 
internal height with a. 1/4-in. thick 

wall. The configuration-1 inner con- 

tainer, when loaded at the prescribed 

12 in. diam. 

11.0 B.C. 1 

10 in. diam. tube X 
0.35 in. wall 

19 
in. 

Handle:Pipe 314 in. std. 

F I G U R E  7 - 1  - S k e t c h  o f  c o n f i g u r a t i o n - 1  i n n e r  c o n t a i n e r .  

I 

I 
9.5 in. diam. ' 

/-- - 0.25 in. 



. the allowable internal pressures, P 
1 

and P respectively, are 
C 

~1 = SEt/(R'+ 0.6t) 

PC = ~sE~/(R - 0.4t) 
where 

S = maximum allowable stress in 

psi; 

E = joint efficiency, dimension- 

less; 

t = wall thickness in inches; 

R = inside.radius in inches. 

For the case, we find from, Table UHA-23 

of,Reference 1 that S = 15.6 kpsi in the 

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

300°F. We have dimensions R = 4.75 in. 

and t.= 0.25 in. Also, for seamless 

In both cases the smaller allowable 

pressures, PI, control the design and 
d ,  , . 

compare favorably with the maximum 
>,, 

. , 

expected normal and accident condition 
. . . . 

differential pressures of 12 psi and 

21 psi respectively. Thus, the 

cylindrical shell will contain these 

pressures with a.large margin of 

safety. 

7.2.2 BOTTOI? PLATE 

The bottom plate has an 'allowable 

pressure, PI given by 

P = ~t2/~d2, or t = d I'TF~T : 

where 

S,= maximum allowable stress in 

psi ; 

t = thickness of plate in inches; 
shells we have E = 1. 

C = attachment factor, dimension- 

Using these values, we calculate for 

normal conditions (lll°F), 

Similarly, for hypothetical accident 

conditions (300°F) , 

less; 

'd, = diameter in inches. 

The attachment factor is evaluated as 

C = 0.5(tr/ts) 

where 

tr = required thickness of seamless 

cylindrical shell for the re- 

quired pressure, Pr, in 

inches; 



ts = actual shell thickness, in 

inches. 

We evaluate tr from a form of the 
' 

equation of the previous section, 

tr = Prd/(2SE - O.GPr) 

Thus, at normal conditions 

tr = 
(27) (9.5) 

(15,600) (1) - 0.6(12) 

= 0.016 in. 

This result is less than 0.3; thus, we 

follow code and use C = 0,3 to find the 

required thickness, 

This i s  lkss than the actual thickness 

of 0.5 in. 

The allowed pressure is 

Similarly, at accident conditions 

tr = (36) (9.5) 
(11,900) (1) - 0.6(21) 

= 0.028 in. 

Thus, we again use C = 0.3 to find a 

and the allowable pressure is . , 

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 analyzed in 

detail, including O-ring gasket com- 

pression as related to b ~ l t  loading, 

bolt load (tension and shear) from 

internal pressure, longitudinal hub . . 
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 



where 

t = thickness, inches; 

P = internal pressure = 21 psi at 

3 0 0 ~ ~ ;  

S = allowable.stress = 11,900 psi 

at 3 0 0 ~ ~ ;  

C = head attachment factor = 0.3 

[Figure UG-34 (k) 1 ; 

W = bolt load at operative con- 

ditions = 1,639 lb at 21 psi; 

d = diameter of O-ring seal = 

9.972 in.; 

B.C,- d - hG = g,asket moment arm = - 
2 

11-9.972 = 0.514 in. For both 2 

circle, B.C. = 11 in. 

With these values 

t = 0.26 in. (required vs, 0.5 in. 

provided). 

Now rewriting equation UG-34(2) in terms 

of pressure gives 

Solving for allowable pressure gives 

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 conf iguratian-3 inner container is 

shown in Figure 7-2. It is an aluminum 

flanged cylinder with external spacing 

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 the top and bottom plates are 

3/8 in. thick. 

When loaded at the prescribed pressure 

of 0 psig, this configuration-3 inner 

container will be exposed to maximum 

internal pressures of 1 psig at the 

normal transport temperature of 111°~' 

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



TABLE 7-1. CONFIGURATION-1 INTERNAL PRESSURE 
ANALYSIS AT 300°F 

Allowable Actual 
Part Load or Pressure Load or Pressure 

Cylindrical 
Shell 

Bottom 
Plate 

TOP 
Flange 

Hub Stress 

Bolts 

TOP 
Plate 

607 psi 

110 psi 

11,900 psi 

669 lb/bolt 

95 psi 

21 psi 

21 psi 

84.9 psi 

205 lb/bolt 

21 psi 

13.0 in. diam. 4 0.25 in. 

0.375 in. + in. 

14.688 in. k 
F I G U R E  7 - 2  - S k e t e h  o f  c o n f i g u r a t i o n - 3  i n n e r  c o n t a i n e r ;  a l u m i n u m  w i t h  s t a i n l e s s  s t e e l  
b o l t s .  



hypothetical accident temperature of 

300'~ (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 adequate to contain the maximum in- 

ternal pressure at hypothetical accident 

conditions. 

long x 6-in. diameter hollow pipe 

section with dished head elements 

welded to each end. A cyli.ndridal 

pipe section is welded ,to the bottom 

of the assembly to support it in a 

vertical 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 cylindrical projection signifi- 

cantly affects pressure containment. 

~ t '  hypothetical accident co,nditions , 

the inner container will be exposed to 

The inner container for the Model AL-M1 a maximum internal pressure of' 100 psi 

0 configuration-5 assemb1y.i~ shown in at a temperature of 300 F. This pres- 

Figure 7-3. It consists of a 12-in. s1.i.r~ repreeents Lhe s m  of three 

TABLE 7-2. CONFIGURATION-3 INTERNAL PRESSURE 
ANALYSIS AT 3 0 0 ~ ~  . . 

. . 

Allowable Actual 
Part Load' or Pressure Load' or' Pre'sau,re 

Cylindrical 
Shell 

Bottom 
Plate 

TOP 
Flange 

Hub Stress 

124 psi 6 1/2 psi 

25 psi 6 1/2 psi 

12,600 psi 519 psi 

Bolts 649 lb/Bolt 76 lb/Bolt 

TOP 
Plate 

22 psi 6 1/2 psi 
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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 structural 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 3 0 0 ~ ~  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 : 

P1 = SEt/ (R + 0.6t) 

and 

PC = PSEt/(R - 0.4t) 
where 

P1 = maximum working pressure based 

on circumferential stress 

reaching the allowable stress, 

s ; 

PC = maximum working pressure based 

on longitudinal stress reaching 

the allowable stress, Sr 

S = maximum allowable stress at 

operating temperature (11,800 

psi at 300'~) ; 

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: 



= 315 psi at 300°F, 

and 

= 659 psi at 3 0 0 ~ ~ .  

The maximum permissible working pressure 

at an operating temperature of 3 0 0 ~ ~  is 

therefore 315 psi in the main cylinder 

body. This exceeds the maximum operat- 

ing pressure at. that temperature (100 

psi) and the resu1tin.g margin of safety 

is 

MS = (315/100) - 1 = 2.15 (3) 

7.4.2 CAPPED END SECTIONS 

Section UG-32, "Formed Heads, Pressure 

in outside diameter; the wall thick- 

(4) nesses are, in sequence, 0.047, 0.047, 

0.065, and 0.156 in. Three nozzles 

extend to the interior of the container, 

the fourth nozzle penetrates the end 

on Concave Side", of Reference 1, lists 

the following formula for evaluating 

the allowable working pressure in a 

torospherical head: 

P = SEt/(0.885L + O.lt) 

where 

P = maximum working pressure, psi; 

S = maximum allowable stress at 

E = head-to-shell joint efficiency = 

0.65. 

Substituting.and solving results in the 

following maximum working pressure: 

= 218 psi at. 3 0 0 ~ ~ .  

The margin of safety against failure at 

the 3 0 0 ~ ~  operating condition is 

MS = (218/100) - 1 = 1.18 

which, although lower than that for the 

main cylinder body, demonstrates that 

the design is satisfactory. 

Four nozzles protrude from the top cap 

of the 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. 

operating temperature = 

11,800 psi at 3 0 0 ~ ~ ;  

t = thickness = 0.134 in.; 

L = inside dish radius = 5.31, in.; 

cap only. 

The allowable weld stress permitted for 

nozzles attached by fillet welds is 



listed in Reference 1 as 49% of the 7.4.3.1 1/2 x 0.047-in. Wall Nozzles 
\ 

shear stress of the vessel material. Figure 7-4 shows a typical nozzle 

The shear stress, in,turn, is equiva- attachment to the top cap of the con- 

lent to 0.577 times the all.owable tainer. The nozzle is attached to the 

effective stress which is 11,800 psi at container by a groove weld in shear. 

3 0 0 ~ ~ .  The permissible fillet weld The thickness of the groove weld will 

strength is then 

. Swf = (0.49) (0.577) (11,800) 

be taken as the thickness of the top 
. . 

cap (0.134 in.). 

= 3336 psi' at 3 0 0 ~ ~  

where ' 0.047 in. 

Swf = allowable shear stress in 

0.134 in.; fi . ' 
fillet weld,. psi. 4 

. . 

The allowable weld stress for nozzles .FIGURE 7-4 - T y p i c a l  n o z z l e  a t t a c h m e n t  
a t  e n d  c a p .  

attached by groove welds in shear is 

listed in Reference'l as 60% of the. 
The strength of the groove weld, F 

wa 

is determined by multiplying the allow- 
shear ,stress of the vessel material. 

able shear stress, S , by tho weld 
The permissible groove wold sbrcllgth is W a  

thickness and the circurt~ferential length 
then' , '  

of weld. This gives 
= (0.60) (0.577) (11,800) 'wa 

..= 4085(0.134) (n) (0.5) = 860 lb. 
= 4085 psi at 300°F Fwa . . 

where The maximum internal pressure, 
('max) 

Swa = allowable shear stress in weld, that the weld can withstand is 

groove weld, psi. then found by dividing the weld 

strength, Fwa, by tube area over which 
For convenience, the nozzles will be 

the internal pressure will act. 
grouped by wall thicknesses in the 

m 

following investigation of their load 
r 
wa 

(Pmax) weld = - = 
(860) (4) 

~(D~/L,) ~ ( 0 . 5 ) ~  
capacity. 

= 4,380 psi.. 



Because the nozzle will be subjected to made via fillet welds on'either side of 

the same internal pressure as the main the cap. The minimum weld thickness is 

container, its strength under that limited to 70% of the nozzle wall thick- 

loading will next be evaluated. The ness by the restrictions of Reference 1 

maximum allowable internal pressure in and this value will be used in the in- 

the nozzle will be obtained by applying. vestigation which follows. 

Eq. (1) to the nozzle dimensions. 

Eq. (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. 

0.5 in. tl 
0 = 1296 psi dL 300 F. 

F I G U R E  7 - 5  - T y p i c a l  n o z z l e  p e n e t r a t i o n  a t  
Because the value P is less than (Pmax) end  c a p .  

1 

weld, it represents the limiting case 

for this nozzle. The margin of safety 

for this nozzle is then 

MS = (1296/100) - 1 = 12 at 3 0 0 ~ ~  

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 

The strength of the nozzle-end cap weld 

connection is given by 

where 

t wall = 0.065 in. 

length = ~(0.5 in.) = 1.57 in. 

Fw = weld strength, lb: 

This becomes 

Fw 
= 0.7 (0.065) (3336) (1.57) (2) 

= 477 lbs at 300'~. 



The maximum internal pressure that the The weld can therefore safely resist a 

weld can withstand is then container internal pressure of 

0 = 2429 psi at 300 F. = .  5826 psi at 3 0 0 ~ ~ .  

The pressure capacity of the nozzle The capacity, PC, of the nozzle body as 

body as a pressure vessel is found by a pressure vessel is obtained through 

applying Eq. (1). application of Eq. , (1) to the tube 

0 
= 1725 psi at 300 F. 

The limiting case for this nozzle is 

dimensions. This gives 

= 3482 psi at 3 0 0 ~ ~ .  

determined by PC. The margin of safety Because P is less than (Pmax) weld, it 
C 

is then represents 'the limiting condition for 

MS = (1725/67) - 1 this nozzle. The margin of .safety is 

= 51 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 

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-~1 configu- 

ration-5 inner container. Since the 

maximum internal pressure 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°~ 

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 

0 
operating temperature of 300 F. The 

overall margin of safety is, therefore, 

The design is satisfactory. 
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8 .  Package Standards 
Evaluation 
8.1 General 
In Part I1 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 verifies 

that the packages are in compliance with 

these standards. The evaluations are 

based on gross weights of 550 lb 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, ungackaqing, storage, and 

shipping. 

8.3 Closures 

Positive closures and bolts that prevent 

accidental opening are used on (;he inner 

containers and the drums. In addition, 

seals are secured to the drum closures 

during shipment. 

8.4 Lifh'ng Devices 

It is required that lifting devices 

which are an integral part of the pack- 

age be capable of lifting 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 as shown in Figure 8-1 or, in the 
. . 

case of 6C drums with I-bar rolling 

hoops, under 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, usiny 

these prescribed lifting methods, sup- 

porting three times the weight of the 

packages will not generate stresses 
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in excess of the yield strength of the The calculated stress is less than the 

mild steel drums. 27,000 psi yield strength of the mild 

steel drums. 
The maximum gross weight of the 55-qab 

container is taken to be 550 lb and In lifting 6C drums by positioning the 

three times this weight is 1650 lb. In forks beneath the outer flange of the 

lifting from the bottom, this load is rolling.hoop, the load is reacted at two 

reacted at points as shown in Figure points as shown in Figure 8-2. The 

8-1. Each fork is typically 4 in. wide maximum bending stress occurring in the 

and the drum wall is 0.0598 in. thick. hoop is determined in the following 

The maximum stress in the drum is found manner. Assume that the section of the 

by' dividing the required load by the web A-B resists the 825-1b load alone 

total cross-sectional area as follows: and the load carrying capability of the 

, 1650 lb flange is neglected. The flange is as- 
s = 

(4 places) ( 4 )  (0.0598 in.) sumed to distribute the load along the 

= 1725 psi. 



Web 

Flange 

Fork 

F I G U R E  8 - 2  - L i f t i n g  a  6C d r u m  a t  r o l l i n g  h o o p  w i t h  f o r k  l i f t .  T h i s  l i f t i n g  met 'hod i s  
n o t  t o  b e  u s e d  o n  17C d r u m s .  



edge of the web. The maximum bending slipping due to the corrugation in the 

stress in the hoop is given by drum body. 

'max = 6~/bt~,. 

where 8.5 Tiedo tun Deu ices 

'max 
= the maximum bending stress 8.5.1 GENERAL 

(psi), AL-M1 containers with type 6C drums 

M = the bending moment, M = have built-in tiedown fixtures, but 

Thus 

b = engagement length, b = 

those with type 17C drums do not. ERDA 

Manual chapter 0529 specifies that tie- 

9.70 in., and. down devices that are a structural part 

t = web thickness, t = 0.15 in. of the must be capable of with- 

standing simultaneously 10-G longitudi- 

. . .  
nal, 5-G lateral, and 2- vertical loads 

- - 6(825) (0.95) = 21,500 psi. 
'max (9.70) (0.1512 without exceeding the yield strength of 

The maximum shear stress-in the web is the material. However, this requirement 

given by is not applicable to the AL-M1 con- 

'max 
= W/A tainers since the tiedown devices on the 

6C drums are attached to the outer drum where W is the weight and A is the area 

(b x t). 
and are, therefore, not a structural 

Thus 
part of.the package. A Division of 

. . 

Reactor Research and Development 
825 825 = - =  

'max A (0.15) (9.7) = 567 psi. standard[2]. proposes that al1,parts of 

Both of these values are conservative 

since the resisting,action of the flange . 

was not included. The minimum yield 

stress, of the ring material is 27,000 

I 

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 
psi, as specified by the ASME Code[ll. 

subjected to a sustained acceleration of 
The I-bar rolling hoop is prevented £.ram 

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



3-G vertically up or 2-G vertically down. 

It is demonstrated in khis section that 

the AL-M1 containers with and without 

built-in tiedown fixtures satisfy the 

requirements set forth in the RDT stand- 

ard. 

For AL-M1 containers without built-in 

tiedowns, essentially the same analysis 

applies when strapping is securely 

wrapped around the circumference of the 

drum in order to provide fastening 

points for transverse 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-M1 Type 6C drum is 

equipped with two stirrup-shaped tiedown 

fixtures which are fastened to the upper 
I 

I-bar rolling hdog 180~.epart. These 

are normally used to fasten the con- 

tainer in the transverse direction using 

a cable (or strap) within the transport 

. vehicle [Figures 8-3 (A) and (C) 1 .  In 

addition,. a tiedown .cable (or strap) i s  

placed longitudinally over the top of 

the drum and securely attached to the 

floor [Figure 8-3 (A) 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 shows 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 

indeterminate 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 lb. Once 

the cable forces are determined, the 
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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 analysis, 

the resulting upward load becomes 

3 G - 1 G = 1100 lb. The forces de- 

veloped in the longitudinal cables (P ) 
1 

and the transverse cables (P ) cannot 
2 

be determined from the equations of 

statics alone. In order to determine 

these cable forces; it is assumed that 

the vertical 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 

I C ) ,  it is determined that the dis- 

placement (A) upward causes a cable 

elongation of A sin 0, where 0 is the 

angle that the cable makes with the 

horizontal. Thc force in the cable is 

(AEA/L) sin 0 and the vertical component 

is (AEA/L) sin2 0, where L = the ori- , 

ginal length of cable, A = cross- 

sectional area of cable, and E = modulus 

of elasticity. The force {AEA/L) sin2 0 

is the stiffness of the cable in the 

vertical direction and is denoted P. 

For the longitudinal cables 0 = 

71.0124~~ sin 0 = 0.9456, L = 36.88 in., 

and thus 

- 
P1 = 0.02425 AEA. (1) 

0 For the transverse cables 0 = 62.6375 , 

sin 0 = 0.888, L = 26,11, and thus 

.-. 

- 
P2 = 0.0302 AEA. (2) 

Equilibrium in the vertical direction 

requires that 

2(0.0302 AEA + 0.02425 AEA) = F (3B) 

where F is the actual load. Solving for 

AEA , 
. .. 
. . 

AEA = 9.18F. 

substituting Eq. (4) into Eq. . (1) and 

and 

- 
P~ = 0,03n2(9.18~) = 0.277~ (5B) 

The longitudinal cable forces (PI) are 

found by 



( 0 )  Reor View 
(A) Side View 

'(:\ s in )  

A 
A sin O 

(C) Cable Geometry 

F I G U R E  8-4 - Vertical inertia loads. 
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- 
P1 = P1/sin 0 = 0.223~/0.9456; B of the container moves to B', a dis- 

The transverke cable forces (P2) are 

theref ore 

The vertical loaa (F) acting on the 

AL-M1 container is 1100 lb, and there- 

fore 

Pl = 0.236(1100) = .  260 lb; (8)' 

P2 = 0.312(1100) = 343 lb. (9 

8.5.3 LONGITUDINAL. INERTIA LOAD 

tance RdJJ. From the geometry of the 

system, it is determined that the in- 

crease in cable length due to .the 

rotation dB is 

6 = Rdg cOS (9 + e - 90). (10) 

The stiffness of,the longitudinal cable 

is then 

where 

R = diagonal distance between A-B, 

L = length of cable, and 

0 and 0 are angles defined in 

Figure 8-6. 

The next 'inertia loading .considered is ' ' 

For the.longitudina1 cable R = 41.5 in., 
the 2-G longitudinal loading as shown in 

L = 36.88 in., Id = ~7.171"~ and 0 = 
Figure 8-5. Initially it was assumed 

71.0124~. Then . 
that the AL-M1 container will tip about 

. .. 

. . point A as shown in Figure '8-6. This . . 
pl'= AEdg 41.50 cos (57.171 36.88 

can occur only if sufficient frictkonal 

forces are developed along the.floor. 

The cable system for this case is also 

statically indeterminate so a procedure 

similar to that used previously !or the ' 

vertical loading will be used here, to 

The geometry of the transverse cables 

from a.longitudina1 rotation about point 

A is shown in Figure 8-7. From this it 

can be'determined that the stiffness of 
determine cable forces. Assume that the 

container rotates about point A an 
each transverse cable is 

amount dpl (see Figure 8-6). The. corner 
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where * i s  d e f i n e d  i n  F i g u r e  8-7. The 

v e r t i c a l  component of t h e  t r a n s v e r s e  

c a b l e  f o r c e  i s  deno ted  F2 and i s  

( ~ d a c o s  s i n  2 J  J, . (14)  

F o r  t h e  t r a n s v e r s e  c a b l e  R = 25.77, 

= 0.888, and  c o s  g ' =  0.4365. Then 

A l l  f o r c e s  a c t i n g  on t h e  c o n t a i n e r  a r e  

shown i n  F i g u r e  8-8. Moment e q u i l i b r i n m  

a b o u t  p o i n t  A r e q u i r e s  t h a t  

S u b s t i t u t i n g  Eq. (12) and (15) i n t o  (16) 

and s o l v i n g  f o r  AEdB g i v e s  

32.623 (0.8845A~dg) + 

22.5(0 .34~Eda)  = 12,994; 
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 FIGURE.^-8 - F o r c e s  d u e  t o  1 o n g i t u d i n a l  i n e r t i a .  

Substituting Eq. (17) into Eq. (12) and the frictional force that must.be 

(13) provides the cable forces from the developed is 

longitudinal inertia load a,s follows: Pf = 1100 - 102 938 lb. (20) 

P, = 0.8845 (3'55.94) = 315 lb; (18) 

summing;.forces in the vertical direction 
. . 

=P/sin J , =  (0.34)(355.94)/0.888, , .  
P2 2 will provide the total normal furce, PN, 

= 136 lb. (19) 
acting on the floor, 

It must now be determined whether suf- P~ 
= 2(12i) + 550 + 298 

ficient frictional forces can be de- = 1090 lb. (21) 

The coefficient of friction between the 
.vexoped between the floor and container 

floor and container is taken to.be.0.4; 
to cause the assumed tipping condition. 

the maximum frictional force that 'can be 
All loads acting on the container are 

developed is 
shown, in Figure 8-8. Summing forces in 

the horizontal direction we find that 



Thus, %he m a x i m  frictional force that 

aan be developed is much less than that 

force required to cause the container 

to tip - (998  lb). This means that the 

container will begin to slide along the 

floor before it will tip about point A. 

In order to determine the cable loads 

from the sliding of the container, all 

forces acting on the container must be 

considered as shown in Figure 8-9. 

@ere the trasmmcse aabBes.QP2D wLlB not 

he loaded hecause of the sliding sf the! 

container. With Pa = 6, the cable 

system is statically determinate. As- 

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 + P1 sin 8. 
N ( 1 % )  

The frictional force along the f loor  i h  
pf = 0.4 (550 + P1 sin 8 ) .  (24) 

Summing horizontal forces gives 

PI ws 8 = P1(0.3254) 

.-* FWD 



P1 = 1250 lb, and 

P2 = 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 is 

shown in Figure 8-10. ~ ~ a i n  it was 

initially assumed that the container 

will tip about point B.. Using a similar 

stiffness procedure as for the longitu- 

dinal 'inertia luad, it wan determined 

that for the transverse inertia load a 

sufficient frictional force could not 

be developed. Therefore, for this 

loading the container will slide before 

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 (P ) will not be loaded because 1 

of the sliding of the container. The 

normal load on the floor is 

PN = 550 + P2 sin 9 .  

With a coefficient of friction of 0.4, 

the frictional force along the floor 

is 

Pf = 0.4 (550 + P2 sing ) .  (28) 

Summing horizontal forces gives 

0.4(550 + 0.888 P2) + 

0.46 P2 = 550; 

P2 = 405 lb. 

Therefore, the maximum transverse cable 

force is developed when sliding occurs 

and is 405 lb. 

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 lb was 

found to 'occur during the transverse 

inertia loading. This load is shown 

acting on the rolling hoop in Figure 

8-12. The resulting horizontal force 

component is 193 lb, and the vertical 

force component is 360 lb. 

It is conservatively assumed that the 

vertical component is distributed over 



Looking FWD 

FWD 
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Looking forward 

4 Pf = 0.4 (550+P2 sin B I  

e = 62.6375' 

sin 0 = 0.888 
cos 0 = 0.460 

F I G U R E  8-11 - Transverse s l i d i n g  f o r c e s .  

3 in. of wall perimeter. Since the 

thickness (t) of the drum is 0.06' in., 

the cross-sectional area resisting the 

vertical component is 3t = 0.18 in. 
2 

The horizontal component of the cable - 

R = radius of hoop, R = 11.25 in., 

Z = section modulus of hoop, 

3 z = 0.1267 in. , and 
. . 

F = horizontal force, F = 193 lb. 

Thus, the maximum bending stress acting 
tension is resisted by the bending 

on the I-bar rolling hoop is 
action of the rolling hoop. The maxi- 

mum bending Etress in the hoop occurs 

at the point of application of the load 

and is calculated as follows: 

'max 
= 0.318 R F / Z ,  

where 

= 5448 psi bending stress on 

I-bar. 

= maximum bending stress (psi), 
'max 



/ 1 

Drum 

Horizontal . 
, Component 

Resisted by Hoop 
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The compressive stress in the drum wall 

caused by the vertical component is 

given by: 

'max = F/A, 

where 

'max 
= maximum compressive stress 

(psi) , 

F = vertical force, F = 360 lb, 

and 

A = cross-sectional area, A = 

2 
0.18 in . 

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

pressive stress on drum wall. 

The cable that over,laps the drum in the 

longitudinal direction causes a compres- 

sive load 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 16. The resulting 'vertical compo- 

nent is 1182 lb. a250 (sin 71.0124) = 

11821 . The maximi.lm drum stress for this 

load condition is 

= 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 STRESS 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 lb 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 lb load is uni- 

formly'distributed over a 4-in. length 

with the ends simply supported as shown 

in Figure 8-13 (B). The maximum stress 

equation is 

where 

'max 
= maximum stress (psi) , 

Mmax 
= maximum moment, M = PL/8 = 

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



, 3/8 in. thread - 

L 1 1 2  in. diam 

(Bl 
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P = cable load, P = 405 lb, 8 .'5.7 SUMMARY OF RESULTS 

L = length of stirrup, L = 4 in., The results of all the tiedown calcu- 

3 
Z = section modulus, Z = TR / 4  = lations are summarized in Table 8-1. 

( ~ / 4 )  (1/4) = 0.01227 in.3, 

and 

R = radius of stirrup, R = 1/4 

in. 

Therefore, 
'max = 202.5/0.01227 = 

16,500 lb maximum stress in stirrup. 

The maxirnum stress will actually be 

somewhat lower since the edges are not 

actually simply supported but do provide 

rotational restraint. Yielding of the 

stirrup material will not occur. 

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 (lb) 

Transverse Cable Force (lb) 

I-bar Maximum Bending Force (lb) 

Drum Maximum Compressive Force (lb) 

I-bar Maximum .Bending Stress (psi) 

Drum Maximum Compressive Stress (psi) 

Stirrup Maximum Stress (psi) 

Upwards 
Vertical 
Inertia 
Load of 3G 

260 

Longitudinal 
tIorizonta1 
Inertia 

Load of 2G 

Transverse 
Horizontal 
Inertia 

Load of 1G 



withstanding a static load, 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 

with a minimum yield stress of 27,000 

psi, as specified per ASME Pressure 

Vessel Code [1] . ' 

8.6.2 DRUM EVALUATION 

Stresses in the drum resulting from the 

uniform load are determined, as recom- 

mended by Shappert [31, from. the follow- 

ing equation: 

AL-M1 configurations-1, -3, and -5 and S = MC/I = M/Z, 

is shown schematically in Figure 8-14. where 

The drum material is low alloy steel S = Stress (psi), 

. Gross weight of container - 550 Ib. 

. 5 x 550 - 2750 Ib. 

F I G U R E  8 - 1 4  - Drum l o a d  r e s i s t a n c e .  



M = maximum bending moment, 

M = 5 WL/8 (in; lb), 

Z = I/C = section modulus of drum 

Z ITR 2t for a large 
0 

diameter, thin-walled 

cylinder, 

W = weight of drum, W = 550 lb, 

L = length of drum, L = 34.875 in., 

Ro = outside radius of drum, Ro = 

11.25 in., and 

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

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-M1 configurations is analyzed 

in the following to determine that 25 

psi external loading will not hroduce 

stress that exceeds the yield stress at 

300'~. 

The computed maximum bending moment is 8.7,2 CONFIGURATION-1 

M = 5 (550) (34.875)/8 This inner 'container is shown in 

= 12,000 in.-lb. Figure 8-15. It is made of stainless 

steel with a yield stress of 11,900 psi 
The computed section modulus is 

2 2 at 300°F. First the cylindrical shell 
Z = nR t = ~(11.25) (0.06) . 

0 

3 
is examined using section UG-28 of the 

= 23.85 in. 
ASME Code. It is calculated that the 

'l'he maximum bendilly s.tzess is then ' allowable load, P, i .s 

S = 12,000/23.85 = 500 psi B p = - =  12000 psi 
(Dolt) (10 in.)/(0.25 in.) 

Since the material yield stress of = 300 psi 

27,000 psi is 54 times as great as the where 

calculated results, the AL-M1 container 

satisfies the load resistance require- 

ment. 

B is a function of D and L/Do o / t  
and is evaluated from Figure 

UHA-28.1, p. 302, ASME Sec. 

VIII, Div. 1, 



Do 
i s  o u t s i d e  d i a m e t e r ,  

t i s  w a l l  t h i c k n e s s ,  and 

L i s  l eng th .  

Thus, t h e  c y l i n d r i c a l  s h e l l  h a s  a c a l -  

2 2 
'max 

= 1.24R P / t .  f o r  c i r c u l a r  

p lage  wi th  suppor ted  edges. 

c u l a t e d  a l lowable  e x t e r n a l  p r e s s u r e  of  Thus, t h e  y i e l d  s t r e s s  i s  n o t  exceeded. 

300 p s i  which exceeds  t h e  25 p s i  r e -  W e  now determine t h e  a l lowable  p r e s s u r e  

quirement  by a l a r g e  margin. 

25 psi 

which p rov ides  an  ample margin of  safe ty ,  

M.S., 

I-1  he t o p  p l a t e  is  t r e a t e d  a s  a u n i f o r m l y  

L' loaded c i r c ~ 1 a r ' ~ l a t e  suppor ted  a t  t h e  

I I 
25 pri 

O-ring diameter .  

25 psi 

F I G U R E  8 - 1 5  - C o n f i g u r a t i o n - 1  i n n e r  
c o n t a i n e r .  

. . 

= 3081 p s i .  

We now f i n d  t h e  a l lowable  p r e s s u r e  a t  

The bottom p l a t e  approximates a c i r c u l a r  300°1?, 

p l a t e  w i t h  semif ixed edges  under a uni- 

form load ing .  It is. t r e a t e d  a s  a 

suppor ted  edge p l a t e  ( h i g h e r  s t r e s s  = 96.5 p s i ;  

case). The a p p l i c a b l e  formulas  f o r  . . aga in ,  

stress i n  t h i s  p l a t e  a r e :  



P 
allow 96.5 M.S. = - - I=-- 

2 5 1 
'act 

= 2.9 We also have a length to diameter ratio 

thus, the top plate is limiting in 0 f 

L/Do = 12.44/13.5 = 0.92. 
configuration-1, but is more than ade- 

quate. Using Figure UNF-28.30 (in pink addenda) 

of ASME UG-28C, revised summer 1974, and 
8.7.3 CONFIGURATION-3 

noting that Do/t > 10, we find the 
This inner container is shown in Figure 

factor 8-16. It is made of 6061-T64 aluminum 

B = 9000. 
and has a yield stress of 25,000 psi at 

300"~. Again we first examine the main From this we calculate the maximum 

body cylinder with dimensions as shown. allowable pressure 

25 psi 

tr* 

25 psi 1; 
25 psi 

E 
F I G U R E  8-16 - Configuration-3 inner 
container. 

25 psi 

From the dimensions shown in Figure 

8-16, we have a ratio of outer diameter 

to wall thickness of 

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 (£11 

P = design pressure = 25 psi 

d = internal diameter = 13.0 in. 

S = max. allowable stress value = 

25000 psi at 3 0 0 ~ ~  . ' 

(AL 6061-T64) 

t = actual thickness = 0.50 in. 

(ASME Table UNF-23.1, p. 12) 



The required thickness is ' 

t = d = 13 q0.50 (25/25000) 

= 0.291 in. 
= 65.9 psi, at yield which is 

263% of that required. 
and the allowable pressure is 

t2s -(oiz~)2 (i5000) 
8.7.4 CONFIGURATION-5 

- 
d2C 0.50 

This inner container is shown in 

= 74.0 psi. 
I 

Figure.8-17. It is made of 316 stain- 

Thus, the botfom plate will not yield less steel. From the ASME Code Section ' 

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

for the main body cylinder of length, 
Analysis of the top plate per ASPIE 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/Do = 19/6.6 = 2.9 
and the attachment factor will change. 

For top plate: 

C = 0.3, from Figure UG-34 (J) 

. . 
and (R) 

P = 25 psi 

d = 13.335 in. 

= 25000. 

Required thickness 

t = d V T F p  
req 

t = 13.335 VO. 3 (25/25000) 
req 

= 0.23 in. 

versus 0.375 in. provided at gasket @. 

25 psi 

The allowable pressure with 0.375 in. nm7-T 
thick plate is 

F I G U R E  8-1 7 - C o n f i g u r a t i o n - 5  i n n e r  
c o n t a i n e r .  



Using Figure UHA-28.4 (P-305) , we find 

the factor, B, is 

B = 9900 psi (up to 10o°F) 

= 7500 psi (300°F). 

Then, the allowable pressure, P, is 

P = B/D = 9900/49.4 
o/t 

0 = 200.4 psi up to 100 F 

0 = 7500/49.4 = 152 psi at 300 F. 

B = 14500 psi at T = 1 0 0 ~ ~  

B = 11000 psi at. 100°F 

< T '< 300°F. 

and the allowable pressure, P, is 

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

0 
= 300 psi at T = 100 F 

= 11000/48.4 

= 227 psi at 100"~ < T < 

300°F. 

These values are considerably above the 

Because the inner cylinder and end caps required pressure of 25 psi, and thus, 

can safely withstand the required the cylinder is adequa.te. 

pressure, the container deets the 

The dished top and bottom heads will be 
standard for external pressure. 

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, Li, and head thickness, th, 

having values of 

Li = 6 in. 

th = 0.124 in. 
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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 handling conditions. 

These tests are: 

1. Heat 6. Free Drop 

2. Cold 7. Corner Drop 

3. Pressure 8. Penetration 

4. Vibration 9:Compression 

5. Water Spray 

The related testing.and engineering 

evaluations adequately demonstrated 

that the requirements'are satisfied. 

9.2 Heat 

Direct sunlight at an ambient temper- 

ature of 130'~ in stiil 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 load from the 

sun and the resulting external drum 

surface temperature that is required 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 thoughout each 

package provides conservative estimates 

of the inner container temperatures. 

Shappert1s[l1 approach establishes the 

average solar heat load over a 24-hr . . 

2 
period as 42 W/ft of projected surface 

area. The .maximum possible projected 

surface'area is estimated based on 

viewing the upright container at an 

angle perpendicular to a diagonal drawn 

through the drum. The cnlcuPations for 

a 55-gal drum are as follows: 

(2.90 ft hgtI2]' x 

(1.89 ft diam), 

Therefore, the solar heat load (Qs) is 

The resulting temperature increase at 

the drum surface is determined by linear 

extrapolation of the .experimental steady 



state temperature data for a similar sunlight. The temperatures at 1 0 0 ~ ~  in 

55-gal package[21. Since the drum shade (see Section, 6) and the results 

0 surface temperature increased 8.6 F of the preceding calculations are 

above ambient when 66.5 W was dissi- ' summarized in Table 9-1. 1t is inter- 

pated, the surf ace temperature increase esting to note in Table 9-1 that the 

is estima'ted to be 36OF when 275 W must. inner container temperatures for the 

be dissipated. Thus, 36OF is deter- configuration-5 are slightly higher than 

mined to be the temperature increase those £or configurations-1 and -3 even 

on the surface of the drum and through- though the internal heat load is sub- 

out the package resulting from the solar stantially less for the configuration-5. 

heat load. An additional 30°F must be This is due to the added thermal .insu- 

added to account for,the increase in lation provided by the configuration-5 

ambient temperature frbm ioo to 1 3 0 ~ ~ .  insulating sleeve. 

At the maximum .acceptable heat load of 
Thus, the heat input from the sun will 

10 W the drum surface temperature is 
' not cause the inner container temper- 

then 101 + 36 + 30 = 167OF at an 
atures to exceed design capabi'lities. 

ambient temperature of 1 3 0 ~ ~  in direct 

TABLE 9-1. DRUM AND INNER CONTAENER TEMPERATURES 
IN SHADE AT 1 0 0 ~ ~  AND IN' DIRECT 
SUNLIGHT AT 130°1? WHESJ.. CONTAINING 
MAXIMUM HEAT 'LOAD . . 

Maximum In 1 0 0 ~ ~  shade Intermediate. Culau.la.tian.s .Iri 'l.3'0~~ .Sun 
Contents Inner Proj. Solar Solar Inner 
Heat Load Drum Cont.' Area Load Increase Drum Cont. 

Configuration (W) - (OF (OF) (ft2) . (W) (OF). ..(OF) - ..(OF) -- - 



In fact, the inner containers, as pro- 

tected by their outer insulating 

assemblies, are designed 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. 

The cold test requires evaluation or 

testing at an ambient temperature of 

-40O~ in still air and shade. It was 

concluded that this temperature will 

not decrease the effectiveness of the 

packages. 

: 9.4 Pressure 

Reduced atmospheric pressure of 0.5 

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) 

0 
at 300 F for all configurations is in 

excess of the 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-M1 

containers to withstand donna1 vibration 

is well documented as a result of 

special tests and routine use. A com- 

plete AL-M1 package, including non- 

radioactive contents, was subjected to 

laboratory tests which included both 

lateral and axial shake, rattle, and 

roll tests for ensuring the product 
. . 

quality of 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 

keep the entire exposed surface of the 

package, except the bottom, continu- 

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 cooling, on the contents. The 

packages are actually exempt from this 
, . 

test requirement since'the external 

surfaces.are of all metal construction 

and the vent holes'are sealed with 

waterproof tape. 

9.7 Free Drop 

A free drop through a distance of 4 ft 

onto a flat, essentially unyielding, 

horizontal surface, striking the surface 

in a position fdr which'maximum damage 

is expected, would not reduce the .effec- 

tiveness of the packaging as it was 

demonstrated that only minimal damage to 

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, California [31 with only 

minor damage to the drums. Thus, the 

minor damage resulting from the 4-ft 

drop would not cause any hazardous 

conditions. 

9.8 Corner Drop 

This test requires a free' drop onto 

each corner of the package in succes- 

sion or, in the case of a cylindrical 

package, onto each quarter of each rim, 

from a height of 1 ft onto a flat, 

essentially unyielding, horizontal 

surface. This test applies only to 

packages that are constructed primarily 

of wood or fiberboard and do not exceed 

110 lb gross weight and to all Fissile 

Class '11 packagings. 

This test-is applicable even though the 

packages are of metallic construction 

and the weights are in excess of 110 

lb, since the configuration-1 and 

-3 shipping containers can be used 

for Fissile Class I1 shipments. The 

1-ft corner drop is less severe than the 

4-ft drop which was disscussed 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 lb, dropped from a 

height of 40 in. onto thc 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 

them. This was demonstrated by tests 

performed on similar 10-gal and 30-gal 

packages'by Dow Chemical Company [4,5]. 

It is also substantiated for the ;'5-gal 

size discussed in this report by a r l  

engineering evaluation which 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, . 
. . c .  

Reference 7, p. 40). 'I'he effective 

dropped load striking the drum surface 

is determined using the .limit value as 
. . 

P = 2.0(13 lb) = 26 lb (for both 
. , 

1 . drum sizes) 

Separate calculations will be made for 

the cylindrical surface and for the 

flat, circular top of each container. 

The effect of a concentrated load on a 

cylindrical surface the 

following stress and deflections . 

(Reference 5, Table XII'I, Case 7) : 

where : : 

s = hoop.bending stress,,psi 

P = applied load (26 lb) 

t = drum thickness, in. 

Y = vertical deflection ot surface, 

i r i  . 
L = length of container, in. 

R.= radius of container,' 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 

thickness . , .  :of. 0.05.98 in. The stress and 
. . 

deflection are found as fa'llows: 

s = (2.4) (26)/(0.0598) 2 

= 17,450 psi. 



= 0.0073 in. 

The resulting stress and deflection 

will produce only slight surface damage 

to the'container. (Note that the uiti- 

mate tensile strength of mild steel is 

60,000 psi.) The results are summarized 

in Table 9-2. 

The following equations apply to a 

concentrated load at the center of a 

circular plate with fixed edges. 

(Reference 6, Table X, Case 8) 

where 
; 

m = reciprocal of Poisson's ratio 

(3 for mild steel) 

A = radius of point load (0.625 

in. for rod) 

log,' = natural logarithm 

SR = maximum radial stress in 

plate, psi 

ST = maximum tangential stress in 

plate, psi. 

The resulting stresses and deflection 

are obtained as follows: . 

= 3461 psi 

(. - ) = 769 psi. 
(11.28). 

TABLE 9-2. . ANALYSIS OF DROPPED'ROD ON CYLINDRICAL SURFACE 

Bending Load 
Container Dimensions (in.) Stress Deflection 

Leilg t h Ra'aius Thickness (psi) (in. 



= 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 

cylindrical surface of the container. 

This stress (17,450 psi) is well below 

the yield stress of the material, and 

the resulting deflection is small. 

Therefore, the dropped rod would not 

penetrate the contai~~er, 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 [4,51. 

Table 9-3 indicates that the dropped 

rod will produce appreciable deflections 

in flat end plates, but that the re- 

sulting stresses are relatively minor. 

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 compressive load 

equal to either five times the weight 

of the package or to 2 psi multiplied 

by the maximum horizontal cross section 

of the package, whichever is greater. 

The load must be applied during a period 

of 24 .hr, uniformly against the top and 
. . 

bottom of the package in the position in 

which the package would normally be 

transported. 

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

Radius .Thickness S~ s~ Y 

(in. (in.) . (psi) (psi (in. - 



I 2750-1b Weight 
Distributed Around ' 

Previous testing by others indi.cates. 

that the 55-gal size satisfies the com- 

pression requirements. Dow Chemical. 

Company [5] te.sted a. package using ,two .- 

55-gal drums welded together and,. 

loaded with 5,250 lb to qualify .it ,for 

a 1,050-lb maximum gross weight, which. 

far exceeds the 550-lb maximum gross,, . . .. 

weight of the 55-gal AL-M1 packag,es,. .. 

The testing was supplemented with. an ' ' 

evaluation. Of the two alternate drum 

types, the DOT 6C has I-bar rolling,: . .  
' ' .. . . . .  .. 

hoops held in place by rolled-in cor- 
. - . . 

rugitions whereas the 17-c has' only 

rolled or swaged-in. roiling hoops. 
' 

. . 
~elative.to compressive loads, however, 

the same evaluation can' be 'used for 

both drum types, because the thickness 

of the sides is the same in both 'types 

and the shape of the rolled-in corruga- 
. . 

tions 'of the 6C is essentially 'the same 
. 

as the shape of the swaged-in rolling 

hoops of the 17C. The evaluation was 

based on a load o£ 2750 ' lb, which is 
. . 

five times the assumed gross weight of 
. 

550 lb. The alternate criteria.yield . \ 

.. . . . . 

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

is iilustrated in Figure 9-1. 

. . 
, ,  - , 4. Circu,mfennce of Drum 

. - 

F I G U R E ,  9 - 1  - C o m p r e s s i v e  l o a d  e v a J u a t j o n  . ... 
f o r  5 5 - g a l  drum; : '..';. . .  

b 

, 

The-wall thickness (t) is 0.0598 in., ' 

. . 
, t.= 0.0598 in. 

. .  . . . 
+(- e = 0.625 in. 

, . . , I ,  

and the.outsj.de diameter of the-druin i's 

22.62 in. The longitu~i~al~compressive 

stress (S)..:.is calculated by divid'ing 

,the load by the cross-sectional area of 

the drum wall as fo,l-lows: 

. S' = F/TDt. . . , . . ..; . . 

where b. is the diameter ,and t is the 

wall thickness. 

The result is 

= 647 psi.. . 

. . 

The st.r,ess value is.only 2% or 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 the 

drum rolling hoops was also determined. 

For a conservative approximation, the 

drum is assumed to act as a beam rather 

than a shell; i.e., a 1-in. strip of 

the drum is investigated under condi- 

tions of a longitudinal stress resul- 

tant. The bending moment and maximum 

bending stress are then found. The 

longitudinal stress resultant ( s )  is 

given by: 

This stress exceeds the 27,000 psi yield 

strength indicating that such large 

compressive loadings will yield the 

material. However, such yielding will 

be localized and will occur only at the 

surface of the drum. The cross section 

is still capable of resisting a collapse 

due to this loading, and the drums are 

considered to adequately satisfy this 

requirement. The results of the calcu- 

lations are shown in   able 9-4. 

F The ultimate capability of each con- 
s = - =  2750 = 38.7 lb/in. 

TD ~(22.62) . 
tainer 2s verified by considering the 

The bending moment (M) at the hoop is critical buckling stress of the cylin- 

then drical shell when subjected to uniform 

, M = ~ ( e )  = 38.7 (0.625 in.) axial compression. 

= 24.2 in. lb/in. 
The critical buckling- stress (S ) is 

. . c r where e is the size of the rolling hoop. 
' given by the following equation: 

The maximum bending stress is 

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

n 
X. ~esuitln~ Ultimate 

Resulting Rolling Critical 
nrum ~olling ~ompressive Longitudinal Hoop 'Duckling 

Drum Wall Hoop Luad Compressive Bending Stress 
Diam. Thick. Size Requirement stress Stress Capability 
(in.) (in.) - - (in. (lb) (psi) (psi) (psi) 



(Reference 6, Table XVI, Case 7): 

where 

E = modulus of elasticity, E = 

6 30 x 10 psi, 

h = drum wall thickness, h =0.0598 

in., 

from the compression tests. Thus, the 

drums are considered to satisfy the 

compression test requirement. 
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10. HypOthefical Accident sheetmetal surface of the insulated drum 

assembly. The temperature sensitive 

Tests paints were formulated to melt at 1 0 0 ~ ~ ~  

10.1 General 200°F, 30b°F, 400°F, and 5 0 0 ~ ~  and were 

ERDA Manual Chapter 0529 requires identified by various colors. Inde- 

satisfactory performance of packaging 

when the shipping container is sub- 

pendent tests showed that the paints 

were accurate within +2OF. Three bags 

jected to a series of four tests simu- of lead shot weighbg 5 lb each were 

lating accident conditions. Escape of mounted in the clamping fixture to 

radioactive materials must be below 

defined limits, and the package must 

remain subcritical. The free drop, 

simulate the contents weight. On final 

assembly of the package, the bolt used 

to fasten the closure ring in place 

puncture, thermal, and water immersion was aligned with the seam of the drum 

tests must be performed in the listed 

sequence. 

10.2 Test Package Preparation 

Full scale 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 

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 locatkons. The paints used were 

formulated to melt at 200°F, 300°~, 

400°F, 500O'F, and 6 0 0 ~ ~ .  Also, the 

melting temperatures were written on the 

sides of the inner container and simu- 

lated weight cylinder (see Figure 10-21 

with paint in stick form. The simulated 

weight consisted of a 10-in. long by 8- 

in. diame$er steel cylinder weighing 

30 lb. It was secured in the holding 



FIOURE 10-1 - Package assembly, conf igurat ion-1.  Temperature s e n s i t i v e  p a i n t s  and 
t he rm~ooup les  weFe used. The v o i d  between t h e  i nne r  con ta iner  and the drum assembly 
i s  f r e q u e n t l y  packed .w i t h  i c e  du r i ng  shipment. 

FIGURL 10-2 - Inner  con ta i ne r  assembly, con f igu ra t ion -3 .  The temperature s e n s i t i v e  
p a i n t  spots  gnd markings a re  ev iden t .  The c y l i n d e r  i n  the  foreground was used t o  
p tmu la te  the t y p i c a l  weight t o  be shipped. The po lye thy lene  sheet and g lass v i a l s  
wefb pacttcqad i n$ ide .  



fixture inside the inner container. Five and two lilzexe of water were in t w n  
1 

small glass vials, containing temperature 
. . sorbed onto the molecular sieve material. 

sensitive paint, and a sheet of polyethy- The container was then helium leak checked 
. . 

lene were placed inside the simulated at 10 psig using a sniffer probe - . technique. 
weight. A second sheet of polyethylene No .leaks were detected and it was estimated 

was placed in the annular space between that no Leaks greater than 1 x std 

the simulated weight and &he inside wall cm3/sec were pregent before the accident 

of the inner container. One thermocouple tests. For the two drop tests, 164 lb of 

was fastened to the inner container as lead weights were fastened to the outside 

shown in Figure $0-3. The closure ,bolt . of the drum to bring the package weight 

was aligped with the drum seam during up to 550 lb. Before the fire test, ther- 

final assembly. mocouples were placgd at six locations - 
five within the assembled package (see 

The configuration-5 package was prepared 
Figure 10-4) and one on the outer surface 

somewhat differently. The inner contain- 
of the drum. 

er was loaded with 5700 of 1.16 in. diam- 

eter Linde 4A molecular sieve pellets, 

. , .  
F I G U R E  10-3 - ~sckq~e;ari .eqbly,  cdnitgur'a- FIGURE 1 b - 4  - ~actage'ariemli l~  con l igura -  
t l o n - 3 .  Spots of tampeflttfPq sengitjve ' tian-5 after the drap tests  and pFfdP t o  
paints were a p p l i e d  prior t o  testfng.' t h e  f i ~ e  t e s t ,  



10.3 Free-Drop Test Procedure 

This test requi res  a f r e e  drop through a 

d i s t ance  of 30 f t  onto a f l a t ,  essent ia l -  

Figure 10-6 shows the  container a t  the  

required 30-ft height  j u s t  pr ior  t o  manual 

actuat ion of the  quick re lease  hook. 

l y  unyielding, hor izonta l  surface.  The 
Figure 10-7, taken jus t  p r i o r  t o  impact, 

package is positioned t o  s t r i k e  the  sur- 
shows t h a t  the  container was dropped i n  

face  i n  a pos i t ion  fo r  which maximum dam- 
precisely the  i n i t i a l  or ienta t ion  s ince  

age is  expected. 
no twis t ing  motion was imparted t o  it on 

A s p e c i a l l y  desigqed, 50-ft high, drop 

tower was equipped with a 2-ton h o i s t  t o  

drop t h e  container  from a height  of 30 f t  

onto a steel-covered concrete drop pad. 

A chain s l i n g  was fashioned, and t h e  con- 

t a i n e r  was oriented upside down a t  a 45O 

angle s o  t h a t  the  bo l t  on the  b o l t  r ing  

would s t r i k e  Che pad f i r s t  a s  shown f o r  

the  configuration-1 package i n  Figure 10-5. 

release.  

10.4 Puncture Test Procedure 
This t e s t  requires a f r e e  drop through 

a distance of 40 i n .  s t r ik ing ,  i n  the 

posit ion maximum damage is expected, the  

top end of a v e r t i c a l ,  cy l indr ica l ,  - .  

FIGURE 10-5 - F r e e  drop t e s t  a n g l e ,  con- 
f i g u r a t i o n - 1 .  The c o n t a i n e r  was o r i e n t e d  
u p s i d e  down a t  a  4!i0 a n g l e  t o  o b t a i n  
maximum damage. . 

FIGUR 10-6 - F r e e  drop t e s t  h e i g h t ,  con- 
f i g u r a ~ i o n - 1 .  The c o n t a i n e r  i s  seen sus- 
pended a t  t h e  r e q u i r e d  30  f t  h e i g h t ,  



F I G U R E  10-7 - Free drop t e s t ,  configura- 
tion-1. J u s t  prior to  impact. the con- 
tainer i s  s t i l l  oriented a t  the proper 
a n g l e .  

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 p~rpondieular to Chc unyielding 

horizontal surface. 

I -.%>- . 4 ' t ; 9 

Figure 16-9 shows the container im- 

pacting on the cylinder. 
This test was conducted in a manner 

similar to the Free ~ r o p  test. Figure 10.5 Thermal Test hocedurti? ' 
10-8 shows the configuration-1 package 

This test requires exposure to a.therma1 
suspended 40 in. above the top of the 

environment in which the heat input to 
6-in. diameter cylinder. 

the package is not less than that which 

would result from exposure of the whole 



F I G U R E  10-9 - P u n c t u r e  t e s t  i m p a c t ,  con- 
f i g u r a t i o n - 1 .  

package to a thermal radiation environ- 

0 ment of 1475 F for 30 rnin 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 

been improved several times over the 

years. 

The facility as used for the coafigura- 

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 the water surface. It was 

centered within the burning area ap- 

proximahly 3 fk horn 8hd sides since a 
I I 

2- to 3-ft flame thickness is equivalent 

to an infinitely thick walllll. 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 cQn- 

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 

3 
1000 ft /min (STP) of air to the fire 



F I G U R E  10-10 - Thermal t e s t  se t -up ,  con- 
f i g u r a t i o n - 1  w i t h  thermocouple a t t a c h e d .  

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 16-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-1 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 testsrll, 

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 whi~h is flooded with 

water 5 in. deep to avoid excessively 

heating the pit. A 5-HP fan supplies 

3 approximately 8000 ft /min of air 

through the air manifold outlets located 

in two opposing 8-ft sides just above 

the fire pit. 



F I G U R E  10-11 - Thermal t e s t  a r e a ,  conf igurat ion-1 t e s t .  The a i r  compressor can be seen 
i n  t h e  l e f t  background and t he  temperature recorder  i n  t h e  c en t e r  background. The fue l  
f low was c o n t r o l l e d  a t  t he  panel mounted on t he  ou t s i de  wall of t he  concrete  block 
bu i l d ing  a s  seen a t  the  r i g h t .  Firemen and f i r e f i g h t i n g  equipment a r e  a t  the  f a r  r i g h t .  

The 100-octane aviation gasoline is con- 

tinuously gravity-fed to the distribution 

system from a 5,000-gal, buried tank 

locatdd approximately 100 1 t 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- 

F I G U R E  10-12 - Thermal t e s t ,  conf igura -  
t i on -3 .  A t h i ck  continuous wall of flame 
enveloped t he  con t a ine r .  

tures were measured at the top of the 

configuration-1 package, the bottom of 





Time, min. 

F I G U R E  10-14 - Thermal t e s t  flame temperatures. 

configuration-3, and the side of con- 

figuration-5. Chromel/alunel thermo- 

couples and a multipoint recorder were 

used to monitor the tests. The flame 

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- 

reached the required 1 4 7 5 ~ ~  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-1 test, 

ficial cooling was used. The flame 

temperature ranged between 1326% and 

1648OF, fluctuating in the neighborhood 

of 147!i°F during the configuration-1 

0 
test, and ranged between 1357 F and 

178g°F fluctuating in the neighborhood 

of 1652OF during the configuration-3 

test. During the configuration-5 test 

and it was necessary to substantially the flame temperature ranged between 

increase the fuel flow in order to com- 1225OF and 1578OF, fluctuating in the 

pensate for this. Otherwise, the tests neighborhood of 1 4 7 5 ~ ~ .  Fuel consump- 

proceeded without incident and a thick, tion was somewhat over 200 gal for each 

continuous wall of flame enveloped the of the tests. 



All thermocouples functioned properly 

Reliable thermocouple temperature aurzng tne configuration-5 test. 

measurements were not obtained for two 

10.6 Water-immersion 

Test Procedure 
thermocouples fastened to the inner 

container were found to have shorted 

out after the fiberglass insulation 

melted. In an effort to expediently 

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 

correct this problem, the configuration tested are under at least 3 ft of water 

-3 thermocouples were sheathed in for a period of not less thanb8 hr. A 

copper tubing. The copper sheaths re- permanently installed, 10-ft diameter 

mained intact except for the one which by 9-ft deep tank equipped with a 2-ton 

contained the thermocouple running hoist was used. Prior to this test, 

through the center of the drum lid to the inner containers were removed from 

the inner container (see Figure 10-15). the insulated drum assemblies. The 

F I G U R E  10 -15  - A f t e r  t h e r m a l  t e s t ,  c o n f i g u r a t 1 2 n - 3 .  T h e r e  i s  no a p p a r e n t  aamage t o  t h e  
c o n t a i n e r  f rom t h e  f i r e  o t h e r  t h a n  b u r n i n g  o f f  t h e  p a i n t .  The copper  s h e a t h  f o r  t h e  
thermocoup le  r u n n i n g  t h r o u g h  t h e  drum l i d  t o  t h e  i n n e r  c o n t a i n e r  f a i l e d .  



tank was f i l l e d  t o  a depth of 51 i n .  t o  

ensure  immersion of a l l  p a r t s  of t h e  con- 

t a i n e r s  under a t  l e a s t  36 i n .  of water.  

~ l l  i n n e r  con ta ine r s  were immersed over- 

n i g h t  f o r  20 h r ,  s i n c e  it was not  con- 

venien t  t o  withdraw them a f t e r  t h e  r e -  

qu i r ed  8-hr minimum period. These tests 

a r e  shown i n  F igures  10-16, 10-17 and 

10-18. 

F I G U R E  1 0 - 1 6  - W a t e r  i m m e r s l v n  t e s t  e q u i p -  
men t .  c o n f i q u r a t i o n - 1 .  The c o n t a i n e r  i s  
e a s i l y  l o w e F e d  i n t o  t h e  i m m e r s i o n  t a n k .  

lo. 7 Hypothetical Accident 

Tests Results 

10.7.1 FREE DROP 

F I G U R E  1 0 - 1 7  - W a t e r  i m m e r s i o n  t e s t ,  con -  
f i g u r a t i o n - 1 .  The p o l e  t o  t h e  r i g h t  was 
used  t o  measure  t h e  w a t e r  d e p t h .  A l l  p a r t s  
o f  t h e  c o n t a i n e r  were  u n d e r  a t  l e a s t  t h r e e  
f t  o f  w a t e r .  

F I G U R E  1 0 - 1 8  - W a t e r  i m m e r s i o n  t e s t ,  con -  
f i g u r a t i o n - 3 .  The a l u m i n u m  c o n t a i n e r  was 
w e i g h t e d  w i t h  l e a d  i n  o r d e r  t o  submerse i t .  

i n  any way t h a t  would decrease the  con- 

tainment c a p a b i l i t i e s .  Figure 10-19 was 

taken immediately following t h e  f r e e  

The 30-ft  f r e e  drop caused obvious minor drop and puncture t e s t s  f o r  t h e  con- 

damage t o  t h e  e x t e r i o r  drum su r faces ,  

bu t  d i d  not  damage the  inne r  conta iners  

f igura t ion-1  package. It shows t h a t  t h e  

drum c losure  r i ng  a t  the poin t  of impact 



was displaced, rebktive to  the uprigbt 

cal ly  and 1-in, horizontally,  Figure 

the damgar a$&r %he fBxe  tesCt', 

B i g i I r e  lo-21 8faQW@ th? dznm* $24" h- 
CAI 

FIGURE IQ-21 - Free drop damaged #at l'#~d, 
conflguret4on-1, 

, . 

the same damage asd'the configuration-1 

drum assembly. 

Figure 10-22 shows the minor damage 

sustained by the clampling f ix ture  rods 

w i U ~ i a  the csrifigutatL6li-1 znner con- 

tainer.  The three rods, which were 

used t o  fasten the 5-Us bags of lead 

shot i n  place,  were bent s l i g h t l y  and 

one of the three clath bags a f  shot 

F I G U R E  10-19 - After drop and puncture, 
configuration-1. The dent at  the top 
l e f t  resulted from the 30 f t  drop and the 
the circular dent at  the center resulted 
from the puncture t e s t .  



FIGURE 
i n g  f i x  
l o n g  r o  
w i t h  15  
o f  t h e  

1 0 - 2 2  - F r e e  drop damage t o  clamp- 
t u r e ,  c o n f i g u r a t i o n - 1  . The t h r e e  
d s  were  s l i g h t l y  b e n t  on i m p a c t  

l b  ( 6 . 8  k g )  f a s t e n e d  n e a r  t h e  ends 
r o d s .  

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 10-231 when they hit the 

inside surface of the inner container 

lid. 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. 

FIGURE 10-23 - F r e e  drop damage t o  clamp- 
i n g  f i x t u r e ,  c o n f i g u r a t i o n - 3 .  Two of t h e  
t h r e e  rods  were b e n t  on impact  w i t h  3 0  1b 
( 1 3 5  kg)  f a s t e n e d  i n s i d e .  

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 1-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 ~ther two. 

10.7.3 THERMAL 

The results of the 30-min Eire at 1475OF 

were the same for both configuration-1 

and -3. The temperature ranges indi- 

cated by the temperature sensitive paints 



were iden t i ca l  a t  corresponding locat ions.  

Neither inner container was damaged. 

Observation of the  containers during and 

immediately a f t e r  the  f i r e s  was unevent- 

f u l .  The c0ntainers.dj.d not bulge o r  de- 

form i n  any way. The in%ulat iob  was not 

observed t o  smolder o r  be consumed. The 

most noticeable change t o  the drum exter-  

i o r  was t h a t  the  pa in t  barned oSf. 

The inner c ~ n t a i n e r a  were removed from - 
t he  insulated drum asseabliea following 

the  them!. Cast and vigtlally s%zrminod 

p r i o r  t o  the  water immersion t e s t .  Fig- 

irrp In=?A show8 *ha boWern o f  the  cunIly- 

uration-1 inner container and Figure 10- 

25  shows the  top of configuration-3 inner 

container.  The g lass  tape used t o  hold 

the  thermocouples i n  place was s t i l l  

s l i g h t l y  tacky. The s i l i cone  cement and 

the  p l a s t i c  valve handles, and a rubber 

gromnnet w e r e  unharmea. There was no 

evidence of damage a s  a r e s u l t  of the  

f i r e .  The temperature sens i t ive  paint@ 

on the  external  surfaces of t he  inner 

containers d id  not m e l t  (see Figures 10-26 

and 10-27). A t  a l l  locat ions where the 

pain ts  w e r e  applied on the  in te rna l  sur- 

face of the  insula ted  drum assenlbly and 

the  enternal  surface of the  inner contain- 

e r s ,  the  r e su l t ing  temperature range was 

400°F t o  90O0F f o r  configuration-1 and 

-3. The 4OO0F pa in t  melted a t  a l l  seven 

locat ions on configuration-1 and a l l  20 

FIGURE 1 0 - 2 4  - Thermal  t e s t  v i s u a l  exami -  
n a t i o n ,  c o n f i g u r a t i o n - 1 .  No damage t o  t h e  
gage and v a l v e  on t h e  b o t t o m  o f  t h e  con- 
t a i n e r  was o b s e r v e d .  

FIGURE 10 -25  - Thermal  t e s t  v i s u a l  exami -  
n a t i o n ,  c o n f i g u r a t i o n - 3 ,  No damage t o  t h e  
gage and v a l v e  on t h e  t o p  of  t h e  c o n t a i n e r  
w a s  o b s e r v e d .  



F I G U R E  10-26 - Thermal t e s t  temperature, 
e o n f 9 g u ~ a t l o n - I .  The 500° F (260°C) spot  
of  t m $ e r a t u s e  s e n s i t f v e  pa int  on the s i d e  
o f  the i a ~ n e r  conta iner  did n o t  melt .  

lnnations 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 af 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-1 and -3 inner con- 

tainers were disassembled and examined 

for evidence of damage and to determine 

F I G U R E  10-27 
conf igurat ion 
600°F (31 6OC) 
t i v e  pain-t on 
the inner con 

- Thermal t e s t  temperature, 
-3. The 500CF (260°C) and 

spots  of temperature s e n s i -  
the e x t e r i o r  surfaces of  

ta iner  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 next 

to the inner container wall as shown in 

Figure 10-29 partially stuck together, 

but were easily separated without 



tearing.  The temperature ranged between . . . - L " ,,- , q t + ;  :!,' -.7s:!:. . 2 !$> 

200°F and 300°F ins ide  both inner con- 

t a i n e r s  a s  determined by the  temperature 

sens i t ive  pa in ts .  Figure 10-30 shows 

the  remaining pa in t s  on the  cy l indr ica l ly  

shaped simulated weight (configuration-3). 

It can be seen t h a t  none of the  pgints  

melted a t  3009F or above. The spot  of 

200°F pa in t  t h a t  had been brushed on 

appears p a r t i a l l y  melted, and the  "200°F" 

marking which had been penciled on melted 

completely. Some of the 100°F and 200°F 

pain ts  melted and leaked out  of the  small 

g lass  v i a l s  which had been wrapped i n  poly- 

ethylene sheet.  Figure 10-31 shows the  

remaining three  spots  of pa in t s ,  300°F and 

above, on the  end surface of the  config- 

urakiofi-1 clamping f ix tu re .  Only the  

100eF and 200°F paints melted ins ide  the  

configuration-1 inner container.  

The temperatured for the  configuration-5 

thermal t e s t  were monitored by thena- 

couples and recorded on a multipoint 

s t r i p  char t .  The r e s u l t s  a r e  shown i n  

Figure 10-12. Figure 10-33 shows the 

thermocouple locat ions schematically. 

~ h ~ - ' & x i m ~  te-rature reached on the  

surface 0% me inner cantainer  was 
I 

252OF a t  -the top  cap. 

I n  summary, the  thermal tests did  not 
. . _  a *  

+- 
- FI_CURE ma-_- p o ~ ~ e l f r 8  b n e -  & *  t k p -  ,>-cause a n y  observable damage to the  inner 

ma1 t e s t .  c o n f i g u r a I I ~ ~ - 3 .  The p t w l g e t h y - r F  
lene  sheet loca ted  next  t o  the  inner  con '"containers. The temperature a t  the  
t a i n a v  wall stuck together  satnouba~t. pot% . T~ 

was e a s i l y  separated. 



F I G U R E  1Q730 - Thermal test contents 
tamperatfire, corrffgbra9Son-3. Tenl$eratur@ 
s a n s t t f v e  paint  i ~ d i c a t s d  t h a t  the tern- 
perahare dqd not exceed 300°F (149*C) ,  
The 260°F (93DC) pafnt i s  ~ ~ n l y  par t ia l l y  
melted. ' 

exterior surface of the configuration-1 

and -3 inner containers remained below 

5 0 0 ~ ~  throughout the tests. The temper- 

ature reached 2 ~ 2 ~ ~  in conf iguration-5. 

The maximum temperature within all three 

inner containers stayed well below 3 0 0 ~ ~  

so that selection of this temperatuxe 

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 J.sakage into the containers 

or damage the containers in any way. 

On disassembly, the configuration-1 and 

-3 containers were found to be complete- 

ly dry inside as seen in Figure 10-34 for 

configuration-1. The cloth bags which 

cuhtained the lead shot used to aimrrlate 

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 onqt.ainer in the phatograph. The 

test was more stringent than required 

since only an 8-hr period is required 

FIGURE 10-31 - Thermal test contents tern- and since cold water in the immersion 
pbrature, comfiguratton-I.. the three spots 
of tttmpemture sensfhiwe paint seen on the tank caused the pressure with the inner end sur face -o f  the cl&mping f ixture  d i d  
not melt indicating that the temperature 
did not reach 300°F (149°C) .  containers to decrease below atmospheric 



1&4 - Insulating sleeve, top 
cornar 81 side 

2 - lnner container bottom 
Z 
3 3 - lnner container side 
C 5 - Drum exterior 

6 - lnner container top cap 

Time from start of fire, min 
FIGURE 10-32 - F i r e  t e s t  r e s u l t s  f o r  c o n f i g u r a t i o n - 5 .  See F i g u r e  10-33 f o r  t he rmocoup le  
l o c a t i q n s .  

/ Insulating Sleava Top Corner 

lnner Container Top Cap 

Insulating Sleeve Side 
Drum Exterior 

Inner Container Side 
Inner Container Boftom 

FIGURE 10-33 - Thermocouple l o c a t i o n s  f o r  c o n f i g u r a t i o n - 5  f i r e  t e s t .  



F I G U R E  10 -34  - Water  i m m e r s i o n  t e s t  r e -  
s u l t s ,  c o n f i g u r a t i o n - 1 .  No w a t e r  l e a k e d  
i n t o  t h e  i n n e r  c o n t a i n e r .  A l s o ,  l e a d  
s h o t  f r o m  t h e  c l o t h  bag w h i c h  r u p t u r e d  on 
i m p a c t  c a n  be  seen i n  t h e  c o n t a i n e r .  

pressure. In configuration-5, which 

had been preloaded with two liters of 

adsorbed water, no indication of any 

leakage of additional water was found. 

10.8 Special Testing and Evaluation 

10.8.1 HELIUM LEAK TEST 

The stainless steel configuration-1 and 

-5 and the aluminum configuration-3 

inner containers were helium leak tested 

foblowing the previous sequence of four 

hypothetical accident tests to obtain 

additional assurance that they were not 

damaged. The configuration-1 and -3 

containers were reassembled in an as- 

tested condition including the original 

silicone O-rings. First, 30 psig of air 

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 

3 
1 x low4 STP crn /sec for both con- 

tainers. Finally, the pressure was de- 

creased to 10 psig and the containers 

stored for a period of 100 days. No 

change in the pressure gage reading was 

observed during this period. The con- 

figuration-5 inner container was helium 

leak checked after the hypothetical 

accident test sequence and no leaks 

were detected. A sniffer probe techni- 

que was used at 10 psig, as before the 

accident sequence, and it was concluded 

that no leaks greater than 1 x STP 

3 
cm /sec were present. 

It was concluded that all three con- 

tainers were leak proof and had satis- 

factorily met all test requirements. 



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 calculationo are based 

on the configuration-1 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 output is 10 W. The accumulation 

of heat is given by the following 

equation : 

q (BTU/hr) = W(lb) x C (BTU/~~OF) 
P 

x A T ('F/hr) , 
where 

q = heat accumulation = W x 3.41, 

B T U m  hr , 
W = weight of stainless steel = 

61.5 lb, 

C = heat capacity of stainless 
P 

steel = 0.11, BTU/~~OF, 

AT = rate of temperature increase, 

0 
F/hr . 

Rearranging the above equation and sub- 

stituting the above values we arrive at 

the following: 

0 F (10 W) (3.41 BTU/W hr) AT - = 
hr (0.11 BTU/~~OF) (61.5 lb) 

Since the temperature rise due to self 

heating would be only 2.5OF during the 

30-min fire test, the heat buildup is 

extremely small when compared to a 300°F 

test condition. Therefore, the heat 

buildup from radioactive decay may be 

regarded 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 2.3 -W respectively. 

10.8.3 MAXIMUM CONTENTS WEIGHT 

The purpose of this section is to 

justify selection of 44 lb (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 



low to preclude any hazard potential. 

It should not be interpreted that 

quantities exceeding 44 lb (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 lb (87 kg) of exterior 

lead weights). 

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

Weight to 
Gross Represent 
Weight Contents 
* * = k g  

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 5 0 0 ~ ~  during an accident 

fire. In order to preclude this, it is 

necessary to specify that any contents 

weighing more than 15 lb be fastened in 

the clamping fixture close to the con- 

tainer lid to reduce the torque on 

impact, rather than at the far end as 

tested. With this restriction, 44 lb 

is a reasonable upper limit. The actual 

tests with configuration-5 demonstrated 

that the outer drum assembly is not un- 

Since an increase in the contents weight 

to 44 lb (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 lb 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 3 0 0 ~ ~  temperature used for 

evaluation of the contents, it is 

duly damaged at a gross weight of 550 Ib 

(249 kg). 

10.9 Contents Eoahration at  300°F 

10.9.1 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 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 239 could then be oxidized resulting in 

are stable as initially packaged, and a pressure decrease. 

their stability is not known to be 

altered by impact, vibration, or below- 

ambient temperatures. Thus, the scope 

of the contents analysis is limited t o . .  

establishing what changes would be ex- 

0 
pected to occur at 300 F and the conse- 

quences of these changes. The 3 0 0 ~ ~  

temperature is selected.as the maximum 

temperature of the materials under ac- 

cident fire test conditions. It is 

sufficiently 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 

0 
potential changes at 300 F and then 

evaluate their likelihood and any con- 

sequences. It can be postulated that 

the go1,yethylene 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- 

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 that 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 ~aboratory with 

polyethylene established the melting range 

at 185OF to 266OF in air, and 194OF to 

275OF in helium. This work also estab- 

lished that degradation begins in air 

at 410°F, and on continuous heating to 
. . 

54S°F only 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 margin of 

safety provided by selection of 300°F is 



evident on comparison of the configu- 

ration-3 test results wlth the,melting 

ranges. 

For the purpose of the plutonium-239 

evaluation at 300°F, it is assumed, that 

the plutonium can be exposed to all the 

air contained . . within the inner container 

void spaces, even though the poly- 

ethylene bags would prevent this from 

actually happening. At 300°~, the . . 

surface plutonium, which is exposed to 

the air, would oxidize at a rate of 

L 
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 plutonium would be 

oxidized. .The surface layer of the 

plutonium metal would expand approxi- 

mately 10% on being converted to plu- 

tonium oxide which would then separate 

from the metallic surface. This would 

not create any i~ediate hazard, but 

would necessitate special contamination 

control procedures on subsequent open- 

ing. A 20%decrease in the pressure 

resulting from the reaction of the ' 

oxygen would not cause the container to 

be breached. 

There is no evidence that plutonium-239 

would cause the packaging to be damaged. 

, ' 

10.9.3 URANIUM-235 METAL 

Solid uranium-235 metal pieces are 

securely.fastened in the clamping fix- 
. ,  . '  

tures provided in the configuration-1 
. . 

and -3 inner containers. Additional 

packaging materials such as polyethylene 

bags for contamination control are not 

usually required since the low level 

alpha contamination can be controlled 

using' appropriate handling procedures 

for loading and unloading. The configu- 
. ,  

ration-3 inner container may be shipped 

either filled with air 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 shipped 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 3 0 0 ~ ~ .  

Since the melting poi-nt of the uranium 

0 
is 2070 F and oxidation in air forms an 



adherent oxide coating, the uranium the radioactive materials inside the 

metal will not change its physical form configuration-1 and -3 inner containers. 

at 3 0 0 ~ ~  in air. Oxidation is slow and These packing materials were tested at 

will not consume sufficient oxygen to 3 0 0 ~ ~  to ensure stability at hypotheti- 

decrease the pressure a measurable cal accident test conditions. 

amount. There is no evidence that 
The packing materials tested, their 

uranium metal would react or otherwise 
uses, and the test results are shown in 

change in any way that would reduce the 
Table 10-2. 

integrity of the package during normal 

transportation or accident test condi- The samples to be tested were placed in 

tions. a temperature controlled oven and the 

10.9.4 WOOD, SPONGE,' AIJD FOAM 
PACKAGING 

0 temperature was increased to 300 F over 

a 30-min period. The temperature was 

Wood, sponge, and foam packing materials controlled at 300°F for 70 min. After 

are used to position, brace, and cushion the oven was turned off, the temperature 

TABLE 10-2. EFFECT OF 3 0 0 ~ ~  ENVIRONMENT ON PACKING MATERIALS 

Maximum 
Recortutterided 
Service 

Temperature 
. Material use . . (OF) 

. . 
Pir plywood and Pocitioning and. 400 
solid pine bracing 

CHR-cohrlastic 
silicone sponge 

Johns-Manville No. 
98 'sponge rubber 
tape 

Napcofoam type 
F-706 flexible 
urethane poly- 
ester foam 

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 

Test 

No change 

No change 

No change 

Tacky, 
slightly 
darker 
color 



. . . . 
gradually decreased to 1 3 0 ~ ~  over a: 70- 10.9 .'5 TRITIATED WATER 

. . 
min period' prior to removal. of' the ~r'itiated' water is the contained ma- 

samples. No change in the wood samples terial in configuration-5. The pressure 
. . 

was observed. The sponge and foam at 30d°F, as evaluated in sections 5.3 . .  . .. . . . . 
samples felt as resilient as before and 7.3, will not cause the inner con- 

. , 

being heated, but the Napcofoam was . tainer to be breached. Corrosive . 
. . 

slightly tacky. The only change ob- impurities in the water contents are a 

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- 

atures up 'to 325OF although the surface 

becomes tacky and darker at temperatures 

above the recommended maximum service 

temperature of 275OE'. 

These test results do not provide any 

evidence indicating that the wood, 

long-term threat even to this 316L 

stainless steel container sinde it is 

reusable. Thus, users must ensure that 

corrosive impurities are not inadver- 

tantly loaded into the container. 
. .. . . 

10.9.6 GRANULATED SOLID, SORBENTS 

Molecular s,ieve pellets', silica gel, 

and ~lorco commercial clay absorbent 

are acceptable sorbents for use in the 

configuration-5 inner container. None 

of these materials will damage this 

0 sponge, or foam packing materials would inner container at 300 F. 
. . .  . . .. . . 

cause the AL-M1 containers to be . . 
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11: Criticality Eualuation 

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 SARB for AL-M1 configurations-1 

and -3 should take note that criticality 

calculations for the shipment of combi- 

nations of plutonium-23.9 and uranium- 

235 in. thc came container have been 

deleted from t:his version. Anyone 

wishing to make a shipment of this type 

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 configurations are 

equivalent. Uranium-235 and plutonium- 

233 wcre the only two fissile materials 

evaluated since present program fore- . 

casting did not indicate a foreseeable 

need to 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[ll, 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 
Mc (reflected) 2 so (bare) &)' 

(R) (M 1 o 

where : 

M 'reflected - minimum water mod- 
C . .  

erated and reflected 

critical mass. 

M (bare) - minimum bare critical 
so 

mass for a particular 

geometry and atomic 

ratio. 

- ratio between bare 
critical mass and 



water reflected cri- in a similar shape 

tical mass. ("fraction critical"). 

- the contribution due 
Table 11-1 gives the values for these 

to neutron modera- 
quantities that were used in these 

tion. 
calculations. 

- density of fissile 
material per con- In order to make the Fissile Class I 

tainer volume. The determination using this technique, one 

reflector savings must state a finite number of shipping 

must be considered packages which are assumed equivalent 

whenever significant. to an unlimited number. The number used 

- Density of the mini- was 2500 shipping packages. Specifying 

mum critical mass. a number of packages as infinite allows 

- depends upon the size one to use the density analog approach 

o£ the fissiie unit = with respect to the Fissile class I 

2 (14) . category. 

- ratio of the mass of 
The results o f  the density analog cal- 

, a single unit to the 
culations are conservative when proper 

critical mass of the, 
assumptions are used. Two assumptions 

same fissile material 
inherent in this method are: 

TABLE 11-1. LIMITING PARAMETERS FOR THE DETERMINATION OF THE 
REFLECTED CRITICAL MASSES 

Fissile 
Mo 

M P 
 soto ope R so (kg) 

3 
o (g/cm 

U-235 13 (Ref. 1) 2.5 (Ref. 3) 49.2 (Ref. 4) 18.7 (Ref. 4) 

Pu-239 20 (Ref. 2 )  2.5 (Ref. 2) 10.5 (Ref. 4) 19.6 (~ef.' 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 method of,performing 

calculations would be to use a "cell- 

type" computer program employing "multi- 

group" neutron tran'sport theory. 

However,'the results achieved using the 

density analog technique are more con- 

servative than the results achieved by 

the "multigroup" computer calculations. 

. Sincc the conser~rat.i.ve 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 

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 
'I so.tope (kg) Index 

17.0 F.C. ITS 

4.2 F.C. I11 

a Value rounded up to 0.1. Actual values 

ranging from 6 to 17 kg. Then TIs were appear in parenthesis. 



. . 
Quantity of *35~, '  kg 

FIGURE 1 1 - 1  - G r a p h  o f  t r a n s p o r t  i n d e x  v s  q u a n t i t y  o f  2 3 5 U  m e t a l  i n  AL-MI ( c o n f i g u r a -  
t i o n s  1  & 3 ) .  



FIGURE 1 1 - 2  - G r a p h  o f  t r a n s p o r t  i n d e x  v s  q u a n t i t y  o f  2 3 9 P ~  m e t a l  i n  A L - M I  ( c o n f i g u r a -  
t i o n s  . l  & 3 ) .  



Table 11-3 gives the number of con- 

tainers allowed as Fissile Class 111 

for specific quantities of uranium-235 

and plutonium-239. 

TABLE 11-3. NUMBER OF ALLOWED FISSILE 
CLASS I11 SHIPPING CON- 
TAINERS 

Number of 
Fissile Quantity A1 lowed 
I so tope (kg) Containers 

These calculations are valid only for 

systems in which the H/X ratio* is 52.1. 

H/X ratios in the range 0 sH/X -= 2.1 do 

not reduce the minimum critical mass for 

minimally reflected systems. and there- 

fore the use of M = 49.2 kg and 10.5 
SO 

kg fdr uranium-235 and plu<onium-239 'is 

justified. [51 

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 (<I% volume re- 

duction), Thus, the requirements as 

stated in ERDA Manual 0529, I1 H. 2., 

I1 I.l.b, and 11.- J. 2 for Fissile - .  

Classes I, 11, and I11 are met. 

Table 11-4 'summarizes the maximum 

quantities of uranium-235 and plutonium- 

239 which ma,y be shipped .as Fissile 

Classes I and 11, These values apply 

to metal systems only and an H/X ratio 

of 52.l..must be maintained in order 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 QUANTITIES~ OF U-235 AND Pu-239 WHICH MAY BE 
SHIPPED AS FISSILE CLASSES I AND I1 

F i s s i l e  C l a s s  I' F i s s i l e  C l a s s  I1 F i s s i l e  C l a s s  I11 
(kg) (kg)  (kg)  

Pu-239 0.015 - c1.9 1 , 9  - 4.3 > 4.3 

a  Apply o n l y  f o r  sys tems where H/X r a t i o  is  2.1 (H/x  r a t i o  = a tomic  r a t i o  

11.4 Sample Calculation 

Problem: Determine t h e  T r a n s p o r t  Index  

o f  t h e  undamaged s h i p p i n g  package con- 

t a i n i n g  14.0 kg o f  uranium-235, 

(1) C a l c u l a t e  e f f e c t i v e  mass based  on 

r e f l e c t o r  s a v i n g s .  . . 

r = r + S ( r e f  l e c t o r  s a v i n g s )  * 
, e f f  

f o r  a  14.0 kg s p h e r e ,  r = 

5.63 c m  

*Reference  2:  The v a l u e  f o r  s assumes 

l - i n .  i r o n  r e f l e c t o r .  The l - i n .  i r o n  ' 

v a l u e  i s  a c t u a l l y  c o n s e r v a t i v e  s i n c e  l e s s  

( 2 )  C a l c u l a t e  

- effect ive rnass of f i s s i l e  mterial 
= volume of shipping package 

( 3 )  C a l c u l a t e  f , f r a c t i o n  c r i t i c a l  

e f f e c t i v e  mass 
f  = 

minimum b a s e  c r i t i c a l  mass 

( 4 )  C a l c u l a t e  mass o f  b a s e  c r i t i c a l  

a r r a y  

t h a n  l - i n .  w i l l  e x i s t  i n  t h e  package. 



(5) Calculate mass of optirnumly 

moderately and reflected array 

C Mc (reflected) 2 - 
*o 

Mc (reflected) 2 
5.297 x lo4 kg - - 

(2.5) (13) 

1630 kg of U-235 

(6) Calculate number of packages cor- 

responding to a critical array 

1630 kg Of U-235 = 87.5 packages 
18.6 3 kg/package 

This is Fissile Class I1 

(7) Calculate the Transport Index 

250 packages = 2.8 . 
87.5 packages 
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. . .. 

12. Radiation Shielding 
Evaluation 
The AL-M1 configuration-1 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 

for the materials described in this 

SARP . 

Configuration-5 of the AL-M1 shipping 

container is used for transport of 

tritiated water 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 attenuate the beta radi- 

ation to nonmeasurable levels at the 

outer surface. 



13. Quality Control 

The quality control measures for the 

AL-M1 containers include the following: 

(1) 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. 

( 2 )  Maintenance of these documents in 

the formal Mound Laboratory drawing 

control system, Interested persons 

may always .obtain the latest issues 

of these-documents from Drawing 

Control and thereby become aware 

of any changes which may occur 

after the publication of this SARP. 

(3) Vendor requirements and certifi- 

cation associated with the fabri- 

cation of the containers. These 

requirements are shown in Section 

I1 of Appendix A. 

(4) Acceptance criteria and inspections 

for new containers. For example, 

each new inner container must pass 

a helium leak test with no indi- 

cation of leakage at a sensitivity 

3 
of 1 x STP cm /sec for the 

-6 
configuration-1 and -3 and 1 x 10 

3 
STP cm /sec fo3 the configuration- 

5. These and other criteria are 

given. in section I11 of ~~pendix A. 

The associated inspection forms are 

given in Section IV. 

.(5) Inspections prior to use of the con- 

tainers. 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 inspection includes a 

radioactive contamination check, in- 

spection of the vent to ensure it is 

not plugged, and a functional fit in- 

spection of the 

(6) Loading procedure checklists. These 

checklists.are shown in Appendix B. 

~fter the materials to be shipped 

. have been loaded into the' inner con- 

tainer, the configuration-1 and -3 

containers must pass a leak test with 

no indication of pressure loss when 

charged with 10 psig of helium pres- . . 

sure f6i: a period ol: 15 ~ i i i n .  The 

confiquration-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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Sec t ion  111. ACCEPTANCE C R I T E R I A  

S e c t i o n  I V .  ACCEPTANCE INSPECTION DATA SHEETS 

Sec t ign  V .  USE AND REUSE INSPECTION CHECKSHEETS 
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I 1. G E N E R A L  

1.1 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. 

1.2 This document defines the complete receiving acceptance 
inspection and reinspection prior to reuse as required by 
DOE Manual, Chapter 05.29, 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. 

I '. I N T R O D U C T I O N .  

2.1 The AL-M1 shipping conrainers are designed to be used in 
the off-site transport of special nuclear materials, namely 
plutonium-239, urariium-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. 

2.2 Three types of AL-M1 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 thy lid of the drum for release 
of any vapors. The configuration-3 primary containntent 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. Tile configuratjnn-5 is for sorbed 
tritiated water and has a printdry container of substanticilly 
different desiqn. It is a cylinder of 6-5/8 in. O.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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FIGURE 1 - S k e t o h  of AL-MI configuration-1. 
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3. A P P L I C A B L E  D O C U M E N T S .  

3.1 Monsanto Research Corporation Drawings. 

AYD740425 - Model AL-M1 Insulated Drum Assembly - 
AYD740426 - Model AL-M1 Configuration-1 Final Assembly 
AYD740427 - Model AL-M1 Configuration-3 Final Assembly 
AYD760626 - Model AL-M1 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 

3.2 Other Documents. 

1) DOE Manual, Chapter 0529. 
2 )  J. F., Griffin, D. A. Edlinq, and C. D. Winemiller, 

Safety Analysis Report for-packaging (SAKP) : ~ o d k l  
AL-M1 ~uclear 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) . 

4. G E N E R A L  P R O V I S I O N S .  

4.1 Responsibilities. The manufacturer is responsible for , 

ensuring that all specific requirements are met and shall 
utilize accept'ed quality 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 reuse, and for providing 
this document. . . 

MKC 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 
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4 . 1  C o n t i n u e d  I 
C o s t  and  R e p o r t i n g  Group  i s  r e s p o n s i b l e  f o r  t h e  r e c e i v i n g  
a c c e p t a n c e  i n s p e c t i o n  a n d  r e t a i n i n g  a p p r o p r i a t e  f i l e s  t o  
document  t h e  , i n s p e c t i o n s .  MRC c o n t a i n e r  u s e r s  a r e  r e s p o n s i b l e  
f o r  p r o v i d i n g  n e c e s s a r y  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  m a t e r i a l s  
t o  b e  s h i p p e d ,  a p p r o p r i a t e  l o a d i n g  p r o c e d u r e s  f o r  t h e s e  
m a t e r i a l s ,  a n d  t h e  i n i t i a t i o n  o f  p r o c u r e m e n t  a n d  r e u s e  
i n s p e c t i o n  a c t i v i t i e s  i n  c o o p e r a t i o n  w i t h  MRC N u c l e a r  c o s t  
a n d  R e p o r t i n g  Group .  

4 .2  I n s p e c t i o n  a n d  A c c e p t a n c e .  Each c o n t a i n e r  s h a l l  b e  examined  
a n d  t e s t e d  f o r  d e f e c t s  i n  a c c o r d a n c e  ( a s  a p p l i c a b l e )  w i t h  
t h e  s p e c i f i c a t i o n s  o f  NRC Drawing Nos. 1-14958 a n d  1-14841 
as  w e l l  as  t h e  c r i t e r i a  an'd c h e c k  s h e e t s  o f  D i v i s i o n s  i i ,  
iii,  and  i v  o f  t h i s  document  (MRC Drawing No. 1 - 1 4 9 4 6 ) .  

D e f i n i t i o n  Of D e f e c t s .  D e f e c t s  a r e  c l a s s i f i e d  a s  c r i t i c a l ,  
m a j o r ,  o r  m i n o r .  A c r i t i c a l  d e f e c t  i s  a  d e f e c t  t h a t  
judgment  a n d  e x p e r i e n c e  i n d i c a t e  i s  l i k e l y  t o  r e s u l t  i n  
h a z a r d o u s  o r  u n s a f e  c o n d i t i o n s  f o r  i n d i v i d u a l s  u s i n g  o r  
d e p e n d i n g  o n  t h e  c o n t a i n e r  f o r  i t s  i n t e n d e d  p u r p o s e .  A 
m a j o r  d e f e c t  i s  a d e f e c t ,  o t h e r  t h a n  c r i t i c a l ,  t h a t  i s  
l i k e l y  t o  r e s u l t  i n  f a i l u r e  o r  t o  r e d u c e  m a t e r i a l l y  t h e  
u s a b i l i t y  o f  t h e  c o n t a i n e r  f o r  i t s  i n t e n d e d  p u r p o s e .  A 
m i n o r  d e f e c t  i s  a d e f e c t  t h a t  i s  n o t  l i k e l y  t o  r e d u c e  
m a t e r i a l l y  t h e  u s a b i l i t y  o f  t h e  c o n t a i n e r  f o r  i t s  i n t e n d e d  
p u r p o s e ,  o r  i s  a  d e p a r t u r e  f rom e s t a b l i s h e d  s t a n d a r d s  
h a v i n g  l i t t l e  b e a r i n g  o n  t h e  e f f e c t i v e  u s e  o f  t h e  c o n t a i n e r .  

4 . 2 . 2  I n s p e c t i o n  o f  Major  A s s e m b l i e s .  T h i s  i n s p e c t i o n  s h a l l  
c o n s i s t  o f  v i s u a l ,  d i m e n s i o n a l ,  and f u n c t i o n a l  e x a m i n a t i v r ~  
a n d .  tes ts  o f  m a j o r  ' a s s e m b l i e s  which  make up  a  c o ~ n p l e t e  
c o n t a i n e r .  The m a j o r  a s s e m b l i e s  t o . b e  i n s p e c t e d  a r e  
l i s t e d  b e l o w :  

MRC Dwg. No. AYD740425 - AL-M1 I n s u l a f $ d  Drum Assembly . 
(Common t o  C o n f i g u r a t i o n s - 1 ,  . 
- 3 ,  a n d  -5 )  

MRC Dwg. No. AYD740426 - AL-M1 C o n f i g u r a t i o n - 1  . I n n e r  C o n t a i n e r  
MRC Dwg. No. AYD740427 - AL-M1 C o n f i g u r a t i o n - 3  I n n e r  C o n t a i n e r  
MRC Dwg. No. AYE740198 - AL-M1 C o n f i g u r a t i o n - 5  I n n e r  C o n t a i n e r  
MRC Dwg. No. AYD760626 - AL-M1 C o n f i g u r a t i o n - 5  I n s u l a t i n g  

S p a c e r  
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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 inspected 
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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FABRICATLON AND INSPECTION REQUIREMENTS AND CERTIFICATION 

MRC-CL-5537 FOR ALUMINUM 

AND 

MRC-m-6202 FOR STAINLESS STEEL 
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1. S C O P E .  

1.1 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 requirements 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. 

1.2 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 
1-esporlsilility for quality results. 

2. W E L D I N G .  

2.1 Welding process to be used -- Gas Tungsten Arc ("GTA" was 
formerly called ."TIGn) . 

2.2 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: 

rype of 
Aluminum 
Base Metal 

1100 
2219 
3003 
5052 
5083 
5086 
54 54 
5456 
6061 
(5063 
7005 
7039 

Specified Welding 
Filler Material 

(AWS-ASTM Classification) 

4043 
2319 
4043 
5356 
5356 
5356 
5356 
5356 
4043 
4043 
5356 
5356 
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2 . 3  S h i e l d i n g  g a s  - Welding  g r a d e  a r g o n  o r  h e l i u m  s h a l l  b e  u s e d  
o n  t h e  w e l d i n g  t o r c h  a n d  o n ! t h e . u n d e r s i d e  o f  t h e  weld t o  . 
c o m p l e t e l y  p r o t e c t  t h e  weld and  h o t  b a s e z m e t a l .  froin tAe. i room 
a t m o s p h e r e .  . 

. . 

. . 
2 . 4  Welding c u r r e n t  - Direct  c u r r e n t  s t r a i g h t  p o l a r i t y  w e l d i n g  

c u r r e n t  s h a l l  b e  u s e d .  . 
. .  . 

2 . 5  C l e a n i n g  p r o c e d u r e s  - The b a s e  m a t e r i a l  a t  and  a d j a c e n t  t o  
t h e  weld j o i n t  a n d  t h e  f i l l e r  m a t e r i a l  s h a l l  b e  c l e a n e d  
p r i o r '  t o  w e l d i n g .  A c h e m i c a l  c l e a n i n g  p r o c e d u r e  may be u s e d  
w i t h  p r i o r  a p p r o v a l  f rom f ' lonsanto R e s e a r c h  C o r p o r a t i o n  o r  
t h e  c l e a n i n g  may b e  a c c o m p l i s h e d  u s i n g  t h e  f o 1 l o w i n g ~ p r o ' -  . 
c e d u r e s :  

2 . 5 . 1  L i g h t l y  hand s a n d  w i t h  220 g r i t  g a r n e t  , p a p e r .  

2 . 5 . 2  C l e a n  w i t h  a c e t o n e  o r  blEK on a  c l e a n  c l o t h  f o l l o w e d  by 
r e a g e n t  g r a d e  i s o p r o p y l  a l c o h o l  o n  a  c l e a n  c l o t h .  

1 2 . 5 . 3  Blow o f f  a l l  l i n t  w i t h  c l e a n  =hop  a i r . ;  
. . 

2 . 5 . 4  M a i n t a i n . t h i s  s t a t e  o f  c l e a n l i n e s s  u n t i l  t h e  w e l d s  a r e  
c o m p l e t e d .  . 

2 .6  Welds -   he f i l l e t  'weld s h a l l  h a v e  c o n t i n u o u s  comple te  
f u s i o n  a t  t h e  r o o t  o f  t h e  w e l d - j o i n t . .  The b u t t  weld s h a l l  
h a v e  c o n t i n u o u s  c o m p l e t e  p e n e t r a t i o n  t h r o u g h  t h e  t u b e  w a l l ;  
( , S t a n d a r d  AWS w e l d i n g  symbols  h a v e  b e e n  u s e d  o n  t h e  d r a w i n g . )  

2 . 7  Welding o p e r a t o r  q u a l i f i c a t i o n s  - I t  s h a l l  b e  t h e  r e s p o n s i -  
b i l i t y  ,of t h e  v e n d o r  t o  e n s u r e  t h a t  t h e  a s s i g n e d  w e l d i n g  
o p e r a t o r s  a r e  c o m p e t e n t ,  e x p e r i e n c e d ,  and  q u a l i f i e d  t o  
p e r f o r m  GTA w e l d i n g  o n  aluminum. 

2.'8 Sample - The v e n d o r  s h a l l  s u b m i t  o n e  weld sample  u s i n g  t h e  
GTA w e l d i n g  p r o c e s s  a s  s p e c i f i e d ,  c e r t i f i e d  t o  b e  o f  t h e  
, q u a l i t y  a n d  a p p e a r a n c e  o f  w e l d i n g  t o  b e  p e r f o r m e d . o n  the 
c o n t a i n e r s .  The s a m p l e  mus t  b e  welded s i m u l a t i n g  j o b  
c o n d i t i o n s .  

The s a m p l e  w i l l  b e  u s e d  by MRC a s  a  r e f e r e n c e  f o r  a c c e p t a n c e  
o r  r e j e c t i o n  o f  t h e  m a t e r i a l  a n d  workmanship.  
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3. V I S ' U A L  E X A M I N A T I O N S .  

3 . 1  A  d e t a i l e d  ~ i s u a l ' i n s ~ e c t i o n  o f  e a c h  e n t i r e  w e l d  s h a l l  b e  
made u s i n g  m a g n i f y i n g  e q u i p m e n t  w i t h  a  4X t o  20X m a g n i f i c a t i o n  
r e a d i n g  g l a s s .  Any d e f e c t  g r e a t e r  t h a n  t h o s e  l i s t e d  i n  3 . 2  
t o  3 .7  s h a l l  b e  c a u s e  f o r  r e j e c t i o n .  

3 .2  C r a c k s  - T h e r e  s h a l l  b e  n o  c r a c k s  i n  t h e  w e l d s  o r  Ln t h c  
a d j a c e n t  b a s e  m e t a l .  

3 . 3  S u r f a c e  P o r e s  - T h e r e  s h a l l  b e  n o  s u r f a c e  p o r e s  g r e a t e r  t h a n  
0 .012  i n .  d i a m e t e r .  

3 .4  S u r f a c e  C o n t o u r  - The s u r f a c e  o f  t h e  w e l d  s h a l l  b e  u n i f o r m  
i n  a p p e a r a n c e .  

3 . 5  Weld S i z e  - The f i l l e t  weld s h a l l  b e  gaged  t o  e n s u r e  t h a t  i t  
meets o r  e x c e e d s  t h e  d r a w i n g  r e q u i r e m e n t .  

3 . 6  O v e r l a p s  - T h e r e  s h a l l  b e  no c o l d  o v e r l a p s  on  t h e  b a s e  
m e t a l .  

I 3 . 7  u n d e r c u t s  - T h e r e  s h a l l  b e  n o  u n d e r c u t s .  I 1 4. D Y E  P E N E T R A N T  E X A M I N A T I O N .  

4 . 1  A d e t a i l e d  f l u o r e s c e n t  d y e  p e n e t r a n t  e x a m i n a t i o n  o f  e a c h  
e n t i r e  we ld  s h a l l  b e  made. Any d e f e c t  g r e a t e r  t h a n  t h o s e  
l i s t c d  i n  4 .2  and  4 . 3  s i i a l l  b e  c a u s e  f o r  r e j e c t i o n .  

4.2 C r a c k s  - T h e r e  s h a l l  b e  n o  c r a c k  i n d i c a t i o n s  i n  t h e  w e l d s  o r  
a d j a c e n t  b a s e  m e t a l .  I 

4 . 3  S u r f a c e  P o r e s  - T h e r e  s h a l l  b e  n o  s u r f a c e  p o r e s  g r e a t e r  t h a n  
0 .012 i l l .  d ic i~~~ete r .  
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5.  H E L I U M  L E A K  T E S T .  

5 . 1  The  c o n t a i n e r  s h a l l  b e  s u c c e s s f u l l y  h e l i u m  l e a k  t e s t e d  i n  
t h e  p r e s e n c e  o f  a n  MRC r e p r e s e n t a t i v e .  

5 . 2  The v e n d o r  s h a l l  e s t a b l i s h  t h a t  h e  c a n  o b t a i n  t h e  s e r v i c e s  
o f  a  q u a l i f i e d ,  e x p e r i e n c e d  o p e r a t o r  and t h e  e q u i p m e n t  t o  
c o n d u c t  t h e  h e l i u m  l e a k  test.. 

5 . 3  A l l  w e l d s  a n 9  f i t t i n g s  mus t  h a v e  no d e t e c t a b l e  l e a k  g r e a t e r  
t h a n  1 x 10-  (STP) cm3/sec. 

5 . 3 . 1 .  An e l a s t o m e r  o - r i n g  ( s u c h  a s  v i t o n )  s e a l  m u s t  have  no 
d e t e c t a b l e  l e a k  g r e a t e r  t h a n  1 x l r 7  (STP) cm3/sec.  T h e  
e n t i r e  c o n t a i n e r  w i t h  t h i s  t y p e  o f  s e a l  m u s t  n o t  l e a k  mose 
t h a n  1 x (STP) cm3/sec. 

5 . 3 . 2  A  m e t a l  o - r i n g  s e a l  ( o r  s i m i l a r  m e t a l  t o  m e t a l  s e a l )  
m u s t  h a v e  n o  d e t e c t a b l e  l e a k  g r e a t e r  t h a n  1 x (STP) .  
cm'/sec. The e n t i r e  c o n t a i n e r  w i t h  $ h i s  t y p e  o f  s e a l  must  
n o t  l e a k  more t h a n  1 x 10-5 (STP) c m  /sec. 

5.4  The  l e a k  d e t e c t o r  u s e d  f o r  t h e  t e s t  m u s t  b e  s t a n d a r d i z e d  
j u s t  p r i o r  t o  t h e  t e s t  a g a i n s t  a  s t a n d a r d  l e a k  t u b e  i n  t h e  
a p p r o p r i a t e  r a c g e  . 

5..5 I f  t h e  s n i f f e r  p r o b e  t e c h n i q u e  i s  u s e d ,  t h e  a t m o s p h e r e  
w i t h i n  t h e  c o n t a i n e r  mus t  b e  a t  l e a s t ' 9 5 %  h e l i u m  a t  a  
minimum p r e s s u r e  o f  1 5  p s i  a b o v e  a t m o s p h e r i c  p r e s s u r e  
( p i g )  . 

6 .  C E R T I F I C A T I O N .  

6 . 1 .  T h e  " F a b r i c a t i o n  and  I n ' s p e c t i o n  C e r t i f i c a t i o n "  fo rm (MRC-IqL- 
5537)  s h a l l  b e  c o m p l e t e d  by a n  a p p r o p r i a t e  v e n d o r  r e p r e s e n t a t i v e  
a n d  t r a n s m i t t e d  t o  MRC E n g i n e e r i n g .  T h i s  s h a l l  c o n s t i t u t e  
c e r t i f i c a t i o n  o f  t h e  c o n t a i n e r . a s  m e e t i n g  minimum r e q u i r e m e n t s .  

6 . 2  Each  i t e m  o n  t h e  " F a b r i c a t i o n  a n d  I n s p e c t i o n  C e r t i f i c a t i o n " ,  
S h e e t  7 ,  s h a l l  b e  s i g n e d  a n d  d a t e d  when a l l  o f  t h e  n e c e s s a r y  
o p e r a t i o n s  f o r  t h a t  p a r t i c u l a r  i t e m  h a v e  b e e n  c o m p l e t e d .  I t  
i s  i n t e n d e d  t h a t  t h e  i n s p e c t i o n  w i l l  b e  p e r f o r m e d  i n  t h e  
s e q u e n c e  l i s t e d .  
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ALUMINUM CONTAINERS 

F A B R I C A T I O N  AND I N S P E C T I O N  C E R T I F I C A T I O N  

F A B R I C A T E D  BY 

C O N T A I N E R  S E R I A L  NUMBER 

C O N T A I N E R  DRAWING NO. 

DATE 
S I G N A T U R E  C O M P L E T E D  

I.  

1. C o m p o n e n t s  and m a t e r i a l s  as s p e c i f i e d .  

2 .  W e l d e d  as specif ied ( S e c t i o n  2 ) .  

3. V i s u a l  w e l d  e x a m i n a t i o n  acceptable 
( S e c t i o n  3 ) .  , 

4 .  D y e  p e n e t r a n t  e x a m i n a t i o n  
acceptable ( S e c t i o n  4 . 

5. ~ i m e n s i o n s  a s  spec i f ied .  

6 .  O - r i n g  s u r f a c e  f i n i s h  as  spec i f i ed .  

7. C o n t a i n e r  can  be a s s e m b l e d  p r o p c r l y .  

8 .  H e l i u m  l e a k  t e s t  acceptable 
( S e c t i o n  5). 

9 .  C o n t a i n e r  tagged and dated t o  
i n d i c a t e  i n s p e c t i o n  r e s u l t s  
s a t i s f a c t o r y .  . - 

11. 

vendor r e v i e w  a n d  approval  . 

- 
DISTRIBUTION: 
WHITE -NUCLEAR OC 
YELLOW - SHIPPING CONTAINER ENG. 
PINK - F I L E  
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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. 

I 

1.2 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. 

I 

1. S C O P E .  

I 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 be.low: C 
Type of Stainless 
Steel Base Metal 

(AISI) 

specified LJelding 
Filler Material 
(AWS-ASTM Classification) 

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. 
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2 . 5  ' C l e a n i n g  p r o c e d u r e s  - The b a s e  m a t e r i a l  a t  and a d j a c e n t  t o  
t h e  weld j o i n t  and t h e  f i l l e r  m a t e r i a l  s h a l l  be  c l e a n e d  
p r i o r  t o  w e l d i n g  u s i n g  t h e  f o l l o w i n g  p r o c e d u r e s : .  

. .. 
2 . 5 . 1  L i g h t l y  hand s a n d  w i t h  220 g r i t  g a r n e t  p a p e r .  

I I 

2.5.2  C l e a n  w i t h  a c e t o n e  o r  MEK on a  c ' l ean  c l o t h  f o l l o w e d  by 
r e a g e n t  g r a d e  i s o p r o p y l  a l c o h o l  o n  a  c l k a n  c l o t h .  

IP8PT-T 

2 . 5 . 3  Blow o f f  a l l  l i n t  w i t h  c l e a n  s h o p  a i r .  

2 .5 .4  M a i n t a i n  t h i s  s t a t e  o f  c l e a n l i n e s s  u n t i l  t h e  w e l d s  a r e  
c o m p l e t e d .  

I 4 . . . *  . - .. . . . 

2.4 Welding c u r r e n t  - Direct c u r r e n t  s t r a i g h t  p o l a r i t y  w e l d i n g  
c u r r e n t  s h a l l  b e  u s e d .  

- .  . . .  * .  

2.6 Welds - The f i l l e t  w e l d  s h a l l  h a v e  c o n t i n u o u s  c o m p l e t e  
f u s i o n  a t  t h e  r o o t  o f  t h e  w e l d . j o i n t .  The b u t t  weld s h a l l  
have  c o n t i n u o u s  c o m p l e t e  p e n e t r a t i o n  t h r o u g h  t h e  t u b e  w a l l .  
( S t a n d a r d  AWS w e l d i n g  symbols  h a v e  been  u s e d  o n  t h e  d r a w i n g . )  

2.7 Welding o p e r a t o r  q u a l i f i c a t i o n s  - I t  s h a l l  be  t h e  r e s p o n s i -  
b i l i t y  o f  t h e , v e n d o r  t o  a s s u r e  t h a t  t h e  a s s i g n e d  w e l d i n g  
o p e r a t o r s  a r e  c o m p e t e n t ,  e x p e r i e n c e d  and  q u a l i f i e d  t o  p e r -  
form .GTA w e l d i n g  o n  300  series s t a i n l e s s  s t e e l .  

. . . . . . . .  ' 

2 . 8  Sample - The v e n d o r  s h a l l  s u b m i t  o n e  w e l d  sample  u s i n g  t h e  
GTA w e l d i n g  p r o c e s s  a s  s p e c i f i e d ,  c e r t i f i e d  t o  b e  o f  t h e  
q u a l i t y  and  a p p e a r a n c e  o f  w e l d i n g  t o  b e  p e r f o r m e d  o n . t h e  
c o n t a i n e r s .  The s a m p l e  mus t  b e  welded s i n ~ u l a t i n g  j o b  
c o n d i t i o n s .  

2 

T h e  s a m p l e  w i l l  b e  u s e d  by MRC a s  a  r e f e r e n c e  f o r  a c c e p t a n c e  
o r  r e j e c t i o n  o f  t h e  m a t e r i a l  a n d  workmanship.  

- 
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I 6 . 1  The c o n t a i n e r  s h a l l  b e  s u c c e s s f u l l y  h e l i u m  l e a k  t e s t e d  i n  
t h e  p r e s e n c e  o f  a n  MRC r e p r e s e n t a t i v e .  

I 6 . 2  The v e n d o r  s h a l l  e s t a b l i s h  t h a t  h e  c a n  o b t a i n  t h e  s e r v i c e s  
o f  a  q u a l i f i e d ,  e x p e r i e n c e d  o p e r a t o r  and  t h e  e q u i p m e n t  t o '  
c o n d u c t  t h e  h e l i u m  l e a k  t e s t .  

I 6 . 3  A l l  w e l d s ,  v a l v e s  a n d  f i t t i n g s  mus t  h a v e  no d e t e c t a b l k  l e a k  
g r e a t e r  t h a n  1 x  10-7 (STP) cm3/sec.  

6 . 3 . 1  An e l a s t o m e r  o - r i n g  ( s u c h  a s  v i t o n )  s e a l  mus t  h a v e  no 
d e t e c t a b l e  l e a k  g r e a t e r  t h a n  1 x (STP) cm3/sec .  The 
e n t i r e  c o n t a i n e r  w i t h  t h i s  t y p e  o f  s e a l  m u s t  n o t  l e a k  more 
t h a n  1 x (STP) cm3/sec. 

6 . 3 . 2  A m e t a l  o - r i n g  s e a l  ( o r  s i m i l a r  m e t a l  t o  m e t a l  s e a l )  
mus t  h a v e ' n o  d e t e c t a b l e  l e a k  g r e a t e r  t h a n  1 x 10-5 (STP) 
cm3/sec .  The e n t i r e  c o n t a i n e r  w i t h  t h i s  t y p e  of s e a l  must  
n o t  l e a k  more t h a n  1 x 10-5 (STP) cm3/sec.  

1 6 . 4  The l e a k  d e t e c t o r  u s e d  f o r  t h e  t e s t  must  b e  s t a n d a r d i z e d  
j u s t  p r i o r , t o  t h e  t e s t  a g a i n s t  a s t a n d a r d  l e a k  t u b e  i n  t h e  
a p p r o p r i a t e  r a n g e .  

6 .5  I f  t h e  s n i f f e r  p r o b e  t e c h n i q u e  i s  u s e d ,  t h e  a t m o s p h e r e  
w i t h i n  th ,e  c o n t a i n e r  mus t  b e  a t  l e a s t  9 5 %  h e l i u m  a t  a  
minimum p r e s s u r e  o f  1 5  p s i  a b o v e  a t m o s p h e r i c  p r e s s u r e  
( p s i g )  . 

C E R T I F I C A T I O N .  

I 7 . 1  The " F a b r i c a t i o n  and  I n s p e c t i o n  Certification" form (MRC- 
ML-6202) s h a l l  b e  c o m p l e t e d  by a n  a p p r o p r i a t e  v e n d o r  r e p r e s e n t a t i v e  
a n d  t r a n s m i t t e d  t o  MRC E n g i n e e r i n g .  T h i s  s h a l l  c o n s t i t u t e  
c e r t i f i c a t i o n  o f  t h e  c o n t a i n e r . m e e t i n g  minimum r e q u i r e m e n t s .  

7 . 2  The " F a b r i e a t i o n  and  I n s p e c t i o n  C e r t i f i c a t i o n "  S h e e t  8 ,  
s h a l l  b e  s i g n e d  a n d  d a t e d  when a l l  t h e  n e c e s s a r y  o p e r a t i o n s  
f o r  t h a t  p a r t i c u l a r  i t e m  h a v e  b e e n  c o m p l e t e d .  I t  i s  i n t e n d e d  
t h a t  t h e  i n s p e c t i o n  w i l l  b e  p e r f o r m e d  i n  t h e  s e q u e n c e  l i s t e d .  

C O N T R O L  MOUND L A B O R A T O R Y  R E P R O D U C T I O N  IS P R O H I B I T E D  WITHOUT PERMISSION O F  MOUNC LABORATORY 
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1 4. D Y E  P E N E T R A N T  E X A M I N A T I O N .  

L 

L 
CODE IDENT NO 

14065 I 

1 4 . 1  A d e t a i l e d  f l u o r e s c e n t  d y e  p e n e t r a n t  e x a m i n a t i o n  o f  e a c h  
e n t i r e  w e l d  s h a l l  b e  made. Any d e f e c t  g r e a t e r  t h a n  t h o s e  

I l i s t e d  i n  4 .2  a n d  4 . 3  s h a l l  b e  c a u s e  f o r  r e j e c t i o n .  

i 
4 . 2  C r a c k s  - T h e r e  s h a l l  b e  n o  c r a c k  i n d i c a t i o n s  i n  t h e  w e l d s  o r  

a d j a c e n t  b a s e  m e t a l .  

1 4 . 3  S u r f a c e  P o r e s  - T h e r e  s h a l l  be  no s u r f a c e  p o r e s  g r e a t e r  t h a n  
0 .012  i n .  d i a m e t e r .  

4 . 4  Dye p e n e t r a n t  e x a m i n a t i o n  t o  b e  made p r i o r  t o  e x t e r i o r  
s u r f a c e  f i n i s h i n g  s u c h  a s  g l a s s  b e a d  f i n i s h i n g .  

5 .  R A D I O G R A P H I C  E X A M I N A T I O N .  

5 . 1  A d e t a i l e d  r a d i o g r a p h i c  i n s p e c t i o n  s h a l l  be  made o n  e a c h  
weld  u t i l i z i n g  e i t h e r  x - r a y s  o r  gamma r a y s  t o  d e t e c t  d i s -  
c o n t i n u i t i e s  o n  t h e  i n t e r i o r  o f  t h e  w e l d .  Two p e r c e n t  
p e n e t r a m e t e r s  s h a l l  b e  employed t o  v e r i f y  t h e  r a d i o g r a p h i c  
q u a l i t y  l e v e l  o f  e a c h  p r o c e d u r e .  Any d e f e c t  g r e a t e r  t h a n  
t h o s e  l i s t e d  i n  5 . 2  t h r o u g h  5 . 6  s h a l l  b e  c a u s e  f o r  r e j e c t i o n .  

5 .2  C r a c k s  - T h e r e  s h a l l  b e  no c r a c k s  i n  t h e  wel'ds o r  i n  t h e  
a d j a c e n t  b 'ase  m e t a l .  

5,.3 Lack o f  F u s i o n  - T h e r e  s h a l l  b e  n o  i n d i c a t i o n s  o f  l a c k  o f  
f u s i o n  i n  t h e  w e l d .  

5 .4  I n q n m p l e t e  P e n e t r a t i o n  - T h e r e  s h a l l  b e  no e v i d e n c e  o f  l a c k  
o f  we ld  j o i n t  p e n e t r a t i o n .  

5 .5  T u n g s t e n  I n c l u s i o n s  - T u n g s t e n  i11c::lusion.s s h a l l  be  e v a l u a t e d  
t h e  same as p o r o s i t y .  

5 .6  P o r o s i t y  - The f o l l o w i n g  a r e  t h e  a c c e p t a n c e  c r i t e r i a  f o r  
i n t e r n a l  we ld  p o r o s i t y .  A l l  p o r e s  m u s t  b e  g e n e r a l l y  c i r c u l a r  
i n  s h a p e  w i t h  no s h a r p  c o r n e r s  o r  t a i l s .  T h e r e  s h a l l  b e  n o  
r a d i o g r a p h i c a l l y  d e t e v l a b l e  p o r e  w i t h  a d i a m e t e r  q r e a t e r  
t h a n  40% o f  t h e  t h i c k n e s s ,  t ,  o f  the t h i n n e s t  member. The 
t o t a l  p r o j e c t e d  a r e a  o f  a l l  t h e  p o r e s  i n  o n e  i n c h  of  w e l d  
l e n g t h  s h a l l  n o t  e x c e e d  5% o f  t h e  v e r t i c a l  c r o s s  s e c t i o n a l  
a r e a  o f  t s q u a r e  i n c h e s  (1 i n c h  l e n g t h  t i m e s  t h e  t h i c k n e s s ,  
t ,  o f  t h e  t h i n n e s t  member of b a s e  m e t a l ) .  

- 
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2 . 9  H e a t  t r e a t m e n t  - c o n t a i n e r ' s  f a b r i . c a t e d  o f  316 o r  31.7 s t a i n l e s s  
s tee l  m u s t  b e  g i v e n  a' f u l l '  a n n e a l  a t  1950  t o  2050°F and  
c o n t a i n e r s  f a b r i c a t e d  o f  316L s t a i n l e s s  s t ee l  m u s t  b e  stress ' . 
r e l i e v e d  a t  1 6 0 0 ° F  f 3 0 ° F  a f t e r  w e l d i n g .  S i n c e  t h e  p u r p o s e .  
o f  t h e  h e a t  t r e a t m e n t s  is t o  o b t a i n  maximum c o r r o s i o n  r e s i s t a n c e  

. i n  t h e  w e l d s  a n d  t h e  b a s e  m e t a l  a d j a c e n t  t o  t h e  w e l d s ,  ! t h e . .  
h e a t  t r e a t m e n t  may b e  e l i m i n a t e d  i f  t h e  b u y e r . h a s  s p e c i f i c a l l y  
s t a t e d  t h a t  i t  i s  n o t  n e c e s s a r y  f o r  t h e  i n t e n d e d  a p p l i c a t i o n .  

I 3 .  V I S U A L '  E X A M I N ' A T I O N , ~ .  

3 . J  A  d e t a i l e d  v i s u a l  i n s p e c t i o n  o f  eac ,h  e n t i r e  w e l d . s h a l 1  b e  ' . 
made u s i n g  m a g n i f . y i n g . e q u i p m e n t  w i t h  a  4X t o  20X m a g n i f i -  
c a t i o n  r e a d i n g  g l a s s . .  .Any d e f e , c , t  g r e a t e r  t h a n .  t h o s e  l i s t e d .  
i n  3 . 2  t o  3 .7  s h a l l  b e  c a u s e  f o r . r e j e c t i o n .  

. . .  

I 3 . 2  C r a c k s  - T h e r e  s h a l l  b e  no c r a , c k s ' i n  t h e  w e l d s  o r  i n  t h e  
a d j a c e n t  b a s e  m e t a l .  . . 

3 . 3  S u r f a c e  P o r e s  - T h e r e  s h a l l  b e  n o  s u r f a c e  p o r e s  g r e a t e r  t h a n  
0 . 0 1 2  i n .  d i a m e t e r .  

3 .4  S u r f a c e  C o n t o u r  - The s u r f a c e  o f  t h e  w e l d  s h a l l  be  u n l f o r m  
I n  a p p e a r a n c e .  

I 3 ; 5  Weld S i z e  - The f i l l e t . w e l d  s h a l l  b e  gaged  t o  a s s u r e  t h a t  it 
meets o r  e x c e e d s  t h e  d r a w i n g :  r e q u i r e m e n t .  I 

- 
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3 . 6  O v e r l a p s  - T h e r e  s h a l l  b e  n o  c o l d  o v e r l a p s  on  t h e  b a s e  
meta l .  

3 . 7  U n d e r c u t s  - T h c r e  s h a l l  b e  n o  u n d e r c u t s .  

I  
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300 SERIES STAINLESS STEEL CONTAINERS 

FABRICATION AND INSPECTION CERTIFICATION 

Container I D  Number Container Drawing No. 

Fabricated By Name of  Welder 

DATE 
SIGNATURE COMPLETED 

I. 

1. Component 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. Radiographic examination acceptable (Section 5). 

6. Dimensions as specified. 

7 .  O-ring suriace fipish as specified. 

8. Container can be assembled properly. 

9. Helium leak test acceptable (Section 6).  

10. Container tagged and dated t n  indicate 
inspection results satisfactory. 

II. Vendor review and approval 

> 

I 

DISTRIBUTION: 
WHITE - NUCLEAR OC 
YELLOW -SHIPPING CONTAINER ENG. 
PINK -FILE 

MRC.ML 6303 



SECTION ITT 

ACCEPTANCE INSPECTION CRITERIA 

FOR 
. . 

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

1. I D E N T I F I C A T I O N .  

1.1 Note t h e  drum assembly i d e n t i f i c a t i o n  markings on Inspec t ion  
Data Sheet .  

1.2 Note t h e  assembly manufacturer (vendor).  

2. V E N D O R  C E R T I F I C A T I O N .  
1 

2.1  Vendor has  c e r t i f i e d  by l e t t e r  t h a t  a l l  i tems a r e  a s  spec i -  
f i e d  p e r  MRC Dwg. AYD740425 o r  MRC eng ineer ing  approved equal .  
(Major) 

2.2 Vendor has  c e r t i f i e d  c y l i n d e r  we l l  (MRC Dwg. D e t a i l  17) suc- 
c e s s f u l l y  passed t h e  h y d r o s t a t i c  t e s t  (Dwg. AYD740528, Note 
3) p r i o r  t o  i n s t a l l a t i o n  i n t o  i n s u l a t e d  drum assembly,  
(Ma j o r  ) 

3. V I S U A L  I N S P E C T I O N .  

3 .1  S e c u r i t y  s e a l  channels  a r e  welded t o  t h e  c l o s u r e  r i n g  and 
t h e  c l o s u r e  r i n g  b o l t  has ho le  f o r  s e c u r i t y  s e a l .  (Major) 

3.2 Drum permanent head marked i n  ar rnrdance wi th  R ,  El. Crazic i~is ' s  
T a r i f f  No. 31. For DOT 6C drums t h i s  i s  "DOT-6C880" and 
"16/55/yearW a s  i n  Sec t ion  178.99-9. For DOT 1 7 C  drums t h i s  
i s  "company symbol DOT 17C 16 55 year  month" a s  i n  Sec t ion  
178.115-10. 

3.3 D r u m  (DOT 6C on ly)  has  two I - b a r  r o l l i n g  hoops h e l d  i n  p l a c e  
by a c o r r u g a t i o n  on each s i d e .  (Major) 

3.4 Name t a g  a t t a c h e d  and a s  s p e c i f i e d  per  MRC Dwg. 1-14599. 
(Major) 

3.5 Blue p a i n t  on drum e x t e r i o r  accep tab le .  (Minor) 

L 
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3.6 Two Monsanto Company symbols (Red) l o c a t e d  a s  shown on 
drawing. (Minor) . . 

L 

3.7 Workmanship accep tab le  w i t h  no sharp  edges o r  b u r r s .  
( C r i t i c a l )  

3.8 Adhesive (General E l e c t r i c  RTV) s e a l  completely around i n t e r -  
f a c e  of c y l i n d e r  w e l l  (MRC dwg. D e t a i l  17) and drum (MRC 
Dwg. D e t a i l  1 ) .  (Major) 

I 3.9 I n s u l a t e d  drum assembly undamaged. (Major) 

I 4. D R U M  A S S E M B L Y  D I M E N S I O N A L  I N S P E C -  
T I O N .  

I 4 . 1  Guard extends  above vent , .  (Major) 

I 
. . 

4.2 Cyl inder  w e l l  diameter i s  14-718 i n  minimum. (Major) 

4.3 Cyl inder  w e l l  i n s i d e  h e i g h t  of 14-718 diameter  s e c t i o n  i s  
27-110 in . ,  minimum. (Major) 

I 5 .  D R U M  A S E M B L Y  F U N C T I O N A L  I N S P E C -  
T I O N .  

5,1 Vent n o t  plugged as deterolir~ed By f iow checl:, (Major) 

5.2 Drum compl.etely c l o s c d  and opened s u c c e s s f u l l y ,  (Major) 

5 , 3  Drum tagged and da ted  t o  i n d i c a t e  i n s p e c t i o n  r e s u l t s  s a t i s -  
f a c t o r y .  (Minor) 

r 

I s s u E l B l  I I I I I I I l l l l l . l l l l l : I I  " .  
L - 

CODE IDENT NO 

1408s 'DWG NO li14b46 SHT 11 

THIS PRINT IS T H E  PROPERTY O F  MONSANTO RESEARCH LoRPORATION AND MUST B E  R E T U R N E D  T o  DRAWING 
CONTROL MOUND L A B O R A T O R Y  REPRODUCTION I S  PROHIBITED WITHOUT PERMISSION OF MOUND L A B O R A T O R Y  



PART B - CYLINDER SUPPORT (SPACER) FOR CONFIC,URATION-I 
INNER CONTAINER - MRC DRA1,JING NO. AYD740530 . 

. . 
1. I D E N T I F I C A T I O N .  

1.1 Note t h e  Cyl inder  Support S e r i a l  ~ u h b e r  on the  inspection 
. . Data Shee t .  

1 .2  Note t h e  spacer  manufacturer  (vendor) .  

2. V E . N D O R  C E R T I F I C A T I O N .  

2 .1  Vendor has  c e r t i f i e d  t h a t  c y l i n d e r  suppor t  i s  manufactured 
p e r  MRC Dwg, AYD740530 of the  m a t e r i a l s  s p e c i f i e d ,  ( t la jor)  

3 .  C Y L I N D E R  S U P P O R T  V I S U A L  I N S P E C T I O N  

3 . 1  Vorkmanship a c c e p t a b l e  and no sha rp  edges o r  b u r r s .  ( C r i t i c a l )  

4. C Y L I N D E R  S U P P O R T  F U N C T I . O N A L  I N -  -- -- - 
S P E C T . i O N =  

4 . 1  Cyl inder  suppor t  f i t s  i n t o  c y l i n d e r  w e l l  and conf i g u r a t i o n -  1 
i n n e r  c o n t a i n e r  f i t s  i n t o  c y l i n d e r  suppor t .  (Major) , I 

4.2 Cyl inder  suppor t  tagged and dated t o  i n d i c a t e  i n s p e c t i o n  
r e s u l t s  s a t i s f a c t o r y .  (Flinor) 

'DWG NO 1-149116 



I 1.1 Note t h e  S e r i a l  Number on t h e  1nspec t ion .Da ta  Shee t .  I 
1 . 2  Note t h e  manufacturer (vendor) .  

... 
I 

2. V E N D O R  C E R T I F I C A T . I O N  A N D  T E S T  
S A M P L E R .  

. . .  .. . . . 

2.1  Vendor completes " F a b r i c a t i o n  and I n s p e c t i o n  C e r t i f i c a t i o n "  
Form No. MRC-ML- 5537 (Major) 

L a 
. - . ,  . 

PART C - CONFIGURATION-1 
I N N E R  CONTAINER MRC DRAWING NO. AYD740426 

4 

I 2.2 Vendor weld sample s a t i s f a c t o r y .  (Major) I 

i' 
3 .  I N N E R  C O N T A I N E R  V I S U A L  1 N S P E C T I O . N .  

3 .1  Compound gage i s  30 i n ,  vacuum/60 p s i g  p r e s s u r e .  (Major) 

3.2 ~ a l b e  i s  1 / 4  i n .  need le  v a l v e  w i t h  p i p e  cap.  (Major) t 
3.3 S i l i c o n e  o r  v i t o n  o-'ring w i t h  nomtnal 9-314 i n .  I , , D .  x 10  

i n .  O . D .  (Major) - 

I 3.4  O-ring groove and cover p l a t e  s e a l i n g  s u r f a c e s  f r e e  of n i c k s  
o r  s c r a t c h e s .  (Ma j u r )  I 

- 
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3.5 Worlcmanship accep tab le  and no sharp  edges o r  b u r r s .  
( C r i t i c a l )  

3.6 Welds appear  a c c e p t a b l e ,  (Major) 
. , 

3.7 Inner  c o n t a i n e r  undamaged. (Major) 

4. I N N E R  C O N T A I N E R  D I M E N S I O N A L  1 . N -  
S P E C T I O N .  

L 
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1 4 .4  Body w a l l  t h i c k n e s s  i s  0.250 + 0.005 i n .  (Major) . I. 
4.5 Top r i n g ,  b r a c e ,  and c r o s s  b race  a r e  318 + 1 / 6 4  i n .  d iameter .  

(Ma j o r )  

> 1 I 

I 4.6 Socket  head screws a r e  s t a i n l e s s  s t e e l  5/16 in'. d iameter  x 18 
t h r e a d s  p e r  i n .  x 1 i n ,  long. (Major) 

. 

~ 4.7 O v e r a l l  dimensions as. s p e c i f i e d  p e r  MRC Drawing AYD740426. 

- .  
1 

T o t a l  assembled h e i g h t  i s  22-112 3. - 3/64 i n .  (Major) 

I . D .  of body i s  9.500 + 0.005 i n .  (Major) 

I I 

4 . 1  Cover p l a t e  t h i c k n e s s  i s  112 i n .  minimum. ( ~ a j o r )  

4 .2  Bottom p l a t e  t h i c k n e s s  i s  112 i n .  minimum. (Major) 

4 .3  Flange t h i c k n e s s  i s  112 + 1 / 6 4  i n .  (Major) 

O . D .  of top  r i n g  i s  14-518 + 1 / 6 4  in., (Major) 

5. I N N E R  C O N T A I N E R  F U N C T I O N A L  I N S P E C -  
T I O N .  

5 .1  Valve o p e r a t e s  p r o p e r l y .  (Major) 

5.2 P r e s s u r e  gage o p e r a t e s  p roper ly .  (Major) 

5 . 3  I n n e r  c o n t a i n e r  complete ly  disassembled and assembled s a t i s -  
f a c t o r i l y .  (Major) 

5.4 Helium l e a k  t e s t  performed wLth no d e t e c t a b l e  lealc g r e a t e r  
than  1 x 10-5 s t d .  cm3/sec when f i l l e d  t o  1 5 . 2  1 ps ig .  helium. 

5 .5  I n n e r  c o n t a i n e r  tagged and d a t e d  t o  i n d i c a t e  i n s p e c t i o n  r e -  
s u l t s  s a t i s f a c t o r y .  

u 
. Z 

. . . . .  
I I 

. , 7. ' 
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PART D - CONFIGURATION-3 
INNER CONTAINER MRC DRAWING NO. AYD740427 

1. I D E N T I F I C A T I O N .  

1.1 Note the Serial Number on the Inspection Data Sheet. 

1.2 Note the manufacturer (vendor) . 
2. V E N D O R  C E R T I F I C A T I O N  A N D  T E S T  

S A M P L E S .  

2.1 Vendor comp1ete.d "Fabrication and Inspection Certification" 
Form No. MRC-ML-55.37. (Naj or) 

2.2 Vendor weld .sample satisfactory. (Major) 

3. I N N E R  C O N T A I N E R  V I S U A L  I N S P E C T I O N .  

3.1 Compound gage is 30 in. vacuum/60 psig pressure. (Major) 

3.2 Valve ii 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 
13-318 in, O.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) 

1 

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

3.7 Welds appear acceptable. (Major) 



3.8 Inner  c o n t a i n e r  undamaged. (Major) I .  
4. I N P I E R  C O N T A I N E R  D I M E N S I O N A L  I N -  

S P E C T I O N .  

4.1' Cover p l a t e  t h i c k n e s s  i s  112 i n .  minimum. (Major) 

I 4.2 Bottom p l a t e  t h i c k n e s s  i s  318 i n .  minimum., (Major) 

I 4.3  Body w a l l  t h i c k n e s s  i s  1 / 4  i n ,  minimum. (Major) 

I 4.4 Leg t h i c k n e s s  i s  114 i n .  minimum. (Major) 

4.5 Helium l e a k  t e s t  p e r f  rmed w i t h  no d e t e c t a b l e  l e a k  g r e a t e r  
than 1 x 10-5 s t d .  cmg.sec when f i l l e d  t o  15 f 1 p s i g  heliuni. 
(Major) 

4.6 Inner  c o n t a i n e r  tagged and d a t e d  t o  i n d i c a t e  inspeekion r e -  
s u l t s  s a t i s f a c t o r y .  (Major) 

5. F I N A L  C O N T A I N E R  A S S E M B L Y ,  

5 . 1  Weight of assembled c o n t a i n e r  i s  365 +_ 25 l b .  (Minor) 

- 

5.2 Shipping c o n t a i n e r  f u n c t i o n a l  assembly and disassembly 
s a t i s f a c t o r y .  (Major) 

I 
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PART E - CONFIGURATION-5 
INNER CONTAINER MRC DRAWING NO.  AYE740138 * .  

1. I D E N T I F I C A T I O N .  

1.1 Note t h e  c o n t a i n e r  i d e n t i f i c a t i o n  number on t h e  i n s p e c t i o n  
s h e e t ,  . . 

1.2 Note the  manufacturer (vendor) . 

2 .  V . E N D O R  C E K T I F I C A T I O N  A N D  T E S T  
S A M P L E S .  

2 .1  Vendor p roper ly  completed "Fabr ica t ion  and I n s p e c t i o n  
C e r t i f i c a t i o n "  Form No. MRC-ML-6202. (Major) 

2 . 2  Vendor weld sample s a t i s f a c t o r y .  (Major) 

2 . 3  Vendor helium leak  t e s t  accepted bv MRC r e p r e s e n t a t i v e .  
(Ma j o r )  

3 .  I N N E R  C O N T A I N E R  V I S U A - L  I N S P E C T I O N .  

. 3 . 1  Pressure  t r ansducer  i s  P r e c i s e  Sensors ,  Inc ,  Model +70101- . 

200 o r  MRC Engineering approved equa l .  (Major) 

3.2 Valves a r e  Nupro #SS-8BG-TSW. (Major) 

3 . . 3  B a i l  llac shape which w i l l  s e l f  c e n t e r  l i f t i n p ,  hook. (Minor) 

3.4 Bottom dished cap does n o t  p ro t rude  beyond bottom s k i r t  r i n g .  
(Minor) 

3 .5  No p r o t r ~ i s ~ i o n .  of top c l o s u r e  n.uC, b a i l ,  o r  quick d i sconnec t  
f i t t i n g s  above top l i p  of c o n t a i n e r  cap,  (Major) 

3.6 O-ring s e a l i n g  s u r f a c e s  f r e e  of n i c k s  and s c r a t c h e s .  (Major) 
0 
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3 . 7  "Radioact ive  M a t e r i a l "  l a b e l s  on top cap and c o n t a i n e r  s i d e  
a r e  a c c e p t a b l e .  (Major) 

' 3 . 8  c o n t a i n e r  i d e n t i f i c a t i o n  l a b e l s  on top c a p ,  c o n t a i n e r  s i d e ,  
and c o n t a i n e r  top  a r e  a c c e p t a b l e .  (Major) 

3 . 9  Welds appear  a c c e p t a b l e .  (Major) 

3 . 1 0  Conta iner  undamaged. (Major) 

I 3 . 1 1  Workmanship a c l e p t a b l e  and no sha rp  edges o r  b u r r s .  ( C r i t i c a l )  

I N S P E C T I O N .  

4 . 1  Conta ine r  w i t h  cap o v e r a l l  h e i g h t  23 .9  i n .  maximum. (Major) 

4 . 2  Conta iner  d iameter  6 . 6 8 5  i n .  maximum. (Major) 

4 . 3  Cajon d i sconnec t  f i t t i n g s  c e n t e r  t o  c e n t e r  h o r i z o n t a l  
s e p a r a t i o n  4 . 3 1  t 0 . 0 5  - i n .  (Major) 

4 . 4  Cajon d i sconnec t  f i t t i n g s  v e r t i c a l  s e p a r a t i o n  between s e a l i n g  
s u r f a c e s  0 . 7 5  c 0 . 0 5  - i n .  (Major) 

4 . 5  Primary c o n t a i n e r  w a l l  th ickness  0 .120 i n .  minimum. For 
example, a s  measured w i t h  u l t r a s o n i c  t echn ique .  (Major) 

I 

I N S P E C T I O N .  
---=.= 

5 . 1  Valves o p e r a t e  p r o p e r l y .  (Major) 

5 . 2  P r e s s u r e  t r a n s d u c e r  f u n c t i o n s  p r o p e r l y .  (Major) 

5 . 3  Conta ine r  p r o t e c t i v e  cap removed and rep laced  s a t i s f a c t o r i l y .  
(Major) 

7 
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5.4 Container  f i t s  i n t o  c a l o r i m e t e r  s l e e v e  s a t i s f a c t o r i l y .  
(Ma j o r )  

5.5 Ba i l  func t ions  s a t i s f a c t o r i l y ,  (Minor) 

5.6 Quick disconnect  f i t t i n g s  func t ion  s a t i s f . a c t o r i l y .  (Major) 

5.7 No d e t e c t a b l e  he  ium leak  i n  primary c o n t a i n e r  g r e a t e r  than 3 1 x  1 0 ' ~  s t d .  cm I s e c  a t  15 p s i  p r e s s u r e  d i f f e r e n c e  between 
i n t e r i o r  and e x t e r i o r .  ( C r i t i c a l )  

6 .1  Inner  c o n t a i n e r  tagged and 'da ted  t o  i n d i c a t e  s a t i s f a c t o r y  
i n s p e c t i o n  r e s u l t s .  (Major) 
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PART F - CONFIGURATION-5 
INSULATING SLEEVE MRC DRAWING AYD760626 . .. 

. . .  , 1. ,.I D E N T  I F 1 . C  A-T I 0  N: . 

1.1 Note t h e  f a b r i c a t o r  (MRC o r  vendor) on t h e  i n s p e c t i o n  s h e e t .  I 
. . . . . . 

2. ' '  I N S'U L A T  I N G s L E E . V  E v I , S . U . A . L  : I . ,N . s  P E c - ' 

T I O N .  
. , 

2 .1  T ire dike s e c u r e l y  g lued w i t h  no v i s i b l e  gaps .  (Major) 

2.2 F'ireclike n o t  crushed o r  br.oken. ( ~ a j o r ) :  . . ,  

2.3 Workmanship a c c e p t a b l e  and no sharp  edges o r  b u r r s .  (Major) ,, 

3 .  D I M E N S I O N A L  I N S P E C T I O N .  

3 . 1  I n s i d e  d iamete r :  6.75 i n .  minimum, (Major) 
7.00 i n .  maximum. (Minor) 

3 . 2  Outs'ide d iamete r :  14-25  i n .  minimum. (Minor) 
14.75 i n ,  maximum. (Major) 

3 .3  O v e r a l l  h e i g h t  25.25 + 0.25 i n .  (Major) - 

3 .4  Well dep th  24.25 i n . '  rniriimum without  pod, (Major) I 
4 , l  Sleeve tagged and da ted  t o  i n d i c a t e  s a t i s f a c t o r y  i n s p e c t i o n  

r e s u l t s .  (Minor) 
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SECTION IV 

ACCEPTANCE INSPECTION 

DATA SHEETS 



AL-M1 INSULATED DRUM ASSEMBLY 
ACCEPTANCE INSPECTION DATA SHEET 

MRC Drawing AYD740425 and 
Ref. Section 111, Part A of Drawing. No. 

1. I D E N T I F I C A T I O N  

1.1 Drum Identification 

1.2 Vendor 

2. V E N D O R  C E R T I F I C A T I O N .  

2.1 Letter certifies specified items. 

2.2 Well hydrostatic test certified. 

3. V I S U A L .  

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. 

3.8 RTV seal. 

3.9 No damage. 

4. D I M E N S I O N A L .  

4.1 . Guard above vent. 

4.2 Well diameter 14-7/8 in. minimum. 

4.3 Well depth 27-1/8 in. minimum. 

5. F U N C T I O N A L .  

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 OC 
Yellow. Shipping Container Eng. 
Pink . File 

I I I I I  
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SPACER FOR AL-M1 CONFIGURATION-1 
ACCEPTANCE INSPECTION DATA SHEET 

MRC Drawing AYD740530 and 
Section 111, Part B of Drawing No. 1-14946 ) 

1. I D E N T I F I C A T I O N .  

1.1 Serial number, 

1.2 Vendor, 

2. V E N D O R  C E R T I F I C A T I O N .  

2.1 Materials as specified. 

3.. V I S U A L. 

3.1 Workmanship OK and no sharp edges or burrs. 

4. F U N C T I O N A L .  

4.1 Spacer fits into drum well and inner container fits 
into spacer, 

4.2 - Spacer dated and tagged as OK. 
COtQlENTS 

Signature of Inspector Date 

DISTRIBUTION: White - Nuclear QC 
Yellow. Shipping Container Eng. 
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INNER CONTAINER FOR AL-M1 CONFIGURATION-1 
ACCEPTANCE INSPECTION DATA SHEET 

Ref. MRC Drawing No. AYD740426 and 
Section 1.11, Part'C of Drawing No. 1-14946 

., . .  
1. I D E N T I F I C A T I O N  

1.1 Serial number. 

1.2 Vendor. 

2 .  V E N D O R  C E R T I F I C A T I O N .  

2.1 Form 6202 completed. 

2.2 Weld sample acceptable. 

3. 

3.1 Gage is 30 in. vac/60 psig. 

3.2 Valve is 1/J in. needle with pipe cap. . . 

3.3 O-ring is nominal 9 3/4 in. I.D. x 10 in. O.D. 

3.4 O-ring sealing surfaces OK. . 
3.5 Workmanship OK and no sharp edges or burrs. 

3.6 Welds appear acceptable. 

3.7 Inner container undamaged. 

4. D I M E N S I O N A L .  

4.1 Cover plate 1/2 in. thick, minimum. 

4.2 Bottom plate 1/2 in. thick, minimum. 

4.3' Flange 1/2 21/6'4 in.' 

4.4 Body wall thickness 0.250 20.005 in. 

4.5 Top ring and braces 3/8 +1/6J'in. diamoter. 

4.6 ' stainless socket head screws 5/16 x 18 x 1. 

4.7 Overall height 22-1/2 23/64 in., body I.D. 9.300 . 
+0.005, top ring O.D. 14-5/8 +l/b3 in. 

. . 
5. F U N C T I O N A L .  

5.1 Valve operate properly. 

5.2 Pressure gage operates properly. 

5.3 Disassembled and assembled satisfactoril}.. 

5.4 ' N o  He Leak greater than 1 x at 15 psig'. 

5.5 Dated and tagged as OK. 

COMMENTS 

Signature of Inspector Date 

DISTRIBUTION:  White . Nuclear OC 
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. , 
MRC.MLb374 . . . . Pink ;File . .  .. 

C O N T R O L  MOUND L A B O R A T O R Y  REPRODUCTION IS P R O H I B I T E D  WITHOUT PERMISSION O F  MOUND LABORATORY 



INNER CONTAINER FOR AL-M1 CONFIGURATION-3 
ACCEPTANCE INSPECTION DATA SHEET 

R e f .  MRC Drawing No. AYD740427 and 
S e c t i o n  111, P a r t  D o f  Drawing No. 1-14946 

1. I D E N T I F I C A T I O N .  ' 

1.1 S e r i a l  number.  

1 . 2  Vendor .  

2. V E N D O R  C E R T I F I C A T I O N .  

2 . 1  Form 6202 c o m p l e t e d .  

2 .2  Weld sample  a c c e p t a b l e .  

3 .  V I S U A L .  

3 . 1  Gage i s  30 i n .  vac /60  p s i g .  

3 .2  V a l v e  i s  1/4 i n .  n e e d l e  w i t h  p i p e  c a p . '  

3 . 3  O-r ing  nomina l  I . D .  1 3  1 / 8  i n .  and O . D .  1 3  3/8 i n .  

3.4 O-r ing  s e a l i n g  s u r f a c e s  OK. 

3 .5  -- "Legs"  a s  s p e c i f i e d .  

3.6 Workmanship O K  and no  s h a r p  e d g e s  o r  b u r r s .  

3 . 7  . - Welds a p p e a r  a c c e p t a b l e .  

3.8 I n n e r  c o n t a i n e r  undamaged. 

4 .  D I M E N S I O N A L .  

4.. 1 Cover  p l a t e  1 /2  i n .  t h i c k ,  minimum. 

4.2  Bot tom p l a t e  3/8 i n .  t h i c k ,  minimum. 

4 . 3  Body w a l l  1/1 i n .  t h i c k ,  minimum. 

4 . 4  Leg 1/4 i n .  t h i c k ,  minimum. 

4 . 5  No H e  l e a k  g r e a t e r  t h a n  1 x l o - s  a t . 1 5  p s i g .  

4.6 Dated  and t a g g e d  a s  OK. 

5 .  F I N A L  A S S E M B L Y .  

5 . 1  Assembled w e i g h t  365 + 2 5  l b .  

5 .2  -- F u n c t i o n a l  a s s e m b l y  and d i s a s s e m b l y  O K .  

COMMENTS 

S i g n a t u r e  o f  I n s p e c t o r  D a t e  
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INSULATING SLEEVE FOR AL-M1 CONFIGUPdTION-5 
ACCEPTANCE INSPECTION DATA SHEET 

Ref .  MRC Drawing No. AYD 760626 and 
111 ,  P a r t  F of  Drawing No. . l -14946 

1. I D E N T I F I C A T I O N .  

1.1 F a b r i c a t o r  o r  vendor .  

2. V I S U A L .  

I F i r e d i k e  w e l l  g l u e d  w i t h  no  g a p s .  

I F i r e d i k e  n o t  c rushed .  

2 .3  Workmanship a c c e p t a b l e  and no s h a r p  edges  o r  burrs . .  . 

3 .  D I M E N S I O N A L .  

3 . 1  I . D .  6 - 7 5  i n , ,  minimum and 7 .00  in:maximum. 
\ .  

3.2  O . D ,  14 .25  i n ? ,  minimum and 14 .75  i n .  maximum. 

3.3 O v e r a l l  h e i g h t  25.25 + 0.25  i n .  

3 .4  \ J e l l  d e p t h  24.00 i n . ,  minimum. 

4 .1  Dated and tagged a s  OK.  

COMMENTS 
. . 

- 

S i g n a t u r e  o f  I n s p e c t o r  Date 
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INNER CONTAINER FOR 4L-MI CONFIGURAT~ON-5 
A C C E P T ~ E  INSPECTION DATA SHEET 

R e f .  MRC Drawing  No. AYE740198 a n d  
S e c t i o n  1 1 1 ,  P a r t  E  o f  Drawing  No. 1 -14946  

1. I D E N T I F I C A T I O N .  

1.1 I d e n t i f i c a t i o n  number 

1 . 2  Vendor  

2. V E N D O R  C E R T I F I C A T I O ~ .  

2 . 1  Form 6 2 0 2  c o m p l e t e d .  

2 . 2  Weld s a m p l e  a c c e p t a b l e .  

2 . 3  Vendor  H e  l e a k  t e s t  a c c e p t e d .  

3 .  V I S U A L .  

3 . 1  P r e s s u r e  t r a n s d u c e r  i s  Yode l  ~ 7 0 1 0 1 - 2 0 0 .  

3 . 2  -- Val.ves Nupro RSS-8BG-TSid. 

3 . 3  B a i l  s h a p e d  t o  t a k e  l i f t i n g  h o o k .  

3 . 4  Bo t tom d i s h e d  c a p  d o e s  n o t  p r o t r u d e .  

3 . 5  No p r o t r u s i o n s  a b o v e  t o p  li11 o f  c a p .  

3 . 6  O - r i n g  s e a l i n g  s u r f a c e s  s a t i s f a c t o r y .  

3 . 7  " R a d i o a c t i v e  ? l a t e r i a l "  l a b e l s  n n  s i d u   nu ci;, ~ 1 . t ~ .  

3 . 8  I . D .  l a b e l s  o n  s i d e ,  v e s s e l  t o l ~ ,  a n d  c a p  to!.. 

3 .9  Welds  a p p e a r  a c c e p t a b l e .  

3 . 1 0  C o n t a i n e r  undamaged.  

3 . 1 1  Workmanghip a c c e p t a b l c  a n d  n o  s l l a r l ~  edges or  b u r r s .  

4 .  D I  M E  N S  I 0  N A ' L .  

4 . 1 .  O v e r a l l  h e i g h t  2 3 . 9  i n . ,  masimum. 

4 . 2  ' D i a m e t e r  6 . 6 8 5  i n . ,  maximum. 

4 . 3  C a j o n  c e n t e r  t o  c e n t e r  4 . 3 1  rO .05  i n .  

4 . 4  C a j o n  v e r t i c a l  s e p a r a t i o n  0 . 7 5  t 0 . 0 5  I n .  

4 . 5  V e s s e l  w a l l  0 . 1 2 0  i n .  t h i c k ,  minimum. 

5 .  G N C ' I ' I O N A L .  

5 . 1  V a l v e s  o p e r a t e  p r o p e r l y .  

5 . 2  P r e s s u r e  t r a n s d u c e r  f u n c r i o n s  propcrl: .  . 
5 . 3  Cap  removed a n d  r e p l a c e d  s a t i s f a c t o r i l y .  

5 . 4  C o n t a i n e r  f i t s  i n t o  c a l o r i m e t c r  s l c c ~ ~ e .  

5 . 5  B a i l  f u n c t i o n s  s a t i s f a c t o r i l y .  

5 . 6  Q u i c k  d i s c o n n e c t s  f u n c t i o n  p r o p e r l y .  

5 . 7  No Ilr leaK g r e a t e r  t h a n  1 x a t  1 5   psi^^. 

6 .  T A G .  

6 . 1  D a t e d  a n d  t a g g e d  a s  a c c e p t a b l e .  

COMMENTS - 

S i g n a t u r e  o f  I n s p e c t o r  D a t e  
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S E C T I O N  V 

U S E  AND R E U S E  I N S P E C T I O N  CHECKSHEETS 



MONSANTO RESEARCH CORPORATION 
MOUND LABORATORY 

SHIPPING CONTAINER 
OPERATION SHEET 

Reusable Radioac 
I U T N O ~ U ~ O Y  LCNISI IWCOS*O~ATID 

M4 - C  

I use ~ n s p e c t i o n  and Loadins of AL-~1 ~ o n f i s u r a t i o n  1 o r  3 I 
USE INSPECTION 

"-- mu.. Configuration (1 or 31 S e r i a l  No. 

I. OD~MIUATION LEVEL AKEFTABLE (REUSE ONLY) 
I n ~ t ~ ~ l s  Da t c  

The following l n s p s c t i o n e  a n d / o r  a c t i o n s  are r e q u i r e d .  0 n o t  check  o f f  any i t em 
W t l l  I m l i e a t i o n  a c t l O n  Is comple ted  and a n y  d e f e c t  found h a s  been  c o r r e c t e d .  I n -  
dicat. r.pmir by the l e t t e r s  Rpr a n d  r e p l a c e m e n t  by t h e  l e t t e r s  ~ p l .  A s i m p l e  
c h e c k  mark 1s ~ a t i a f a f t o r y  t o  i n d i c a t e  c m p l e t i o n  o f  an i n s p e c t i o n  or a c t i o n .  
mt.i UA I f  the i n s p e c t i o n  o r  a c t i o n  d o e s  n o t  a p p l y .  

A. I n s u l a t e d  Drm Assembly 

1. L a b e l s ,  adhesives. e t c .  removed - 8. Vent - 
2. Viny l  emblem - 9. C l o s u r e  r l n q  - 
3. P a i n t  - 10 .  C l o s u r e  b o l t  - - ~ 

4. Identification p l a t e  - 11. I n t e r i o r  d r y  end 
c l e a n  - 

5. T i o d o m  br.acket.m - 12 .  Vent  n o t  p lugged  - 
6. S e c u r i t y  seal b r a c k e t  - 13. Assembles  p r o p e r l y  - 
7. Welds 

8. C y l i n d e r  S u p p o r t  I C o n f i q u r e t i o n  I )  

I 1. C l e a n  nnd undamaged 
. 2. P u n c t i o n a l  f i t  (drvm and 

- 

I i n n e r  c o n t a i n e r )  - 
C. I n n e r  C o n t a i n e r  ( C o n f i g u r a t i o n  1  and 31 

I 1. NO p h y a i c a l  damage - 7. B r a c e s  and f i x t u r e s  - 

4.  O-ring 

-. C.p c..s.a 

6 .  w e l d s  

- N O  n i c k s  o r  S c r a t c h e s  
i n  s e a l i n g  s u r f a c e s  - 
Valve  o p e r a t i o n a l  - 

- 10. Pressure g a g e  o p e r a -  
t t n n a l  - - 11 .  Passes hellurn l e a k  
test 1 1  10-5 s t d  
cc /sec  a t  I S  pslql - 

1. F a d i o a c t i v e  m t e r ~ e . 1  form ( s o l i d ,  l i q u i d  or g a s ] .  

2. Chock and  l u b r i c a t e  i n n e r  c o n t a i n e r  0 - r l n q .  

3. C l o a a  and  c a p  i n n e r  c o n t a i n e r  c h e c k ' v a l v e ( a l .  

4 .  P l a c e  a k e t c h  w i t h i n  l n a u l a t e d  drum. 

5. C l o s e  drum. 

6. I n s t a l l  l e a d  w i r e  a c a l .  
7. Apply l a b e l a  ( R a d i o a c t i v e ) .  

S i g n a t u r e  Da te  

DISTRIBUTION: 

w h i t 0  - Container F i l e  
Yellow - Nuclea r  OC 
Goldenrod  - S h i p p e r  F i l e  
P i n k  - O r l q i n a r o r  

YRC-YL-I18 I ssue  3 10-27-77 

I I WADING PROCEDUW 
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MONSANTO RESEARCH COUP. 
MOUND LABORATORY 

SHIPPING CONTAINER 
..OPERATION SHEET 

P 1 0 0 1 A 1 1  1 A W U A I  N U M I # #  0 1 E I 1 7 I O Y  

REUSABLE R A D I O A C T I V E  S H I P P I N G  C  

C L A l I l l l C A l l O Y  

U n c l a s s i f i e d  9-26-77 '. 

Use I n a p e c t i o n  and Loading of AL-M1 C o n f i g u r a t i o n  5 

,1. JUEIITIFICATIOI~ 
1.1. - I ~ e r  c o n t a i n e r  s e r i a l  number and d a t e  o f  l a s t  i n t e r i o r  surface 

e v a l u a t i o n  
1.2. O u t e r  c o n t a l n e r  serlal number 
1.3. Heceived from 
1.4. Tho f o l l o w i n g  l n s p e c t l o n s  and/or a c t i o n s  are  r e q u i r e d .  Do n o t  check o f f  any i tem 

u n t i l  the i n d i c a t e d  a c t i o n  i s  completed and any d e f e c t  found has  been c o r r e c t e d .  
I n d i c a t e  r e p a i r  by the l e t t e r s  Rpr and replacement by t h e  l e t t e r s  Rpl .  A s imple  
c110ck mark is S a t i s f a c t o r y  t o  i n d i c a t e  c o m p l e t i o n  of  a n  i n s p e c t i o n  o r  a c t i o n .  
El l tor  NA i f  t h e  i n s p e c t i o n  o r  a c t i o n  does  n o t  a p p l y .  

2 ,  I I I I ~ E R  C U ~ l T A l i i E i i  
2.1. - L e s s  t h a n  5  y e a r s  s i n c e  l a s t  i n t e r i o r  s u r f a c e  evaluation. 
2.2. R e g e n e r a t i o n  temperature of s o r b e n t .  
2.3. - Date  of  r e g e n e r a t i o n .  . 
2.4. - Crams o f  w a t e r  loaded.  
2.5. - Date  l o a d e d .  
2.6. - C i  Of t r i t i u m  loaded ( b e s t  e s t i m a t e 1  
2.7. - Primary c o n t a i ~ l e n t  l e a k  checked end 'no  leak  throuql,  .r.tl,.,c. 
2.8. = P r e s s u r e  t r a n s d u c e r  o p e r a t i o n a l .  Primary cont i r incr  p r c s s u r c  no nore than 

1 a m  a b s o l u t e .  
2.9. - Valves  o p e r a t i o n a l  and c l o s e d .  
2.10. - Cajon f i t t i n g  i n t e r i o r  d r y  1e.g.. by evacuat ion1 . 
2.11. Valves  capped.  
2.12. - E x t e r i o r  s u r f a c e s  decontaminated .  
2.13. - NO p h y s i c a l  damage. 
2.14. - welds  OK. 
2.15. - NO n i c k 8  Or S c r a t c h e s  i n  s e a l i n g  s u r f a c e s .  
2.16. O - r i n g s  d r y .  g r e a s e  f r e e  and in  good c o n d i t i o n .  
2.17. - P r o t e c t i v e  c o v e r  i n s t a l  l e d .  
2.18. - Cover p r e s s u r i z e d  t o  20 p s i y .  ::o p r e s s u r e  d e c r c e s o  r n  I .  ::;:r.urus. 
2.19. = Cover i n t e r i o r  produces  l e s s  than 180 W i / n '  on t r : t t u a  n o n t r o r  when 

p r e s s u r e  r e l e a s e d  through moni tor .  
2.20. - G r o s s  weight  w i t h  c o v e r .  

3.1. C l e a n  and undamaged. 
3.2. - s u r f r n n  wipes  l e s s  than 1090 UPM p.  
3.1. - Cerswool pad i n  borrnm 01 w e l l  in q00U -.ondr ~ l u n .  
3.4. = Large  dnd s m a l l  d i a m c t c r  . lor .~unnl  pads p laced on to,, o: I,>I:~:L ;a,::tolncr, 

i n  good c o n d i t i o n .  
3.5. - S k e t c h  and form packed above Ccrewool pads. 1 4. IllPUUTlNG DRUM AIIElUlLl 
4.1. P a i n t  and v i n y l  emblem. 
4.2. - identification p l a t e .  
4.3. = Tiedown b r a c k e t s  (as  a p p l l c a b l a j  . 
4." - S e c u r i t y  s e a l  b r a c k e t .  
4 . 5 .  Welds 
4.6. - Vent n o t  damaged o r  p lugged.  
4.7. - I n t e r i o r  d r y  and c l e a n .  
4.8. - Assembles p r o p e r l y .  
4.9. - C l o s u r e  r i n g  end b o l t .  
4.10. = Old l a b e l s .  a d h e s i v e s .  e t c . .  removed and c o r r e z t  new l a b e l s  a p p l l c d .  

I DISTRIBUTION 

m i t e  - C o n t a i n e r  F i l e  
' V e l l w  - Nuclear  QC 
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Appendix B 

Packaging and Unpackaging Procedures 



The following Mound Laboratory Forms o r  shipment, a l l  components a r e  v i sua l ly  

t h e i r  equiva len t  a r e  completed a s  the inspected f o r  damage d r  malfunction 

shipping packages a r e  being loaded, as- which would impair t h e i r  use o r  c r ea t e  

sembled, and shipped t o  ensure compli- a hazardous condition. A l l  deviat ions 

ance w i t h  Mound Laboratory procedures 

and s a f e t y  precaut ions f o r  handling 

r ad ioac t ive  mater ia l s :  

1)  MD-70152, OP.3 (Figure B-1, f o r  con- 

f i g u r a t i o n s - 1  and -3 only) .  This i s  

a use  inspec t ion  and loading proce- 

dure check l i s t  f o r  containers  loaded 

wi th  Pu-239 and U-235. 

2) MD-70152, OP.14 (Figure B-2, f o r  con- 

f i gu ra t ion -5  only) .  This i s  a check- 

found a r e  corrected and so ind ica ted  on 

the  appropriate  Operation Sheet of Form 

The containers  a r e  loaded a f t e r  the in- 

spect ion.  In  the case of ' conf igura t ion-  

1 o r  -3 conta iners ,  the  contents a r e  

wiped and placed i n  the inner container .  

Void space i n  the  container  i s  f i l l e d  

with i n e r t  mater ia l .  The inner. container  

l i d  i s  fastened t o  the body. The con- 

l i s t  f o r  use  inspec t ion  and general  t a i n e r  assembly i s  placed' i n  the outer  

assembly procedure when e i t h e r  loaded drum assembly. The l i d  i s  placed on the 

( f i l l e d )  o r  empty inner  conta iners  . drurn and he ld  i n  place with the closure 

used f o r  t r i t i a t e d  water a r e  shipped. r i ng .  The shipping drum i s  checked f o r  

3) MRC-ML-1245 (Figure B-3, f o r  a l l  t h r ee  contamination and i s  surveyed t o  ensure 

conf igura t ions) .  This form i s  used by t h a t  t he  ex t e rna l  ' r ad ia t ion  from the  drum 

Mound Laboratory t o  record sur face  complies wi th  the  required Transportation 

contsmina t ion ' leve ls  of t he  outer  Index. As each operat ion i s  completed, 

shipping package and t o  provide docu- the  loading sec t ion  of Form MD-70152, 

mentation t o  show compliance with a l l  OP.3, i s  so marked. In  addi t ion ,  Form 

shipping regula t ions .  Equivalent MRC-ML-1245 i s  completed giving contami- 

forms w i l l  be completed by o ther  users .  na t ion  and r ad ia t ion  l eve l s .  Radioactive 

l a b e l s  a r e  completed and at tached t o  the 
Before a container  i s  packaged f o r  



drum. The package is then ready for 

shipment. 

For loading (filling) configuration-5, 

the inner container is attached to the 

filling system with Cajon fittings. The 

inner container 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 the 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 ahove 

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 tritii~m 

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 

decontamination is performed as needed 

until these wipes are below 1000 dislmin 

beta. No leakage is permitted. 

The protective cover is attached to the 

configuration-5 inner container to pro- 

tect the valves and transducer from phys- 

ical damage. Through the quick-discon- 

nect fittings, the leakage from the cover 

and also from the container is. deter- 

mined by pressurizing the cover to 20 

psig. No change in pressure should be . 

observed af ter 30 min. The prdssure is 

then released through a tritium monitor. 

If a tritium concentration .reading 

greater than 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 lcss than 1000 

dislmin beta, the container is inserted 

into the insulated sleeve which is al- 

ready in place in the outer 55-gal 



shipping package. The Cerawool insula- the ,,tritidted 'water is begun. ' 'The pres- 

ting pads are placed on the top of inner sure is monitored if the container is 

container and the insulating sleeve:. not emptied within 30:dajrs after. filling. 

The lid is placed on .the drum and 'held . . ., 
' r - '  : _... . .  * .  . 

.. . . . . . in place with the closure ring.. The ' 

, . . . .  
shipping drum is checked for contamina- 

tion to ensure compliance with shipment 

regulations (less than 100 dislmin beta). 

As.each operation is completed, Form 
. '  . .  . .. 

MD-70152, OP.14 is so marked. In addi- . . 
. . 

tion, Form MRC-ML-1245 is completed giv- . . ! .  

ing contamination levels and documenta- . 

. -. tion of shipment, Closure seals and 

. , . %  

labels are attached to the drum. The 

. . 

configuration-5 package is now ready for 
. . 

shipment. 

Unloading a package is basically the re- 

verse of.loading it. Upon receipt, the 

drum is checkcd 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 package are removed 

from the inner container and checked for 

contamination, the package is stored for . . 
. . 

further use. After a configuration-5 
. . 

inner container is removed from the in- .. , . . ,  
- ., 

sulating sleeve and checked for contamin- 

ation, it is assayed by calorimetry and 

then stored in a hood until removal of 



M O N S A N T O  RESEARCH CORPORATION SHIPPING CONTAINER 
M O U N D  LABORATORY OPERATION SHEET 
PROGRAM SHEET MANUAL NUMIEB O?ERATION 

Use Inspection and ~oading",.?f AL-M1 C~nfiguration .l dr 3 ' , 

I 

. . . . USE INSPECTION . I 1 
. . . .  . I , New' Reuse c o k i g u r i t i b n  ' ( 1  OF 3) S e r i a l  NO. I 

.Reusable Radioactive Shipping Containers ( 1 of 1 

I I. COWTAMINATION LEVEL ACCEPTABLE (REUSE ONLY) 
I n ~ t i a l s  Date - I 

O ? ~ ~ A T I O N  T I T L C  1 

MD-70152 
AUTHORIZATION 

11. (2LECK LIST 

3 
CLASSIFICATION EFfECTlVlN 

~nclassif ied 9-26-77 

The f o l l o w i n g  i n s p e c t i o n s  and/or a c t i o n s  a r e  r e q u i r e d .  Do n o t  check o f f  any i tem 
u n t i l  i n d i c a t i o n  a c t i o n  i s  completed and any d e f e c t  found h a s  been c o r r e c t e d .  In-  
d i c a t e  r e p a i r  by t h e  l e t t e r s  Rpr and rep lacement  by t h e  I e t t e r o  Rpl. . A s imple  
check mark i s  s a t i s f a c t o r y  t o  i n d i c a t e  comple t ion  of  a n  i n s p e c t i o n  o r  a c t i o n .  
Unter NA if t h e  i n s p e c t i o n  o r  a c t i o n , d o e s  n o t  a p p l y .  

ECNISI INCORPORATED 
M4-C 

I 

A. I n s u l a t e d  Drum Aseambly 

1. L a b e l s ,  a d h e s i v e s ,  e t c .  removed - 8. Vent - 
2. Vinyl  emblem - 9. Closure  r i n g  - 
3. P a i n t  . 10.  Closure  b o l t  - 
4. ~ d i n t i f i c a t i o n  p l a t e  - . 11. ' I n t e r i o r  d r y  and 

c l e a n  -- - 

5. Tiedown b r a c k e t s  - 12.  Vent n o t  plugged - . 
6. . s e c u r i t y  s e a l  b r a c k e t  - 13. Assembles p r o p e r l y  - 
7. Welds 

8. C y l i n d e r  Suppor t   onfi figuration 1) . . 

1. Clean and undamaged - 
2. F u n c t i o n a l  f i t  (drum and 

i n n e r  c o n t a i n e r )  - 
C. I n n e r  C o n t a i n e r  ( C o n f i g u r a t i o n  1 and 3) 

1. No p h y s i c a l  damage 

2 .  cage  

3. v a l v e  

4. O-ring 

5. Cap screws  

6 .  welds 

7.  Braces  and f i x t u r e s  - - .  

- 8. NO n i c k s  o r  s c r a t c h e s  
' i n  s e a l i n g  s u r f a c e s  - 

9; Valve o p e r a t i o n a l  - 
- 10.  P r e s s u r e  gage opera-  

t i o n a l  - - 11. P a s s e s  he l ium leak  
t e s t  (1 x 10-5 s t d  
c c / s e c  a t  15 p s i g )  - 

S i g n a t u r e  Date ' 

LOADING PROCEDURE 

1. R a d i o a c t i v e  m a t e r i a l  f o r m ' ( s o l i d ,  l i q u i d  o r  g a s ) .  - .-- 
2. Check and l u b r i c a t e  i n n n r  eenta i r re r  U-r lhg .  

3. Close  end c a p  i n n c r  c o n t a i n e r  check v a l v e ( s ) .  

4. P l a c e  s k e t c h  w i t h i n  i n s u l a t e d  drum. 

5. Close  drum. 

6. I n s t a l l  l e a d  w i r e  s e a l .  

7. Apply l a b e l s  ( R a d i o a c t i v e ) .  

I S i g n a t u r e  Date I 
I DISTRIBUTION: I 

White - Conta iner  F i l e  
Yellow - Nuclear QC 
Goldenrod - Shipper  F i l e  
Pink - O r i y i ~ ~ a t o r  

MRC-ML- I28 Issue 3 10-27-77 
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Use Inspection and Loading of AL-M1 Configuration 5 

1, II)EIITIFICATIOi4 
1.1. I n n e r  c o n t a i n e r  s e r i a l  number a n d  d a t e  of  l a s t  i n t e r i 0 . r  s u r f a ~ e  

e v a l u a t i o n  
1 . 2 .  O u t e r  c o n t a i n e r  s e r i a l  number 
1 . 3 .  R e c e i v e d  f r o m  
1 . 4 .  Tlie f o l l o w i n g  inspections a n d / o r  a c t i o n s  a r e  r e q u i r e d .  Do n o t  c h e c k  o f f  an). i t e m  

u n t i l  t h e  i n d i c a t e d  a c t i o n  i s  c o m p l e t e d  a n d  a n y  d e f e c t  f o u n d  h a s  b e e q c o r r e c t e d .  
I n d i c a t e  r e p a i r  by  t h e  l e t t e r s  Rpr and  r e p l a c e m e n t  by t h e  l e t t e r s  R p l .  A s i m p l e  
c h e c k  mark i s  s a t i s f a c t o r y  t o  i n d i c a t e . c o m p l e t i o n  o f  a n  i n s p e c t i o n  o r  a c t i o n .  
E l i t e r  NA i f  t h e  i n s p e c t i o n  o r  a c t i o n  d o e s  n o t  a p p l y .  

2,  11lllER CUIITA 114Et 
2 . 1 .  L e s s  t h a n  5  y e a r s  s i n c e  l a s t  i n t e r i o r  s u r f a c e ' e v a l u a t i o n .  
2 .2 .  - R e g e n e r a t i o n  t e m p e r a t u r e  of  s o r b e n t .  
2 . 3 .  - D a t e  o f  r e g e n e r a t i o n .  
2 .4 .  - Grams o f  w a t e r  l o a d e d .  
2.5. - D a t e  l o a d e d .  
2 . 6 .  - C i  o f  t r i t i u m  l o a d e d  ( b e s t  e s t i m a t e ) .  
2 . 7 .  - P r i m a r y  c o n t a i n m e n t  l e a k  c h e c k e d  a n 4  n o  l e a k  t h r o u g h  vil1i.c. 
2 . 8 .  - P r e s s u r e  t r a n s d u c e r  o p e r a t i o n a l .  P r i m a r y  c o n t a i n e r  ~ r c s s u r c  no more t h a n  

1 a t m  a b s o l u t e .  
2 .9 .  V a l v e s  o p e r a t i o n a l  and  c l o s e d .  
2 .10 .  - C a j o n  f i t t i n g  i n t e r i o r  d r y  ( e . g . ,  by e v a c u a t i o n )  . 
2.11 .  - V a l v e s  c a p p e d .  
2 .12 .  - E x t e r i o r  s u r f a c e s  d e c o n t a m i n a t e d .  
2 .13 .  - No p h y s i c a l  damage. 
2 .14 .  - Welds OK. 
2 . 1 5 .  - N o  n i c k s  o r  s c r a t c h e s  i n  s e a l i n g  s u r f a c e s .  
2 .16 .  - O - r i n g s  d r y ,  g r e a s e  f r e e ,  and  i n  good c o n d i t i o n .  
2.17.  - P r o t e c t i v e  c o v e r  i n s t a l l e d .  
2 .18 .  - C o v e r  p r e s s u r i z e d  t o  20 p s i g .  :.lo p r e s s u r e  d e c r e a s e  i n  3.3 : l i r .u tes .  
2 .19 .  - Cover  i n t e r i o r  p r o d u c e s  l 'ess t h a n  1 8 0  ..Ci/m' on. t r i t i u m  m o n i t o r  h,ben. 

p r e s s u r e  r e l e a s e d  t h r o u g h  m o n i t o r .  
2 . 2 0 .  G r o s s  w e i g h t  w i t h  c o v e r .  

1 3, I i l S U L k T l ~ l h  SLEEVE 
3.1 .  . ' c l e a n  a n d  ulldamaged. 
3 . 2 .  - S u r f a c e  w i p e s  l e s s  t h a n  1 0 0 0  DPM <. 
3.3 .  - C e r a w o o l  pad i n  b o t t o m  o f  w e l l  i n  good c o n d i t i o n .  
3 .4 .  - L a r g e  a n d  s m a l l  d i a m e t e r  Cerawool  p a d s  p l a c e d  on t o p  o f  ln l iur  c o - t a i n c r ,  

i n  g o o d  c o n d i t i o n .  
3.5.  , S k e t c h  a n d  f o r m  packed above  Cerawool  p a d s .  

4,  I I ISUU\T ING DRUM ASSEMBLY 
4.1.  P a i n t  a n d  v i n y l  emblem. 
4 .2 .  - I d e n t i f i c a t i o n  p l a t e .  
4.3.  - Tiedown b r a c k e t s  ( a s  a p p l i c a b l e )  . 
4.4 .  - S e c u r i t y  s e a l  b r a c k e t .  
4 .5 .  - W e l d s ,  
4.6.  - V e n t  n o t  damaged o r  p l u g g e d .  
4 .7 .  - I n t e r i o r  d r y  a n d  c l e a n .  
4.8.  - A s s e m b l e s  p r o p e r l y .  
4 . 9 .  '- C l o s u r e  r i n g  a n d  b o l t .  
4.10.  - O l d  l a b e l s ,  a d h e s i v e s ,  e t c . ,  removed and  c o r r e c t  ners l a b e l s  a p p l i e d .  

DISTRIBUTION 

Whi te  - C o n t a i n e r  F i l e  
Yel low - N u c l e a r  QC 
G o l d e n r o d  - S h i p p e r  F i l e  . 
P i n k  - O r i g i n a t o r  

Issue 2 10-27-77 
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SHIPPING RADIOACTIVE MONSANTO RESEARCH CORPORATION 
AND FlSSlLE MATERIAL MOUND LABORATORY 

MIAMISBURG. OHIO 45342 

I 
I I 

COMMENTS: 

DISTRIBUTION: 

I. Special Metl. Handling 
1. Nuclear Plug. PI~II~IIIIP 
3. Nuclear Cr i t ical i ty 
4. Heal*  Phyr i c r  
5. 

ARE FEDERAL SHIPPING REQUIREMENTS MET? 

D YES o NO 

RADIATION SURVEY: INSTRUMENT USE0 a P 

INSTRUCTIONS: 

PO CC I MATERIAL CLASSlFlCATlON I Date Shipment Rsq. 1 NO. OF PKGS. 1 "M.L." NUMBER 

I. Requestor complete Par1 1. exceptM.L. Number. and.Part 
11 columns I and 2. 

2. Health P h y r i c r  complete Part I I columns 3-5 and Redia- 
l ion portion of column 6 and Par, I I I and insert M.L. No. 

3. Nuclear Cr i t ical i ty complete Cr i t ical i ty column 6 of Part I I 

4. Spec~dl  Material Handling complete Part I V  and make 
distribution. 

5 Zns Manooal ~ n . 1 n r m 7  c h a p l o r  6 

6. For EmptyContainorr .  no M.L. Number i l  to be i l lsued. 

I I o u  o c  O S R D  

SEALS APPLIED? 

Y E S  n NO 

RADIOACTIVE 

L A B E L S  R E W I R E D  

F I G U R E  8 - 3  

I 

PACKAGING AFFIDAVIT &TTACHEO FOR AIR SHIPMENTS7 

D YES No 

None 

Inna Only 

W-1 

SHIP TO: 

Y - I  I 

MODES OF TRANSPORTATION 

Others 
PERSONNEL INVOLVED IN  
LOADING O F  CONTAINERS 

Y-1 1 1  White 
E ~ P W  

COURIER AGENCY IIF ANY1 ESCORT AGENCY IIF ANY1 
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Appendix C 

ERDA Certificate of Compliance 



UNITED STATES ENERGY RESENlCll AND DEVELOPMENT ADF1INLSTRATION 
i ' F o r m  AEC6 18 

(12-11) . :. . . ! .. a CE.RTIF1CAT.E; OF , C O ~ ' ~ K L I A ~ ~ . E ~  :<> ;! -: %,t. ',:.:$: I O C F R l l  :'. '. .. . : . ... . 
. AECMSZOI . '. .. . : ':. !' . . . . . .. Fo; daji,c;ik -Mate;iaiii Pdda+ .'. i' ., . " .t ? .:.. .- 

2a. This certi(icate is issued l o  satisfv Sections 173.393.  173.334. 173.395. and 173.396of the Demrtment o f  Transwrtation Hatr,Jca 
Materials Regulations I 4 9  CFR 170;189 and 14 CFR 1031 and Sect~ons 146-19-l0a and 146-19-100 o f  the Department 01 T r ~ n r ~ r r ~ t t o n  
Dangerous Cargoes Regulat~ons ( 4 6  CFR 146-1491. as amended. I 

' l a .  Certif icate Numuer 
USA/9507/BLF(ERDA-AL) - 

. . 2b. The packaging and contents described i n  i tem 5 below. meets the d e t v  standards set forth in Subpart C o f  Tit le 10. Code o f  F d r r a l  
Regulations. Part 71. "Packagang 01 Radioactive Material for Transport and Transoortatton o f  Radioactive Material Under Ce~ta~.> 

. Conditions." I 
2 This certificate do,es not relieve the consignor f rom mmpliance.with any requirement of  the regulations o f  the US. D e w r t m n t  o f  

I 
I 

Transponation or other anplncable regulatory agencies. including tha goernmen1 o f  any country through or into which rne m c k a s  ! 
w i l l  bc transported. I . . 

3. This o c r t i f i ~ t e  is issued o n  the basis o f  a safety analysis r e w r l  o f  the package design o r  application- 
( \ )  Prepared b y  I l i a n ~ e  and  address): 1 (2) Title and ldent i f i ta t ion of report or application: ) (3) Date: ( .  

- 
2. PREALlQLE 

- 
I b. Revisnon No. 

Original . 

. - .  - . . -. . . - .- - -- - -. --- 
, . . . .  - .  

4. CONDITIONS 
. This certificate is condit ional upon the fulf i l l ing o f  the requiremeis o f  Subwr t  D o f  10 CFR 71.as applic2blc. and the conditions specifled 

Monsanto Research Corporation 
Mound Laboratory 

' .  P. 0. Box 32 
Miamisburg, Ohio 45342 

in i t em 5 below. 

5. Description o f  Packacing and Authorized Contents. Model Number. Fissile Class, Other tondi t ionr .  and References: 

l c .  Package I d e n t ~ f ~ m t ~ o n  No. 

USA./~~O~/BLF(ERDA-AL) 

19/30/77 ' MLM-2447 
Safety Analysis Report for Packaging (SARP) 

USA/9507/BLF (ERDA-AL) 

(a) ~escri~tion of Packaging 

Id .  Page No. le .  lo te l  So. Pa'ps. 

1 3 

The AL-M1 package utilizes a 55-gal, DOT 6C or 17C, steel drum as an outer 
container which is linedwith 34 in. of insulation. Inner containers'are 
.identified as (a) configuration-1 - a stainless steel inner container 
4% in. T .  n. hy 15+  in. i n t e rna l .  height 'sealed with a vifon 9r, silicone 
O-ring; (b) configuration-3 - an aluminum inner container 13 in. I.D. . 
by 13 in. internal height sealed with a vit .nn or sll.i.cone 0-ting; and ' . 

' (c) configuration-5 - a stainless steel inner container 6 518 in. O.D. 
by 23 718 in. overall height sealed with valves, fittings, and protective 
cover. 

, . 
' The configuration is selected as necesssry to accommodate the desired 

. . contents. 

(b) Authorized Contents 

Authorized contents for configurations-1 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 SAKP. 

. . . - . . . - . . - . . 
b. Date o f  Issuance: September 9, 1977 I 6b. Expiratton Date: N j A  

- .  

l a .  Address l o 1  EKDA I S S U ~ ~  Off ice) 
A1buquerq"e ~peratfons Off ice 
P .  0. B,ox. 5400 . . 

. C  A.buquerque, New Mexico 87115 



'CALCULATED TRANSPORT .INDEX FOR AL-M1 ' " . 

' (CONFIGURATION-1 AND -3) . - .  .~ 
. . .  

Fissile . 
Isotope 

Quantity 
(kg) 

6.0 

Transport 
Index 

. . . .  ... , . 
0.1 . . 
,O.l n 

0.1 
0.2 
0.4 . . . . 
0.6 
1.1 
1.8 . 
2.8 
4.4 
6.9 
F.C.III 

0.1 
0.2 
0.7 
2.2.' , . 

.6.9 
F.C. 111 

. . 
.Fissile ' ~ u a n t i t ~  
Isotope ' 

Number of Allowed 
(kg) ' :. Containers 

' I '  . . 

c -  3 



(c) ~estrictions 

Shipmants 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 limitations are summarized below: 

Pressure - The maximum packaging pressure for the configuration-I 
inner container is 10 psig (1.7 atm) and for the 
configurations-3 and -5 inner containers is 0 psig 
(1 atm) at ambient temperature at time of loading. 

Time - A configuration-5 package is to be shipped soon after - 
loqding, and the internal pressure.of,the inner container 
is to be monitored after 30 days if the tritiated water 
contents are not removed before that time. 

Temperature - 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 3 0 0 ~ ~ .  In addition, at hypothetical 
accident conditions this temperature can read 
approximately 500'~ 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 lb (250 kg) 
- for all three configurations. The maximum gross weight 

of the contents of configurations-1 and -3 is 44 lb (20 kg). 
Contents,exceeding 15 lb (6.8 kg) in configurations-1 
and -3 must be packaged such ehaf the clamping fixture 
will not be bent excessively on impact. 

Tritiated Water - Free.standing liquid water is. not permitted in 
the configuration-5 inner container. Its 
contents are limited to 2000 6 net weight of 
tritiated water immobilized by sorption on 

, molecular'sieve or silica gel. For commercial 
clay abs'orbent this limit is 3000 g. The 
tritium content of this water is limited to 
100,000 ci (lo g) . . . 

Heat Load - The configuration-1 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. 



Distribution 
. . .  . 

EXTERNAL 

T I D - 4 5 0 0  UC-71 ( 1 6 3 )  

J. F. Stevens, DAO 

J .  A.  C h a c o n ,  DAO 

E .  L .  B a r r a c l o u g h ,  ALO (2) 

W. C .  P u r c h a s e ,  ALO 

R .  K .  F l i t c r a f t ,  MRC 

INTERNAL 

H .  F. A n d e r s o n  

A .  G .  B a r n e t t  

R.  E .  B e r t r a m  

R .  K .  B l a u v e l t  

J. D .  B r a u n  

W. T .  C a v e  

D.  A. E d l i n g  ( 2 )  

R .  D. E v a n s  

T .  M. Flanagan 

J .  F .  G r i f f i n  

A.  F. H e i t k a m p  

C .  W. H u n t i n g t o n  

L .  V. Jones 

H. B.  K r e i d e r  

P .  H .  L a m b e r g e r  ( 2 )  

J .  R .  M c C f a i n  

J. B. P e t e r s o n  

. T .  B.  R h i n e h a n u n e r  '(5) 

A. F. S c h m i d t  

A .  R.  Stambaugh 

R.  A. W a t k i n s  ( 1 0 )  

M. A .  Whitney 

H. L .  W i l l i a m s  

P u b l i c a t i o n s  

L i b r a r y  ( 1 5 )  




