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ABBREVIATIOf^S 

cpm counts per minute 

dpm disintegrations per minute 
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GE General Electric 

GE-ESP GE, Energy Systems Program (Philadelphia,Pa) 
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followed by a number to identify each sphere 
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MHW-IHS-SC Multi-Hundred Watt Isotope Heat Source Shipping Container 

ML Mound Laboratory 

(Monsanto Research Corp., Miamisburg, Ohio) 

MRC Monsanto Research Corporation 

ym Mic romete r o r mic ron 

ORNL Oak Ridge National Laboratory, Tennessee 

PICS Post Impact Containment Shell 
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RSC RTG Shipping Container 

RTG Radioisotope Thermoelectric Generator 

SPC Storage Protection Container 

WTHS Walk-Through Heat Source 
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•̂ as repri'^tea y r̂>v"is=: ^ "̂  "" x bcr^a o"i'=̂  , ) 

A-7(b) Isolator desr r (co t d) 

3- ^ulti-b area vat source 



Section and 
Figure No. 

c-
c-

c-

c-

c-

c-

c-

c-

c-

c-

D-

D-

D-

D-

D-

D-

E-

F-

P-

P-

P-

-l(Pt. 

-2(Pt. 

-l(Pt. 

-2(Pt. 

-3(Pt. 

-^(Pt. 

-5(Pt. 

-6 

-7 

•8 

-1 

-2 

-3 

-4 

-5 

-6 

-1 

-1 

-2 

-3 

-i4 

F-5 

F-6 

P-7 

F-8 

F-9 

F-10 

F-11 

F-12 

F-13 

G-1 

G-2 

H-1 

Caption 

Reference Vibration Spectrum. 

1) Pinned cask basic structure. 

1) Finned cask maximum allowable working pressures at elevated 
temperatures. 

2) Cask cover lifting lug evaluation. 

2) Lifting lug details. 

2) Base plate lifting evaluation, 

2) Cask mounting configuration. 

2) Cask mounting inertia loaas. 

Carrier tiedown configuration. 

Longitudinal tiedown Inertia loads. 

Lateral tiedown inertia loads. 

Schematic of thermal test equipment, 

MHW-IHS-SC temperature profile testing. 

Power set-up. 

Electrical and thermocouple feedthroughs in the cask cover. 

Temperature measurement equipment. 

Temperature variation with heat load. 

Compressive load evaluation of finned cask body. 

MHW-IHS-SC at a height of 30 ft prior to the drop test. 

The carrier was severely damaged as a result of the 30-ft 
drop. 

The finned cask remained intact although the cover was 
damaged and 12 fins were lost. 

The cask cover seal was lost as a result of stretching the 
bolts. A gap can be seen between the cover and the mating 
flange. 

The weld joint at the SPC valve body adjacent to the flexi
ble metal hose fitting was partially torn apart. The SPC 
valve is closed during shipment. 

The SPC remained firmly attached to the finned cask hold 
down ring. 

The hardware used to mount the SPC within the finned cask 
was damaged. The seven oroken screws were placed upside 
down for the photograph. 

The SPC valve stem was broken and the valve guard buckled. 

There was no eviaence of damage to the SPC except for the 
valve assembly at the top. 

Close-up of broken valve stem and buckled valve guard. 

Valve handle and broken stem.. 

The valve was twisted approximately 30° from its Initial 
position. 

There was no evidence of damage to the SPC flange seal. 

Multi-hundred Watt Isotopf== Heat Sourc*^ Shlpoin*-- Container 
crlticality evaluation. 

Crltlcality transport index as a function of the amount of 
Plutonium in tne MHW Heat Source Shipping Container. 

Multi-hundred watt heat source assembly shipping container 
shielding evaluation. 

Type 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Art 

Photo 

Photo 

Photo 

Photo 

Art 

Art 

Photo 

Photo 

Photo 

Photo 

Page 
No. 

B-2 

C-1 

C-2 

C-8 

C-9 

C-10 

C-12 

C-11 

C-17 

C-18 

C-19 

D-3 

D-1 

D-4 

D-5 

D-5 

D-10 

E-6 

P-3 

P-5 

P-6 

F-7 

Photo P-

Photo P-10 

Photo F-11 

Photo 

Pnoto 

Photo 

Photo 

Photo 

Photo 

Art 

P-11 

F-:2 

F-13 

F-i3 

p-m 

F-15 

G-5 

Art G-6 

H-2 



FOREWORD 
This report is a compilation of Monsanto Research Corporation (MRC) 
documentation of development activities to satisfy U. S. Atomic Energy 
Commission and U. S. Department of Transportation shipping and safety 
requirements as related to the transportation of packages containing 
nuclear materials. In this case,we are concerned mainly with the 
Multi-Hundred Watt Isotopic Heat Source Shipping Container. A great 
deal of supporting documentation has also been supplied by General 
Electric Company and has been modified for presentation in this Safety 
Analysis Report for Packaging (SARP) as Appendix III. 

Although many MRC and GE engineering drawings and specifications have 
been reduced or reformatted, all are controlled documents with appro
priate references to their latest technical updating and editorial 
changes. For this reason, many specifications are preceded by a 
lead sheet indicating the original total number of pages and date of 
latest revision. 

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

Monsanto Research Corporation 
Mound Laboratory 
Attention: Drawing Control 

Engineering Department 
Miamisburg, Ohio 45342 
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SUMMARY 

This Safety Analysis Report for Packaging (SARP) satisfies the U. S. 
Atomic Energy Commission's request for a formal safety analysis of the 
Multi-Hundred Wf«tt (MHW) Isotope Heat Source shipping container. The 
report makes available to all potential users the technical Information 
and limits pertinent to the construction and use of this shipping con
tainer. This SARP includes discussions of structural integrltyj ther
mal resistance5 radiation shielding and radiological safety, nuclear 
crltlcality safety, and quality control. Much of the information was 
previously submitted to AEC/OSD/ALO as a draft of this SARP and pro
vided the basis for obtaining interim approval to ship until the SARP 
could be finalized. A complete physical and technical description of 
the package is presented. The packaging consists of a finned cask com
pletely enclosed within a cage-type carrier and the contents consist of 
a high Integrity MHW heat source producing nominally 2400 W from the 
decay of 4.2 kg of ^®^Pu isotope in the form of a solid oxide. The 
results of the nuclear crltlcality safety analysis show that 6,3 kg of 
Pu may be shipped as Fissile Class I, whereas the MHW heat source con
tains only 5.3 kg of total plutonium. 

Design and development considerations, the tests and evaluations required 
to prove the capability of the containers to withstand normal transpor
tation conditions 5 and the sequence of four hypothetical accident condi
tions (free drop, puncture^ thermal and water immersion), are discussed. 

Tables, graphs, dimensional sketches, photographs, technical references, 
loading and shipping procedures, Mound Laboratory's experience in using 
the container, and a copy of the AEC/OSD/ALO interim certificate of 
compliance are included. An internal review of this SARP has been per
formed in compliance with the requirements of AEGM 5201-Part V. 



INTRODUCTION 

AEC Manual Chapters 0529 and 5201 require a Safety Analysis Report for 
Packaging (SARP) for each shipping container to be used for shipments of 
quantities of radioactive material which exceed specified limits. A 
draft SARP was prepared and reviewed by Monsanto Research Corporation, 
Mound Laboratory, and submitted to the Operational Safety Division of 
the Albuquerque Operations Office (OSD/ALO), U. S. Atomic Energy Commis
sion, in December, 1973. The draft provided the basis for the Interim 
Certificate of Compliance (AEC-AL USA/9503 BLF) which was issued by the 
AEC in February, 1974. This SARP satisfies the AEC requirement for a 
final formal safety analysis of the Multi-Hundred Watt Isotope Heat 
Source Shipping Container (MHW-IHS-SC) (see Figure 1). 

The SARP includes discussions of structural integrity, thermal resistance 
radiation shielding and radiological safety, nuclear crltlcality safety, 
and quality control. 

As of June, 1974, one shipment, the MHW "Q-1" heat source, was made in 
the MHW-IHS-SC and a second MHW heat source, designated "F-1", was 
successfully packaged (see Figures 2 and 3) and is temporarily being 
stored in the shipping container at Mound Laboratory. The "Q-l" heat 
source was unpackaged by GE personnel at King of Prussia, Pennsylvania, 
and no problems were encountered. 

The MHW-IHS-SC is designed to transport the MHW encapsulated radioiso
topic heat source outside the plant boundaries. It meets the require
ments of both the Department of Transportation^and the Atomic Energy 
Commission,^and the unique requirements of the MHW heat source. A com
plete physical and technical description of the package is presented. 
The MHW-IHS-SC packaging consists of a finned cask completely enclosed 
within a cage-tjrpe carrier. The finned cask is a stainless steel helium 
leak-tight cylindrical container which is designed specifically for the 
MHW heat source. External fins are provided to dissipate the heat from 
radioactive decay of the plutonium. Figures 4 through 7 show additional 
details of the finned cask including the mounting pins, and vibration and 
shock Isolators (Figure 4), the guide pins (Figure 5), the flexible 
stainless steel hose (Figure 6), and the finned cask cover (Figure 7). 
The carrier consists of a metal mesh cage welded to a steel base, which 
can be easily handled using a fork lift or hand pallet truck. During 
shipment of the Storage Protection Container (SPC), the void between the 
SPC and the finned cask is filled with an atmosphere of 99% pure helium. 
The valves and gauges for the helium filling operations are shown in 
Figure 8. Instrumentation is provided to monitor and record temperature, 
shock, and vibration during loading, transportation, and unloading opera
tions. The temperature sensors are shown in Figure 9. The maximum 
allowable gross weight of the loaded package is taken to be 3000 lb, 
although the actual gross weight when containing a MHW heat source is 
somewhat less than 2700 lb. 
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FIGURE i-1 - Multi-Hundred Watt Isotope Heat Source Shipping Container 
(MHW-IHS-SC). 

FIGURE i-2 - Final preparations are being completed prior to loading the 
MHW "F-1" heat source into the shipping container. 



FIGURE i-3 - The MHW "F-1 heat 
source is contained within the 
Storage Protection Container 
(SPC) which is being lowered 
into the shipping container. 

FIGURE i-4 - Three internally threaded 
pins are used to securely fasten the 
Storage Protection Container (SPC) in
side the finned cask. Three of the 
four helical vibration and shock iso
lators are shown. 

FIGURE i-5 - Three guide pins are tem
porarily fastened in place during 
loading operations. The black iron 
titanate emissive coating on the inside 
surface of the finned cask greatly en
hances heat transfer. 
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FIGURE i-6 - A flexible steel 
hose is provided for monitoring the 
Storage Protection Container (SPC) 
during storage operations. 

FIGURE i-7 - The finned cask cover 
is lowered in place using a hoist. 

FIGURE i-8 - Gauges are provided 
to monitor the pressure of the 
helium atmosphere within the 
finned cask during shipment and 
storage. 

FIGURE i-9 - A temperature sensor 
and label are placed at the center 
of the finned cask cover during 
shipment. 
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The contents of the shipping container consist of a high integrity MHW 
heat source producing nominally 2400 W of heat from the decay of ̂ ^^Pu 
in the form of a solid oxide. The MtM-IHS-SC can safely dissipate up to 
3500 W of thermal decay energy. Each MHW heat source contains approxi
mately 4.2 kg (73,000 Ci) of encapsulated ^^®Pu isotope. This amount is 
equivalent to a total of 5.3 kg of Pu which is approximately 80% ̂ ^^Pu, 
16% ̂ =̂ P̂u, and 4% other Pu isotopes. The half life of ^^^Pu Is 87.4 yr. 
The fuel is hot pressed plutonium oxide, which is 80-85% of the theoreti
cal density, encapsulated in a 0.025-in. wall iridium sphere within a 
0.46-in. thick wound graphite protective sphere. A total of 24 such 
spheres are contained within a 0.010-ln. thick iridium cylindrical can 
which is sealed inside a Storage Protection Container (SPC) for handling 
and shipping operations. Details of the MHW heat source design are pro
vided in the CONTENTS OF PACKAGING section of this report. It is not 
intended that the contents of the MHW-IHS-SC be necessarily limited to 
the MHW heat sources, but no additional need for the shipping containers 
has yet been identified. It is intended that all shipments including 
other radioactive materials must be based on analysis of the shipments 
for the purpose of obtaining formal OSD/ALO approval. 

Established quality control practices were used from the inception of 
the MHW-IHS-SC design to the final inspection and packaging operations. 
Several visits were made to the fabricator and records and photographs 
were used to document the progress. Figures 10 through 16 show various 
stages of progress during fabrication and testing including milling the 
grooves for the fins (Figure 10), dye penetrant examinations (Figure 11), 
the cask mounting tabs (Figure 12) , the cask cover (Figure 13), attach
ment of the fins (Figure 14), the inside of the carrier (Figure 15), and 
Installation of the finned cask in the carrier (Figure 16). Inspection 
criteria and packaging and unpackaging procedures are provided in 
Appendix I and Appendix II, respectively, of this report. 

Extensive tests and evaluations were performed to show that the container 
will function effectively with respect to all required standards, and when 
subjected to normal transportation conditions and the sequence of four 
hypothetical accident conditions (free drop, puncture, thermal and water 
Immersion). In addition, a steady state temperature profile test (see 
Figures 17 and 18), vibration test (see Figure 19), and shock test (see 
Figure 20) were performed. A nuclear crltlcality safety analysis deter
mined that up to 6.3 kg of Pu may be shipped as Fissile Class I, whereas 
the MHW heat source contains only 5.3 kg of Pu. 
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FIGURE i-10 - Grooves are milled 
in the cask body wall for securing 
the fins in place. 

FIGURE i-12 - Four mounting tabs 
are located at the cask bottom. 

FIGURE i-11 - Dye penetrant exami
nation of all welds on the cask 
body was performed. 

FIGURE i-23 - The cask covers are 
shown during fabrication. 
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FIGURE i-14 - Special fixtures and 
adhesives were used to attach the 
aluminum fins to the stainless 
steel cask body. 

FIGURE i-15 - The inside of the 
carrier is shown prior to installa
tion of the Finned Cask, 
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FIGURE i-16 - The finned cask is 
being installed in the carrier. 

FIGURE i-17 - A steady-state ther
mal profile test was performed. 
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FIGURE i-18 - The Storage Protection Container (SPC) was die-
ass^embled while still hot after the thermal profile test. 

FIGURE i-19 - A road vibration test was performed to assure 
the shook and vibration isolators met design requirements. 
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FIGURE i-20 - An 18-inch corner drop was performed to assure the 
shock and vibration isolators met design requirements. 
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CONCLUSIONS 

Vtoen packaged within tne specified limits, the MHW-IHS-SC is in 
compliance with the requirements of the AEC, the DOT, and the unique 
requirements of the MHW heat source. The package is fabricated in 
accordance with specified standards, will maintain its integrity during 
normal transport conditions, and will not release radioactive materials 
in excess of regulation requirements during hypothetical accident 
conditions. 

It is intended that this section of the SARP will provide a summary of 
the conclusions which are determined in the subsequent sections of the 
report. In doing so, the parameters are established which are essential 
to safe use of the shipping container. 

The shipping container is used for offsite shipments of high integrity 
lyiliVJ heat sources. Each heat source consists of 24 spherical modules. 
The 24 Fuel Sphere Assemblies (FSAs) provide the necessary containment 
for the radioactive plutonium to satisfy the safety requirements. An 
additional degree of protection is provided by the MHW-IHS-SC and the 
Storage Protection Container (SPC). Since ic is not practical to demon
strate complete containment by the MHW-IHS-SC or the SPC, the MHW FSAs 
are considered the primary containment vessels. The SPC contributes to 
the containment and it is estimated to provide an attenuation effect 
of 10^® for PuOa vapor and 3 for any PUO2 particulate material under 
normal transport conditions. It is estimated that a maximum of 3 yCi of 
plutoniiim could be released from the SPC at the hypothetical accident 
test conditions. This is far less than the maximum permissible amount 
of plutonium which is 0,01 Ci, The attenuation factors for accident 
conditions are 10^ for vapor and 3 for particulates. This accounts for 
the possibility that the SPC will probably not be totally gas tight at 
accident conditions. Based on indirectly related test data, the 
internal surfaces of the SPC are not expected to become contaminated 
during normal transportation or after lengthy storage times. Oxygen 
leakage into the SPC during accident conditions could result in oxidation 
of only a small amount of graphite within the heat source. Thus, no 
PUO2 release is expected as a result of graphite oxidation. The new 
frit type vents should present a higher degree of design confidence than 
the previous vent design (discussed in the draft SARP) because the data 
obtained for the new vents are more positive. It is concluded that the 
SPC/IHS will contain the radioactive PUO2 within specified limits at 
accident conditions. Evaluation of the heat source materials proved 
that they will not cause the packaging to be breached under accident 
test conditions. It is not intended that the contents of the MHW-IHS-SC 
be necessarily limited to the MHW heat sources, but no additional need 
for the shipping containers has yet been identified. It is intended that 
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all shipments of other radioactive materials must be based on analysis 
of the shipments for the purpose of obtaining formal OSD/ALO approval. 

The steady state temperature profile of the shipping container, when 
containing an SPC, was determined to assure compliance with DOT/AEC 
regulatory requirements, compliance with GE product specifications, 
to establish the appropriate temperatures for evaluation of the contents, 
and to establish the maximum heat load capability of the shipping con
tainer. The maximum external surface temperature, when containing 
2400 W, was found to be ISS^F (57°C) under the carrier base plate. This 
is considerably cooler than 180°F (82°C), which is the maximum acceptable 
value for sole use shipments. The maximum SPC exterior surface tempera
ture was determined to be 477°F (247°C). It is concluded that 200°F 
(93°C) is an appropriate temperature for evaluation of the finned cask 
pressure capability for normal transportation of the MHW heat sources. 
The results of the steady state temperature profile tests compare 
favorably with the design calculations. A maximum heat load of 3500 W 
was established for the contents of the shipping container. This is 
sufficiently low to assure a considerable margin of safety and sufficient
ly high to provide for anticipated requirements. (The MHW heat source 
produces nominally 2400 W.) When containing a heat source producing 
3500 W, the maximum accessible external surface temperature was calcu
lated to be 153°F (67°C), which is well below the 180°F (82°C) maximum 
for "sole use" shipments. 

The internal pressure capability of the finned cask at various tempera
tures was thoroughly evaluated. The weakest component was found to be 
the bolted cover which has a maximum allowable working pressure of 43 
psig at 100°F (38°C), 36 psig at 200°F (93°C), 28 psig at 500°F (260°C), 
and 23 psig at 1000°F (538°C). These results clearly demonstrate that 
the finned cask is capable of safe pressure containment for shipment 
of the MHW isotope heat source when pressurized to approximately 7 psig 
at 200°F (93°C), Also, the Viton o-ring will provide a seal indefinitely 
under these conditions. 

A maximum content weight (SPC containing the IHS) of 270 lb is antici
pated and, based on the design capability of the isolators, 300 lb is 
established as the maximum contents weight without additional evaluation 
or modifications. The maximum gross weight of the shipping container 
is taken to be 30 00 lb, although the actual weight when containing a 
I4HW heat source is approximately 2700 lb. 

Extensive evaluations showed that the container will function effectively 
with respect to all required standards. In Part II of AECM 0529, general 
standards are specified for materials, closures, lifting devices, and tie-
down devices in addition to structural standards pertaining to load re
sistance and external pressure. The packaging materials and the package 
contents will not cause any significant reactions even at hypothetical 
accident conditions. Positive closures prevent inadvertent opening and 
seals are secured to the closures during shipment. The lifting lugs for 
the finned cask cover, the carrier baseplate which is used for lifting 
the entire container, and the tiedown rings are shown to satisfy all re
quirements. The package capability exceeds the load resistance require
ment by a factor of 100 and exceeds the external pressure requirement by 
a factor of 2. 
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Related testing and engineering evaluations adequately demonstrated that 
the requirements of the normal conditions of transport tests (heat, cold, 
pressure, vibration, water spray, free drop, corner drop, penetration, 
and compression) are satisfied although none of the tests was specifical
ly performed for this purpose. Heat from direct sunlight at 130°F (54°C) 
or cold of -40°F (-40°C) will not increase or decrease the temperature 
of the packaging beyond design capabilities. The maximum temperature 
capability of the finned cask is established as 375°F (191°C). The 7.3 
psi (0.5 atm) reduced external pressure requirement is well within the 
design capability. Road vibration tests and 18-inch corner drop tests 
were successfully performed and assured that the shock and vibration 
isolators met design requirements and provided evidence that normal 
vibration, and a 4-ft free drop or a 1-ft corner drop will not signifi
cantly reduce the effectiveness of the packaging. The water spray would 
have no adverse effect on the all-metal container. Calculations showed 
that the finned cask is capable of withstanding nearly 50 times the 
energy available from the penetration test without yielding and 20 times 
the energy load specified in the compression test without exceeding the 
maximum allowable stress. 

Testing and evaluation of the shipping container when subjected to the 
sequence of four hypothetical accident tests verified that the container 
would not jeopardize the primary containment of the radioactive materials 
provided by the MHW heat source and would, in fact, provide additional 
protection. The free drop test was performed and evaluations of the 
puncture, thermal, and water immersion tests were performed. The results 
did not indicate there would be any damage that would cause release of 
the specified radioactive materials in excess of regulation requirements. 
The testing and evaluations also established design parameters for any 
subsequent modifications, and established parameters for evaluation 
of the radioactive materials. The 30-ft drop test was performed using 
a full scale MHW-IHS-SC, packaged with an SPC containing an electrical 
heat source simulator. The container was oriented in a flat upside down 
position to assure maximum damage to the SPC, The test severely damaged 
the carrier cage such that the finned cask was no longer attached to 
it nor would remain contained within it. The finned cask cover was dis
torted to the extent that the cask would no longer contain helium pressure. 
The stainless steel cask body remained intact and the SPC remained firmly 
secured to the fixtures inside the cask. There were no punctures to the 
SPC, changes in shape, or any other type of observable deformation of the 
SPC, except for damage to the SPC valve assembly. The valve mounting 
plates were damaged and the valve stem was broken, but there was no 
apparent damage to the fitting and tubing from the valve to the SPC. 
Disassembly of the SPC proceeded normally and there was no evidence of 
any damage that would affect the SPC metal o-ring seal. In addition 
to the actual drop test, potential damage resulting from a side or corner 
drop was considered. It was concluded that the actual drop test 
orientation caused as much or more damage to the SPC than any other 
orientation and provided the necessary information for subsequent 
evaluations of the shipping container. The puncture test will not 
puncture the finned cask cover since this requires 4 times the available 
energy. A conservative approach to the thermal evaluation was taken. 
The temperature profiles were calculated at steady state rather than 
only after a 1/2-hr long test. The resulting maximum temperature of the 
plutonium fuel was 2670°F (1466°C) which is less than the normal operat
ing temperature of the fuel when operated with vacuum in the heat source 
gaps. The maximum surface temperature of the SPC was estimated to be 
1581°F (861°C). The results indicate that the thermal test would not 
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cause temperatures in excess of the normal operating temperatures of 
the PICS and fuel when operated with vacuum in the gaps. At the thermal 
test temperature of 1475°F (802°C), the finned cask will not contain 
the helium atmosphere, but will remain structurally rigid. Water will 
leak into the finned cask, but not into the SPC, as a result of the 
water immersion test. The thermal shock resulting from this test will 
not breach the containment vessels. 

The criticality safety analysis, based on the density analog technique, 
established that the MHW-IHS-SC, containing up to 6,3 kg of plutonium, 
can be shipped as Fissile Class I, and up to 9,8 kg of plutonium can be 
shipped as Fissile Class II. (The MHW heat source contains only 5,3 kg 
of Pu.) These results are in agreement with more sophisticated calcula
tions performed by LASL using Monte Carlo computer techniques. 

The radiation shielding evaluation and experimental data obtained for the 
"Q-l" and "F-1" heat sources, show that the total dose rate at any 
accessible point on the surface of the shipping container will be less 
than 200 mrem/hr as required. However, the Transport Index as 
measured 3 ft from the side of the shipping container will slightly 
exceed 10 mrem/hr. Thus, "sole-use of vehicle" shipments are made in 
order to satisfy regulations. 

Established quality control practices were implemented during all 
phases of fabrication of the heat source and the shipping container, 
as well as for packaging and unpackaging operations. Visual, dimensional, 
and functional inspections are performed. In addition, detailed packaging 
and unpackaging procedures are provided to assure proper handling and to 
provide documentation of these operations. 
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A. PACKAGING DESCRIPTION 

General 

This packaging description is intended to provide sufficient 
information regarding the design intent, sufficient design 
detail to accurately identify the Multi-Hundred Watt Isotope 
Heat Source Shipping Container (MHW-IHS-SC), and to provide 
the basis for evaluation of the packaging. The MHW-IHS-SC is 
identified as AEC-AL USA/9503/BLF. The calculated gross 
shipping weight is approximately 2,680 lb and the overall 
size is 5 ft. high x 4 ft. x 4 ft. Eight containers were 
fabricated in accordance with the following drawings and 
specifications: 

MRC Dwg. 5-2059 Multi-Hundred Watt Isotope 

Heat Source Shipping Container 

MRC Dwg. 5-2060 Carrier Body 

MRC Dwg. 5-2061 Carrier Cap 

MRC Dwg. 5-2062 Cask 

MRC Dwg. 1-14841 Welding and Inspection of 304 
and 304L Stainless Steel 
Containers 

MRC Dwg. 1-14596 MHW-IHS-SC Acceptance and 
Reuse Inspections 

The MHW-IHS-SC consists of a carrier which completely encloses 
a finned cask as seen in Figure A-1. The contents of the 
shipping container is the MHW Isotope Heat Source (IHS), which 
consists of the Storage Protection Container (SPC) (Figure A-2), 
the heat source, and other hardware within the SPC (see page B-4 
"Contents of Packaging"). The SPC is suspended within the 
finned cask and is supported by four stainless steel vibration 
and shock isolators to protect the IHS from damage during 
normal handling and transportation. Valves and pressure gauges 
are provided on the finned cask for cover gas back-fill and 
monitoring operations during shipment and storage. MHW 
shipments are accompanied by instrumentation for measuring 
and recording temperature, vibration, and shock. 

No shipping container materials are specifically used as non-
fissile neutron absorbers or moderators. No shielding is 
normally required to meet requirements for shipments in a 
sole use vehicle. 
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FIGURE A-1 - Cutaway view of the Multi-Hundred Watt Isotope Heat Source Shipping 
Container (MHW-IHS-SC). 
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A.2. Design Intent 

The MHW-IHS-SC is designed specifically for transportation and 
storage of the MHW-IHS. The IHS, including the SPC, is 
considered the contents of the shipping container and provides 
the necessary containment for the ^'^^Pu. Each of the 24 
Fuel Sphere Assemblies (FSA) within the IHS, is considered 
the containment vessel for the contained ^ssp^ solid 
(see Section B). Therefore, the MHW-IHS-SC alone is not 
intended to provide containment of normal form radioactive 
material under either normal transport test conditions or 
hypothetical accident test conditions. The shipping container 
is designed such that is will not contribute to the possibility 
of a radioactive release, i.e., by not permitting excessive 
damage to occur to the primary containment vessels during 
normal or accident test conditions. 

Guidelines used for the design include criteria regarding 
frequency of use, storage and handling requirments. Only one 
shipment is planned for each container, but a limited number of 
additional shipments, such as return of the IHS to Mound Labora
tory for rework or disassembly, are possible. It is assumed 
that each shipping container will be packaged and unpackaged 
six times, will be used for storage of the IHS for a period of 
one year, and must be sufficiently gas tight so that the helium 
atmosphere does not need to be recharged more frequently than 
once per month. 

Handling features are based primarily on utilization of a fork 
lift. For short moves, where a fork lift is not practical, the 
shipping container may be moved using a hand pallet truck. 
Selection of tie-down rings is based on AECM 0529 requirements 
for use with chains or cables provided with the transport 
vehicle. The shipping container is designed so that packaging 
and unpackaging operations may be performed quickly to avoid 
unnecessary radiation exposure and with readily available tools. 

It is not intended that the shipping container alone will 
provide sufficient shielding to meet transportation requirements; 
however, the combination of the shipping container and the sole 
use transport vehicle are sufficient to comply with AEC/DOT 
requirements for radiation dose levels during transportation. 
Shielding requirements during on-site storage are dependent on 
available facilities and must be evaluated as a separate 
requirement. 

The MHW-IHS-SC is designed with external fins to passively 
dissipate a minimum of 2,400 W of heat during normal transportation 
in order to maintain an external surface temperature of less than 
180°F (82°C) in accordance with AEC/DOT requirements for sole 
use shipments. Also, the container is designed to maintain the 
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external surface of the SPC at a temperature of less than 700°F 
(371°C) to satisfy a General Electric Company requirement for 
assuring the product quality of the IHS hardware. 

GE requires an inert atmosphere within the finned cask to 
prevent oxidation of the SPC during shipping and storage. (This 
is not essential for the containment of ^°*^Pu.) Selection of 
a 997o pure helium atmosphere at up to 10 psig pressure was 
based on the excellent heat transfer characteristics of helium. 
It is anticipated that other inert gases could be shown to be 
acceptable, if necessary. For safe containment of the helium 
pressure an American Society of Mechanical Engineers '* (ASME) 
code design pressure of 36 psig at 200°F was selected for the 
finned cask. A pressure relief valve, set at 33 psig pressure, 
is used to assure safe release of the helium atmosphere in case 
of an accidental over-pressure. The gages and valves mounted 
to the exterior wall of the finned cask are intended for obser
vation of the pressure within the finned cask during shipment 
and storage and within the SPC during storage when the flexible 
hose is connected from the SPC to the valve manifold. 

GE specifications for isolation of shock and vibration are 
intended to assure protection of the heat source hardware, such 
as the gas management system and thin-walled outer can. Con
tainment of the radioactive materials is not jeopardized by 
normal shock and vibration. The SPC shock response is to be 
less than 15 g when the shipping container is subjected to a 
series of 18-in. high drop tests. The vibration amplification 
factors are to be <6 (dimensionless) at frequencies of <26 Hz, 
and <;1 at frequencies greater than 26 Hz during normal transpor
tation. 

A documented history of the IHS shock, vibration, and temperature 
environment is required during handling and shipping operations. 
Ambient temperature, the finned cask cover temperature, and shock 
and vibration at the finned cask cover are measured and recorded 
on magnetic tape for subsequent evaluation and, if necessary, 
comparison with experimental correlations to determine the IHS 
conditions. In addition to the sensitive instrumentation required 
to record the data, GO/NO-GO shock indicators of various ratings 
such as 15, 50, and 100 g, as well as temperature sensitive 
pellets, are used to provide positive indicators during handling 
and shipping. 



Carrier 

The carrier which consists of a steel body and an aluminum cap, 
is illustrated in Figure A-3. The carrier protects the finned 
cask from damage and provides personnel protection from heat and 
radiation. The base of the carrier is constructed to serve as a 
four-way steel pallet. Tie-down rings on the frame are used to 
secure the shipping container within the transport vehicle. The 
carrier is of welded construction weighing approximately 1310 lb. 
The overall height is slightly less than 62 in., including the 
carrier cap flange at the top. The overall base is slightly 
less than 49 x 49 in., including the metal case, tie-down rings, 
and other minor protuberances. 

The carrier body is fabricated entirely of steel. It is only 
42 in. high to provide easy access to the finned cask. The base 
plate of the carrier body is a 48 x 48 x 3/4-in. thick steel 
plate. Sections of ten-in. channel iron are welded to the 
underneath side of the base plate to provide fork lift or hand 
pallet truck access from all four sides for lifting the entire 
assembly. Four tapped holes are provided in the base plate for 
securing the finned cask in place using 3/4-in. high-strength 
Century-20 bolts. The framework is fabricated of 2 x 2 x 5/16 in. 
thick angle iron. Heavy gauge steel screen is welded to the 
framework so that the finned cask is completely enclosed during 
shipment and it is well ventilated to permit the heat to escape. 

The carrier cap is fabricated entirely of type 6061-T6 
aluminum for light weight and convenient manual handling by two 
or three men. The two sections of the carrier cap are bolted 
together and may be conveniently removed as individual sections 
to facilitate operations during storage of the IHS in the 
shipping container. The framework is primarly 1 1/2 x 2 x 1/4 in. 
thick aluminum angle and heavy gauge aluminum screen is welded 
to the framework. Handles are provided for lifting the carrier 
cap and access ports are provided for the instrumentation 
cables. 

Several accessories are shipped with, or are an integral part 
of, the carrier. Two all-weather metal cases are fastened to the 
carrier cap for shipment of tools and instructions. A rubber 
tube is mounted inside the carrier cap for shipment of a set of 
three guide pins required for packaging operations. The required 
identification is provided on four nameplates which are fastened 
to the exterior of the carrier body. There are 16 tie-down rings, 
each having a holding capacity c£ 2 tons, that are fastened to the 
steel frame of the carrier body at the corners. The eight which 
are intended for normal use are located 20 in. from ground level, 
and an additional eight are located 6 in. from ground level. 
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Finned Cask External Features 

The basic construction of the finned cask and the external 
features are discussed in this section. The cask is a 304 stain
less steel, helium leak tight cylindrical pressure vessel with 60 
aluminum fins to dissipate heat (see Figure A-4). The overall 
height, including the cover lifting lugs, is slightly less than 
43 in., and the overall diameter from fin tip to fin tip is also 
slightly less than 43 in. The calculated weight of the finned 
cask is approximately 1100 lb. 

The body of the finned cask is a welded 304 stainless steel 
cylinder with a flanged closure at the top which is sealed with a 
1/4-in. cross-sectional diameter Viton o-ring. The body is 40-in. 
high externally and is 24 3/4-in. o.d. It is fabricated of 3/8-in. 
thick plate and the effective thickness of the body wall is 1/4 in, 
as a result of the 1/8-in. deep grooves which have been machined 
in the wall for installation of the fins. The top flange, which 
is 1-in. thick, and the bottom plate, which is 3/4-in. thick, 
are welded both internally and externally to the body wall. 

The top cover is 28 1/2-in o.d. and is 3/4-in. thick plate. The 
effective thickness of the cover at the seal is 0.69 in. as a 
result of a 0.06 in, relief which is finished to provide the 
o-ring sealing surface. The top closure is bolted together 
using 16 stainless steel 3/4 in. x 16-thread/in. x 1 3/4-in. long 
hex head cap screws located on the 27 in. diam bolt circle. 
Two 303 stainless steel 3/8 diam. x 1 3/4-in, long guide pins 
are used to assure proper orientation of the cover on the 
finned cask. Three lifting lugs are welded to the cask cover 
for lifting the cover only. The thinnest section of the lugs 
is 3/8 in. During shipment, GO/NO-GO shock indicators are 
fastened to the lifting lugs. The calculated weight of the 
cover plate is 140 lb. 

Extending radially from the cask body are 60 fins to provide 
sufficient heat transfer area for natural convection cooling to 
the ambient air. The fins are type 6061-T6 aluminum. Each fin 
is inserted into a 1/8-in. deep groove in the cask body and 
joined to the body using Scotch-Weld No. 1751 B/A (3M Co.), 
which is a high thermal conductivity, aluminum filled, two-part 
epoxy structural adhesive. A 1/4-inch fillet of the adhesive 
is applied to both sides of the fin at the joint to provide 
an additional cross-sectional area for heat transfer. A special 
fixture was used during fabrication to assure that the fins are 
equally spaced. The fins are 3/16-inch thick and extend 
radially 8 7/8-in, from the cask wall. The vertical lengths are 
as follows; 

Vertical 
No. of Fins Fin Length (in.) 

50 35 1/2 
3 33 1/2 
6 24 5/8 
1 20 5/S 
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The vertical lengths vary to provide space for the valve 
manifolds and access to the mounting tabs at the bottom. 

Valve manifolds for the SPC and the finned cask are welded 
and braced to the outside wall of the cask body. Both 
manifolds are 1/4-in. stainless steel tubing with two 
bellows sealed valves (Nupro Company) in series and a 30-in. 
vacuum/30-psig pressure compound gauge (Ametek) located 
between the valves. A Viton o-ring sealed adjustable pop-off 
relief valve (Nupro Company), set at 33 psig, is provided 
in the cask valve manifold to preclude accidental over pressure. 
The cask valve manifold is used for evacuation and filling 
with helium prior to shipment and observation of the pressure 
during shipment and storage. The SPC is not open to the SPC 
valve manifold during shipment; this manifold is primarily 
for storage operations. The connectors to the valve manifolds 
are 1/4-in. VCR fittings, which use nickel gaskets to effect the 
seals. 

The finned cask is mounted to the carrier using four high strength 
Century-20, 3/4 in. x 10-thread/in. x 1-7/8 in. long hex head cap 
screws which fit through the four mounting tabs. Each 
mounting tab is 4 1/4 in. x 2 5/8 in. x 1-in. thick; these 
tabs are securely welded to the wall of the cask at the base. 

Fm (60) 

FIGURE A-4 - Finned cask external features. 



Finned Cask Internal Features 

The finned cask provides a protective environment for the IHS by 
using a 99% pure helium atmosphere, an emissive coating for 
improved heat transfer from the SPC to the cask, and a shock 
and vibration isolation system. The internal features are 
illustrated in Figures A-5, 6, and 7. The finned cask is 
24-in, i.d. and 39 3/16-in. internal height with the cover 
closed for use. Clearances between the SPC and the finned 
cask are 2 in. at the top, 3 in. at the bottom, and range 
from a minimum of 4 1/2 in. at the SPC flange to 7 in. near the 
bottom at the sides as shown in Figure A-5. The calculated 
internal void volume of the finned cask during shipment of the 
IHS is 8.5 ft.^ (241 liters), based on an estimated volume 
of 1.5 ft,'̂  (43 liters) occupied by the IHS. 

A 0.003 to 0.005-in. thick iron titanate coating, applied 
to the internal cylindrical waxls and bottom of the cask, 
provides a high emissivity of 0.80 to 0.85 for radiant heat 
transfer from the SPC to the cask. The coating is not applied 
to the finned cask cover, the isolator mounting fixtures or 
the internal cylindrical wall area where the valve manifolds 
are attached externally and there are, therefore, no fins 
attached externally. 

A 12-in. long x 3/8-in. nominal diam. flexible stainless steel 
hose, with a pressure rating of 5,000 psi, is provided for 
storage operations. During storage, the SPC valve is opened 
and the pressure within the SPC is monitored while the SPC is 
in the finned cask protective environment. The hose is 
connected to the SPC and the finned cask using VCR (Cajon Co.) 
fittings with nickel gasket seals. The VCR fitting connected 
to the finned cask is welded to a 1 1/2-in. diam. stainless 
steel boss which protrudes 1 3/8 in. into the cask void. 

The SPC flange is secured in place for shipment using the three 
pins and bolts seen in Figure A-6. The hold down ring, which 
is 15-in. o.d. x 3/8-in. thick 304 stainless steel, functions 
as the interface between the three pins used to secure the SPC 
and the four shock and vibration isolators which suspend the SPC 
within the finned cask. The three bolts used to secure the.SPC 
are 1/2 - 13 x 1 1/4-in. long Century-20, which is a high 
strength steel alloy. The chromate plating on the bolts 
prevents galling at high temperature, but is damaged during use 
so that these bolts are not reusable. Although not illustrated, 
a standard 3/4-in. socket wrench is securely attached to the 
head of each bolt to facilitate assembly and disassembly. The 
three pins are 316 stainless steel and are 0.75 in.-o.d, x 2.65 
in.-long with 1/2 - 13 x 1 3/8-in. deep internal threads to 
accept the bolts, leaving a wall thickness of 1/8 in. for the 
threaded portion. Each pin is secured to the hold-down ring 
with a 3/16-in. diam. x 1 1/4-in.long roll pin and a 1/8-in. 
wide flange at the base of the pin. 
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FIGURE A-6 - Isolator mounting fixtures. 
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The support block, isolator pad, and ring pad (Figure A-6) 
for each isolator are all 7-in. long, irregularly shaped, 304 
stainless steel fixtures designed to orient each shock and 
vibration isolator at a 45° angle with sufficient clearance 
spjce. The isolators are also located at a height which 
approximately coincides with the center of gravity of the SPC, 
The methods of fastening these pieces together are tabulated 
as follows t 

Pieces Fastened Methods of Fastening 

Finned cask wall to 
support block. 

Welded complete 16-in. 
perimeter of support 
block. 

Support block to 
isolator pad. 

4 ea. 3/8-16 x 1 1/4-in. 
long stainless steel 
socket head cap 
screws, and 

2 ea. 3/16-in. diam. x 1 1/4-in. 
long 304 stainless steel 
roll pins. 

Isolator pad to 
isolator. 

4 ea. 5/16-18 x 1 1/4-in. 
stainless steel flat 
head screws. 

Isolator to ring 
pad. 

4 ea, 5/16-18 x 1 1/4-in. 
stainless steel flat 
head screws. 

Ring pad to hold 
down ring. 

3 ea, 3/18-16 x 1 3/4-in. 
stainless steel socket 
head cap screws. 

The four shock and vibration isolators, illustrated in 
Figure A-7, are constructed of 1/2-in, diameter stainless steel 
wire rope. The wire rope is coiled in a helical shape 
eight full turns. The overall length of each isolator is 8 1/2 in. 
and the larger diameter is 4 3/4 in. The isolators are 
manufactured entirely of 300 series stainless steels to provide 
satisfactory performance at temperatures up to 1,000 F. 



SECTION B 

CONTENTS OF PACKAGING 

CONTENTS; 

B.l. General Description of MHW-IHS 

B.2. Drawings and Specifications 

B.3. Contents of Packaging 

B.4. Hardware Responsibilities 

B.5. SPG/IHS (Containment by the SPC) 

a. Normal Operations 
b. Accident Conditions 
c. Structural 
d. Conclusion 

B.6. Accident Condition Assessment 

a. Measured and Calculated Levels of PuOg 
from an FSA and IHS 

b. Conclusion 

B.7. Effect of New Vents on SARP 

a. Particulate Retention and Flow Measurements 
b. Vent Vibration Test 
c. Conclusion 



B. CONTENTS OF PACKAGING 

General Description of MHW-IHS 

The USAEC, Division of Space Nuclear Systems, has initiated work 
on an advanced heat source convertor design, designated as the 
Multi-Hundred Watt (MHW) program. The following paragraphs 
describe this particular unit. 

The MHW heat source consists of 24 spherical modules, each 
containing lOOW power, and arranged in a 4 x 6-element 
cylindrical matrix. The fuel is pressed plutonium oxide (PFO), 
which is encapsulated in a 0.020-in. thick post impact contain
ment shell (PICS) of Iridium metal; each sphere is encased 
in a 0.46-in. thick wound graphite impact energy absorber. 
The four-sphere tiers are then inserted in graphite reentry 
aids, and the entire assembly is welded in an O.OlO-in. thick 
outer container as shown in Figure B-1. 

FIGURE B-1 - Multihundred watt source. 

2 



B. 2, Drawings and Specifications^^ 

The following i s a l i s t of app l i cab le drawings and spec i f i ca t i ons 
r e l e v a n t t o the MHW-IHS and a r e included in Appendix IV« 
i n d i c a t e d . 

MRC Spec No 

1-14813 

MRC Dwfi No 

4-10942 

Description 

Multi-Hundred Watt Material 
Specification Indium Blank 

Multi-Hundred Watt Material 
Specification Sheet & Foil 

Multi-Hundred Watt Hydro-
forming Iridium Hemisphere 
Specification 

Multi-Hundred Watt MHW Fuel 
Sphere Assembly Acceptance 

Multi-Hundred Watt MHW Heat 
Source Assembly Acceptance 
Specification (Draft) 

Multi-Hundred Watt Fuel 
Specification 

Multi-Hundred Watt Post 
Impact Containment Shell, 
MRC Product Indium 

Page 

IV-2 

IV-9 

IV-33 

Multi-Hundred Watt Weld 
Shield 

Multi-Hundred Watt Contam
ination Cover 

3-9318 

3-9329 

C GE DKK NO 

47C302509 

47E302635 

47C303127 

47B303131 

47B303132 

47B303153 

NS-0060-02-78 

47J302521 

MRC Dwg No 

D. 2-15211 

2-15212 

3-8985 

3-8986 

4-10475 

Multi-Hundred Watt Hemisphere 

Multi-Hundred Watt Blank, 
Indium 

Cap and Body Matched, 
Concentric Design Impact 
Shell 

Isotope Heat Source ASM 
Ground Handling Configuration 

Particulate Shield Assembly 
Frit Design 

Filter Assembly 

Weld Disk 

Weld Disk Washer 

Fabrication of Bonded Frit Vents 

Isotope Heat Source 

Shield Disk 

Disk 

Hemisphere - Female 

Hemisphere - Male 

Post Impact Containment Shell 

IV-45 

IV-46 

IV-47 

IV-48 

IV-49 

IV-50 

IV-51 

IV-52 

IV-53 

IV-60 

IV-61 

IV-62 

lV-63 

IV-64 

IV-65 

*NOTE: Enlarged copies of these drawings may be obtained 
by writing to Monsanto Research Corporation, 
Engineering Drawing Control, Mound Laboratory, 
Miamisburg, Ohio 45342, 



B.3. Contents of Packaging 
Under Section B (page 3) of the AEC/ALO guide for writing SARP's 
several specifics are requested. 

The -e are: 

a. "Describe the quantity of isotopes" - Each fuel sphere contains 
100 ± 2 watts; Each HSA contains 24 spheres with a restrictive 
thermal inventory of 2410 ± 18 W (approximately 4200 g ̂ ^^Pu 
isotope), From MRC Dwg. 1-14813, it can be noted that "80 ± TL 
of the atoms of plutonium shall be of atomic weight 238" (Sec
tion 4.1.1). The remaining plutonium atoms are approximately 
16% ̂ '̂'Pu, 3% ̂ '̂ ''Pu and considerably lesser quantities of 
336p^^ 34 1py g^j 2*2py^ Other actinide impurities are defined 
in Section 4.1.4 to not exceed 1% of the total plutonium; how
ever, there is some ingrowth of ̂ ^^Pu daughters, as the fuel 
ages. 

b. "maximum amounts of radioactivity" - see also above. 

c. "chemical and physical form" - the fuel is a hot-pressed oxide 
solid (see pp. IV-38, IV-41). 

d. "material density" - The material density is defined to range 
within 80-85% of theoretical density. This is not a specifi
cation call-out but is a measureable parameter (see p. IV-40) 

e. "moderating ratios" - Not applicable. 

f. "configurations as required for nuclear safety evaluations" -
See section on criticality (Section G). 

g. "the maximum amount of decay heat" - The MHW IHS is designed 
to utilize the decay heat; this quantity is at present 2410 W. 

h. "maximum pressure build-up in the inner container" - As the 
PISA is a vented structure, the design pressure build-up is 
nil (see Appendix III). 

i. "leak tests" - Both PISA and IHS leak check analyses are 
covered. See paragraphs 6.3 and 8.4 in 1-14905 and 6.3.2 in 
SPA740056 (p. IV-21 and p. IV-33, respectively). 

j. "any loading restrictions and limitations" - This is covered 
in the loading procedures covered elsewhere (Appendix II and 
Conclusions). 
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B.4. Hardware Responsibilities 
The GE/MRC/ORNL interface responsibilities for providing both desig 
and hardware follow: 

MHW-Radloisotopic Thermoelectric Generator Program 
Heat Source Responsibility Matrix 

Task 

I. 

II. 

III. 

IV. 

Item 

Hardware Fabrication/Procurement 

a. Fuel Form Sphere 
b. Simulant Fuel Form Sphere 
c. Post-Impact Containment Shell 
d. PICS Blanks 

1. Production 
2. Specification 

Sheet Iridium 

h. 
i. 

1. Production 

2. Specification 

Vents, PICS 

1. Production 
2. Specification 
Remaining Hardware (See Attachment I) 
Heat Source Shipping Containers 
Storage Protection Container 

HSA Drawing 

Component/Subassembly Drawings 

a. All Hardware (See Attachment I) 

b. Heat Source Shipping Containers 

Material Specifications 

a. Fuel 
b. Fuel Simulant 
c. Post-Impact Containment Shell 
d. Outer Clad Coating 
e. Outer Clad 
f. Remaining Hardware (See Attachment I) 
g. Heat Source Shipping Containers 

Responsible 
Organization 

MRC 
MRC 
MRC 

ORNL 
MRC 

ORNL 
MRC 

GE 
GE 

GE 
MRC 
GE 

GE 

GE 
MRC 

MRC 
MRC 
GE 
GE 
GE 
GE 
MRC 

V. Acceptance Specifications 

a. Fuel Form 
b. Simulant Fuel Form 
c. Heat Source Assembly 

VI. Data Package 

VII. Receiving Inspection of Government 
Accepted Products 

a. All Hardware Except Post-Impact Shell 
b. Heat Source Assembly 
c. Heat Source Shipping Containers 

MRC 
MRC 
MRC 

MRC 

MRC 
GE 
GE 

Acceptance of hardware at GE for the U.S. Government is the responsi
bility of Sandia QA. Acceptance of product that is the responsibility 
of MRC is performed by AEC/DAO/QAIA. 
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SPC/IHS (Containment by the SPC) 
During a telecon on December 14, 1973, Mr. E. L. Barraclough, 
AEC/ALO suggested that it would be advisable to consider the affect 
of the SPC in the assembly as far as contributing favorably to the 
containment of radioactivity. 

a. Normal Operations 
The specification for the SPC (GE document No. CP47A14615) 
states that, "the reliability of (the) IHS shall not be degraded 
as a result of utilizing the SPC" (para. 3.2.3). The facts that 
(1) the 700°F SPC temperature does not adversely affect the IHS 
(para. 4.2.1), and (2) that the leak rate of the SPC is defined 
to be <1 psi in 48 hr (see pp. 24-25 and Tables I and IT), infer 
an additional attenuation can be realized over that attributed 
to the IHS alone. 

Viscous flow of a gas through a capillary may be computed 
as follows: 

Q ^ 5.362 ̂x 10- ^ ^ ^ ^p^.p^^ .̂ _̂ .̂̂  

where Q = throughput (^'^-sec"^), 
'" = viscosity 
d = pore diam (in.), 
^ = length (in.), 

P = average pressure (jLi-bar), 
P -Pi = Delta P (f/'bar, or 

6.9 y Iff* /u-bar = 1 psi) . 

From Equation 1, it may be noted that the equivalent capillary 
size for the 1/4 in. flange area may be found by conversion as 
follows: 

5.362 X IQ-* P (Pa -Pi ) 
•"Eq. 21 

Using Equation 2, the sample calculation would reduce as follows: 

d* = (3.36 jU-^-sec-^O X IQ-^ poise)(0.25 in.) 
(5.362 X 10-*) (1.034 X 10" Â -bar) (5 .17 x ID'* M-bar) 

and 

d* = 8.79 X 10"̂ '̂  

d = 1.7 mil 

If the escaping gas is saturated with PuOp vapor at 300°C, it 
may be noted that 0.44 I of volume escapes every 48 hr and the 
quantity of PuOg entrained is « 1 /u Ci. The physical size of 
the equivalent diameter is also such that if randomly distri
buted about the 30-in. circumference, it seems unlikely that a 
sizable weight fraction of suspended fines particles would be 
able to be swept into the HSSC area. 



The enhancement factors for having the SPC about the IHS in 
normal operation appear to be as follows: 

Vaporized PuOg : ~19 orders of magnitude (arrived at by 
using the vapor pressure equation, 

log P = 7.381 - ̂ ^ 1 ^ , from MLM-1691) . ̂  

Suspended PuOg: > 3 during shipment (but undoubtedly much 
greater than this in reality; difficult 
to quantify). 

Accident Conditions 
The response of the SPC to the hypothetical accident conditions 
will result in loss of the seal with a rapid (< hours) drop in 
pressure to ambient. 

It is reported elsewhere that the maximum potential hypothetical 
accident temperatures are (from Appendix III, pp. III-33, Table 6, 
Case 5) 

SPC: 1581°F (860°C) 
IHS: 2171°F (1188°C) 

From this 5 the vaporization effects are attenuated by a factor 
of ~10^ over an accident fire in which the IHS is at the same tem
perature but with no SPC around it (from vapor pressure formula 
given earlier). 

The suspended particulate cut-down is greater than a factor of 
2.5 but again, the actual containment would be significantly 
greater as the apertures will cause some hang-up of particulate 
which cannot be accurately assessed here. (Note: This may be 
considered as a straight pressure decrease with ~407c, of the 
cover gas exiting through the leak, the remaining gas holding 
the particulate material. 

Structural 
The SPC will obviously absorb some energy in deformation during 
the 30-ft drop accident condition. The actual quantity is not 
calculable; drop or impact conditions are certainly well covered 
in Appendix III for the IHS and its components. 

Conclusion 
The SPC does not detract from the safety in operation of the 
IHS/SPC/HSSC combination in either normal or accident conditions 
and will a priori decrease the quantity of possibly released con
tamination by a factor of approx, 2.5 or greater. Substituting 
GE-obtained maximum escape values, the presence of the SPC can 
decrease the proposed maximum quantity of 7 MCI to '-3 /uCi. 
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Accident Condition Assessment 
As it is not practical to demonstrate complete containment via HSSC 
nor SPC means (see B.5 above), some additional rationale is given 
to support the tenet that the IHS (HSA) is a "primary containment 
vessel", 

a. Measured and Calculated Levels of PuOg from an FSA and IHS 
A recent LASL letter from S. E. Bronisz to T, J. Dobry, Jr., 
(January 15, 1974), contains the following analysis: 

"There is no direct information about the distribution of 
plutonium contamination in a MHW heat source or generator 
now, but such information will be obtained when the quali
fication generator is disassembled. We can estimate a 
possible distribution by examining the measurements that 
Dan Pavone made when he disassembled MHFT-22, an FSA held 
at vacuum operating temperature (1268°C on the external 
GIS surface) for 12.2 Msec (3400 hr) in a threaded closure 
POCO graphite can. 

The levels of contamination he found were: 

POCO exterior nil, direct count 
POCO Interior 2 x 10° cpm, direct count 
GIS exterior 1x 10* cpm, direct count 
GIS interior >10'' (a) cpm, direct count 
PICS exterior >10^(a) cpm, swipe count 

(a) The upper detection limit of the counter.' 

"A chemical assay of the entire GIS found 625 )ug of ^̂ '̂ Pu on 
and in it. This is equal to —11 mCi of fuel. Based on the 
swipe counts, we would guess that a similar amount was on 
the exterior of the PICS." 

"The vents were all plugged, but there was a small crack in the 
PICS which may have been venting helium (and PuO^) during the 
test. This behavior may not be representative of the flight 
vents, but we have tested none of the new designs and must 
assume that It Is." 

"If we assume that MHFT~22 Is representative of the flight 
FSA's in a generator after a few months of operation, we 
can estimate the plutonium will be as follows: 

Location 

Inside GIS 

Inside Aeroshell/ 
outside GIS 

Outside Aeroshell/ 
inside clad 

Outside Clad 

Single 
FSA 

20 mCl 

4.5 nCi 

Fuel Heat 
Source 

480 mCi 

108 nCi 

nil" 

MRC's loading operation should not put any contamina
tion between the aeroshell and clad. 

'If the CMS operates properly, the only contamination 
on the outside of the heat source would be that left 
by the loading cycle. I believe that it will be very 
little. The actual quantity should be available from 
the walk-through heat source fit-up exercise." 



Also, in the case of an accident condition, the rate of 
influx of oxygen into the HSSC volume is given as 

M = DA - i ^ - ^ t, [Eq, 3] 

where M = Mass/quantity 
D = Diffusion coefficient 
C = Concentration 
t = time (1/2 hr or 1800 sec) 
d = thickness (0.25 in. or 0.625 cm) 
A - Area 

or ,-3 

' sec 

or 

ft(g cm-^) = (0.178 cnf sec~^)(l cuP ) ^ ^ ^ P ^ ^ ^ - ^ (1800 
(U.ozD cm) 

M - 0.1469 g cm-2 in 1/2 hr 

M Ci 0,05 g during acident conditions where ~l/3 cm̂  
of area opens up due to gasket failure. 

^' \SSC - 290^ and V^^^ ~ 40^ 

\oid ~ 250^ 

or Cj.gĝ  = 2 X 10-'' g cm-=̂  

or, with-y-^QQ- U ^ factorl c c:i 4 x 10"'̂  g cm~° , 

Since the SPC "C" Ring will fail and create a gap through which 
oxygen-contaminated gas may diffuse, a similar analysis may be 
performed, viz. 

M(g cm-^) - (0,178 cm̂  sec-^)(l cnf ) - ^ ^ - ~ ^ ^ - ^ ^ ^ (1800 sec) 

M(g) - (2.05 X 10-*) (0.25 cnf ) :x 0.5 x 10"* g 

if --1/4 cm® is opened during 
failure of the "C" ring. 

or M = 50 jUg inside the SPC. 

If we assume that all 50 /ug are available to oxidze the aero
shell through a leak in the IHS can, <20 Mg of carbon would 
be eroded (as insignificant quantity, equivalent to a cube 
0.02 cm on edge!). 
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b. Conclusion 
From the above, it is obvious that there is apparently no 
release of PuOg from the HSSC in an accident environment upon 
failure of seals which permit oxygen to intrude in the inner 
cavities. The FSA graphites will remain intact and the FSA 
will contain the radioactive material. 

B.7 Effect of New Vents on SARP 

Earlier (section B.6) argument was performed to justify potential 
release values based upon the "old" vent design discussed pre
viously in section 6.2, p, B-8. 

To verify that the bonded (diffusion bonded at 1900°C for three 
hours by GE Company) frit vent does not detract from the existing 
rationale, MRC has performed the following evaluations. 

a. Particulate Retention and Flow Measurements 
Quantities <0.1 mg of "fines" having a size range of <6 jum 
diameter were noted during cold particulate retention testing 
at Mound Laboratory. This is in the area of detectability 
limitation and is at least as good as for the "old style" 
welded sandwich vent design. The high temperature sintering 
provides a more positive spacing and permitted flow measure
ments directly. The consistency of these measurements vali
dates their reproducible flow rates (letter from E. W, Johnson 
to A. J. Sattolo, December 20, 1973), 

b. Vent Vibration Test 
To verify that the bonding steps mentioned in B.7 were adequate 
in imparting mechanical stability to the vent, MRC vibrated a 
ThOs-fueled FSA at 1000°C under defined LES 8/9 launch condi
tions. The vibration spectrum used is shown in Figure B-2. Post
mortem showed both vents to be open (one exhibited normal flow 
characteristics whereas the second seemed lower by a fraction 
of ~10 but still » He generation rate of a fuel sphere). 
Photographs and photomicrographic cross-sections of this study 
are on file at Mound Laboratory. 

c. Conelus ion 
Inclusion of new frit-type vents does not detract from the 
safety analyses; in fact, they should present a higher design 
confidence as to consistency. 
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FIGURE B-2 - Reference Vibration Spectrum. 
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Section C - Part 1 

INTERNAL PRESSURE CAPABILITY 

General 

The internal pressure capability of the finned cask was thoroughly 
evaluated. The evaluation clearly demonstrates that the vessel is 
capable of safe pressure containment when pressurized for shipment 
of the MHW isotope heat source at approximately 7 psig. 

The basic structure of the finned cask is shown below in Figure C-1. 
It is a cylinder with a welded bottom plate and a bolted cover 
sealed with a 1/4 in. diameter cross section Viton o-ring. It is 
fabricated entirely of 304 stainless steel and the welds were 
subjected to visual and dye penetrant examinations during fabri
cation. A complete description of the finned cask is presented 
in the Packaging Description section of this report. 

Hex Head Cap 
Screw 
3 8 16 X 1 '4 
Stai-,less Stee 
(16 Req J) 

FIGURE C-1 - Finned cask basic structure. 



Calculations 

Calculations for the internal pressure capability of the finned 
cask at 200°F (93°C) are presented and the results at temperatures 
up to 1500°F {816°C) are tabulated. A separate calculation is 
required for each of the three basic components, which are the 
cylindrical cask body, the welded bottom, and the flanged cover. 
The maximum pressure capability is then based on the values for 
the flanged cover since these are the lowest values for the three 
components. 

The maximum allowable working pressure of the cask body is calcula
ted according to the following: 

P = --.gf̂.Jr,... (ASME Code, Page 11)* 

K + (J . 0 t 

where P = Maximum allowable working pressure, psi 

S = Maximum allowable stress, S = 15,600 psi 

E = Welded joint efficiency, E = 0.70, 

R = Inside radius of cask, R = 12 in., 

t = Wall thickness, t = 0.25 in. 
Substitution of the appropriate values into the above equation 
yields: 

p ^ (15,600) (0.70) (0.25) 
(12) + (0.6) (.25) 

P = 225 psi 

The cask bottom is doubly welded to the cask body. Its pressure 
capability is calculated as follows: 

P = I (2^")^ (ASME Code, page 21) 

where, 

P = Maximum allowable working pressure, psi 

S = Maximum allowable stress, S = 15,600 psi, 

C = Factor accounting for method of attachment, C = 0.3, 

R = Inside radius of cask, R = 12 in., 

t = Thickness of bottom plate, t = 0.75 in. 

*ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, 1971, 
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The resulting calculation is as follows: 

P = 
(15,600) / 0.75 
(0.3) I 2 x 12 

P = 51 psi 

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

^ = 1^21-^' " ^"-rj^-^-] ^̂ ^̂  ̂ °'̂ '̂ P̂ ®̂ 21) 
W = H + H , and (ASfiE Code, page 219) 

H = J (2R) 2 p, 

where P, S, C, t, and R are as defined above and 

W = Total bolt load, lb, 

H = Hydrostatic end force exerted by maximum allowable 
working pressure, lb, 

H = Force to assure tight joint, H = 0 for the Viton o-ring 
since it is considered self sealing, and 

hp= Gasket moment arm, h„ = 0.96 in. 

Combining, rearranging, and simplifying, the pressure equations 
yield the following: 

p = s / t _ \ y / i^isjTjiG. 

C \̂  2RJ/ y- ^ 8 RC 

p = (15,600) / o . 6 9 \ yL ^ 1.78TT x 0.96 (0.3) \ 24 / / \ 8 X 12 X 0.3 

P = 36 psi 

Thus, the pressure capability of the finned cask at 200°F, based 
on the capability of the flanged cover, is 36 psi. 

It should be noted that the 1/8-in. deep grooves in the finned cask 
wall will not alter the pressure capability as a result of stress 
concentration in the metal near the groove radius. Although stress 
concentration does exist in this area, the stress level is very low 
and will not cause the material to yield. Even under a cyclic load, 
stress concentration would not reduce the pressure capability of 
the cyclindrical cask wall below the capability of the flanged 
cover. 



Results 

The maximum allowable stress values and the results of the calcula
tions at elevated temperatures are tabulated as follows: 

Maximum Allowable 
Maximum Allowable Working Pressure, psi 

Temperature, °F 

100 

200 

500 

1,000 

1,500 

Stress (S), 

18,700 

15,600 

12,100 

9,700 

1,400 

psi Body 

269 

225 

174 

140 

20 

Bottom 

61 

51 

39 

32 

5 

Cover 

43 

36 

28 

23 

3 

These results are also presented in Figure D-2 which shows the 
maximum allowable working pressure, in accordance with ASME Code, 
as a function of the temperature for the finned cask cylindrical 
body, the welded bottom plate, and the bolted cover. The pressure 
capability decreases gradually for each curve up to approximately 
1000°F and then decreases rapidly. 

The weakest component is the bolted cover which has a maximum 
allowable working pressure of 36 psig at 200°F (93°C). The 
brackets at the low temperature end of each curve show the normal 
operating temperature of the finned cask when containing the MHW 
isotope heat source as determined from the steady state temperature 
testing which is discussed elsewhere in this report. The dashed 
line at 33 psig shows the pressure relief valve setting and the 
broken line illustrates the helium pressure increase within the 
finned cask when initially filled to 1100 torr absolute pressure 
(6.6 psig) at ambient temperature. Also shown near the bottom of 
Figure D-2 is the duration of time the Viton o-ring is expected to 
provide a seal when heated to the corresponding temperatures. 

It is obvious from Figure D-2 that the finned cask pressure capa
bility is significantly greater than the normal operating pressure 
of the helium atmosphere. As the temperature increases, the helium 
pressure increases and the pressure capability decreases. At 
approximately 750°F (399°C) the helium will be released through the 
pressure relief valve and the Viton o-ring will begin to leak 
after a short period of time. At the hypothetical accident test 
temperature of 1475°F (802°C), the finned cask will not contain the 
helium atmosphere, but will remain structurally rigid. 
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FIGURE C-2 - Finned cask maximum allowable working pressures 
at elevated temperatures. 



Section C - Part 2 

PACKAGE STANDARDS EVALUATION 
General 

In Part II of AECM 0529, general standards are specified for 
materials, closures, lifting devices and tie-down devices in 
addition to structural standards pertaining to load resistance 
and external pressure. The purpose of this evaluation is to 
provide the necessary supporting information which verifies that 
the MHW-IHS-SC is in compliance with these standards. 

Materials 

The packaging materials and the package contents will not cause 
any significant reactions even at hypothetical accident conditions. 
Design materials were carefully selected and this has been verified 
by testing, and by experience gained with the container during 
packaging, unpackaging, storage, and shipping operations for the 
MHW heat sources designated "Q-1" and "F-1." 

Closures 

Positive closures, utilizing several bolts, which prevent inadver
tent opening, are used on both the carrier and the finned cask. 
In addition, seals are secured to the carrier and cask closures 
and the valves during shipment. 

Lifting Devices 

It is required that lifting devices which are an integral part of 
the package be capable of lifting three times the weight of the 
package and any attachments without generating stress in any mater
ial of the package in excess of its yield strength. The three 
lifting lugs on the cover of the finned cask were tested and 
evaluated and the carrier base-plate was evaluated with respect 
to this requirement. 

It was verified that the cover lifting lugs satisfy this require
ment by simply lifting the cover, while hot, using only one of 
the three lifting lugs. This test caused no observable damage and 
it is concluded that all three of the lifting lugs are capable of 
lifting three times the weight of the cover. Each of the stainless 
steel lifting lugs has a rectangular cross section of 1/2 in. x 
7/16 in., at the thinnest location. An evaluation is presented 
below which establishes the maximum capability of the lifting lugs. 

When the cask cover is lifted, bending stresses will occur in the 
plate as well as tensile stresses in the lugs. Details of the 
cask cover are shown in Figure 1. The cask material is 304 stain
less steel with a specified yield strength of 30,000 psi and the 
weight of the cover is 140 lb. To satisfy requirements, each of the 
three lifting lugs must resist 140 lb, which is 1/3 of the total 
weight requirement. This concentrated load will cause bending 
stresses in the plate. The maximum bending stress is obtained by, 
conservatively, assioming that a triangular portion of the plate, 
as shown in Figure C-1, is resisting the moment due to the con
centrated force at Point A. The plate is assumed fixed along B-C. 
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Cask Cover 

Lif t ing Lugs 

FIGURE C-1 - Cask cover lifting lug evaluation. 

At any distance (X) from A, the width (b) is given by 

b = 0.50 + 1.12X in. 

Then, at X = 15 in., 

b = 17.32 in. 

The maximum bending stresses due to the 140 lb. load at 
A occurs along B-C and is 

^max ~ ZT 
6M 
bt2 

where ^max ~ the maximum bending stress (psi), 

M = the bending moment, M = (14 0) (15) in. lb , 

b = width, b = 17.32 in., and 

t = plate thickness, t = 0.75 in. 

Thus, 

^m 
^ 6(140) (15) 

^^ 17.32(0.75p 
1300 psi. 
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Since the distributed weight of the plate was not included in the 
determination of the maximum moment, the result is conservative. 
The maximum bending stress is only 4% of the material yield 
stress. The details of the cover lifting lugs are shown in 
Figure C-2. The minimum cross sectional area of a lug is 

A = 0.50 (0.87) = 0.435 in.2 

The maximum tensile stress is then calculated as follows: 

^ - A - O : T 3 5 ~ '"' p"" 

This value is only 1% of the specified yield strength. Thus, the 
bending stress in the cover plate and the tensile stress in the 
lifting lug are both insignificant compared to the strength of 
the cover plate and the lifting lugs. 

The entire container is lifted using a fork lift or hand pallet 
truck. Sections of 10-in. channel are welded to the bottom of the 
carrier base plate to provide access from all four sides as seen 
in Figure C-3. When the container is lifted, the maximum stresses 
will occur in the base plate due to potential bending. The base 
plate is supported by six channel sections as shown in Figure C-3, 
Another combination of six channel supports is used when lifting 
is from the left or right hand side of the container. The maximum 
gross weight of the container is 3000 lb, of which 1400 lb is the 
maximum cask weight and 1600 lb is the maximum carrier weight. 

Lift ing Hoist Hook 

1.25 in. Diam. 

w. 
^ 

2.12 in. 

• '/2 in. 
Section B-B 

0,435 in . 

V/. 
^ 

0,435 in. 

Section A-A 

FIGURE C-2 - Lifting lug details. 
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1 

48 in. Bose Plate 

Channel 
Supports 

Figure C-3(o) - Top View 

3,91 psi 

Baie Plate ^ 

Channel Supports 

i i i M M i T l 1 M 'T 
I — — 1 ^— 

1] \rm~w J 
Figure C-3(b) - Section A-A ^°'^ "-ift Truck 

£1 w = 3.91 psi 

CIXIII1IX3IIZ1Z33EI3IZZ] 
777777-7^7-77^ 

^ 7 in. J 
14 in. 1 ^ 20 in. 

Figure C-3(c) - Load Diagram 

FIGURE C-3 - Base plate lifting evaluation. 
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The yield strength of the plate material is 27,000 psi per ASME 
Pressure Vessel Code. '* For this analysis, three times the package 
weight .(3x3000 = 9000 lb) is assumed to be uniformly distributed 
over the base plate area. Thus, 

P = Weight = 9000__ = 3.91 i 
Area JToJlMT 

Considering a 1 in. wide strip (b) through the center of the plate, 
as shown in Figure C-3 (c), the maximum bending moment, which occurs 
at point A, is 

^ a x = (3.91 psi) (14 in.) (7 in.) (1 in.) = 383 in. lb 

where the distances are illustrated in Figure C-3. The maximum plate 
bending stress is then 

5Mmax 6 (383) 
Smax = Et2 = TTTTOTTST^ = ^075 psi . 

The maximum bending stress is only 15% of the yield stress of the 
material which is 27,000 psi. Furthermore, this is a conservative 
result because the supports are not actually point supports, but are 
10 in. wide. Also, the cask is approximately one half of the weight 
of the MHW container, and it is supported directly by the interior 
channel sections. Accounting for this consideration would decrease 
the maximum bending stress derived above by approximately 50%. 

Tiedown Devices 

AEC Manual Chapter 0529 specifies that tiedown devices, which are 
a structural part of the package, must be capable of withstanding 
simultaneously lOg longitudinal, 5g lateral, and 2g vertical loads 
without exceeding the yield strength of the material. This require
ment is applied to the four cask mounting tabs used to secure the 
finned cask to the carrier base plate. This is based on postulating 
that failure of the mounting tabs under severe load could breach 
the cask; although this type of failure would not cause any loss of 
the radioactive materials. Since the carrier base plate and the 
eight tiedown rings attached to the carrier framework are not 
structural parts of the package, a tentative RDT standard^ is 
applied to these components. The standard proposes that all parts 
of the tiedown system that are not considered structural parts of 
the package be so designed and fabricated such that static stresses 
would not exceed the yield strength if the package were subjected 
to a sustained acceleration of 2g forward or backward, Ig sideways, 
or 2g vertically. It is shown in this section that the MHW shipping 
container satisfies the applicable requirements set forth in AEC 
Manual Chapter 0529 and in the RDT standard. Failure of the de
vices under excessive load will not impair the ability of the 
package to meet the requirements of the other general standards. 

The mounting fixtures for securing the finned cask to the carrier 
base plate are evaluated first. The mounting configuration is 
illustrated in Figure C-4, which shows the four mounting tabs. 
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FWD 

19.45 in. 

19.45 in. -•«. — Cask Mounting Tabs (4) 

Cask 

Carrier Base Plate-

24,75 in. 

ex. 
• -

40 ir 

20 in . 

i 
0.75 in. 

9.725 in. 

FIGURE C-4 - Cask mounting configuration. 
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designated 1 through 4. The tabs are welded to the cask body and 
bolted to the carrier base plate. Inertia loads will cause ten
sion in the mounting bolts which, in turn, causes bending stresses 
in the tabs and the carrier base plate. In the following evalua
tion, the maximum inertia load of a mounting bolt is found to be 
11,148 lb and the resulting maximum stress in the mounting tab is 
determined to be 16,000 psi, which is only 53% of the yield stress 
of the 304 stainless steel. The maximum load in the base plate is 
found to be 1,440 lb and the resulting maximum stress in the base 
plate is 5,380 psi, which is 20% of the yield stress of the steel. 

The simultaneous application of lOg longitudinal, 5g lateral, and 
2g vertical inertia loads is illustrated in Figure c-5. The maximum 
weight of the cask and its contents is 14 00 lb and the distance 
between tabs is 19,4 5 in. Each of the inertia loadings specified 
above is first considered separately and the results are then com
bined. The longitudinal inertia load of 10^ (10 x 1400 lb = 14,000 
lb) will cause tensile stresses in bolts 3 and 4 and compressive 
stresses in bolts 1 and 2, The magnitude of these bolt loads (P) 
can be found by summing moments about point A (See Figure C-5) . 
Neglecting the weight of the cask, for the present, the moments 
are summed as follows: 

2P(19.45 in.) = (14,000 lb)(20 in.) (1) 

P = 7,198 lb, 

where P is the bolt load for bolts 3 and 4. 

Vertical equilibrium requires that 

Pĵ  = P2 = -7,198 lb. (2) 

The negative sign indicates compression. Therefore, 

Pi = -7,198 lb, 

P2 = -7,198 lb, (3) 

P3 = +7,198 lb, and 

P^ = +7,198 lb 

Next, the lateral inertial loading of 5g (7,000 lb) is considered. 
For this loading, bolts 1 and 3 will be in tension and bolts 2 and 
4 will be in compression. The magnitudes of the bolt loads are 
determined by summing moments about point B as follows: 

2P(19.45 in.) = 7,000 lb (20 in.), (4) 

P = 3,600 lb, 

where P is the bolt load for bolts 1 and 3. 

Vertical equilibrium requires that 

P2 = P4 = -3,600 lb (5) 
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19.45 in. 

1 
4 

( 
3 

• ^ ~ ^ 
2 

Ik 

4 

Point A 

19.45 in. 

i 

' 1400 
lb. 

2(1400) = 2800 lb 

5(1400) = 7000 lb 

20 in. 

'\ 
« J 1 

3int B 

FIGURE C-5 - Cask mounting inertia loads. 
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where the negative sign, again, indicates compression. Then, 

Pi = +3,600 lb, 

P2 = -3,600 lb, 

P3 = +3,600 lb, and (6) 

P4 = -3,600 lb. 

Finally, the vertical loading of 2g is considered. Here the 
weight of the cask is included in the analysis and the resulting 
vertical loading becomes 2g ~ Ig = Ig = 14 00 lb. For this loading 
condition, each bolt will develop tensile stresses of equal magni
tude. Equilibrium in the vertical direction requires 

1400 
i-l -- i-2 = i-s = Ĵ i( = 

Therefore, 

Pi = P2 = P3 = Pi, = =~^ = 350 lb. (7) 

Pi = 350 lb, 

P2 = 350 lb, 

P3 = 350 lb, and (8) 

P4 = 350 lb. 

The three inertia loads determined above (equations 3, 6, and 8) 
for each bolt are added together (Pi = -7,198 + 3,600 + 350 = 
3,248 lb) to obtain the resultant bolt forces as follows; 

Pi = -3,248 lb, 

P, = -10,448 lb, 
(9) 

P3 = +11,14 8 lb (maximum), and 

Pi, = +3,948 lb. 

Thus, the maximum bolt load is 11,14 8 lb. Since each bolt is 3/4 
in. nominal diam with a minimum cross-sectional area of 0.3345 in.^, 
the maximum tensile stress developed in the bolt is 

Smax = ' ^ = S i M I = 33,300 psi. ^^'^ 

This is only 17% of the 200,000 psi tensile strength of the bolts. 
The bolts, therefore, satisfy AECM 0529 requirements as well as the 
tentative RDT Standard. 

The maximum stress developed in the cask mounting tab, based on 
the maximiim load of 11,14 8 lb, was found using a finite element 
method of stress analysis. A widely used computer program and 
an IBM 360 computer were used to perform the calculations. The 
computer program (SOLID SAP) is described and sample calculations 
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are provided by Wilson.'^ The calculations were performed using 
148 node points and 116 plate bending elements. The results of 
the analysis indicate that the maximum stress developed in the 
cask mounting tab due to the bolt load of 11,148 lb is 16,000 
psi. Since this is only 53% of 30,000 psi, the yield stress for 
the 304 stainless steel, the mounting tabs satisfy the AECM 0529 
requireraents for devices which are a structural part of the 
package. 

The RDT standard for non-structural parts is applied to the carrier 
base plate. The requirements are satisfied if the stresses are 
less than the material yield stress when a longitudinal inertia 
loading of 2g is applied since the lateral and vertical loads 
will cause less stress than the longitudinal load. It has pre
viously been shown that a longitudinal inertia load of lOg-
(14,000 lb) develops bolt loads of 7,198 lb (See Equation 3). The 
maximum bolt load for a 2g loading (2,800 lb) is proportional and 
is 

P = 7,198 lb (2,800 lb) ^ 1440 ib . (H) 

""TTTMoTb 
Thus, bolts 1 and 2 will be in compression, bolts 2 and 4 will be 
in tension, and the magnitude of each load is 1440 lb. A finite 
element analysis, similar to that for the mounting tab discussed 
above, was performed in order to determine the resulting maximum 
stress in the carrier base plate. The calculations were performed 
with 8 5 node points and 60 plate bending elements using the 
SOLID SAP computer program. The results of this analysis indicate 
that the maximum bending stress developed due to the 1,440 lb load 
is 5,376 psi. Since this value is only 20% of the material yield 
stress, which is 27,000 psi, the RDT standard is satisfied. 

Next, is an evaluation of the tiedown system which is comprised 
of the eight rings fastened to the carrier framework, and is used to 
secure the shipping container in the transport vehicle with chains 
or cables. It is assumed that (1) the container itself is 
perfectly rigid, (2) the cross-sections of all cables are identical, 
and (3) the center of mass coincides with the centroid of the cask. 
The maximum gross weight of the container is 3,000 lb. The maxi
mum cable load is shown below to be 1835 lb and the resulting 
stress is 690 psi. Since this is only 3% of the yield stress, 
the RDT standard is satisfied. 

The cable tiedown configuration for the carrier is shown in 
Figure 6, The RDT standard requires that the stresses developed 
in the carrier framework be less than the material yield stress 
when an inertia load of 2g is applied longitudinally, when an 
inertial load of Ig is applied laterally, or when an inertial 
load of 2g is applied vertically. Since the vertical load re
quirement obviously causes less stress than the other two loads, 
no calculations are necessary for the vertical case. The 
inertial loading conditions are shown in Figures 7 and 8. The 
longitudinal load of 2g, shown in Figure 7, is considered first. 
Since chocking is used to prevent slipping of the container along 
the transport vehicle floor, the container will tend to overturn 
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Figure C-7(a) - Tipping About Point A. 
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FIGURE C-7 - Longitudinal tiedown inertia loads. 
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about point A. To determine the cable loads for this condition, 
moments are summed about point A as follows: 

P(4B.08 in.) + 3000 lb (24 in.) = 6000 lb (20 in.) 

Thus, P = 998 lb. (12) 

The force (P) acting on the four cables, labeled 1 through 4 in 
Figure C-6, is shown in Figure C-7. Each cable load (F) is then 

(998/4) 
F = ^BF20° = 266 lb. (13) 

If it is conservatively assumed that no chocking is used, the 
cable forces developed if the container were free to slide along 
the floor may be determined. This condition is shown in Figure C-7 
(b). Equilibrium in the horizontal direction requires that 

2^ = H + 0.707 P = 6000 lb, (14) 

where P is the cable load and H is the frictional force along the 
vehicle floor, as shown in Figure C-7. Using a value of 0.4 for the 
coefficient of friction between the floor and the carrier, the 
frictional force (H) is 

H = 0.4(0.707P + 3000 lb) = 0.28P + 1200. (15) 

Substituting this into equation (14) yields 

0.2eP + 1200 + 0.707P = 6,000 lb. (16) 

Thus, P = 4,863 lb, where P represents the total load on all four 
cables. Each cable load is then 

F -^l£jlV4) = 1293 lb, (17) 
cos20^ 

In a similar manner, the cable loads are determined when a lateral 
inertia load of Ig is applied to the carrier as shown in Figure C-8. 
With chocking, the carrier will tend to rotate about point A. To 
determine the cable loads, we sum moments about point A as follows: 

F (51.95 in.) + 3000 lb (24 in.) = 3000 lb (20 in.). (18) 

The equation yields F = -231 lb, and, therefore, 

F = 0. 

The negative result indicates that the weight of the container is 
sufficient to resist any overturning and, thus, there are no 
cable forces. 

Conservatively assuming that no chocking is used and the container 
will slide along the floor, equilibrium in the horizontal direc
tion requires that 

0.342P + 0.342P + H = 3000 lb, (19) 



where H is the frictional force along the floor and P represents 
the cable forces. Using 0.4 for the coefficient of friction, 
the frictional force along the floor (H) is 

H = 0.4 (0.939P + 0.939P + 3000), 

H = 0.75P + 1200 . 

Substituting this into equation 19 yields 

0.342P + 0.342P + 0.75P + 1200 = 3000 

Thus, P = 1255 lb , 

The load in one cable is 

F = 11255/2).^ ,335 .^ _ 
s m 20 

(20) 

(21) 

(22) 

From the analysis above, it is determined that the maximum cable 
load developed for the required inertia loading condition is 
1835 lb. The framework of the carrier consists of 2 in. x 2 in. x 
5/8 in. steel angle iron. The eight tiedown rings are secured to 
the framework and cables are attached to the rings. Since each 
tiedown ring is rated at 4000 lb load capacity, the rings clearly 
exceed requirements. The maximiam compressional stress in the angle 
iron framework is determined next. The vertical component of 
the 1835 lb load (F ) is calculated as followss 

V 
P,̂  = 1835 sin 70° = 1724 lb-

The maximum compressive stress in the angle iron is 

F„ 1724 

(23) 

-"max T2~TFrT^~TE7T10,625 inTT = 690 psi . (24) 

This stress is only 3% of the material yield stress, which is 
27,000 psi, and the RDT standard is satisfied. 

The results of the cask mounting and tiedown evaluations are 
suiranarized in Table 1. 

Table 1 

RESULTS OF CASK MOUNTING AND 
TIEDOWN EVALUATIONS 

Component 

Cask Mounting 
Tab 

Cask Mounting 
Bolt 

Carrier Base 
Plate 

Tiedown Ring 

Carrier 
Framework 

Criteria 

0529 

RDT 

RDT 

RDT 

RDT 

Maximum 
Load 
(lb) 

11,148 

11,148 

1,440 

1,835 

1,724 

Maximum 
Stress 
(psi) 

16,000 

33,300 

5,376 

(Rated 

690 

Material Yield 
Stress 
(psi) 

30,000 

(200,000 tensile) 

27,000 

4000 lb load) 

27,000 
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Load Resistance 

When regarded as a simple beam supported at its ends along any 
major axis, the shipping container must be capable of withstanding 
a static load, normal to and uniformly distributed along its 
length, equal to five times the fully loaded container weight 
without generating stresses in any material of the container in 
excess of the yield strength of that material. 

The MHW cask is illustrated in Figure C-9. The cask material is 304 
stainless steel with a minimum specified yield strength of 30,000 
psi, per the ASME Pressure Vessel Code. "» The maximum weight of 
the cask is 1400 lb. Stresses in the cask resulting from the uni
form load are determined, as recommended by Shappert,^ from the 
following equation: 

MC __ M 
^ T" ~ Z ' 

where 

S = stress (psi), 

M = maximum bending moment, M = -^ (in. lb) , 
o 

X 
Z = — = section modulus of cask = 

—-(Ro"* - Ri**) = TTRQ^ t (in.^) for a 

large diameter, thin-walled cylinder, 

W = weight of cask, W = 1400 lb, 

L = length of cask, L = 4 0.0 in., 

R = outside radius of cask, R = 12.25 in., and 

t = effective thickness of cask wall, t = 0.25 in. 

The computed maximum bending moment is 

M = L J M i O M i O , ^ = 35,000 i n . lb 
o 

The computed section modulus is 

Z = irRQ̂ t = TT(12.25)^ (0.25) = 118 in.^ 

The maximum bending stress is then 

^max = 35,000/118 = 297 psi. 



Maximum Gross Weight of Container = 1400 lb. 
5 X 1400 = 7000 

Cask Cover 

E 
wL = W = 7000 Ib. 

t n n n n 111 i LJ 
0.75 in. 

1/8 in. Grooves 

1/4 in. Wall 

Vk w v\ w w \ \ w w w w w \ \ w \ \ •^ 

40.0 in 

FIGURE C-9 - Load resis
tance of cask. 

24.5 in. Diameter 

40 in. 

0.75 in. 

FIGURE C-10 - Cask ex
ternal pressure. 

Since this stress value is only 1% of the material yield stress 
of 30,000 psi, the MHW cask satisfies the load resistance require
ment. 

C. 7 External Pressure 

The containment vessel must be capable of withstanding an external 
pressure of 25 psi without any loss of radioactive contents. Con
servatively, it is assumed that no loss of contents will result if 
the allowable stress of the finned cask body material is not ex
ceeded and if local buckling does not occur, even though these 
conditions would not necessarily cause the cask to be breached and 
would not affect the FSAs, which are the containment vessels. The 
MHW cask assembly is shown in Figure C-10. It is constructed of 30 4 
stainless steel with an allowable stress of 15,600 psi at 200°F 
(93°C). The wall thickness of the cask is actually 3/8 in., but 
1/8 in. deep grooves have been machined in the wall to accept the 
aluminum cooling fins. Therefore, 1/4 in. will be used as the 
thickness. Also, it is assumed, conservatively, that no structural 
strength is provided by the cooling fins. 

First, the maximum bending stresses in the cask cover and the 
circular bottom end plate are considered. The actual boundary 
condition of the circular bottom end plate lies somewhere between 
fixed and simply supported. The cover plate is bolted to the 
flanged body and is assumed to have simply supported edges. The 
bottom end plate is welded to the container body and the edge is. 
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conservatively, assumed fixed. The maximum bending stress in 
uniformly loaded circular plates is given by 

^max ~ .2^ ̂ f f°^ simply supported (top cover plate), 

and 

^max ~ —-—\ r ^or fixed edge (bottom plate), 

where 

S = maximum bending stress (psi), 

R = radius of plate, R = 12.25 in., 

P = pressure, P = 25 psi, and 

T = thickness of plate, T = 0.75 in. 

The maximum bending stress in the cover is then 

q _ 1.24 R^P _ 1.24 (12.25)^(25) _ n-^-jn „_̂  
^max - T ^ — ~ foTTST " ^ ' 

The maximum stress in the circular bottom end plate iss 

Ŝ ,̂, = 0-75 R^P = 0.75 (12.25)^(25) = 5000 psi. 
max ^2 TOTTSP ^ 

In the above cases, the maximum bending stresses in the material 
are only 53% and 32% of the allowable stress. 

Second, the maximum membrane stress in the cask body is calculated. 
It is the hoop stress expressed as 

max T 

where 

^max ~ Kiaximxom hoop s t r e s s ( p s i ) , 

P = p r e s s u r e , P = 25 p s i , 

R = radius of body, R = 12.25 in., and 

T = body wall thickness, T = 0.25 in. 

Therefore,. 

S„^^ = 25,(12.252. = 1225 psi . 
max 0.25 ^ 

This value is only 8% of the allowable stress. 

The third consideration is the buckling strength. The buckling 
strength of the cask body can be determined by several methods; 
two methods are employed in this analysis. The allowable external 
pressure for the vessel is computed using the procedures specified 
in the ASME Pressure Vessel Code, Section VIII, "* which provides 
an extremely conservative value for the critical pressure. A more 



exact computation for critical pressure is made, for comparison, 
using an expression from the theory of elastic stability developed 
by Timoshenko. ' 

The ASME pressure vessel code states that the allowable external 
pressure is given by the expression 

B 
^allowable ~ D/t > 

where 

^allowable ~ ^^^ allowable pressure load of the vessel 
(psi), 

D = diameter of vessel, D = 24.5 in., 

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

B = constant depending on the ratios D/t and L/t 
(where L = length of vessel), B = 8500. 

For the MHW cask, the allowable pressure load is 
8500 

^allowable = 2T37oT25 = 86 psi. 

Obviously, the allowable external pressure is much greater than 
tne required evaluation pressure of 25 psi. 

A more exact value of the critical buckling pressure was found 
using Tim.oshenko' s expression froia the theory of elastic stability. 
The critical pressure load for the stainless steel cask was found 
to be 537 psi. This value is nearly 6 times greater than that 
obtained above from the ASI4E pressure vessel code, which illus
trates the conservatism built into the pressure vessel code. 

The results of the external pressure calculations are summarized 
in Table 2. 

Table 2 

RESULTS OF EXTERNAL PRESSURE CALCULATIONS 

stress or Pressure 
Stresses wxtn 25 psi External Pressure Capability (psi) 

Material Allowable Stress 

Maximum Bending Stress of Top Cover 
Plate 

Maximum Bending Stress of Bottom 
Plate 

Maximum Membrane Stress m Body 

External Pressure Capabilities 

Minimum Required 

ASME Allowaole 

Tneoretical Critical Buckling Pressure 

1 5 , 

8 

5 , 

1 , 

, 6 0 0 

, 2 7 0 

, 0 0 0 

, 2 2 5 

25 

86 

5 3 7 
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STEADY STATE TEMPERATURE PROFILES 

1. Purpose 
It is necessary to determine the steady state temperature profiles 
of the shipping container and its contents to assure compliance 
with DOT/AEG regulatory requirements, compliance with General 
Electric product specifications , and to determine the appropriate 
temperatures for evaluation of the contents. The steady state data 
obtained at the heat loads tested experimentally and when contain
ing the 2400W "QUAL-1" heat source are also used to determine the 
maximum heat load capability of the shipping container. These 
particular tests were performed in cooperation with General Electric 
personnel to obtain additional information regarding the SPC, but 
the scope of this section is limited primarily to thermal testing 
of the shipping container. 

1, Test Equipment and Procedures 
The test was performed using the equipment illustrated schematically 
in Figure D-1, Figure D-2 shows the shipping container during the 
test. An electric heater was installed within the SPC to simulate 
the MHW heat source. The electrical wires and thermocouples were 
fed through the access port at the top of the SPC and a cap for the 
access port was fashioned of stainless steel sheet to prohibit bulk 
helium flow from the SPG to the finned cask during the test. The 
cap was not intended to be leak tight. A motor driven powerstat 
(Figure D-3) was used to continuously increase the power at an 
average rate of approx. 30 W/hr to avoid damaging the heater by 
thermal shock. Voltage and amperage readings were made periodically 
and the wattage was calculated according to W = V x I . 

A helium atmosphere of 99.96% (calculated) purity was obtained by 
evacuating and backfilling the SPC and the shipping container 
simultaneously. Both were at the same pressure since the stainless 
steel sheet cap on the SPC access port was not leak tight. A slight 
positive pressure was maintained using a "bubbler" set up, which 
consisted of a container with a column of oil which was open to the 
atmosphere. The tubing from the cask was immersed in the oil to a 
depth of 5 in. As the shipping container was heated, the helium 
expanded into the tubing and bubbled up through the oil to escape 
and maintain a slight positive pressure. Helium was continuously 
fed through the tubing at an average rate of 0.75 SCFM so that, in 
the event of an accidental temperature decrease, helium, rather 
than air, would flow into the cask. 



A digital thermometer was used to obtain the temperature data 
periodically and a recorder was used to continuously chart selected 
temperatures within the SPC. Figure D-4 shows the three multi-pin 
connectors Installed In the finned cask cover for the thermocouple 
feedthroughs. Most of the thermocouples were welded In place and 
those on the aluminum fins were Inserted Into small holes. Figure 
D~5 shows the two thermocouple selector switches, the digital ther
mometer, and the recorder, which are also shown schematically in 
Figure D"l, Fourteen type K (chromel-alumel) thermocouples, 
attached Internally and externally to the SPC, were connected to 
selector switch No. 1 and a single lead from the selector switch 
was connected to the digital thermometer. Temperatures were then 
obtained by simply dialing the thermocouple number and reading the 
temperature directly on the Instrument. Six of the tjrpe K thermo
couples were wired in parallel with the selector switch and con
nected to a Leeds & Northrup recorder to provide a means of con
tinuously monitoring the heat-up period. Also, 19 type T (copper-
constantan) thermocouples, connected to the cask and carrier, were 
connected to selector switch No. 2, which was used in the same 
manner as selector switch No. 1 to obtain the temperature readouts 
from the digital thermometer. 

Electric Heater 

To 110 V AC 
50 Amp Circuit 

T y p e K 
Thermocouples (6) 

Recorder 

Selector 
Switch (2) 

T y p e T 
Thermocouple 

FIGURE D-1 - Sehematic of thermal test equipment. 
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FIGURE D-2 - MHW-IHS-SC temperature profile testing. 

FIGURE D-3 - Power set-up. 
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FIGURE D-5 - Temperature measurement equipment. 
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The heat-up procedure required a total of 110 hr, A set of steady 
state temperatures was obtained at measured values of 1390 W and 
2480 W to provide a basis for extrapolation of the data to establish 
the maximum heat load capability of the shipping container. It was 
necessary to Increase the power gradually to avoid damaging the 
electrical heater. The heat-up procedure is summarized as follows: 

Increase heat to 1390 W 54 hr 
Equilibrate at 1390 W 10 hr 
Record Steady State Temperatures 
Increase Heat to 2480 W 34 hr 
Equilibrate at 2480 W 12 hr 
Record Steady State Temperatures 

Thermal equilibrium was verified by studying the temperature 
increases at various locations during the equilibration period. 
The temperatures remained essentially constant after the Initial 
four hours of the equilibration period. 

The ambient temperature was determined to be 80°F (27°C) based on 
averaging eight readings at various locations near the shipping 
container when the heat load to the shipping container was 2480 W. 
For simplicity, an ambient temperature of 80°F is also assumed 
for the 1390 W heat load. 

An estimate of the horizontal temperature profile across the finned 
cask cover was obtained when the heat load was 2480 W by pressing a 
thermocouple against the lid at seven locations. It was determined 
that the temperature near the outside perimeter, above the Viton 
o-rlng, was approximately 40°F cooler than the center of the cask 
cover. 

D.3, Test Results 
Steady state temperatures at experimental heat loads of 1390 W and 
2480 W and the experimental ambient temperature of 80°F are pre
sented In Table D-1. 

The maximum accessible external surface temperature was found to 
be 113°F (45°C), Thermocouple (TC #) No. MRC-38,at the location on 
the underside of the carrier base plate at the center. The maximum 
SPC external surface temperature was found to be 432°F (222°C), 
TG #GE-13, on the vertical surface at the center. The maximum 
finned cask external surface temperature was found to be 198°F 
(92°C), TC #MRC-25, at the top center of the cask cover. 

Another significant result of the test was the determination that 
the shipping container could be unpackaged while hot with no evi
dence of misfit, galling, or damage to the shipping container. No 
oxidation of the SPC or any other damage to the SPC resulting from 
the shipping container environment was observed. This was further 
verified as a result of the successful assembly and disassembly 
for the QUAL-1 shipment. 
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Table D-1 

STEADY STATE TEMPERATURE TEST RESULTS 

Thermocouple 
Number 

GE-8 

Thermocouple Location 

SPC INTERIOR 
Iridium Cylinder 
Center Side 

SPC EXTERIOR 

Steady State Temperature, (°F) 
at 1390 W at 2480 W 

1003 

GE-11 
GE-12 
GE-13 
GE-14 
GE-15 

MRC-21 
MRC-23 
MRC-24 

MRC-25 
MRC-26 

MRC-27 
MRC-28 
MRC-29 
MRC-30 

MRC--31 
MRC-32 
MRC-33 
MRC-34 

MRC-35 
MRC-36 
MRC-37 
MRC-38 

Bottom Center 
Bottom of Side 
Center of Side 
Flange 
Top, Near Access Port 

CASK INTERIOR 
Ring Pad 
Bulk Helium Near Isolator 
Flexible Hose Center 

CASK EXTERIOR 
Top Center Cover 
Center of Valve Area 

FIN A 
Top, 1/8-ln. from Cask Body 
Top, at Tip 

300 

Center, 1/8-in. from Cask Body 
Center, at Tip 

FIN B 
Top, 1/8-ln. from Cask Body 
Top, at Tip 
Top, at Cask Body Fin Joint 
Center, at Tip 

CARRIER 
Cap at Top Center 
Center Tie Down 
Bottom Tie Down 
Underneath Base Plate At Center 

— 
em m 

(Approx.) 
„-. 

•at m 

231 
137 
172 

149 
131 

107 
97 
94 
92 

105 
97 
— 

93 

_ „ 

80 
82 
97 

399 
358 
432 
361 
271 

329 
173 
227 

198 
168 

127 
110 
112 
103 

127 
110 
146 
106 

93 
84 
86 
113 
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D.4. Temperature Profile Adjustments 
In addition to the experimental test temperatures obtained using 
an electrical heater, data were obtained for the QUAL-1 heat source, 
which was the first plutonium fueled MHW-IHS to be packaged and 
shipped in the shipping container. During storage prior to ship
ment, the temperature of the top center of the finned cask cover 
and the ambient temperature were measured routinely. The highest 
temperature Increase above ambient measured at this location was 
found to be 126°F (70°C), which is TL higher than obtained at 
TC #MLC-25 during the test with the electrical heater. Thus, all 
of the experimentally measured temperature increases above ambient 
must be increased by TL to compensate for the experimental error. 
Also, the calculated power of 2480 W during the test was slightly 
high and the value of 2400 W, corresponding to the heat output of 
the QUAL-1 is used. The specifications require that the heat out
put be 2410 ± 18 W. The heat load for the intermediate experi
mental temperature data is decreased proportionally from 1390 W to 
1345 W. The ambient temperature must also be adjusted to 100°F 
(38°C) to represent normal conditions of transport on a hot day 
for comparison with DOT and AEC requirements. All of the resulting 
adjusted steady state temperatures are presented in Table D-2 and 
selected values are Illustrated In Figure D-6. 

The adjusted value for the maximum accessible external surface 
temperatures is, therefore, 135°F (57°C) (see Table D-2, MRC-38). 
This is considerably cooler than 180°F, which is the maximum accept
able value for sole use shipments, and is only slightly above the 
value of 122°F5 which is the maximum acceptable value for other 
types of shipments. It should also be pointed out that the under
side of the base plate may be considered "accessible", but it is 
not easily accessible and it is not accessible at all to personnel 
during normal shipment. To be consistent, an ambient temperature 
of 100°F is assumed for comparison of the SPC exterior temperature 
with the shipping container design requirement specified by GE. 
The adjusted value of 477°F is 223°F less than the specified maxi
mum of 700°F. Also, use of 477°F for the SPC exterior surface 
temperature, for the purpose of evaluating the contents, provides 
a margin of safety since the SPC exterior surface temperatures 
measured at the other locations were all cooler. 

The finned cask pressure capability is based on selection of 200°F 
(93°C) as the design temperature. It is necessary to verify that 
this design temperature is satisfactory. The temperatures of the 
cask cover obtained experimentally at 80°F (27°C) and the adjusted 
temperatures at 100°F (38°C) ambient based on the QUAL-1 data are 
shown in Table 3. 
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Table D-2 

ADJUSTED AND EXTRAPOLATED STEADY STATE TEMPERATURE RESULTS 

a 
I 

Thermocouple 
Number 

GE-8 

GE-11 
GE-12 
GE-13 
GE-14 
GE-15 

MRC-21 
MRC-23 
MRC-24 

MRC-25 
MRC-26 

MRC-27 
MRC-28 
MRC-29 
MRC-30 

MRC-31 
MRC-32 
MRC-33 
MRC-34 

MRC-35 
MRC-36 
MRC-37 
MRC-38 

Thermocouple Location 

SPC INTERIOR 
Iridium Cylinder, Center Side 

SPC EXTERIOR 
Bottom Center 
Bottom of Side 
Center of Side 
Flange 
Top, Near Access Port 

CASK INTERIOR 
Ring Pad 
Bulk Helium Near Isolator 
Flexible Hose Center 

CASK EXTERIOR 
Top Center Cover 
Center of Valve Area 

FIN A 
Top, 1/8-ln. from Cask Body 
Top, at Tip 
Center, 1/8-in. from Cask Body 
Center, at Tip 

FIN B 
Top, 1/8-in. from Cask Body 
Top, at Tip 
Top, at Cask Body Fin Joint 
Center, at Tip 

CARRIER 
Cap at Top Center 
Center Tie Down 
Bottom Tie Down 
Underneath Base Plate at Center 

Adjusted Steady State 
Temperatures (°F) 

at 1345 W 

" — 

__ 
__ 
335 
— 
g» «» 

262 
161 
198 

174 
155 

129 
118 
115 
113 

127 
118 
__ 
114 

--
100 
102 
118 

at 2400 W 

1088 

441 
397 
477 
401 
304 

366 
200 
257 

226 
194 

150 
132 
134 
125 

150 
132 
171 
128 

114 
104 
106 
135 

Extrapolated 
Steady State Temperatures 

(°F) at 3500 W 

1541 

597 
533 
625 
539 
398 

474 
241 
319 

280 
235 

172 
147 
154 
138 

174 
147 
204 
143 

120 
108 
110 
153 



•5 

g. 

1500 2000 

Heat Load, W 

FIGURE D-6 - Temperature Variation with heat load. 
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Table D-3 

EXPERIMENTAL AND ADJUSTED TEMPERATURE PROFILES OF FINNED CASK 

The rmo c ouple 
Number 

MRC-25 

MRC-26 
MRC-33 

Location 

Center of Cover 
Cover Above 0-Ring 
Center of Valve Area 
Body of Fin Joint 
Bottom 

Experimental 
Temperature 

at 80° Ambient 
(°F) 

198 
160 (approx.) 

168 
146 

<146 

Adjusted 
Temperature 

at 100°F Ambient 
(OF) 

226 
186 
194 
171 

<171 

D.5. 

The highest adjusted temperature at any location on the finned 
cask exterior at 100°F (38°C) ambient is 226°F (108°C) at the 
center of the cover. The Vlton o-rlng area of the cover was found 
to be approximately 40°F (22°C) cooler than the center. The bottom 
of the finned cask is determined to be the location with the lowest 
temperature, based on the fin temperatures, which indicate that the 
finned cask body was hotter near the top, and on the measured tem
perature of only 113°F (45°C), TC #MRC-38,at the underside of the 
based plate, which the cask rests on. It is concluded that 200°F 
(93°C) Is an appropriate temperature for evaluation of the cask 
pressure capability for normal transportation of the MHW heat 
sources which produce a nominal 2400 W of heat. It seems of little 
value to adjust for the hot spot at the center of the cask cover. 
The center of the cask cover is of particular interest, however, 
because It is measured during shipment. 

The results of the steady state temperature profile tests compare 
favorably with the design calculations. The design of the MHW-IHS-
SC Is based on temperature data obtained for the "Universal Source 
Container" (USC) which has been approved (DOT-SP-6321) for shipment 
of up to 1400 W of heat. 

Maximum Heat Load Capability 
Determination of the maximum heat load capability of the shipping 
container Is based on linear extrapolation of the adjusted tempera
tures obtained at 1345 W and 2400 W. Figure D-6 is a graph of the 
measured temperature Increased above ambient temperature at various 
locations as a function of the heat load and illustrates the 
extrapolations. Linear extrapolation is conservative, particularly 
at higher temperatures, since the curves are such that the tem
peratures actually Increase less rapidly as the heat load increases. 
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A maximum heat load capability of 3500 W is selected for the 
shipping container. This is sufficiently high to provide for anti
cipated requirements and sufficiently low to assure a considerable 
margin of safety. It Is not known that heat loads in excess of 
3500 W would be unsafe, but additional evaluation and/or testing 
is required if the shipping container is to be qualified for ship
ment of higher heat loads. The extrapolated temperatures are shown 
in Table D-2 and illustrated in Figure D-6. The extrapolated tem
peratures at key locations with a heat load of 3500 W are summarized 
in Table D-4 as follows: 

Table D-4 

EXTRAPOLATED TEMPERATURES AT KEY LOCATIONS 

Temperature (°F) 

Thermocouple 
Number 
GE-13 
MRC-25 
MRC-38 

Location 
SPC Exterior 
Center Cask Cover 
Under Carrier Base 

Plate 

Measured 
(a 2480 W 
and 80 °F 
432 
198 
113 

Adjusted 
to 2400 W 
and 100°F 

447 
226 
135 

Extrapolated 
to 3500 W 
and 100°F 

625 
280 
153 

Based on these results, a heat source of 3500 W with the same 
surface characteristics and heat distribution as the MHW-IHS could 
be expected to reach a temperature of less than 625°F (329°C) dur
ing normal shipment. The value of 280°F (138°C) for the finned 
cask cover is well within the temperature capability of all of the 
cask materials and provides a basis for determining the pressure 
capability of the finned cask for shipments exceeding 2400 W. 
The maximum accessible external surface temperature of 153°F (67°C) 
is well below the 180°F maximum for sole use shipments. 
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N0RI4AL CONDITIONS OF TRANSPORT EVALUATION 

General 

AEC Manual, Chapter 0529 requires nuclear packaging to be capable 
of satisfactory packaging effectiveness and radioactive materials 
containment when subjected to the following nine tests simulating 
normal transportation environment and handling conditions: 

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 described in this 
section adequately demonstrate that the nuclear packaging require
ments are satisfied. 

Heat 

Direct sunlight at an ambient temperature of 130°F (54°C) in still 
air would not increase the temperatures of the packaging or the pr 
mary containment vessels in excess of design capabilities. 

It is not likely that the MHW-IHS-SC would ever be stored for any 
length of time in direct sunlight at 130°F (54°C). For complete
ness, however, the temperatures resulting from this condition are 
estimated. Shappert's^ approach establishes the average solar 
heat load over a 24 hr period as 42 W/ft^ of projected surface 
area. The projected area consists of the top surfaces of the 
finned cask and fins, which are exposed to sunlight shining normal 
to the shipping container. The shading effect of the mesh carrier 
cap is ignored for simplicity. The exposed area is calculated as 
follows: 

Cover diam fins (thickness) (exposed length) 
-n-(28.5-in.) ̂  60 (0.1875 in.) (7 in.) 
4 (144) 144 

A = 5.0 ft^. 



Therefore, the solar heat load (Q ) is 
s 

Qs = (5.0 ft^)(42 1^2) 

Qg = 210 W. 

The temperature increases that are produced by the additional 210-W 
heat load are added to the experimentally determined temperatures, 
produced by the contents, to determine the resulting temperatures. 
The calculations are linear interpolations/extrapolations of 
the temperatures reported in the Steady State Temperature Profiles 
section of this report. The results are summarized in Table 1. 

Thus, the heat input from the sun is not expected to increase the 
cask temperature to its design capability of approximately 375°F 
(191°C) or the SPC temperature to the specified maximum temperature 
of 700°F (371°C) . The hypothetical accident thermal test evaluation, 
provided elsewhere in this report, indicates that, even at steady 
state with an external temperature of 1475°F (800°C), the tempera
ture of the primary containment vessels is less than the anticipated 
normal operating temperature when used subsequent to shipment. 

Table 1 

TEMPERATURES AT KEY LOCATIONS IN SHADE 
AT 100°F AND IN DIRECT SUNLIGHT AT 130°F (54°C) 

Correction 
In 100°F Shade for 210W In 130°F Sun 

Thermocouple 
Number 

GE-13 

MRC-25 

MRC-38 

Location 

SPC Exterior 

Center Cask 
Cover 

Under Carrier 
Base Plate 

24 DOW 
(°F) 

447 

226 

135 

3500W 
(°F) 

625 

280 

153 

Sol ar Load 
(°F) 

34 

10 

3 

2400W 
(°F) 

511 

266 

168 

3500W 
(°F) 

689 

320 

186 

E.3. Cold 

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

E.4. Pressure 

Reduced atmospheric pressure of 0.5 times standard atmospheric 
pressure is well within the capability of the finned cask. This 
is equivalent to an increased internal pressure of 7,3 psi above 
the normal operating pressure of approximately 7 psig (1.5 atm 
absolute) at one atmosphere external pressure. The internal 
pressure capability of the finned cask has been thoroughly evaluated 
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and is discussed in the Internal Pressure Capability section of 
this report. The calculated maximum allowable working pressure 
(ASME code) is 36 psig (3.5 atm absolute) at 200°F (93°C) which 
is 22 psi (1.5 atm) in excess of the reduced atmospheric pressure 
requirement. 

5. Vibration 

Vibration normally incident to transport will not reduce the 
effectiveness of the packaging. A road test, involving a variety 
of road conditions, was performed to evaluate the effectiveness 
of the isolators for protecting the SPC/heat source hardware. 
Two runs were made, one at operating temperatures, over a 24-mile 
route which included several sets of railroad tracks and jolts 
obtained by bumping into a loading dock at low speed. No damage 
to the MHW-IHS-SC or a ceramic/graphite heat source simulator 
contained within the SPC was observed as a result of this testing. 

6. Water Spray 

A water spray sufficiently heavy to keep the entire exposed sur
face of the package, except the bottom, continuously wet during 
a period of 30 min will not damage the finned cask in anyway or 
have any effect, other than cooling, on the contents of the 
MHW-IHS-SC. The MHW-IHS-SC is actually exempt from this test 
requirement since it is of all metal construction. 

7. Free Drop 

A free drop through a distance of 4 ft onto a flat essentially 
unyielding horizontal surface, striking the surface in a position 
for which maximum damage is expected would not substantially reduce 
the effectivensss of the packaging. The four shock and vibration 
isolators will significantly decrease the shock input to the SPC. 
This test could damage the aluminum mesh carrier cap, break loose 
a few fins and, possibly, cause the finned cask to leak helium. 
Exchange of air for helium in the cask would not significantly 
reduce the heat transfer from the SPC to the finned cask since, 
at the SPC temperature, most of the heat transfer is by radiation. 
Since only 12 fins were broken loose in the 30-ft drop test, it 
is not possible that a sufficient number of fins would be lost in 
a 4 ft drop to significantly reduce the heat dissipation. A series 
of 18-in corner drop tests (2 at operating temperatures) was per
formed to evaluate the effectiveness of the isolators for protection 
of the SPC/heat source hardware. No damage to the MHW-IHS-SC or 
a ceramic/graphite heat source simulator contained within the SPC 
was observed as a result of this testing. Thus, the type of damage 
expected in a 4 ft drop would not cause any hazardous conditions 
or loss of radioactive materials. 



E.8. Corner Drop 

This test requires a free drop onto each corner of the package in 
succession or, in the case of a cylindrical package, onto each 
quarter of each rim, from a height of 1 ft onto a flat essentially 
unyielding horizontal surface. This test applies only to packages 
which are constructed primarily of wood or fiberboard, and do not 
exceed 110 pounds gross weight, and to all Fissile Class II 
packagings. 

This test is not applicable to the MHW heat source shipments in 
the shipping container because the packaging is of metallic con
struction, weighs approximately 2680 lb and the shipments are 
Fissile Class I. However, it is conceivable that the shipping 
container would be used at some time for Fissile Class II shipments. 
The 1 ft corner drop is less severe than the 18 in. drop which was 
discussed in the previous section and would not damage the MHW-IHS-
SC in any way that would reduce its volume or effectiveness. 

E.9. Penetration 

It is necessary to evaluate the impact of the hemispherical end 
of a vertical steel cylinder, 1-1/4 in. diam, weighing 13 lb, and 
dropped from a height of 4 0 in. onto the exposed surface of the 
package which is expected to be most vulnerable to puncture. 

This test could cause minor damage to the aluminum mesh carrier 
cap, but it is unlikely that it would damage the finned cask and 
it v/ould have no affect on the SPC. Assuming, conservatively, 
that the aluminum mesh has no effect on slowing down the steel 
cylinder and that the cylinder could somehow strike the 3/8 in. 
thick body of the cask (thinnest area) between the fins, the 
steel cylinder would not penetrate the finned cask wall. This is 
shown by comparing the kinetic energy of the cylinder on impact 
with the energy required to shear the wall. The kinetic energy is 
equal to the potential energy of the 13 lb cylinder at a height 
of 40 in. and as calculated as followsi 

KE = PE = (xT-THTTft ^ -̂"-̂  ̂ ^̂  " "̂-̂  ̂ ^ ̂ ^ 

The Machinery's Handbook^^gives the equation for calculating the 
energy required to shear the cask body wall as follows; 

% = ^su -̂̂ Dt) (t) 

where E = the energy required to shear the cask wall (ft lb) , 

F = ultimate shear strength of 304 stainless steel 
at 200°F (60% of tensile), Fgu = 45,000 psi, 

D = diam of potential hole, D = 1-1/4 in., and 

t = cask wall thickness, t = 3/8 in. 
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The factor (irDt) is the potential shear area of the hole. Sub
stitution into the above equation yields: 

1 ft 
E - (45,000) (IT X 1-1/4 x 3/8) (3/8) (T2~m.) 

E = 2,100 ft lb. 
P 

Thus, the required energy is nearly 50 times as great as the 
energy available and the cask wall would not be penetrated. 

E.IO. Compression 

This test requires a compressive load equal to either 5 times the 
weight of the package or 2 psi multiplied by the maximum horizontal 
cross section of the package, whichever is greater. The load 
must be applied during a period of 24 hr, uniformly against the 
top and bottom of the package in the position in which the package 
would normally be transported. 

The evaluation is based on a load of 15,000 lb, which is 5 times 
the maximum gross weight of the package since the alternate 
criteria yields a value of only 962 lb. The strength of the 
carrier cap is neglected for simplicity. The finned cask body is 
illustrated in Figure 1. The wall thickness (t) is actually 3/8 
in., except where the grooves have been machined for secure 
attachment of the fins. The effective wall thickness is, con
servatively, taken to be 1/4 in. and the effective outside diam 
of the cask is 24.5 in. 

15,000 lb. Test Weight 
Distributed Around 
Circumference of Cask 

t = M in. (Effective) 

\ \ W W \\ \ \ \ \ \ \ ^ \ \ "V^T^T^:^ 

L - 40 in. 

D = 24M in. 

FIGURE E-1 - Compressive load 
evaluation of finned cask body. 

The longitudinal compressive stress 
(S) is calculated by dividing the 
load by the cross-sectional area of 
the cask wall as follows: 

15,000 
S - TTDt 

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

The result is 
15,000 

TT(24.5) (0.25) S = 

S = 780 psi. 

The stress value is only 5% of the 
allowable stress which is 15,600 psi 
for 304 stainless steel at 200°F 
(93°C). 

The critical buckling stress of the 
cylindrical shell when subjected to 
uniform axial compression is cal
culated to determine the ultimate 
capability of the cask. The critical 
buckling stress (Ŝ-.̂ )̂ is given by the 
following equation: 

E-6 



g _ Eh 

where 

E = modulus of elasticity, E = 30 x 10® psi, 

h = cask thickness, h = 0.25 in., 

R = radius of cask, R = 12.25 in., and 

p = Poisson's ratio, y = 0.3. 

Thus, the critical buckling stress is: 

Scr = 30 x 106 (0.25) = 370,500 psi. 
12.25 V3Tr^0T09) 

This value for the ultimate capability is nearly 500 times greater 
than the longitudinal compressive stress in the cask calculated 
above. Thus, placing a 15,000 lb load on the top of the finned 
cask would not damage the finned cask and would have no affect on 
the SPC. 
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HYPOTHETICAL ACCIDENT CONDITIONS EVALUATION 

General 

AEC Manual, Chapter 0529 requires that packaging for Type B or 
greater quantities of radioactive materials be capable of satis
factory containment when subjected to the four tests simulating 
transportation accident conditions as follows: 

1. Free Drop 

2. Puncture 

3. Thermal 

4. Water Immersion 

The free drop test was performed and evaluations of the puncture, 
thermal, and water immersion tests were performed. The test and 
evaluations demonstrated that the MHW-IHS-SC and its contents 
would not be damaged in any way that would result in a loss of 
containment in excess of regulation requirements and established 
the expected condition of the package after being subjected to 
the tests, for the purpose of the criticality evaluation. Since 
the primary containment of the radioactive materials is provided 
by the contents, as discussed in the Contents of Packaging section 
of this report, the discussion in this section is limited to the 
shipping container and the SPC exterior. 



F.2. Free Drop 

This test requires a free drop through a distance of 30 ft onto 
a flat essentially unyielding horizontal surface, striking the 
surface in a position for which maximum damage is expected. 

A full scale MHW-IHS-SC, packaged with an SPC containing an 
electrical heat source simulator, was used for the test. The 
gross weight of the tested package was 2700 lb. The weight of the 
SPC/electrical heat source was very nearly the same as the SPC/IHS 
weight of 270 lb. Since the electrical heat source simulator was 
not functioning properly, electrical heating tapes were wrapped 
around the bottom section of the SPC and used to heat the assembly 
for a one day period. At the time of the test, thermocouple 
measurements indicated temperatures of 151°F (66°C) at the top of 
the SPC and 357°F (181°C) at the side of the SPC under the heating 
tapes. The finned cask cover was estimated to be at approximately 
130°F (54°C). 

A specially designed, 50-ft high, drop tower, equipped with a 2-ton 
hoist, was used to drop the container from a height of 30 ft onto 
a steel covered concrete drop pad. The container was oriented in 
an upside down flat position to assure that maximum damage to the 
SPC would result since the SPC valve is located at the top near 
the finned cask cover. The container was actually tilted a few 
inches. Figure 1 shows the container at the required 30-ft height 
prior to manual actuation of the quick release hook. From release 
to impact, no twisting motion was imparted to the container and it 
was dropped in precisely the initial orientation. 

FIGURE F-1 - MHW-IHS-SC at a height of ZO ft prior to the 
drop test. 
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The results of the drop test are summarized in Table F-1 and 
discussed in more detail below. The crash was rather dramatic 
and sections of the carrier mesh screen landed approximately 10 
ft from the container. 

Table F-1 

DAMAGE RESULTING FROM 30-FOOT DROP TEST 

Carrier: ® Base plate bent. 

® Cap/Body seam snapped off. 

Large mesh sections came out of framework. ® 

® Four bolts mounting finned cask to carrier stripped 
internal baseplate threads. 

Finned 
Cask: ® Cover distorted, cover bolts stretched, and lifting 

lugs on cover crushed. 

® Gauge manifold tubing bent slightly. 

® Helium pressure containment lost. 

® 12 of the 60 fins broke loose. 

• Flexible metal hose stretched and weld joint at SPC 
valve body partially torn apart, 

® Hold down ring bent and seven screws broken at 
threaded portions. 

SPC 
Exterior; ® Valve assembly damaged. 

The carrier was damaged from the drop beyond its intended normal 
use (see Figure F-2). The base plate was bent approximately 1 in. 
at the corners in the vertical direction. The seam attaching the 
carrier cap to the carrier body snapped off at the welds, thus, 
preventing any significant crushing of the carrier cap on impact. 
The large sections of mesh screen came out of the framework and 
the framework was somewhat distorted. All four of the bolts used 
to mount the finned cask to the carrier baseplate pulled out of 
the baseplate, stripping the internal threads. Thus, the finned 
cask was no longer attached to or contained within the carrier. 

The finned cask exterior damage can be easily seen in Figures F-3 
and F-4, The center of the cask cover was pushed in approximately 
0.5 in. and many of the cover bolts were elongated up to a 
maximum of 0.1 in. However, no damage to the mating flange on 
the cask was observed. The lifting lugs on the cover were 
crushed. The gauge manifold tubing was bent somewhat, but the 
manifold did not appear to be otheirwise damaged. Of the 60 fins 
initially installed on the cask, 12 broke loose at the epoxy joint 
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FIGURE F-2 The carrier was severely damaged as a result of the 30-ft drop. 
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FIGURE F-3 - The finned cask remained intact althouc 
fins were lost. 

''. ">S 
f .f * 

the cover was damaged and 12 
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FIGURE F-4 - The cask cover seal was lost as a result of stretching the bolts. A gap 
can be seen between the cover and the mating flange. 



where they had been bonded m the grooves of the cask wall. 
The stainless steel cylindrical cask shell remained intact, but 
it was found by testing that it would not contain helxum pressure 
due to the distortion of the cover. 

Inside the finned cask, only a superficxal mark was found on the 
inside surface of the cask cover where the SPC valve guard plate 
hit it. The flexible metal hose was permanently stretched and the 
weld joint on the flexible hose side of the SPC valve body was 
torn apart approximately 1/2 of its circumference as seen in 
Figure F-5. This is of little consequence, however, since the SPC 
valve is always closed during shipment. Also, a design change 
was made to all other MHW shipping containers which provides more 
slack in the flexible hose. 

m mi-

!!SK*<iii >•• 

. SV"** 

FIGURE F-5 - The weld joint at the SPC valve body adjacent to the 
flexible metal hose fitting was partially torn apart. The SPC valve is 
closed during shipment. 
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The SPC remained firmly attached to the hold down ring (see Figure 
F~6) and the three pin-bolt assemblies did not appear damaged, al
though the bolts were only finger tight when removed, rather than 
at the initial torque value of 80 ft lb. The hardware used to 
mount the SPC within the finned cask was severely damaged as seen 
in Figure F-7. All three of the cap screws used to fasten one of the 
ring pads to the hold down ring were broken at the threaded portion. 
All four of the screws used to fasten one of the isolators to its 
ring pad were broken at the threaded portion. The hold down ring 
was bent approximately 1/4 in. at one location. As a result of 
this damage and some permanent distortion of the isolators, the 
final position of the isolator ring varied from 1-3/8 to 2-1/8 in. 
closer to the finned cask cover. (It was determined that, on 
impact, the SPC was shifted a maximum of 3 in, with respect to 
the finned cask.) 

Damage to the exterior of the SPC was limited to the valve assem
bly (see Figure F-8, F-9, F-10, and F-11). The valve mounting plates 
were bent and partially sheared and the valve stem was broken. The 
valve was twisted approximately 30° from its initial position 
(see Figure F-12). There was no apparent damage to the fitting or 
tubing connecting the valve to the SPC, but it is assumed that 
small leaks (the same order of magnitude as the design specifica
tion) could have resulted. The valve guard was buckled such that 
its overall height was reduced from 4 in. to 3 in. There was no 
evidence of damage to the SPC body near the valve or at any other 
location. Disassembly of the SPC flange proceeded normally and 
there was no evidence of damage that would affect the seal as can 
be seen in Figure F-13. 

In conclusion, it was determined from the drop test that the finned 
cask will remain intact, but would not contain helium pressure. 
Since the cask was no longer fastened to the carrier, the carrier 
is assumed to offer no protection when the container is subjected 
to the conditions to be evaluated subsequent to the free drop. 
There were no punctures to the SPC, changes in shape or any other 
types of observable deformation, except for the damage to the 
valve assembly. The SPC maximum helium leak rate would remain on 
the same order of magnitude as the design specification. The 
electrical heat source simulator hardware suffered breach of 
the clad and a broken aeroshell. The FSAs, had they been 
present, would not have been affected based on the aeroshell ^ 
damage and the LASL drop of the S-6 Test unit (CMB-2064, p. 21). 

Los Alamos Scientific Laboratory control number for internal corres
pondence and progress reports. 
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FIGURE F-6 - The SPC remained firmly attaahed to the finned aask hold down ring. 



FIGURE F-7 - The hardware used to mount the SPC within the finned aask 
was damaged. The seven broken screws wer-'e placed upside down for the 
photograph. 

FIGURE F-8 - The SPC valve stem was broken and the valve guard buakled. 
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FIGURE F-9 - There was no evidence of damage to the SPC except for the 
valve assembly at the top. 
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FIGURE F-10 - Closeup of broken valve stem and buckled valve guard. 

FIGURE F-11 - Valve handle and broken stei 
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FIGURE F-12 - The valve was twisted approximately 30° from its initial 
position. 
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FIGURE F-13 - There was no evidence of damage to the SPC flange seal. 



To supplement the actual drop test considered above, additional 
consideration was given to potential damage in a side or corner 
drop. This evaluation was based on the observed damage in the 
actual drop and on a comparison of the energy available from the 
drop with the energy required to inflict the type of damage 
postulated. Specifically, it is concluded that the fins will not 
penetrate the cask wall, the cask cover bolts and alignment pins 
will not shear so that the cover will remain on the cask, and 
neither the boss on the cask (to which the flexible hose is 
connected) nor the ring pad will penetrate the SPC as a result 
of a side drop. Thus, the actual drop test orientation caused as 
much or more damage to the SPC as any other drop orientation 
and provided sufficient information for subsequent evaluation of 
the shipping container. 

Puncture 

This test requires a free drop through a distance of 40 in. striking, 
in a position maximum damage is expected, the top end of a vertical 
cylindrical mild steel bar mounted on an essentially unyielding 
horizontal surface. The bar must be 6 in. diam. and not less than 
8 in. long. The long axis of the bar must be perpendicular to the 
unyielding horizontal surface. 

Maximum damage is expected if the MHW-IHS-SC were dropped in a flat 
upside down orientation on the cylinder such that the cylinder 
could potentially penetrate the finned cask cover. The aluminum 
mesh cage will offer no protection against this after the 30 ft 
drop. The evaluation shows that the finned cask cover would not 
be penetrated by comparing the kinetic energy of the MHW-IHS-SC 
on impact with the energy required to shear through the finned 
cask cover. The kinetic energy is equal to the potential energy 
of the MHW-IHS-SC at a height of 4 0 in. It is conservative to use 
the maximum gross weight (3000 lb) of the container since the 
finned cask is no longer attached to the carrier after the 30 ft 
drop. The kinetic energy is given by: 

KE = PE = (x|-XH''/ft ^ (3000 lb) = 10,000 ft lb. 

The Machinery's Handbook^°gives the equation for calculating the 
energy required to shear the cask cover as follows: 

Ep = Fsu (TTDt) (t) 

where 

E = the energy required to shear the cask cover, 

Fsa = ultimate shear strength of 304 stainless steel at 200°F 
(60% of tensile), F̂ u = 45,000 psi, 

D = diam of potential hole, D = 6 in., and 

t = cask cover thickness, t = 3/4 in. 
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The factor (irDt) is the potential shear area of the hole. Sub
stitution into the above equation yields: 

1 f f-
E = (45,000) (IT X 6 X 3/4) (r^-f^ ) 

E = 40,000 ft lb 
P 

The energy required is 4 times the available energy from the drop 
and the finned cask cover would, therefore, not be punctured by 
the cylinder. 

Thermal 

This test requires exposure to a thermal test in which the heat 
input to the package is not less than that which would result 
from exposure of the whole package to a radiation environment of 
1475°F for 30 min. 

Tnis evaluation establishes the expected condition of the MHW-IHS-
SC on conclusion of the thermal test and the temperature profile 
within the package. It is concluded that the maximum possible 
temperatures of the PICS and the plutonium oxide fuel would not 
exceed the normal operating temperatures when used with vacuum 
in the gaps. 

The finned cask would remain structurally rigid, but will not be 
capable of helium containment or prevention of in-leakage of water 
subsequent to this test. The helium containment capability of the 
finned cask is established as a function of temperature in the 
Internal Pressure Capability section (see Figure C-2 of that section) 
of this report. At approximately 750°F (399°C), the helium would 
be released through the pressure relief valve and the Viton o-ring 
would begin to leak after a short period of time. As a result of 
the 30-ft drop the four bolts used to mount the finned cask to the 
carrier base plate stripped the internal base plate threads. The 
thermal test is expected to melt the alximinum carrier cap and the 
aluminum fins, which have a melting point of 1216°F (658°C) . Thus, 
in the worst case, on conclusion of the thermal test, the stainless 
steel cask body is expected to remain intact with no fins and 
separated from the carrier. 

An evaluation of the maximum temperatures expected is presented in 
Appendix III (GE Appendix A, para. A.2,4.3.2.), p. III-31, and is 
summarized here. The approach is conservative since the steady 
state temperatures are calculated rather than the temperatures 
after a thermal test period of only 1/2 hr. The results of the worst 
case (Case 5, Table A-6 on p. III-33 and Table A-7 on p. III-35 in 
Appendix III) are shown in Table F-2. 

The results indicate that the thermal test would not cause 
temperatures in excess of the normal operating temperatures of the 
PICS and fuel when operated with vacuum in the gaps. 
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Table F-2 

MHW SOURCE CONTAINER THERMAL EVALUATION DATA 

MHW-IHS-SC Surface 

SPC Surface 

IHS Surface 

PICS Maximum 

Fuel Maximum 

Steady State Thermal Test 
Evaluation Temperature 

TF) 

1475 (Test Condition) 

1581 

2171 

2480 

2570 

Normal Operation 
with Vacuum in Gaps 
Temperature (°F) 

2000 

2650 

3050 

F.4. Water Immersion 

This test requires that fissile material packages be immersed in 
water to the extent that all portions of the package to be tested 
are under at least 3 ft of water for a period of not less than 
8 hr. 

The finned cask will be incapable of preventing in-leakage of 
water on conclusion of the thermal test. This is accounted for 
in the Criticality Evaluation presented in this report. Based on 
testing performed by GE,ii it is concluded that the thermal shock 
resulting from immersion in cold water would not cause the con
tainment vessels to be breached. 
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CRITICALITY EVALUATION 

General 

The purpose of this evaluation is to evaluate the nuclear criti
cality safety aspects of the Multi-Hundred Watt Isotope Heat 
Source Shipping Container (MHW-IHS-SC). The Density Analog 
Technique was used in the evaluation of this shipping container. 

The Density Analog Method 

This method is described by H. C. Paxton.^^ Using this technique, 
the number of MHW heat source shipping containers required to form 
a critical mass was calculated. Fissile Classifications and Trans 
portation Indices for the MHW-IHS-SC were calculated using this 
method and the guidelines provided in AEC Manual Chapter 0529. 

The basic equation is given as follows: 

^ (renected) . ̂ ^ ^ | E f i {^f-^j' [E,. 1] 

where M̂  reflected = minimum water moderated and reflected 

critical mass. 

Mgo (bare) = minimum bare critical mass for a particular 
geometry and atomic ratio. 

R = ratio between bare critical mass and water 
reflected critical mass. 

Mp = the contribution due to neutron moderation. 

'p = density of fissile material per container 
volume. The reflector savings must be con
sidered whenever significant. 

Pc = density of the minimum critical mass 

S = Depends upon the size of the fissile unit = 
2(l-f). 

f = ratio of the mass of a single unit to the 
critical mass of the same fissile material 
in a similar shape ("fraction critical") 



The values for these parameters 
that were used in the calculations 
are shown in Table G-1. 

The results of the density analog 
calculations are conservative in 
nature when proper assumptions are 
made. Two assumptions inherent in 
this method are: 

(1) The shipping packages assumed 
in the calculation are spheri
cal in geometry. The actual 
packages are parallelepipeds, 
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 again. 

Table G-1 

PARAMETERS FOR THE DETERMINATION 
OF THE REFLECTED CRITICAL 

MASSES IN EQUATION 1 

Fissile 

Material _R_ Mo Mso (g) Po(g/cc) 

PUO2 5̂  1.0" 25,500'' 10.1 

^Reference 13. 

^LASL calculations using DTF-IV 
computer code for an unreflected 
spherical FuOz (80% ̂ ^®Pu, 
20X 2 3 9pu) system. 

Additional conservatism is implied by the fact that the criticality 
data used in these calculations were developed for PuOg (80% ̂ ^^Pu, 
20% ^^^Pu). The actual MHW heat source fuel composition is 80% 
^ = ̂ Pu, 16% ̂ ^^Pu, and 4% other Pu, The additional ^sspu considered 
in the calculations makes the fuel appear more reactive than it 
actually is. 

Although the presence of graphite was recognized, its ex
cellent neutron moderating properties were not considered 
during this analysis. However, Pu is considerably more 
reactive to unmoderated neutrons than to moderated or 
thermal neutrons. This fact provides additional conserva
tism in the figures obtained during this analysis. 

G,3. Determination of Transportation Criteria 

AEC Chapter 0529, Safety Standards for the Packaging of Radio
active and Fissile Materials, specifies the guidelines to be 
followed when determining Fissile Classes and Transportation 
Indices for packages of fissile material. Standards H, I, and 
J in Chapter 0529 cover the specific guidelines used for these 
calculations. 
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In order to make the Fissile Class I determination using this 
technique, a finite number of shipping packages must be 
asstmied equivalent to an unlimited number. The number used 
was 2500 shipping packages. Specifying a number of packages 
as infinite allows the use of the density analog approach 
with respect to the Fissile Class I category. 

Configuration of the MHW Heat Source Assembly Shipping Container 

(a) The undamaged shipping container consists of a metal carrier 
(122.4 cm x 122.4 cm x 142.2 cm) surrounding a finned cask 
and storage protection container which contains a fully 
assembled MHW heat source. This geometry is depicted in 
Figure G-1. 

(b) One damaged shipping container consists of the finned cask 
without the cooling fins (31.4 cm radius, 97.8 cm height 
cylinder). It was determined that after subjecting the 
MHW-IHS-SC to hypothetical accident conditions, both 
carrier and the cooling fins would be damaged extensively 
and the cask would no longer be water leak tight. 

Results and Conclusions 

Although the MHW heat source design calls for a 5.3 kg of Pu fuel 
load, calculations were made to cover the range between 5.3 and 
10 kg in order to establish the shipping container fuel capa
bility. 

Table 2 shows the limiting amounts of plutonium isotope per 
container for the different Fissile Classes. Figure G-2 shows 
the Transport Indices for Fissile Class II shipments. 

It was concluded from this analysis that the shipping container 
for the present design of the MHW heat source would comply with 
Fissile Class I transport criteria. This is in agreement with 
additional calculations performed by LASL using Monte Carlo 
computer codes.̂ '* 

Table G-2 

LIMITING AMOUNTS OF PLUTONIUM 
PER SHIPPING CONTAINER 

Fissile Class I II m 

Amount of 
Plutonium Per 0.015-6.3 kg 6.3-9.8 kg 9.9 kg 
Container 
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FIGUBE G-1 - Multi-Hundred Watt Isotope Heat Source Shipping Container eritioality 
evaluation. 
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FIGURE G-2 - Criticality transport index as a function of the amount 
of plutonium in the MHW isotope heat source shipping container. 
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Sample Calculations 

A sample calculation describing the results obtained with the 
density analog method when applied to the MHW-IHS-SC is given 
below. The fuel load assumed in this calculation is the one 
that the present design of the MHW heat source calls for, 5.3 
kg of total plutonium. Calculations were made for both the 
undamaged and damaged containers. 

1. Formula: M, (reflected) >M^|^i^E£i/E\" 

2. M3, - 25.5 kg 

R - 5.0 

Mo = 1.0 

pp = 10.1 g/cc 

3. Determination of the effective mass (M̂, ̂  ̂ ) as a result of 
reflector savings. 

Mg f f = reflector savings factor x amount of plutonium 
in container 

= 1.728* X 5.3 

= 9.16 kg 

4. Determination of S 

S = 2(l-f) 

f = ratio of the mass of a single unit to the critical 
mass of the same fissile material in a similar 
shape. 

^ 9.16 = 0.36 
T = —^ 

^ 25.5 

s = 2(l-f) = 1.28 

5. Volume of Undamaged Container 

V = 122.4 X 122.4 X 142.2 = 2.13x10^ cm= 

*Reference 15. 
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Volume of Damaged Container 

V - rT(31.4)=̂  (97.8) = 3.03 x 10^ cm= 

Fuel Density in Undamaged Container 

9.16 X 10^ 
2,13 X 10*̂  

0.0043 

Fuel Density in Damaged Container 

9.16 X 10=̂  
3.03 X 10^ 

0.030 

9. The minimum control mass for the undamaged container is 

.̂ / -̂1 ^ A\ 25.5 /0.0043\ -^°^^ 
^ (reflected) ^ J^yjJ^ {^ToT') 

= 1.05 X 10^ kg 

10. Number of containers that constitutes a minimum critical 
mass is 

9.16 J-J-ŝ y-L 

AEC Chapter 0529 specifies as the first of two requirements 
for Fissile Class I that any number of undamaged packages 
should be subcritical under optimum conditions. Since 2500 
containers have been defined as an "unlimited number of con
tainers/' this requirement is satisfied by the MHW-IHS-SC 
holding 5.3 kg of plutonium. 

11. The minimum critical mass for damaged containers is 

M / ,Pi ^ A\ 25.5 /0.030V^'^^ 
M„ (reflected) = j ^ y - ^ {^JQ^J 

- 8757.6 kg 

12. Number of containers that constitutes a critical mass is 

8757.6 
9.16 

= 956 

AEC Chapter 0529 specifies, as the second requirement for 
Fissile Class I, that 250 containers would be subcritical 
after subjected to the hypothetical accident conditions 
described in Chapter 0529. 

13. Hence, this shipping container would satisfy the transporta
tion criteria for Fissile Class I. 
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RADIATION SHIELDING EVALUATION 

1, General 

The neutron and gamma dose rates from the loaded MHW-IHS-SC were 
calculated at the various points (i.e., top, bottom, side) shown 
in Figure H-1 and at three feet from each of these points (I.e., 
the Transport Index). 

Surface Point B 
(Bottom Center) 

g-2 - Multi-Hundred watt isotope heat source shipping con
tainer shielding evaluation. 



H.2. Discussion of Assumptions 

The following assumptions were made: 

(1) Point source geometry as opposed to the actual 
cylindrical source geometry (conservative). 

(2) Neutron yield due to (Q-JTI) reactions = 

6x 10̂  neutrons/(sec)-(g) of sssp^ ^^ ^-^^ oxide form, 

(3) Neutron multiplication due to internal fission was 

~207o of (a,ri) neutrons. 

(4) Due to anisotropy, neutron and gamma dose rates as 
measured from the ends of the capsule will be ~70/o 
of that measured from the sides, for equal distances 
from the center of the source. 

(5) The ratio of neutron to gamma dose rates is approxi
mately 15 to 1. 

(6) For gamma shielding, the linear attenuation coefficient, 
ju (cm"-'-) , for iron is used since it is a good approximation 
for the actual package construction materials. 

(7) The average neutron energy is approximately 2 MeV, 

NOTE: The (of,ri) average energy is ^2.25 MeV 
The fission spectrum energy is "-1.00 MeV 
The spontaneous fission energy is ~1,00 MeV 

(8) For neutron shielding, the relaxation length (X) for 
iron is a good approximation for the actual package 
construction materials. 

H.3. Results and Conclusions 

The results of the calculated dose rates at the three points 
(shown in Figure H-1) are given in Table H-1. 
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T a b l e H - 1 

CALCULATED NEUTRON AND GAMMA DOSES FOR 
THE MULTI-HUNDRED WATT ISOTOPE HEAT 

SOURCE SHIPPING CONTAINER 

P o i n t of I n t e r e s t 

S i d e S u r f a c e - P o i n t A 

Bottom S u r f a c e - P o i n t B 

Top S u r f a c e - P o i n t C 

S i d e 3 f t from P o i n t A 

Bottom 3 f t from P o i n t B 

Top 3 f t from P o i n t C 

Dose 
Neutron 

68 

45 

14 

10.9 

5.2 

4.7 

(mr/hr) 
Gamma 

3.8 

0.95 

0.76 

0.76 

0.19 

0.19 

Total 

72.8 

46.0 

14.8 

11.7* 

5.4* 

4.9* 

*Equivalent to Transport Index as defined In R. M. Graziano's 
Tariff No. 27, Hazardous Mater ials Regulations of the 
Department of Transpor ta t ion. 

These results show that the total dose rate at any accessible 
point on the surface of the shipping container will be less than 
200 mrem/hr« However, the Transport Index, as measured from the 
side of the shipping container will exceed 10 mrem/hr and this 
will require that such shipments be "sole-use of vehicle". 

It has been estimated that the total loss of shielding as a re
sult of an accident v/ill cause a radiation dose rate no higher 
than 170 mr/hr at 3-ft from the external surface of the package. 
This meets the criteria specified in AEC Chapter 0529, which re
quires that the radiation dose rate remains under 1000 mr/hr at 
3-ft from the surface in hypothetical accident conditions. 

Prior to the first MHW-IHS-SC shipment, dose measurements of the 
gamma and neutron doses were made. At a distance of 3 ft from 
surface point A (see Figure H-1), the neutron dose was measured 
at 22 mr/hr and the gamma dose at 1,5 mr/hr for a Transport Index 
of 23.5. It has been concluded that effects such as radiation 
backscattering which were not included in the calculation account 
for the difference between the measured and calculated values, 

H.4. Sample Calculations 

Calculations for neutron and gamma dose rates on the side surface 
of the MHW-IHS-SC, and also the Transport Index from this surface, 
are performed as follows: 
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Neutron Yield (S); 

S =/4.24x10^ (grams of ̂ ^®Pu\ /6 x 10̂  neutrons/sec/gram of \ 
y in oxide form)) V ^=®Pu in oxide form / 

= 2.54x10''' neutrons/sec. 

Neutron Dose Rate: 

^ S ^ S 
wse„ ^^^ (Flux to dose 4-iTr2 Ct 

conversion factor) 

Cj = 7.3 neutrons/cnf-sec per 1 mrem/hr* 
n 

_ _. 2.54 X 10'̂  sec „ 7/ râ êm 
uose, ^^ ^g^ ̂ ^̂ 2 ^^2 n/cnf- sec "" '^ hr 

mrem/hr 

Fission Multiplication Effect: 

(74 mrem/hr) (1.2) = 89 mrem/hr 

Anisotropic Flux Distribution; 

(89 mrem/hr) (1)** = 89 mrem/hr 

Fast Neutron Shielding of Package Materials; 

Let X = 5/8 in. or 1.6 cm thick iron, 

\ = relaxation length for iron and fast neutrons - 6 cm***, 

then using 

I = lo e-^"/\ 

I - (89) e"^*^^^ = (89) e"*^^ = 68 mrem/hr 

Gamma Dose Rates (Unshielded) 
From previous measurements at Mound Laboratory on Pioneer 1 and 
2 heat sources, it was determined that the ratio of neutron to 
gamma dose rates is approximately 15:1, 

89 
Thus, the gamma dose rate = y^ = 5.9 mr/hr. 

* Reference 16. 
** Factor - approx. 0.7 for ends of source. 
*** Reference 17. 
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Effect of Shielding on Gamma Dose Rates; 

/i = the Linear Attenuation Coefficient for iron at a gamma 
photon energy of 0.725 MeV = 0.527 cm"^. 

B(|ix) = Dose build up factor = 1.9* 

For shielding effect (I), 

let X = 5/8 in., or 1.6 cm. 

Then using I = B(vx.)l^e~'^^, 

I = B (MX) 5,9 e-^°°^s^^^i-^^ 

- (1.9)(5.9)(0.43) mr/hr 

- 4.8 mr/hr 

Calculation of Transport Index (TI); 

Using the Inverse Square Law, 

Neutron Dosei ^ (Dg )^ 
Neutron Doseg (D̂  )^ » 

68 at surface ^ (152.4 cm)^ 
TI at 3 ft from (61 cm)^ ' 

surface 

TT =. (68) (3721) - 10,9 mrem/hr, 
^^ 23226 

Gamma Dose^ _ (Dg )^ 
Gamma Doseg (D̂  )^ ' 

TI (61)= ' "̂""̂  

Total Dose Rate; 

Side Surface = (Neutron) 68 + (Gamma) 4.8 = 72.8 mrem/hr 

3 ft from side surface = (Neutron) 10.9 + (Gamma) 0.77 = 11,7 
mrem/hr. 

*Reference 18. 
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QUALITY CONTROL 

The MHW shipping containers are inspected and the inspections are 
documented in compliance with AECM 0529. The particulars of 
the inspections are provided in Mound Laboratory drawing 1-14596 
(see Appendix I, pp. I-l ~ 1-12). 

Visual, dimensional, and functional inspections are performed 
at various stages of fabrication and on receipt of the containers 
from the fabricator prior to use. Visual and functional inspec
tions are performed after each use prior to reuse. 

It is required that the finned cask must pass a helium leak test 
with no detectable leak greater than 1 x 10"^ std. cc/sec when 
filled with 15 psig of helium. 

In addition to the above inspections, detailed packaging and 
unpackaging procedures are provided in Mound Laboratory drawing 
1-14898 (see Appendix II, pp. II-l - 11-21) to assure proper handling 
and to provide documentation of these operations. 
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G E N E R A L . 

1 Scope. This is an inspection requirement document for the 
MultT-Hundred Watt Isotope Heat Source Shipping container 
(MHW-IHS-SC). It defines the complete receiving acceptance 
inspection and reinspection prior to reuse to be performed 
as required by AEC Manual, chapter 0529, including responsi
bilities, inspection criteria, and documentation records. 
The purpose of this document is to establish an effective 
system for assuring compliance with the drawings, speci
fications and design intent. 

2 Introduction. The MHW-IHS-SC is a shipping container 
designed to transport the MHW heat source outside plant 
boundaries. The MHW heat source contains the radioactive 
isotope plutonium - 238 in the form of solid plutonium 
oxide. The shipping container meets the requirements of 
both the Department of Transportation and the Atomic Energy 
Commission, and the unique requirements of the MHW heat 
source. Each MHW heat source produces nominally 2,400 watts 
of thermal power from the radioactive decay of plutoniumi -
238. The MHW-IHS-SC consists of a finned cask and a carrier. 
The finned cask is a stainless steel, helium leak tight 
cylindrical container with an o-ring seal at the top. It is 
equipped with external fins for cooling, pressure gages, and 
vibration and shock isolators. The carrier is a steel 
pallet with a mesh cage wliich completely surrounds the 
finned cask. The heat source is shipped within the storage 
protection container (SPC) which is not considered part of 
the MHW-IHS-SC. 

1 Required. Monsanto Research Corporation Drawings: 

5-2059 - Multi-Hundred Watt Isotope Heat Source Shipping 
Container - Final Assembly 

5-2060 - Carrier Body 

5-20bl - Carrier Cap 

5-2962 - Cask , 

1-14841 - Welding and Inspection of 304 and 304L 
Stainless Steel Containers 

1-14898 - Packaging & Unpackaging Procedure Manual 
for MHW-IHS-SC Shipping Container 

2 Reference. Safety Analysis Report for Packaging (SARP): 
Multi-Hundred Watt Isotope Heat Source Shipping Container. 
MLM-207 4. 



3 - R E Q U I R E_M̂ j;_JJ_ T_ ̂S . 

3.1 Responsibilities. The fabricator is responsible for assuring 
that all specification requirements are met and shall utilize 
accepted quality control measures during fabrication. 
Monsanto Research Corporation reserves the right to audit 
the fabricator's facilities and procedures as required. The 
fabricator shall perform and document the results of the 
inspection requirements specified in MRC Drawing 1-14841 
"Welding and Inspection of 304 and 304L Stainless Steel 
Containers". MRC Engineering is responsible for establishing 
inspection criteria for receiving acceptance, for performance 
of receiving inspections, for establishing inspection 
criteria for inspections prior to reuse, and for providing 
this document. 

MRC Nuclear Operations Quality Control is responsible for 
review of the drawings and specifications and to provide 
review and concurrance for the acceptance inspection plans 
and test methods as well as the reuse inspection plans and 
test methods. Quality Control is also responsible for 
auditing the manufacturing and inspection processes. MRC 
Nuclear Operations Cost and Reporting Group is responsible 
for implementation of the reuse inspection program, performance 
of all reuse inspections and retaining appropriate files to 
document all inspections. MRC container users are responsible 
for providing necessary information pertinent to the materials 
to be shipped, approval and performance of appropriate 
packaging procedures and the initiation of container procurement 
and inspection activities in cooperation with the MRC Nuclear 
Operations Cost and Reporting Group. MRC Administration 
Waste Man<igement Group is responsible for coordinating 
related administrative functions. 

J.2 Inspoct_ion ajid Accept^ance. Each container shall be examined 
and tested for defects in accordance with Apptuidix II. 
Major and critical defects which are found during the 
examination and/or testing must be corrected prior to 
acceptance of the container. Nuclear Quality Control 
shall be notified prior to the inspection or reinspection 
of the container. 

3.2.1 Definition of Defects. Defects are classified as 
critical, major, or minor. A critical defect is a defect 
that judgment and experience indicate is likely to result 
in hazardous or unsafe conditions for individuals using 
or depending on the container for its intended purpose. A 
major defect is a defect other than critical, that is 
likely to result in failure, or to reduce materially the 
usability of the container for its intended purpose. A 
minor defect is a defect that is not likely to reduce 
materially the usability of the container for its intended 
purpose, or is a departure from established standards 
having little bearing on the effective us€> of the 
container. 
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3.2.2 Inspection^of Major Assemb_ljres . This insi^ection shall 
consist of visual, dimensional, and functional examination 
and tests of major assemblies which make up a complete 
container. 

The major assemblies to be inspected are listed below: 

MRC Drawing No. 5-2060 - Carrier Body 

S-2062 - Cask 

3.2.3 Inspection of Final Assembly. The final assembly shall 
be examined visually and functionally with regard to 
meeting thĉ  requirements of MRC Drawing No. 5-2059 Final 
Assembly. 

5.2.4 Siimpling Plan. Each MHW-IHS-SC is to be inspectc^l for 
all attributes listed. 

3.3 Inspcct^ion Re^cord. The cask fabricatcjr is required tĉ  
complete a "Fabrication and Inspection Cei11ficat ion" as 
shown m Appendix I, A detailed check list is completed and 
reclamed in MRC Nuclear Operations Cost and Repc^rt i ncj Group 
files, with a copy retained m Nuclc^ai Quality Control, 
documenting the receiving acceptance and reinspection pilor 
to 1 euse msf^eetion as shown in Appendice^s II and III. 



SUB-APPENDIX I 

MHW-IHS-SC 

FABRICATION & INSPECTION CERTIFICATION 

FABRTCATLD BY _ _ _ 

CONTAINLR SERIAL NUMBER 

CONTAINER DRAWING NUMBER 

1. Component and materials as specified. 

(Section 2, Dwg. 1-14841). 

2. Welded as specified 

3. Visual weld examination acceptable 
(Section 3). 

4. Dye penetrant examination 
acceptable (Section 4, Dwg. 1-14841). 

5. Dimensions as specified. 

6. O-ring surface^ finish as specified. 

7. Container can be assembled properly. 

8. Helium leak test acceptable 
(Section 5, Dwg. 1-14841). 

DATE 
SIGNATURE COMPLETED 
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SUB-APPENDIX II 

ACCEIPTANCE^ INSPECTION_DATA 

for 

MHW-IHS-SC 

PART A - CARRIER - DRAWING NOS • 5-206J3_jind_5-2^061 

IDENTIFICATION 

1 Carrier se>rial number 

2 Fabricated by 

CARRIER_yJSUAL ̂ INSPECTION Signature Date 

1 All carrier body materials as 
specified per MRC Drawing 5-2060, 
items 2A through 2L. (Major) 

2 All carrier cap materials as 
specified per MRC Drawing 5-2060, 
items lA through IN. (Major) 

3 Welding has none of the following 
defects: Missing, incomplete, burn 
holes, cracked, fractured, not 
fused. (Major). 

4 Material, construction, workmanship 
acceptable per thê  following 
paragraphs: 

4.1 No missing parts and all parts arc 
of specified type or design. (Major) 

4.2 No components fractured, split, 
bowed or malformed affecting 
service - ability. (Major) 

4.3 No sharp burrs or slivers that 
may cause injury. (Critical) 

4.4 All opc^rations performed properly. 
(Major) 

4.5 No paint omitted or poorly applied 
on required areas. (Minor) 



3• CARRIER DIMENSIONAL INSPECTION . 

3.1 The following overall dimensions are 

in accordance with the drawings. Signature Date 

3.1.1 Length is 48 + 1/2 in. (Major) 

3.1.2 Width IS 48 + 1/2 in. (Major) _ 

3.1.3 Height Body is 40 + 1/4 in. (Major) _̂  

3.1.4 Total height is 61 + 1/4 in. (Major) 

PART B - FINNED CASK ASSEMBLY - DRAWING NOS. 5-2062 and 4-10804 

1. IDENTIFICATION. 

1.1 Finned Cask serial number _ „ _• 

1.2 Fabricated by _ 

2. VENDOR CERTIFICATION & TEST SAMPLES 

2.1 Vendor completed "Fabrication and 
Inspection Certification, "MRC Dv.'g. 
No. 1-14841, Sheet 6. ^ 

2.2 Vendor weld sample satisfactory. (Major) 

2.3 Iron Titanate Coating samples 
acceptable. (Major) 

3. CASK VISUAL INSPECTI^ON. 

3.1 All cask materials as specified per 
MRC Drawing 5-2062 items 21A through 
21AA. (Major) 

3.2 Cask cover plate as specified per MRC 
Drawing 4-10804. (Major) 

3.3 Iron Titanate Coating appears uniform 
and only on specified areas. (Major) 
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NOTE: Any of the following welding 
defects will be classified a major 
finding: missing, incomplete, burn 
holes, cracked, fractured, not fused. Signature Da^t^ 

3.4 Cask seam welds acceptable. (Major) 

3.5 Support block wolds acceptable. (Major) 

3.6 Material, construction, workmanship 
acceptable per the following paragraphs; 

3.6.1 No missing parts and all are of 
specified type or design. (Major) 

3.6.2 No components fractured, split, 
bowed, or malformed affecting 
serviceability. (Major) 

3.6.3 No burrs or sharp corners that could 
cause injury. (Critical) 

3.6.4 Cover bolt holes, align with the 
cask threaded holes. (Major) 

3.7 Fins securely attached and in good 
contact with the cask. (Major) 

3.8 O-ring groove and matching surface 
finish (cask cover) acceptable. 
(Major) 

3.9 Valve manifold spacing acceptable. 
(Major) 

3.10 Fin grooves properly machined per MRC 
Drawing 5-2062, Detail E. (Major) 

4. C.'XSK DIMENSIONAL INSPECTION. 

4.1 Sample a minimum of one long fin for 
the following acceptable dimensions: 

4.1.1 Thickness is 0.19 + 0.02 m . (Major) 



Signature Date 

4.1.2 Width is 9.0 ĵ  0.1 in. (Major 

4.1.3 Length is 35.5 + 0.1 in. (Major) 

4.2 Overall cask dimensions m accordance 
with Drawing No. 5-2062. 

4.2.1 Height is 40.0 + 0.1 in. (Major) 

4.2.2 I. D. is 24.00 + 0.01 in. (Major) 

4.2.3 O.D. Flange is 28.50 + 0.01 in. 
(Major) 

4.3 O-ring groove dimensions in accordance 
with Drawing No. 5-2062 as follows: 

4.3.1 O.D. is 25.430 to 25.490 in. (Major) 

4.3.2 Depth is 0.226 to 0.229 in. (Major) 

4.4 Pin spacing is acceptable as determined 
using gauge. (Major) 

4.5 Location of the hold down ring is 
acceptable as follows: 

4.5.1 Height from inside bottom of cask to 
the top surface of the hold down 
ring (Detail 37) is 22 1/4 + 1/4 in. 
(Major) 

4.5.2 Hold down ring is parallel to the 
cask bottom surface as determined 
by measuring the height (Para. 4.5.1) 
at each pin location (3 measurements) 
and having a variance of not more than 
1/16 m . (Major) 
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PART C - MHW-IHS-SC FINAL ASSEMBLY - DRAWING 5-2059 

1. VIBRATION ISOLATOR DISIGN, FABRICATION AND CERTIFICATION 

1.1 Design and fabrication by 

Signature Date 

1.2 Vendor certification of vibration 
isolator design and fabrication. (Major) 

2• SC FINAL ASSEMBLY VISUAL INSPECTION 

2.1 All materials as specified per MRC 
Drawing 5-2059, items 2 through 15. 
(Major) 

2.2 Name plate as specified per MRC Drawing 
1-14599. (Major) 

2.3 All materials as specified per MRC 
Drawing 5-2059, items 18 through 20 
and 22 through 32. (Major) 

2.4 Vibration isolator and mounting 
assembly as specified per MRC Drawing 
5-2059, Items 33 through 44. (Major) 

3. SC FINAL ASSEMBLY FUNCTIONAL INSPECTION 

3.1 Pressure relief valve set at 33 + 3 
psig and function's properly. (Majoi) 

3.2 Valve seats are leak tight and helium 
flow through the gauges and lines is 
acceptable. (Major) 

3.3 Tie down rings securely attached and 
functioning properly. (Major) 

3.4 Shock indicators appear to function 
properly. (Major) 
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Signature Date 

3.5 Metal carrier cap cases function 
properly. (Major) 

3.6 Assembly can be moved with hand 
pallet truck. (Major) 

3.7 Functional assembly and disassembly 
of the necessary hardware as for 
packaging and unpackaging has been 
completed satisfactorily. (Major) 

3.8 Functional leak test of the flexible, 
metal hose acceptable. (Major) 

3.9 Helium leak test performed on cask 
and manifold with no detectable leak 
greater than 1 X 10-'' std. cc/sec. 
when filled with 1 5 + 1 psig helium. 
(Major) 

3.10 Assembly tagged and dated to indicate 
the inspection results were satis
factory. (Major) 

3.11 Signature of Nuclear Quality Control 
engineer acceptance of inspection. 
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SUB-APPENDIX III 

REUSE INSPECTION OF MHW-IHS-SC 

Carrier S/N 
Initial/Date 

1. Check outside and inside for contamination. 
Removable alpha (highest) d/m/100 cm^ 
Location: 

2. Remove shipping tags and labels. ___________ 

3. Check for physical damage or missing parts: 

Repaired or 
Acceptable Replaced 

Paint 
Identification Plate 
Iron Titanate Coating 
Fins 
0-Ring 
0-Ring Groove and 
Matching Surface 
Finish 

Cover Bolt and 
Washers 

SPC Hold-Down Bolts 
(New) 

Shock Indicators 
Tie-Down Rings 
Metal Cases 
Other (Specify) 

4. Pressure relief valves set at 33 ± 3 psig and 
functions properly. 

5. Valves and gauges function properly and lines 
free of any plugs. 

6. Helitun leak test performed with no detectable 
leak greater than 1 x 10"^ std. cc/sec. (sniff 
test) when filled to 15 psig helium. 

White: Container File Yellow: Nuclear Q.C. Pink: Shipper File 
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APPENDIX il 

PACKAGING AND UNPACKAGING PROCEDURES 
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2. INTRODUCTION 
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4 . UNPACKAGIte PROCEDURE 
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SCOPE 

1 This is a procedure manual for users of the Multi-Hundred Watt 
Isotope Heat Source Shipping Container (MHW-IHS-SC). It sets 
forth procedures for proper handling of the container when 
packaging and unpackaging the Storage Protection Container (SPC) 
and provides samples of the operation sheets to be completed 
during packaging and unpackaging operations. A parts list is 
also included-

The MHW-IHS-SC is illustrated on p. 7. 

INTRODUCTION 

1 The MHW-IHS-SC is a shipping container designed to transport the 
ÎiW encapsulated radioactive isotopic heat source outside plant 
boundaries. It meets the requirements of both the Department of 
Transportation and the Atomic Energy Commission, and the unique 
requirements of the MHW heat source. Shipments are made in 
accordance with AEC Certificate of Compliance AL-9503. 

2 Each MHW heat source produces nominally 2,400 watts of thermal 
power from the decay of plutonium-238 and contains approximately 
4200 grams (73,000 Ci) of encapsulated plutonium-238. The 
MHW-IHS-SC can safely dissipate up to 3500 watts of thermal 
cfecay energy. 

3 The MHW-IHS-SC consists of a finned cask and a carrier. The 
finned cask is a stainless steel, helium leak tight cylindrical 
container which is designed specifically for the heat source. 
It is equipped with external fins for cooling, and vibration and 
shock isolators to protect the SPC. The carrier is an expanded 
metal cage on a steel frame and can be easily handled with a 
fork lift or hand pallet truck. The gross weight of the loaded 
package is approximately 3000 lbs. During shipment of the SPC, 
the void between the SPC and the finned cask is filled with an 
atmosphere of 99% pure helium. Instrumentation is provided to 
monitor and record temperature, shock, and vibration during 
loading, transportation, and unloading operations. The appropri 
ate drawings are listed below: 

Carrier, MRC Drawings 5-2060 and 5-2061 

Finned Cask, MRC Drawing 5-2062 

SPC, GE Drawing 47J 302360 

MHW Shipping Container Acceptance and Reuse Inspections, 
MRC Drawing 1-14596. 

4 In general, these procedures shall be followed in the order 
they are presented. 



3. PACKAGING PROCEDURE 

NOTE; The Packaging Operation Sheet provided with the MHW-IHS-SC 
must be completed while the packaging is being done. A sample 
is provided in Appendix I of this manual. 

3.1 Packaging Preparation 

3.1,1 Assure that an inspection has been performed on the container, 
as required by MRC Drawing 1-145 96 and that'the inspection 
certification has been completed. 

NOTE; It is intended that the equipment and tools listed in 
Steps 3.1.2a through 3.1.2o will be used and retained by 
the shipper and that the tools listed in Steps 3.1.5, 3.1,6 
and 3.1.7 will be a separate set which will be shipped with 
the MHW-IHS-SC. If only one set of tools is on hand, the 
procedure sequence may be altered so that the tools are 
loaded into the metal case after the finned cask loading is 
completed. 

3.1.2 Assure that the following 
equipment and tools are on 
hands 

a) An Evacuation and Fill 
System consisting of a 
10 psig (minimum) helium 
supply, a vacuum pump, 
vacuum and pressure 
gages. See Figure II-l 

VACUUM GAUGE 
AIR MONITOR 
COPTIONAL) 

VACUUM PUMP 

b) (Optional) A helium 
leak detector capable 
of detecting a leak rate 

VACUUM'PRESSURE 
GAUGE 

as low as 
cc/sec. 

10" std. 

c) A 1/2 inch socket head 
ratchet drive with 7/16 
and 9/16, inch sockets 
and a 20-inch long ex
tension (or two 10-inch 
long extensions), 

FIGURE II-l Evacuate and 
fill system. 

d) A torque wrench or combination of torque wrenches of 
appropriate size to torque the cask cover bolts to 8-10 
foot-pounds and the SPC retaining bolts to 80 foot-pounds. 

e) Two adjustable wrenches such as ten-inch "Crescent" 
wrenches• 



f) Six pieces of lockwire with lead seal, imprint sealer 
tool and a pair of wire cutters. 

g) Screwdrivers 

h) Six each 1/4-inch and three each 1/2-inch spare Cajon 
VCR nickel gaskets. 

i) One 1/4-inch spare Cajon blind female nut. 

j) Three 18-inch long guide pins. (MRC Dwg. 2-15399) 

k) Two pair of thermally insulated gloves. 

1) A hoist capable of lifting up to 500 lb. 

m) SPC lifting assembly with safety chain. 

n) Finned cask cover lifting fixture. 

o) Appropriate health physics instruments, personnel safety 

equipment and handling devices necessary to provide proper 
surveillance according to internal operating procedures. 

p) A hand pallet truck with a minimum load capacity of 3,000 
lbs. 

q) Vibration, shock and temperature instrumentation including 
sensors and cables. 

3.1.3. Select tnree sets of GO, NO-GO shock indicators with mounting 
fixtures. Tnese may be 3, 7, 15, bO, or lOOg shock indicators 
as required. 

3.1.4 Remove the assembled carrier cap. The assembled carrier cap 
may be handled conveniently by three men. 

3.1.5 Place the following items in the metal case mounted inside 
the assembled carrier cap: 

a) Two spare 25 ID x 25-1/2 OD Viton-A O-rings for the 
finned cask. 

b) A 1/2-inch socket head ratchet drive with a 9/16-inch 
socket and two 10-inch long extensions. 

c) An adjustable wrench such as a ten-inch "Crescent" wrench. 

d) A pair of wire cutters. 

e) Screwdriver 
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Six each 1/4-inch and three each 1/2-inch spare Cajon VCR 
nickel gaskets. 

One 1/4-inch spare Cajon blind female nut. 

Four spare 1/4-20 x 7/8 bolts for the carrier cap. 

Three spare 3/8-16 x 1-3/4 hex head cap screws for the 
finned cask cover. 

Three spare 1/2-13 x 1-1/4 hex head cap screws with washers 
and socket wrenches attached tor securing tne SPC in tne 
finned cask. 

Allen wrench to fit cask cover surface temperature sensor. 

3.1.6 Place an adjustable wrench such as a ten-inch "Crescent" 
wrench and a small screwdriver in the metal case mounted out
side the assembled carrier cap. The wrench may be used to 
remove the assembled carrier cap and the screwdriver may be 
used for the ambient temperature sensor during unloading 
operations. Load the GE special SPC socket wrench and SPC gas 
sample adapter into this metal case if required by GE. 

3.1.7 Place three 18-inch long guide pins (MRC Dwg 2-15399) in 
the rubber tube mounted inside the carrier cap and firmly 
tighten the hose clamps. 

NOTE; The finned cask should normally remain fastened to the 
carrier base at all times. 

3.1.8 Locate the carrier and finned cask assembly such that it is 
centered beneath a predetermined hoist location to facilitate 
alignment when the SPC is subsequently lowered into the cask. 
Use a hand pallet truck to move the carrier. 

3.1.9 Remove the finned cask cover using the lifting fixture and 
hoist. Assure that the 0-ring sealing surface is not 
scratched or nicked during handling. 

3.1.10 Assure that the instrumentation battery is charged to 15.5 
minimum to 17.5 maximum volts d.c. 

3.1.11 Inspect the 25 ID x 25-1/2 OD Viton-A 0-ring on the finned 
cask for cuts or flaws. Replace if necessary. 

3.1.12 Fasten the 1/4-inch VCR fitting on the flexible metal hose 
to the finned cask fitting. A new nickel gasket is required 
each time a VCR coupling is assembled and the coupling must 
be tightened to at least 1/8 turn past finger tight. 

II 

g) 

h) 

j) 

k) 



3.1.13 Attach a new temperature monitoring label with temperature 
indicators of 200°F to at least 250°F (such as 200, 225, 
250 and 275°F) to the finned cask cover near the center. 

3.1.14 Screw the three 18-inch guide pins finger tight into the 
mounting pins on the hold down ring of the finned cask. 

3.1.15 Connect the Evacuation and Fill System to the 1/4-inch 
VCR fitting on the gas manifold for the SPC. A new nickel 
gasket is required each time a VCR fitting is assembled and 
the coupling must be tightened at least 1/8 turn past finger 
tight. 

3.1.16 Assure that the vacuum pump is running. 

3.1.17 Assure that the Helipak Removal Cart (internal transport 
cart), normally used to transport the SPC to the packaging 
area at Mound Laboratory, has been properly located and 
prepared for removal of the SPC. 

3.2 Packaging 

CAUTION; The heat source is producing 2,400 watts of heat. 
Care must be taken to avoid burns from the SPC. Thermally 
insulated gloves must be worn for operations near the SPC. The 
procedure should be performed without unnecessary delay so that 
the SPC will be placed in the MHW-IHS-SC while relatively cool. 

3.2.1 Assure that the three lifting lugs provided on the SPC flange 
are positioned vertically and fasten the lifting assembly to 
the lifting lugs by lowering the lifting assembly into the 
Helipak Removal Cart (internal transport cart) and turning it 
clockwise to engage the feet with the lifting lugs. 

3.2.2 Engage the lifting assembly with the hoist. 

3.2.3 Fasten the lifting assembly safety chain to the hoist and 
the SPC lifting handle (top center) with sufficient slack to 
preclude lifting with the chain during normal operations. 

CAUTION; The safety chain is required to preclude accident
ally dropping the SPC and damaging its contents. The SPC 
lifting handle (top center) is not intended for lifting the 
entire SPC. Surveillance is required to assure that the 
lifting assembly is engaged with the lifting lugs at all 
times during handling. Insulated gloves must be worn to 
avoid burning the hands while making any adjustments. 

CAUTION; The electrical hoist at Mound Laboratory must be 
operated carefully and the SPC must be positioned properly 
when lowered into the finned cask during the following 
sequence to avoid accidentally jarring the SPC. 
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4 Lift the SPC out of the Helipak Removal Cart (internal 
transport cart) using the hoist. The SPC must be sufficiently 
high to clear the 18-inch guide pins extending above the 
finned cask while performing the following step, 

5 Manually roll the hoist along the trolley track until the SPC 
is centered above the finned cask. 

6 Align the mating hole in the SPC flange just below the valve 
with the scribe line on the hold down ring of the finned 
cask. This orientation enables the flexible hose to assume 
a gentle 90° bend when subsequently connected to the SPC and 
the finned cask. 

7 Lower the SPC carefully over the three guide pins until it 
rests on the hold down ring in the finned cask. 

8 Remove the lifting assembly and safety chain from the SPC and 
hoist. 

9 Unscrew the three 18-inch guide pins. 

10 Attach each of the three new 1/2-inch bolts with attached 
3/4-inch socket wrenches and washers to a 20-inch long 
wrench extension. 

CAUTION: New bolts must be used since the coating is 
damaged during normal use. 

11 Screw the three bolts finger tight into the pins on the 
finned cask hold down ring. 

NOTE; Steps 3.2.13 to 3.2.19 may be done prior to completion 
of step 3.2.12. 

12 Wait one-half hour for the three 1/2-inch JDolts to heat up 
and then tighten tne bolts to a torque of 80 ± 10 foot-pounds. 
Retighten the bolts as required until all are at 80 ± 10 foot
pounds torque. Remove the 20-inch wrench extension. The 
3/4-inch socket wrench is intended to remain fastened to 
the bolt head during shipment. 

13 Fasten the 1/2-inch VCR fitting on the flexible metal hose 
to the SPC valve fitting. A new nickel gasket is required 
each time a VCR coupling is assembled and the coupling 
must be tightened at least 1/8 turn past finger tight. 

NOTE; The SPC valve was closed prior to being loaded into 
the Helipak Removal Cart (internal transport cart) and 
remains closed throughout packaging and shipment. 
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3.2.14 Evacuate the flexible metal hose to at least 15 torr absolute 
pressure (0.3 psia). Backfill to 1150 + 50 torr absolute 
pressure (7.5 + 1 psig) with at least 99.99% pure helium. 
Repeat the evacuation and backfill one additional time. 

3.2.15 Check for any leaks by observing that the pressure in the 
flexible metal hose does not decrease more than 1.0 torr per 
5 minutes. Make any repairs required and/or note any leak 
rate before continuing. The leak tightness of this hose is 
not necessary for safe shipment, but is required for storage 
subsequent to shipment. 

3.2.16 Close the valve on the finned cask exterior labeled SPC #2. 

3.2.17 Close the valve on the finned cask exterior labeled SPC #1. 

3.2.18 Disconnect the Evacuation and Fill System from the SPC 
valve header and replace the 1/4-inch VCR blind female nut 
on the SPC valve header fitting. Use a new nickel gasket 
and tighten at least 1/8 turn past finger tight. 

3.2.19 Lockwire the SPC #1 and #2 valve handles in place. A hole is 
provided in each valve handle for this. 

3.2.20 Engage the lifting fixture for the finned cask cover with 
the three lifting lugs provided on the cover and fasten the 
lifting fixture ring to the hoist. It is necessary to 
maintain slight tension upward on the lifting fixture to 
keep it engaged. 

3.2.21 Lift the cover and manually roll the hoist along the trolley 
track until the cover is centered over the finned cask. 

3.2.22 Align the cover with the finned cask such that the two guide 
holes in the cover will fit over the guide pins and with 
the scribed hole and pin mating. Gently lower the cover in 
place on the finned cask. 

3.2.23 Bolt down the cover with fifteen of the required sixteen 
3/8-inch hex head bolts and flat washers using a 9/16-inch 
socket wrench. Torque the bolts to 8 to 10 foot pounds. 
The sixteenth bolt will be subsequently installed at the 
location marked "ACCEL" and will be used to fasten the 
accelerometer mounting block to the finned cask cover. 

3.2.24 Remove the 1/4-inch VCR blind female nut from the lower end 
of the finned cask valve header and connect the Evacuation 
and Fill System to this header. Use a new nickel gasket 
and tighten at least 1/8 turn past finger tight. 

NOTE: Step 3.2.25 requires approximately 30 minutes using 
the Mound Laboratory Evacuation and Fill System. 
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25 Evacuate the finned cask to at least 100 torr (1.9 psia). 
Backfill the finned cask to 1150 + 50 torr (7.5 + 1 psig) with 
at least 99.99% pure helium. Repeat the evacuation and 
backfill one additional time. (On heating to steady state the 
helium pressure is expected to increase by approximately 
50 to 100 torr.) 

26 Leak check the finned cask by observing the pressure loss, if 
any, and/or any acceptable method such as a helium leak 
detector to assure that there will be at^least one atmosphere 
absolute pressure of helium in the finned cask after a period 
of one month. This is equivalent to a pressure loss of 0.7 
torr per hour after the temperatures have reached the steady 
state values. A leak rate of <0.04 std. cc/sec. using a 
helium leak detector is acceptable. 

27 Close the valve labeled Cask #2, disconnect the Evacuation 
and Fill System from the finned cask valve header and 
replace the 1/4-inch VCR blind female nut on the header 
fitting. Use a new nickel gasket and tighten at least 1/8 
turn past finger tight. 

NOTE: The cask #1 valve remains open for shipment. 

2 8 Lockwire the cask, #1 and #2 valve handles in place. A hole is 
provided in each valve handle for this. 

29 Check the outer surface of the finned cask for radioactive 
contamination and control as necessary. 

30 Assure that the Packaging Operation Sheet has been signed 
off to document that packaging of the finned cask has been 
completed. 

Carrier Assembly 

1 Mount the three sets of GO, NO-GO shock indicators to the three 
lifting lugs on the finned cask cover as shown in Figure II-2. 

2 Feed the instrumentation cables for the three accelerometers 
and the surface temperature sensor through the access port 
provided in the assembled carrier cap as shown in Figure II-2. 
Fasten the accelerometer mounting block to the finned cask 
cover at the location marked "ACCEL" using the last cover 
bolt. Screw the surface temperature sensor to the center of 
the finned cask cover. Install the ambient temperature 
sensor to the assembled carrier cap immediately above the 
access port using the attached clip. 

3 Install the assembled carrier cap such that the two guide holes 
in the cap fit over the guide pins and the scribed hole 
and pin are mated. The assembled carrier cap can be handled 
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FINNED CASK COVER 
TEMPERATURE SENSOR 

AMBIENT TEMPERATURE SENSOR 

TO VIBRATION AND 
TEMPERATURE 
RECORDER 

X. Y & Z ACCELEROMETERS 
ON MOUNTING BLOCK 

GO-NO GO SHOCK 
INDICATORS 

REAR OF TRUCK 

FIGURE II-2 - Installation of temperature sensors and aaaelerometers. 

3.3.4 

conveniently by three men. Use a 7/16-inch socket wrench to 
securely tighten the sixteen 1/4-inch hex head bolts around 
the perimeter of the cap. 

Lockwire the assembled carrier cap to the carrier body using 
two pieces of lead seal lockwire. Each security seal must 
fasten together both halves of the carrier cap and the carrier 
body and the seals must be on opposite sides of the carrier. 

3.4 Loading the MHW-IHS-SC into the Transport Vehicle 

3.4.1 Turn on the instrumentation in accordance with the instructions 
stamped inside the instrumentation cover. Use the switch 
labeled "int" power. Assure that minimum sensitivity is set to 
2.5 g's for all three axes by using maximum load settings of 
25 g's and threshold settings of 10%. Assure that the time 
selection wheel is set at 20 minutes. 

NOTE; The instrumentation must be on at all times the 
MHW-IHS-SC is being handled or transported. 

CAUTION; The MHW-IHS-SC must be handled carefully to avoid 
damaging the shipping container or the heat source assembly. 

CAUTION; Do not stand near the MHW-IHS-SC during lifting or 
moving operations. Normally, the container may be moved 
satisfactorily using a hand pallet truck when raised to a 
height of approximately 1/8-inch above the floor. Release 
the hand pallet truck carefully to avoid dropping the 
container. 
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Move the MHW-IHS-SC to the transport vehicle using a fork 
lift or hand pallet truck. The tines may be inserted under 
the base plate on any of the four sides of the container. 
Move the instrumentation simultaneously. 

Orient the container such that the accelerometers will be 
located toward the back of the transport vehicle as illustrated 
in Figure II-2. Load the container and instrumentation into the 
transport vehicle. The instrumentation may be conveniently 
lifted into the transport vehicle by two men. The hand pallet 
truck provided may be used to locate the container within the 
transport vehicle. 

Tie down the container using 
the eight rings located at 
the corners of the carrier 
approximately 20 in. above 
the base. The recommended 
tie down locations are shown 
in Figure II-3. The eight 
rings located near the base 
of the carrier are not 
normally required, but may 
be used in special circum
stances. 

Assure that the three sets 
of GO, NO-GO shock indi
cators are set. 

Tie down the instrumenta
tion in the transport 
vehicle. 

(Optional) Secure a hand 
pallet truck within the 
transport vehicle if one is 
required. 

-TIE DOWNS (8) WOOD CHOCKING 
(ALL SIDES) 

: r " 1 3 

SlDt VIIV, 

FIGURE II-S ~ Tie down locations, 

8 Secure a labeled shipping crate in the transport vehicle 
for subsequent return of the instrumentation. 

9 Assure that the Packaging Operation Sheet has been signed off 
to document that all the packaging procedures have been 
executed. 

10 Just prior to shipment, recheck to be sure that all labels, 
documents, and radiation surveys are shipped either with 
the container or with the shipping documents in accordance 
with DOT and AEC regulations and in-house documents. 

11 Place a copy of this procedure manual and the IHS Traveler in 
the metal case mounted outside the carrier. 
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4. UNPACKAGING PROCEDURE 

NOTE: The unpackaging instructions are based on utilization of 
the equipment available at Mound Laboratory, Minor changes in 
procedures resulting from differences in handling equipment may 
be necessary, but the sequence of operations performed on the 
MHW-IHS-SC should not be altered. 

NOTE: The Unpackaging Operation Sheet provided with this 
manual must be completed while the unpackaging is being done. 

4.1 Preparation 

4.1.1 Provide appropriate health physics instruments, personnel 
safety equipment and handling devices necessary to conduct 
this activity according to internal procedures. 

NOTE; The metal case mounted to the outside of the carrier 
contains an adjustable wrench which may be used to remove 
the assembled carrier cap and, if required, a GE special SPC 
socket wrench and SPC gas sample adapter. The metal case 
mounted to the inside of the carrier contains a 1/2-inch socket 
head ratchet drive with a 9/16-inch socket and two 10-inch long 
extensions, an adjustable wrench, a pair of wire cutters, 
and a screwdriver. These are all of the hand tools required 
to unload the MHW-IHS-SC. 

4.2 Removal of the MHW-IHS-SC from the Transport Vehicle 

CAUTION; The MHW-IHS-SC must be handled carefully to avoid 
damaging the shipping container or the heat source assembly. 

CAUTION: Do not stand near the MHW-IHS-SC during lifting or 
moving operations. Normally, the container may be moved 
satisfactorily using a hand pallet truck when raised to a 
height of approximately 1/8-inch above the floor. Release 
tl-ie hand pallet truck carefully to avoid dropping the container. 

4.2.1 Perform a radiation survey on all exterior surfaces of the 
MHW-IHS-SC and record the results on the appropriate shipping 
documents and the Unpackaging Operation Sheet. 

4.2.2 Remove all of the tie downs except one. Loosen this one so 
there is sufficient slack to allow movement of the MHW-IHS-SC 
to within approximately one foot of the rear of the vehicle. 

4.2.3 Locate the instrumentation such that the MHW-IHS-SC may 
be removed from the vehicle with the instrumentation turned 
on. The instrumentation may be conveniently handled by 
two men. 

CAUTION; Be sure the MHW-IHS-SC cannot be accidentally 
removed from the truck in Step 4.2.4. 
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4 Move the container to an accessible position at the rear of 
the truck. A hand pallet truck may be used. 

5 Remove the last tie down. 

6 Unload the MHW-IHS-SC from the transport vehicle using a 
forklift. Insert the tines under the base plate. Unload 
the instrumentation simultaneously so that it can remain in 
operation. 

7 Transfer the MHW-IHS-SC and the instrumentation to an 
appropriate area for subsequent unpackaging. The forklift 
or hand pallet truck tines may be inserted under the base 
plate on any of the four sides. 

8 Turn off the instrumentation package: Depress the "E.O.F." 
button and release it, wait at least five seconds, and then 
switch the power to "off". The instrumentation lock combina
tion must be obtained from the Mound Laboratory contact. 

Unpackaging 

CAUTION; After the assembled carrier cap has been removed in 
Step 4.3.1, be careful not to touch the finned cask cover with 
unprotected hands. It will be approximately 200°F. 

1 Remove the two lockwires attaching the carrier cap to the 
carrier body. 

2 Unscrew the sixteen 1/4-inch hex head bolts fastening down 
the assembled carrier cap and unfasten the ambient temperature 
sensor mounted to the assembled carrier cap immediately above 
the access port. The adjustable wrench and small screwdriver 
in the metal case mounted to the outside of the carrier may 
be used. Remove the assembled carrier cap. The assembled 
carrier cap may be handled conveniently by three men. 

3 Record the condition of the GO, NO-GO shock indicators and 
the temperature label located on the cask cover. Remove the 
GO, NO-GO shock indicator assemblies from the cask cover 
lifting lugs. 

CAUTION; The accelerometers are fragile and must be handled 
carefully in step 4.3.4. Do not disconnect the small fittings 
attaching the short cables to the accelerometers. 

4 Remove the temperature sensor and accelerometer mounting 
block from the finned cask cover and feed the instrumentation 
cables through the carrier cap. 
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4.3.5 Disconnect the three Amphenol (large) cable connectors, 
unscrew the accelerometers from the block and package the 
accelerometer assembly components (block and accelerometers 
with short cables only) in the padded carton provided in the 
labeled shipping crate. 

4.3.6 Package the instrumentation, cables, temperature sensors, 
accelerometer assembly carton, GO, NO-GO shock indicators, 
and fixtures securely in the labeled shipping crate provided. 
Do not seal the labeled shipping crate until copy 2 of the 
Unpackaging Operation Sheet has been included as specified 
in Step 4.3.21. 

4.3.7 Remove the blind female nut from the 1/4-inch VCR coupling 
on the finned cask valve header and attach a Health Physics 
type continuous air monitor. Use a new nickel gasket and 
tighten at least 1/8 turn past finger tight. 

CAUTION; Appropriate contamination control measures must be 
taken during the unpackaging sequence. An air monitor must be 
located nearby to determine if a release has occurred. 
Specific steps shall be in accordance with the receiver's 
radiological control procedures. 

4.3.8 Remove the lockwires from the valves labeled cask #1 and #2. 
Assure that the valve labeled cask #1 is open and open the 
valve labeled cask #2 to release sufficient helium to assure 
that no radioactive contamination is present. Control as 
necessary if contamination is found. 

4.3.9 Disconnect the continuous air monitor and release any 
remaining helium. 

4.3.10 Unbolt the finned cask cover using a 9/16-inch socket wrench. 

4.3.11 Engage a lifting fixture with the three lifting lugs provided 
on the finned cask cover and remove the cover using a hoist. 
(The cover weighs approximately 140 lbs.) 

CAUTION; Assure that the O-ring sealing surfaces on the 
under side of the cover are not scratched or nicked as a 
result of improper handling. 

CAUTION: Do not touch the SPC surface with unprotected hands. 
The surface temperature may be as high as 500 F during 
shipment in the MHW-IHS-SC. 

4.3.12 Swipe the exposed surfaces of the SPC and finned cask to 
determine if any radioactive contamination is present. 
Control as necessary if contamination is found. 

11-14 



3 Assure the SPC valve has remained closed so that helium 
will not be released from it during unpackaging operations. 

14 Remove the blind female nut from the 1/4-inch VCR coupling 
on the SPC valve header and attach a Health Physics type 
continous air monitor. Use a new nickel gasket and tighten 
at least 1/8 turn past finger tight. 

15 Remove the lockwires from the valves labeled SPC #1 and #2 
and open the valves to release sufficient helium to assure 
that no radioactive contamination is present. Control as 
necessary if contamination is found. 

16 Disconnect the continuous air monitor and release any 
remaining helium. 

17 Disconnect the 1/2-inch VCR fitting which connects the 
flexible metal hose to the SPC. 

CAUTION; Do not unscrew any of the 12 bolts which fasten 
the SPC flanges together. The three bolts to remove in 
Step 4.3.18 may be identified by the 3/4-inch socket wrenches 
which are attached to the bolt heads. 

18 Unbolt the three 1/2-inch hex head bolts fastening the SPC 
flange to the finned cask hold down ring using the attached 
3/4-inch socket wrenches and a 20-inch (or two 10-inch) 
long extension. (These bolts were torqued to 80 ± 10 foot
pounds prior to shipment.) 

19 Remove the SPC from the finned cask using a lifting assembly 
and a hoist with at least 500 lb. capacity. Three lifting 
hooks are provided on the flange of the SPC. 

20 Assure that all container surfaces are free of radioactive 
contamination and reassemble the container. Be sure to 
secure all the MHW-IHS-SC components in place as received 
and replace the tools in the appropriate metal cases. 

21 Assure that the Unpackaging Operation Sheet has been signed 
off to document that the SPC has been properly unpackaged. 
Place copy 2 of the completed Unpackaging Operation Sheet 
in the labeled shipping crate with the instrumentation and 
return the crate to Mound Laboratory. 

22 Place this procedure manual in the metal case mounted outside 
the MHW-IHS-SC. 

23 Return the empty MHW-IHS-SC to Mound Laboratory when it is 
no longer required. 
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5. EMERGENCY PROCEDURES 

5.1 Damage to the MHW-IHS-SC Shipping Container. 

5.1.1 Notify responsible personnel immediately. 

5.1.2 Check for radiation levels and contamination and take 
appropriate action according to your radiological control 
procedures. 

5.1.3 Check the GO, NO-GO shock indicators to see if they have been 
tripped and record the results. 

5.1.4 Assemble and record the cause, circumstances, and specific 
damage done for investigation purposes. 

5.1.5 If the damage is superficial, document the cause, circumstances 
and specific damage done and continue the shipment. The 
shipper shall determine whether or not the damage is 
superficial. 

5.1.6 If the damage is extensive, assure that both the shipper 
and the receiver concur regarding an appropriate course 
of action. 

5.2 Loss of helium from the finned cask. 

NOTE; Decrease of helium pressure to one atmosphere in the 
finned cask during normal shipments of the heat source is 
not considered to be an emergency. 
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MHW-IHS-SC SPARE PARTS 

Carrier 

ITEM NO. 

Ring & Clip 16 

SIZE AND MATERIAL 

4000# Davis Aircraft 
Prod. FDK~2850. 

USE 

Tiedown Connection. 

Shock 
Indicator 

Shock Indi
cator 

Shock 
Indicator 

Shock 
Indicator 

Shock 
Indicator 

Metal Case 

Hex Head Cap 

Lock Washer 

Hex Nut 

Hex Head Cap 
Screw 

Lock Washer 

Hex Nut 

32 

32 

32 

24 

24 

lOOg - Inertia Switch 
Corp. Model SR-35 5 

50g - Inertia Switch 
Corp. Model SR-355 

15g - Inertia Switch 
Corp. Model SR-355 

7g - Inertia Switch 
Corp. Model SR-35 5 

3g - Inertia Switch 
Corp.-Model SR-355 

Type D - Mine Safety 
Appliances Co. 04-12030 

1/4-20 X 3/4 
Century-20 
MB I Corp. 

1/4 
Century-20 
MBI Corp. 

1/4-20 
Century-2 0 
MBI Corp. 

1/4-20 X 7/8 
18-8 Stainless Steel 

1/4 I.D. (Regular) 
18-8 Stainless Steel 

8 1/4-20 
18-8 Stainless Steel 

Shock Indicator 

Shock Indicator. 

Shock Indicator 

Shock Indicator 

Shock Indicator 

Tool Kit/Record 
Storage 

Ring and Clip to 
Carrier 

Ring and Clip to 
Carrier 

Ring and Clip to 
Carrier 

Carrier Cap to 
Carrier/Carrier 
Cap Halves 

Carrier Cap to 
Carrier/Carrier 
Cap Halves 

Carrier Cap Halves 

Round Head 18 #5-40 x 3/8 
Screw 18-8 Stainless Steel 

Shock Indicators 
to Finned Cask 
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ITEM 

Round Head 
Screw 

Flat Washer 

Hex Nut 

Round Head 

NO. SIZE AND MATERIAL 

6 #10-24 X 7/8 
18-8 Stainless Steel 

12 #10 (Wide) 
18-8 Stainless Steel 

6 #10-24 
18-8 Stainless Steel 

4 #6-32 X 5/8 
18-8 Stainless Steel 

USE 

Tool Kit/Record 
Storage to Carrier 

Tool Kit/Record 
Storage to Carrier 

Tool Kit/Record 
Storage to Carrier 

Name Plate to 
Carrier 

Flat Washer #6 (Wide) 
18-8 Stainless Steel 

Name Plate to 
Carrier 

Lock Washer #6 (Regular) 
18-8 Stainless Steel 

Name Plate to 
Carrier 

Hex Nut #6-32 
18-8 Stainless Steel 

Name Plate to 
Carrier 

2 Cask 

ITEM 

"O" Ring 

NO. 

1 

Hex Head Cap 16 
Screw 

Flat Washer 16 

SIZE AND MATERIAL USE 

Viton-A, Parker Seal Cover 
Seal, 2-474, 25 I.D. x 
25-1/2 O.D. 

3/8-16 X 1-3/4 Seal Cover 
18-8 Stainless Steel 

3/8 I.D. (Regular) Seal Cover 
18-8 Stainless Steel 

Hex Head Cap 4 
Screw 

Lock Washer 

Flexible Metal 1 
Hose Connec
tion 

Hex Head Cap 3 
Screw 

3/4-10 X 1-7/8 
Century-20 
MBI Corp. 

3/4 I.D. (Regular) 
Century-2 0 
MBI Corp. 

3/8 Nom. Hose Dia. 
316 Stainless Steel 
Cincinnati Valve & 
Fitting Company 

1/2-13 X 1-1/4 
Century-2 0 
MBI Corp. 

Finned Cask to 
Carrier Base 

Finned Cask to 
Carrier Base 

SPC to Finned Cask 

SPC to Finned Cask 
(Assembled to socket 
wrench) 
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ITEM NO. 

Flat Washer 3 

Helical 4 
Isolator 

Flat Head 32 
Screw 

Socket Head 12 
Cap Screw 

SIZE AND MATERIAL 

1/2 
CenturY-2 0 
MBI Corp. 

Shock & Vibration 
Isolator Model 
C-2518-1 Aeroflex 
Laboratories, Inc. 

5/16-18 X 1-1/4 
Unbrako 16-991-5C-20-S 
Standard Pressed Steel 
Co. 

3/8-16 X 1-3/4 
Unbrako 1960 
Stainless 6-C-28-S 
Standard Pressed Steel 
Co. 

USE 

SPC to Finned Cask 
(Assembled to socket 
wrench) 

Ring Pad to 
Isolator Pad 

Helical Isolator 
to Ring Pad/ 
Isolator Pad 

Hold Down Ring to 
Ring Pad 

Socket Head 16 
Cap Screw 

Compound Gauge 2 

Valve, Check 1 

3/8-16 X 1-1/4 
Unbrako 1960 
Stainless 6-C-20-S 
Std. Pressed Steel Co. 

30" Vac/30# Press. 
Model P-1535 
Ametek/U.S. Gauge Co. 

Nupro SS-2CA4-3 
Nupro Company 

Isolator Pad to 
Finned Cask Support 
Block 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

Coupling 

Connector 

4 VCR & 4 VCR-1 
Cajon Company 

4 SW-7-4-316 
Cajon Company 

SPC Gas Manifold s 
Finned Cask Gas 
Manifold 
SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

Tee 4-JW-SS 
Parker-Hannifin 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

Valve 

Connector 

Bellows H Series 
Model SS-4H-SW 
Nupro Company 

4 SW-7-2-316 
Parker-Hannifin 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 

Elbow 4-EW-SS 
"Parker-Hannifin 

SPC Gas Manifold & 
Finned Cask Gas 
Manifold 
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SUB-APPENDIX I 

PACKAGING OPERATION SHEET FOR MHW-IHS-SC 

MONSANTO mSiAtCH C08P08ATION 
MOUND LAB08AT08Y 

SHiPPmG CONTAif^ER 
OPERATION SHEET 

REUSEABLE RADIOACTIVE SHIPPING CONTAINERS 
AUTHORI2AIION 

oPSBAiiow i i n i V ' ' ^ 

ClASStF<CAT10N 

UNCLASSIFIED 

1 of 2 

2-28-74 

MD-70152 
OPISAriON 

tCNISi (NCOHPOBAlfD 

PACKAGING MHW-IHS-SC 

Source S/N SPC S/N Carrier S/N 

Initial/Date 

1. Container inspection completed. 

2. Go, No-Go gages installed; temp, labels applied. 

3. Viton 0-ring inspected and installed. QC 

4. Tools loaded on inside carrier case. 

5. Instrumentation battery charged Vdc. 
(Minimum 15.5 Vdc; maximum 17.5 Vdc) 

6. Flexible metal hose leak checked. 
(Sl.O torr drop in 5 min.) Time Torr 
Hose psig 

7. SPC hold-down bolts torqued to 80 ft.lbs. after 
%-hour heatup in IHS-SC. Time 

in. 
torque 

8. Blind nut placed on SPC valve header fitting. 

9. SPC #1 and #2 valve lockwired in place. 

10. 15 cask cover bolts torqued to 8-10 ft.lbs. 

11. Cask leak checked (<0.7 torr/hr at steady 
state temp., or <0.04 std cc/min) Time Torr 
Cask psig 
(Optional) Maximum rate 

std. cc/min. 

QC 

12. Cask #1 and #2 valves lockwired in place. 

13. Installed accelerometers; turned on instrumen
tation. 

14. Place packaging and unpackaging manuals plus 
IHS traveler in the metal case on the carrier. 

15. Load SC, inst., inst. crate, and (optional) 
pallet truck on vehicle. QC 

DISTRIBUTIONi 

WHITE: Container File 
YELLOW: Nuclear Q. C. 
PINK: Shipper File 

Issue 2.2-28-74 



SUB-APPENDIX II 

UNPACKAGING OPERATION SHEET FOR MHW-IHS-SC 

MONSANTO RiSIASCH COHPOUATION 
MOUNO IA80RAT08Y 

SHiPPiNG CONTAiMER 
OPERATION SHEET 

PflOGSAM 

REUSEABLE RADIOACTIVE SHIPPING CONTAINERS MD-70152 
.UtHOB'ZATlON ClASSIflCATlON 

UNCLASSIFIED 1-30-74 
ICN(5) INCORPORATED 

O P i a A T i o f * - n f t i 

UNPACKAGING MHW-IHS-SC 

Source S/N SPC S/N Carrier S/N 

1. Check for contamination; cask exterior: 
Removable alpha (highest) d/m/100 cm^ 
Location: 

2. Move IHS-SC and instrumentation to unpackaging area._ 

3. Instrumentation (secure lock combination from Mound 
contact at GE-ESP): 

a. Depress "E.O.F." 
b. After more than 5 sec. turn to "off". 

Signature/Date 

Go, no-go gage status: 
Size (G) Condition 

Maximum temperature indicated on temperature label: 
°F 

Check cask helium for radioactivity: 
Contamination level 

Check for contamination; SPC exterior: 
Removable alpha (highest) d/m/100 cm^ 
Location: 

8. Check SPC helium for radioactivity: 
Contamination level 

Check finned cask Internal surfaces for radioactivity: 
Removable alpha (highest) d/m/100 cm^ 

Put Copy 2 in Instrument crate for return to MRC-Mound. 

Copy 1 - Recipient 
Copy 2 - MRC-Mound 

Issue 1.1-30-74 
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SOME NOTES CONCERNING APPENDIX III 

by Dr. E. W. Johnson, Project Manager 
Monsanto Research Corporation 

Mound Laboratory, Miamisburg, Ohio 

Mr. P. E. Brown^ GE~ESP, has kindly provided a rough draft copy of 
Appendix III for inclusion in this Safety Analysis Review for Packaging 
(SARP). In this Appendix, considerable analyses and data are presented 
to justify the FSA/HSA as the primary containment during hypothetical 
accidents at GE-VFSC, and consequently during shipment from MRC. 

Some comments that MRC is providing^ which could be considered to supple
ment the GE document, are listed below. 

1. In Appendix IV of this report, we have provided, separately, 
drawings and specifications such that HSA and FSA details may be 
more accurately realized. 

2. We have noted that there has been no detectable increase in FSA con
tamination on the GIS surfaces after in-house storage of up to four 
(4) months in the production of the Walk-Through Heat Source (WTHS). 
The encapsulation was started on July 11, 1973, and the units placed 
in storage as FSA's in the PP Building until assembly into the WTHS 
during October/November 1973. It should be recognized that somewhat 
lower than operating temperatures were experienced in this storage, 
probably less than 500°C. Also, for the Q-1 HSA (the first one to 
be shipped from Mound Laboratory), three of the FSA's listed in the 
above-mentioned reference will be replaced with "new" prime quality 
iridium. 

3. In Appendix III, Section A.2.4.3.2, GE may wish to consider the 
thermal test data mentioned earlier in this SARP for ambient tempera
tures and extrapolate from there. 

4. With the approval of GE, MRC has redrawn several figures, as well as 
edited and retyped some areas of text to improve the quality of this 
SARP. 
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Revised: 21 December 1973 

GENERAL ELECTRIC EVALUATION OF CONTENTS 

Al.0 INTRODUCTION 

The possible release of plutonium bearing material from the MHW 
Isotope Heat Source (IHS) is a matter of concern and has been in
vestigated by experiment and analysis. 

The MHW-IHS consists of the following components: 

• 24 spheres of solid plutonium-238 dioxide - the fuel spheres, 

® 24 iridium post impact shell assemblies (PISA) , each containing 
one fuel sphere, 

® 24 graphite impact shells (GIS) each containing a fueled PISA, 
and constituting a fuel sphere assembly (FSA), 

® various graphite support structures holding the FSAs, 

® a graphite aeroshell to provide reentry protection, 

• an iridium outer clad, and 

® a graphite emissivity sleeve. 

A functional description of the MHW-IHS is given in Paragraph A2.1. 
The plutonium-bearing materials are discussed in Paragraph A2.2. 
The physical and chemical forms of the Pu-bearing materials are: 

a. Discrete solid particulates of PUO2 formed by 

• manufacturing processes, 

• alpha-particle interaction, 

® mechanical shock and vibration, and 

• thermal shock. 

b. Molecular vapor, formed by thermal processes. The composi
tion and the partial pressures of the Pu-bearing species are 
dependent on the composition of the solid phase - its 0/Pu 
ratio - and on the temperature. 

Paragraph A2.3 describes how the potential sources of Pu contamina
tion are controlled by: 

® decontamination of the PISA external surfaces to less than 
2000 disintegrations per minute (dpm); 

III-3 



• monitoring of contamination levels on the successive layers 
of the IHS containment: the sum total of contamination on all 
24 FSAs will not exceed 1000 dpm and the level of smearable 
contamination on the Ir outer clad is held to not more than 
220 dpm; 

• retention of particulates by means of the vent filter; and 

• minimization of PUO2 vaporization by maintaining the handling 
and test temperatures at low values. 

Estimates of the maximum release occurring by vaporization, are 
given for the various temperatures corresponding to the conditions 
of storage, handling, and operation during various procedures at 
General Electric Co., Valley Forge Space Center, and elsewhere. 

Paragraph A2.4 discusses the possible accidental release of Pu-
bearing material from a PISA which has been damaged by external 
forces, such as impact or explosion, or by excessive internal pres
sure. The results of impact testing of protected PISAs with both 
fuel and fuel simulant are given, demonstrating the survivability 
of the PISA at velocities of >270 fps. 

The interactions of the IHS with the Heat Source Shipping Container 
(HSSC) and the Storage Protection Container (SPC), or with the RTG 
Shipping Container (RSC), and the RTG (converter) are shown to 
minimize potential damage to the FSAs. 

The results of testing fueled PISAs at the maximum temperatures, 
projected for operations at GE, show the ability of the PISA vents 
to pass He and, thus, prevent build-up of excessive internal 
pressure for at least two months. 

Paragraph A2.5 discusses the control of Pu-bearing materials which 
may be released from the PISA. The Pu-bearing material released is 
retained on the inner surfaces of the GIS; this is demonstrated by 
test data and supported by analysis. 

Additional inhibition of release is provided by the successive layers 
of the IHS including: 

® the internal graphite structure and compliance components, 

• the aeroshell, and 

• the iridium outer clad. 

The review concludes that under the normal conditions of transport 
to and from GEVF and operations at GEVF the potential contamination 
will be limited to not more than 7.0 microcuries (yCi), total 
for the full IHS. 
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0 DISCUSSION 

1 Functional Description of the IHS 

The MHW plutonium dioxide fuel is contained primarily by the post 
impact shell assembly, PISA. This containment consists of two hemi
spheres of iridium, sealed over the fuel sphere by a continuous 
equatorial weld, Plutonium-238 is an alpha emitter and the useful 
heat produced by this isotope results from the absorption of the 
alpha particle energy in the solid structure of the fuel; this gen
erally occurs within about 20 um of the point of release in the 
solid. The neutralized alpha particle is a helium atom. The gen
eration rate from the nominal MHW plutonia fuel is around 1.7 x 10"^ 
cm^(STP)/sec/g of material. Figure III-l shows the generation of 
helium with time for typical MHW components. Because of the helium 

10" 10^ 10^ 10« 108 

j!m@i sec 

FIGURE III-l - Helium generation versus time for various MHW 
components. 
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generation, the fuel containment must be strong enough to hold the 
internal pressure or the He must be vented out of the containment. 
Since the making of a containment of reasonable size and thickness 
without venting is generally acknowledged to be unsatisfactory 
because of weight problems, the MHW-PISA is a vented capsule. The 
vents consist of two 0.005-in. diameter holes at the poles of the 
spherical fuel capsule (see Figure III-2). These are initially 
covered by iridium decontamination discs to prevent ingress of de
contaminating solution at the time of fabrication. On the inside 
surface of the sphere, the vent is covered by a labyrinth structure 
designed to release helium, but to prevent the egress of solid 
plutonia. This structure is shown schematically in MRC Dwg. No. 
10475 (see Appendix IV of this SARP, p. IV-64). After decontamina
tion of the PISA, the decontamination covers are breached to permit 
helium out-flow. The pisa with the vents now open is placed inside 
a graphite impact shell (GIS). A threaded cap is placed on the GIS to 
form a spherical impact containment around the PISA (see Figure III-3). 

The GIS consists of a shell of Thornel-50 graphite fiber impregnated 
and graphitized, having a density 1.2 g/cm^. The function of the 
GIS is to prevent the rupture of the PISA on impact with an unyield
ing surface. The fuel sphere assembly, FSA, consists of the PISA 
assembled into the GIS. The individual FSA's are assembled into 
groups of eight in graphite retainers, as shown in Figure III-4. 
These sub-assemblies are loaded into the graphite aeroshell having 
threaded closures (see Figure III-5). This structure is contained 
within an iridium outer clad provided with a graphite emissivity 
sleeve (see Figure III-6). 

A2.2 Sources of Plutonium Release - for Normal Operation 

A2 .2.1 Plutonium-bearing Species 

The plutonium dioxide fuel is the source of any plutonium-bearing 
material which might be released from the PISA. Under most condi
tions the chemical form or species of the plutonium-bearing material 
would be PUO2. Under certain conditions, it is chemically possible 
for the monoxide PuO and the metal Pu to be released from the nominal 
dioxide material, but the quantities are several decades of the 
magnitude less than the PUO2. 

A2 •2 . 2 Physical Form of Pu-bearing Species 

A2.2.2.1 Particulates 

The Pu-bearing species can be in the form of solid plutonia dust, 
consisting of fine particulate material. These particulates may be 
present on the surface of the plutonia sphere subsequent to manu
facture or may be generated as a result of alpha knock-on, or may 
be produced by mechanical attrition during handling of the sphere 
after its encapsulation, or may be generated by spallation from the 
sphere caused by thermal shock. The quantity and the sizes of these 
particulates are not predictable. 

A. Manufacturing residues 

The MHW fuel sphere is hot pressed in graphite dies at around 1500°C. 
The use of graphite can reduce the PuO2 and even form a thin layer of 
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GIS 

RuptureJ 
decontamination 

0.005 in. 
EDM hole 

PISA 

TIG weld 

0.005.in. 
Iritted vent 

FIGURE III-2 - MHW fuel sphere assembly (FSA): post impact 
shell assembly (PISA) in graphite impact shell (GIS). 

TO 
RETAINII« 
Rlf«5 
ASSEMBLY 

FIGURE III-3 - FSA sequence. 



FSA (4) 

RETAINER 
Rli\K 

COMPLIANCE 
PAD 

FSA (4) 

TIE B a r 

SPHERE 
LOCK 

SPHERE 
LOCK 

FIGURE III-4 - Retainer ring assembly sequence, 

Outer elod end cap 

Heat 
Source 
ASM 

Outer clod 
weld 

PRD & 
Vent tube 

Vent Store 

Clad-ablator 
sub-assembly 

FIGURE III-5 - Final assembly sequence, 
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VENT TUBE 

WELD WASHER 

SPHERE LOCK 

GRAPHITE AEROSHELL 

POST-IMPACT SHELL 

FUEL 

IMPACT SHELL 

RETAINING TRAY 

OUTER CLAD 

TIE BOLT 

LAMINATED END CRUSH-UP 

SPHERE SEAT PLATE 

FSA 

EMiSSIVITY SLEEVE 

COMPLIANCE PAD 

LAMINATED END CRUSH-UP 

FIGURE III-6 - Heat source assembly 
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Plutonium carbide. The carbon contamination is removed by oxidizing 
the sphere in an atmosphere of oxygen-16. This procedure also con
verts any PU2C3 and PU2O3 which may have formed to the dioxide. The 
fuel is subsequently heat-treated under vacuum at 1500°C. As a pre
caution against the formation of porosities in the PISA closure weld, 
loose particulates are removed from the surface of the fuel sphere. 
However, no measurements of either the size or the quantity of more 
adherent particulates have been reported. 

B, Particulates produced by alpha-particle interaction 

Production of particulates from the surface of the fuel sphere by 
the interaction of the ^^^Pu 5.49 MeV alpha particles, alpha knock-
on, has been evaluated. It has been shown (see p. III-38, Ref. 
Bohr 13a, Seitz 49b, Seitz 56a) that when a heavy charged particle 
is stopped in a solid, its kinetic energy is imparted to the atoms 
of the lattice. laptev and Ershler (Ref. laptev 56a) performed a 
number of experiments involving neutrons, fission fragments and 
alpha particles. In the case of the alpha particles, they determined 
that the number of atoms knocked out from the surface of a ^^^Pu 
metal specimen by its own 5.15 MeV alpha particles was of the order 
of 2.0 X 10"^ atoms per incident alpha particle. If the simplifying 
and somewhat conservative assumption is made that the molecules of 
Plutonium dioxide are no more tightly bound than those of the metal, 
and that the 10% greater energy of the ^^^Pu alphas produces a non
linear increase of around 25% more knock-ons, then the resulting 
value for ^^^PuOa will be approximately 2.5 x 10"^ atoms (molecules) 
per incident alpha particle. 

The range of the 5.49 MeV alpha in PUO2 is around 20 ym. Since 
spallation of material can take place only from the outermost layer 
of the sphere, a volume of around 0.100 cm^ has been used as the 
active volume for the MHW sphere. This would contain approximately 
1.1 g of PuO at 96% of theoretical density. The specific activity 
of the MHW fuel is around 5 x 10^^ alphas/sec/g. With a sphere area 
of 45 cm^, around 2.7 x 10^ Pu-bearing atoms/sec/cm^ will be knocked 
out. This is roughly equivalent to 5.4 x 10"-^^ g/sec per sphere and 
around 1,7 x 10^ yg/yr/sphere. This is about five decades of mag
nitude less than the yield from vaporization of PuOa at 1527°C 
(1800°K), The particulates thus formed are initially molecular in 
size but may agglomerate to larger sizes. 

C. Particulates produced by mechanical and thermal forces 

The encapsulated fuel spheres are subjected to various mechanical 
shock and vibrational stresses in the course of normal handling and 
shipping, MHFT-11, a typical production sphere from Mound Laboratory, 
was subjected to the spectrum of vehicle launch vibration (but at 
significantly higher levels) and was then shipped from Miamisburg, 
Ohio, to Los Alamos, New Mexico, being exposed in this process to 
the incidental shocks and vibration associated with normal transport. 
Measurements of the particulates resulting from all these forces 
were measured at LASL. The fines in the size range below 10 ym 
constituted about 0.6% of the total fuel inventory equivalent to 
1.5 g, 18 Ci. The fuel sphere was broken into several relatively 
large chunks and the fines produced probably resulted from the 
vibratory abrasion of the rough surfaces. Additional LASL data 
(September 1973) show fines at significantly lower levels. 



A2 .2.2.2 Molecular vapor 

Like all solid materials, PUO2 has a finite vapor pressure which is 
very low at room temperature but which increases to substantial 
levels at higher temperatures. The constituents of the vapor are 
molecular and nascent oxygen, elemental Pu, PuO, and PUO2. The amount 
of these species present in the vapor phase is dependent on both the 
temperature and the composition of the solid phase itself. Figure 
III-7 shows the variation of the partial pressures of the Pu-bearing 
constituents in the vapor phase as the composition of the solid 
material is varied from an 0/Pu ratio of 2.00 down to 1.61 at a 
single temperature, 1527°C (1800''K) . (Ref. Ackermann 56a, Mulford 
67a) . 

The variation of the partial pressures of the three Pu-bearing 
species above stoichiometric PuO2 with temperature is shown in Fig
ure III-8 and Table A-1. Figure III-9 shows the maximum unimpeded 
theoretical emission of the three Pu-bearing species through the two 
0.005-in. diameter vents in the MHW-PISA at three temperatures vs 
time. These figures illustrate that the principal constituent above 
800°C is PUO2 (Ref. Kent 73a). The virtual independence of the pres
sure of PUO2 with change in the 0/Pu ratio is shown in Figure III-IO. 
It is concluded from these data that computation of the PuO2 release 
by vapor transport from the MHW-PISA, under the conditions of pro
posed use at GE-VFSC will permit evaluation of the maximum hazard 
to be expected from this source (Ref. Brown 72d and Brown 73a). 

A2.3 Minimization of Release of Pu-bearing Material with the PISA Intact 

The PISA is designed to minimize the release of Pu-bearing species 
and is assumed to be free from significant contamination on its 
external surfaces at the time of manufacture. 

A2.3,1 Surface Contamination 

The PISA of necessity is assembled and welded in a facility which is 
contaminated by ^^^Pu. Some of this material adheres to the external 
surface of the welded PISA. To remove this before assembly of the 
PISA into GIS, the external surface of the PISA is cleaned by decon
tamination methods determined by the fueling agency, MRC/ML. Cur
rently the decontamination process involves chemical dissolution by 
immersion into a solution which is prevented from entering the sphere 
through the vent holes. At this time, the vent holes are still 
covered by the decontamination covers (see Figure III-2). Subsequent 
to the decontamination, the surface of the PISA is checked for resi
dual contamination which may be adherent to its external surface. 
This is done by taking a wipe at several places on the surface and 
counting the alpha disintegrations with appropriate instrumentation. 
A current proposed specification limits the amount of removable 
activity on the surface to 2000 dpm. After completion of the decon
tamination process, the decontamination covers are penetrated or 
removed to permit the He vents to function. At this time the surface 
activity is again checked to ensure that no excessive amount of 
particulate material has accumulated under the decontamination or 
released by its removal. 
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FIGURE III-7 - Vapor pressure over plutonium oxide at 1800°K. 



Table A-1 

PARTIAL PRESSURES OF Pu-BEARING SPECIES ABOVE PuOz.ooo 

Temp 6 
°K 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

rature 
°C 

727 

927 

1127 

1327 

1527 

1727 

1927 

Pu 
Partial Pressure - Atmospheres 

PuO PuO; 

1.3 X 10-27 

4.9 X 10-26 

6.5 X 10-25 

4.5 X 10-2" 

1.9 X 10-23 

0.3 X 10-23 

1.7 X 10-22 

9 . 3 X 1 0 - 2 2 

5 . 9 X 1 0 - 1 3 

6 . 0 X 1 0 - 1 ' 

2 . 0 X 1 0 - 1 5 

2 . 9 X l O - i " * 

2 . 4 X 1 0 - 1 3 

1 . 4 X 10"" i2 

1 . 1 X 1 0 - 2 2 

1 . 0 X 1 0 - 1 ' 

3 . 7 X 1 0 - 1 " 

1 . 7 X 1 0 - 1 1 

2 . 0 X 1 0 - 3 

9 . 0 X 1 0 - ^ 

2 . 0 X 1 0 - ^ 

Temperature Symbols^ 

A 1800° K 
• 1700° K 
m 1600°K 

1000 1200 1400 1600 1800 2000 2200 

Temperature, °C 

-PuO, 

•PuO 

• P u 

FIGURE III-8 - Vapor pressure vs. 
temperature (stoichiometric PuO^). 

FIGURE III-9 - Effluent from a 
single MEW PISA (2-0.005" vents) 
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change in the composition of PuOz(g) from 0/Pu 1.85 to 2.00. 

After the PISA is assembled in a Pu-free area into the GIS, the con
tamination level of each GIS is determined by appropriate techniques 
so that on the external surfaces of all 24 GISs there is no more than 
a total of 1000 dpm. It is essential that the level of external con
tamination on the FSA be kept at the practicable minimum in order to 
preclude excessive contamination of the IHS assembly. The instru
mentation to determine the contamination levels on the FSAs must 
establish these levels beyond question. 

The external surface of the IHS is checked before it is loaded into 
the SPC to determine that its total smearable surface contamination 
does not exceed 220 dpm. 

Under normal conditions for handling and operation at GE-SD, the 
accessible Pu from the MHW-IHS is thus limited to 10"1° Ci, (10"" 
as verified by appropriate measurements. 

uCi) 

3,2 Retention of Particulates 

As noted above in paragraph A2.2.2 particulates may be found from 
three sources; 

® residual powder from the pressing operation, 

® particulates generated by alpha knock-on, and 

• particles resulting from the thermal/mechanical forces of 
shock and vibration. 
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The quantity and size of particulates which may arise are indeterm
inate and difficult to estimate with any certainty, except in the 
case of alpha-knock-on. Consequently, the MHW PISA (specifically, 
the vent filter) is intended to inhibit the release of those particu
lates, whatever their source. The vent filter design is shown sche
matically in this SARP on p. IV-49. The filter creates a tortuous 
path of ample area/volume to permit the release of He but tends to 
trap solid material. Since the flow rate is slow (refer to Figure 
III-I), there is no strong force carrying particles through the 
labyrinth. Test data on the vent filters using thoria particles 
in size ranges of 10 ym and less have shown the capability of the 
filters to continue to pass He while not permitting the carry-
through of any detectable amount of the particulates. The tests 
were conducted at ambient and operational temperatures. Flow rates 
of He were varied over a wide range to determine if carry-through 
could be affected by velocity. The results were unchanged. 

Testing with live fuel has been plagued by a variety of equipment 
problems not directly related to the vent filter design. Conse
quently, no data have been obtained. In fueled systems the efficacy 
of the filter for retaining particulates has been demonstrated to 
show no release. The revised reference vent filter design, incor
porating a 360° seal weld and check out prior to assembly, was used 
in the fueled spheres MHFT-15 through MHFT-33, Measurement of the 
contamination levels in the vent hold area subsequent to removal of 
the decontamination covers showed <20 cpm for all units, except 
MHFT-24, which had a reading of 83 cpm in one area and was off-scale 
in the other. This unit was removed from the test series and 
sectioned. Metallographic examination of the vent cover assembly 
showed that the weld of the cover disc had been effected over only 
about half of the circumference. From this circumstance, it is 
legitimate to draw two inferences: 

(1) in the absence of a tight particulate filter, release of 
radioactive contamination can occuri 

(2) with integral hardware, contamination is maintained at very 
low levels, <20 cpm. 

Additional evidence supporting the efficacy of the vent filters is de
rived from the behavior of spheres MHFT-29 through -3 3. These spheres 
showed less than 20 cpm before being subject to vibration in the 
Mound Laboratory test facility. After the vibration exposure, MHFT-
29 showed around 60 cpm and the remaining spheres remained at less 
than 20 cpm. 

A2,3.3 Control of Plutonium Dioxide Vaporization 

Plutonium bearing species are present in the vapor phase at the 
molecular level; therefore, they can pass through a particulate 
filter and through the vent. The maximum theoretical rate at which 
Pu-bearing material, primarily PUO2, can be emitted through the two 
0.005-in, diameter vents in the PISA is determined by the partial 
pressure at any given temperature. The release rates at various 
possible operational temperatures: 1327, 1427, and 1527°C, were 
reported (Kent 73a) by Los Alamos (in LA-5202-MS, March 1973). Using 
the same computational techniques, the release of Pu-bearing species 
has been calculated at three temperatures that represent the 
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probable-to-high values expected in the handling of heat sources at 
GE-SD: 835°C, 1140°C, and 1327°C, at the fuel/PICS interface, which 
corresponds roughly to storage, shipping, and operation (in an 
environment of He inside the MHW converter). The maximum release of 
the Pu-bearing species is plotted as a function of time in Figures 
III-ll, III-12, and III-13. Table A-2 shows the release per second 
and per year in terms of both grams and curies. 

Table A-2 

PUO2 (g) RELEASE FROM MHW-IHS (48-0.005 IN. DIAMETER VENTS) 

835°C 1140°C 1327°C 1500°C 
Temperature (1530°F) (2050°F) (2420°F) (2732°F) 

Grams-Second-1 2.7 x 10" î  4.1 x 10"i" 6.3 x 10"13 3.6 x 10"n 

Grams-Year-1 8.5 x 10"12 1.29 x 10"^ 2.0 x 10-^ 1.2 x 10-3 

Curies-Second-1 3.2 x 10"!^ 4.9 x 10"13 7.8 x 10" 12 4.4 x 10-i° 

Curies-Year~i 1.1 x lO'i" 1.6 x IQ-^ 2.5 x 10-" 1.4 x IO-2 

As indicated in Table A-2, the release of PUO2 increases by around 
two decades for an increase of 200 Celsius degrees, from 1327°C to 
1527°C. To maintain the Pu-bearing release at a reasonable level 
for testing, the temperature of the IHS will be kept below 1327°C 
(1600°K) during all activities at GE-SD, 

Subsequent to the thermal exercise of the I/IHW Heat Source at GE, 
the total release of Pu-bearing material will not exceed 7 uCi. 

The values shown in Figures III-ll through 13 and Table A-2 are used 
in estimating the maximum possible release from this source; in fact, 
the values are maximum calculated quantities. There is experimental 
evidence to show that the evaporation of Pu-bearing species from the 
surface of the fuel sphere does not necessarily result in their trans 
port out of the PISA. In the experiment on the thermal exposure of 
MHFT-1 at LASL, a thin PUO2 (the predominant Pu-bearing species at 
these temperatures and compositions) layer , approximately 13 mils 
thick,was deposited on the internal surface of the PISA. This occurs 
because of the very slight but real difference in temperature between 
the surface of the fuel sphere and the internal surface of the PISA. 
It is considered, therefore, that the possible release through the 
current vent hole will be somewhat less than that given in the esti
mate which calculates the maximum possible release through vent holes 
of this diameter assuming the available partial pressures. 
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FIGURE III-12 - PUO2 (g) release versus time - seconds at 1140°C 
with 48 vents. 
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Time, sec 

FIGURE III-13 - PuOz (g) release versus time - seconds, 
Full MEW-IES 48 vents at 1327°C (1600°K, 2420°F). 



A2.4 Accidental Release of Plutonium from a Damaged PISA 

In the discussion of Paragraph A2.3(p. III-ll) it was assumed that the 
PISA was intact and that the vents were functioning as designed. 
It is possible for the PISA to be damaged by external or internal 
forces, and some of these are considered here. 

A2,4.1 Fracture of the PISA by impact 

A2.4.1.1 Impact capability of a bare FSA (PISA protected only by GIS) 

The principle mode for destruction of the PISA by mechanical forces 
has been identified as impact on an unyielding surface at terminal 
velocity after reentry. To verify the efficacy of the GIS, an ex
tensive testing program was carried out by GE in its own facilities 
and at Sandia Corp, using thoria as a simulant for the mass and size 
of the fuel. A further series of fueled tests was carried out by 
LASL. All impact tests were performed at velocities of at least 10% 
above the experimentally determined terminal velocity of 255 fps, 
i.e., the impacts were made at >2 80 fps. The early series of tests 
at GE used a high density simulant, ThOg at 97% of theoretical 
density. These tests showed the ability of the PISA to survive im
pact without significant deformation of the iridium and often with
out fracture of the contained thoria. After the initial tests with 
fuel at LASL and examination of the fuel microstructure, the simu
lant was changed to model as nearly as possible the mechanical re
sponse of the fuel by providing a microstructure like that of the 
fuel and a similar density to ensure lower mechanical strength. 
Both intact and deliberately broken fuel and simulant were impacted. 
The results of the impact tests are summarized briefly in Table A-3. 

Table A-3 

SUMMARY OF FSA IMPACT TEST RESULTS 

Specimen Behavior 
Specimen 

and P< 
Theoretic; 

Th02 

Th02 

Th02 

ThOz 

PuO 2 

Materia 
srcent 
al Densi 

95 

90(1) 

80(2) 

76(3) 

82(6) 

il Veloci-
270 

Pass 

5 

8 

4 

16 

4(7) 

ty 
to 
at Impact -
300 
Fail 

0 

3(4) 

2(4) 

3(4) 

2(7) 

- Feet 
300 

Pass 

1 
_ 

-

6 
_ 

Per 
to 

Second 
340 
Fail 

1 

1 

-

6(5) 

-

NOTES: 

1. Initial density 80% TD; sintered to 90% TO during Ir heat treatment: 
18 hr @ 1500°C. 

2. Cold pressed and sintered; fine grain homogeneous 
3. Hot pressed; coarse, high fired grains, 
4. GIS rotated 45°. 
5. GIS rotated 45° in 4 cases. 
6. Density of fuel is an average value. 
7. All spheres at LASL are fired in a Ta can enclosing the specimen. 
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A2.4.1.2 Interaction of the FSA with the containment 

Impact of a free FSA during transportation to and from GE-VFSC, and 
during operations at GE-VFSC is not credible. However, a potential 
accident mode was identified in which the IHS within a shipping con
tainer could be dropped from a height of 40 ft onto a concrete plat
form. The maximum velocity which this package could attain is 51 
fps. Assuming that the full velocity of the impact were transmitted 
through the shipping container to the FSAs, this impact velocity is 
a factor of at least five lower than the impact velocities to which 
FSAs have been tested. 

Figure III-14 shows schematically how the IHS is contained for ship
ment; Figure III-6 (see p. III-9) shows how the FSAs are contained 
within the IHS. When the SPC is replaced by the Radioisotope Thermo
electric Generator (RTG), the converter, the Heat Source Shipping 
Container (HSSC) is replaced by the RTG Shipping Container (RSC). 
The MHW-RTG Shipping Container is shown in Figure III-15. Except 
for handling at the ML/MRC 'F' line and at the GE-VF LAS, the IHS 
is always handled within one or the other of these double contain
ments. It is necessary, however, to consider the possible interac
tion between the FSAs in the IHS, if these are subjected to acci
dental impacts when lodged in either the HSSC or the RSC. 

A.2.4.1.2.1 Impact loads on the SPC or RTG in the shipping container 

Since tests using the HSSC or RSC with the simulated loading are not 
currently (Note: MRC subsequently tested the HSSC as discussed in 
section F) feasible, the problem has been approached analytically. 
The analysis is based on the assumption that the behavior of the IHS 

FIGURE III-14 - Schematic of IHS in FIGURE 111-15 - MHW-RTG shipping 
shipping configuration. container. 
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with its FSAs will be analogous to that of the fission product iso
tope container in tests conducted by GE (Hanford Atomic Products 
Operation) on a fission product isotope shipping container. 

Reference Ripperger 63a gives detailed information on the tests 
which were conducted at the Structural Mechanics Research Laboratory 
of the University of Texas at Austin. The 28 units dropped were 
instrumented with accelerometers in numerous locations and in the 
payload zone so that the transmitted 'g' loads were measured empir
ically. The cylindrical models weighed around 600 kg (1300 lb) and 
were subjected to drops of around 8 meters on their sides, ends, and 
corners (45°); see Figure III-16. Drops were also made on a 1-1/2-
in. diameter by 4-in. long stake and on a step formed by a 8 in. 
high I-beam. In these tests the inner containment, analogous to the 
SPC and RTG, was subjected to around 225 g maximum. 

The HSSC and the SPC and the RSC and the RTG, are integral cylindrical 
structures and will absorb deformation as continuous structural sys
tems. No sharp projections or protuberences are contained within 
these structures which could penetrate the FSAs in the event of ex
cessive deformation of the structures. 

A drop of one meter by the HSSC/SPC or the RSC/RTG containing the 
FSAs in the IHS, onto a 6-in. diameter steel bar will not permit 
penetration through to the IHS. Consequently, the FSAs would not 
be damaged in such an accident. 

It can therefore be concluded that the PISA will provide contain
ment of the PuO2 during any anticipated impact at GEVF. 
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END 

EDGE 

FIGURE III~16 - Axis orientation and drop attitudes. 

A, 2.4 = 1.2.2 Impact loads on the bare FSAs 

The bare FSAs were impacted against granite at the velocities noted 
in Table A-3 by GE and LASL(*). In the GE tests with simulant, the 
total impact contact time, gauged by flash x-ray photography of the 
impacts, ranges from 300 to 500 ysec. A conservative calculated 
estimate of the g level environment under which the FSAs were shown 
to survive is: 

F = ma 

q level F/W 

where: 

F = average force (lb) for the duration of the impact 

m = total mass of the FSA (slug-ft2) 

a = deceleration rate of the FSA (dy/dt, ft/sec2) 

W = weight of FSA (lb) 

V = 300 fps 

W = 400 g = 0.882 lb 

_ dv 0.882 (300 - 0) , ^.-, ,„<» ,, 
^ dt = 32T2-l5To"3E-io^ = i-^^3 ^ " 1^ 

(1) 

*LASL impacts of fueled FSAs have been made to date enclosed in Ta 
cans for reasons of operational safety in the LASL test area. 
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F 1. 6 4 X 1 0 " Tor 1 n 4 l'y\ 

W = —07882 = l-S^ ^ 10 ^ ^2^ 

The calculated g level is an average value. For this type of dynam
ic environment the peak force is approximately 1.8 times the average 
value 

Hence: 

peak = 1,8 (1.8 x 10") =; 3,25 x 10" g (3) 

Since the FSAs have survived impact environments of around 3.25 x 
10" ^ peak and the expected maximum transmitted g levels (taking no 
credit for attenuation in the SPC or RTG) are «500 g, the safety 
margin appears sufficient. It is therefore, concluded that the FSAs 
will not be damaged by interaction with the other containments even 
if subjected to the maximum potential impact after a drop of 51 ft. 
The impact loads to the FSAs are attenuated by the intervening 
structures. 

The preceding discussion and the data presented in the impact test 
summary Table A-3 (see p. III-20), establish at least the following 
inferences: 

• FSAs with simulant have survived impact at temperatures of 
1400°C against granite at velocities up to 315 fps; with fuel 
the maximum velocity has been 285 fps, this produces g loads 
of 1,6 X 10" average, 3.2 x 10" peak. 

• Inadequacies of the Ir in the PISAs, of the graphite in the 
GIS and of the test procedures have caused some failures; 
these have been or are being corrected. 

• The impact protection is inherently workable. 

• The maximum impact velocity to which the FSAs in the IHS can 
be credibly exposed at GEVF does not exceed 51 fps; this pro
duces g loads on the FSAs which are calculated not to exceed 
5.0 X 10 2 g. 

• Damage to the FSAs by penetration of the shipping containment 
structures is precluded by geometry. 

• Damage to the PISAs by impact is not credible. 
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A2.4.2 Fracture of the PISA by excessive internal pressure 

As noted in the preceding discussion, the release of He gas through 
the PISA/IHS vent system is required to avoid the need for an exces
sively heavy capsule structure. In the event that the vents on the 
PISA were totally plugged to prevent He release at the normal gen
eration rate, excessive pressures could build up leading to eventual 
rupture of the iridium sphere. Plugging of the He vents, which at 
the time were 0.000 8-in. diameter, was observed to occur in several 
of the PISA's made beginning around February 19 72. In the cases of 
MHFT-1 and MHFT-5,fractures occurred in or near the equatorial weld, 
and the vents were presumed to be plugged; in the case of MHFT-6,the 
rupture occurred at the decon disc?and although some transport of Ir 
was observed,it was not demonstrated that the vents were plugged. 
The possible fuel release from MHFT-5 and -6 was not reported. The 
Ir of MHFT-1 cracked/tore in the heat affected zone producing a 
fissure around 0.5 cm long by about 0.1 mm wide. The fuel release 
measured for MHFT-1 was around 2 x 10^ cpm. In none of the cases 
where the PISA cracked was the deformation catastrophic. 

To test a burst disc concept a sealed PISA was fabricated at 
ML/MRC with an Ir tube welded into the wall to permit pressuriza-
tion at temperature. The first of two phases of PICS burst test 
has been completed. Two decon discs were pressurized to rupture. 
Burst pressures at 1370°C (2500°F) were 260 psig and 200 psig. 
There was zero strain of the PICS with a pressurization rate of 
80 psi/hr. The PICS with no vent holes was then pressurized to 
rupture, PICS burst pressure at 1370°C (2500°F) was 600 psig. 
Strain of PICS with pressurization rate of 200 psi/hr was also 
zero. The PISA encapsulated a Th02 sphere and was enclosed in a GIS. 

The failure mode was a non-catastrophic hairline crack which bled 
down the He pressure rapidly. 

Although the cause for vent plugging has not been defined beyond 
question, the fact of vent plugging is certain. The probable causes 
were transport of Ir as a gaseous compound or the vapor transport of 
other volatile compounds [including PuOa(g)] associated with either 
the fuel or the iridium. The vent hole size has been increased to 
0.005 in. diameter and current practice requires chemical cleaning 
of the Ir to remove surface impurities. This is followed by a 
thermal scouring of the Ir piece parts at 1500°C to insure the re
moval of iridium oxides which may have formed on the surface. Heat 
treatment of the fuel at 1500°C under vacuum will also tend to re
move volatile impurities. 
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MHFT-10 and -11 were baked out for 1 hr at 1500°C to promote re-
crystallization of the Ir before welding. MHFT-10 was exposed at 
LASL for 1100 hr at 1150°C and both vents were found open at the end 
of testing. MHFT-11 was used for vibration testing and was exposed 
to temperatures of 1000°C; both vents were found open at the end of 
testing and there was no evidence of Ir transport. The MHW fuel 
sphere assemblies beginning with MHFT-15 use Ir which has been sub
jected to both the chemical and the thermal cleaning noted above, 
to remove extraneous materials and iridium oxides. MHFT-18 from this 
new series of spheres was exposed at LASL in He at 1250°C for 1000 
hr and had both vents operational at the end of testing. For the 
temperature regimes to which the MHW-IHS will be exposed during tests 
and handling at GE-VF, the data cited indicate that closure of 
the vent is improbable. Although there is justifiable concern 
about the closure of one of the vents in MHFT-19, this specimen was 
exposed in vacuum for 1100 hr at 1440°C. 

The problem of vent plugging has been considered in some detail 
(Ref. Brown 73b).Vapor deposition of PuOa around the Ir grains of 
the vent filter has unquestionably reduced the free path for He re
lease to the point where it has actually stopped. However, in most 
of the cases observed, the stoppage does not appear to be permanent 
since there is erratic release of He ranging from indetectable 
levels to as much as 50x the generation rate under isothermal condi
tions. As noted previously, the conditions planned for handling and 
operation at GE-VF should not produce the conditions which lead to 
vent stoppage. Tables A-4 and A-5 summarize the condition of the 
vents of all PISAs tested to date at ML/MRC and LASL. 

A2 .4.3 Accidental thermal stresses affecting the MHW-PISA 

In addition to the accidental impact and internal pressure stresses 
noted above the MHW-PISA could be subjected to thermal stresses 
arising from oxidation of the graphite structures of the IHS and 
from an external fire. The sequence of hypothetical accidents 
covered by AECM 0529, Annex 2, postulates a series of circumstances 
which could subject the IHS in its shipping container complex to an 
impact destroying the integrity of the IHS iridium outer clad 
permitting atmospheric air to reach the graphite internal structures 
(see Figure III-6, p. III-9). Subsequently the shipping container with 
the IHS thus breached could be exposed to the standard transportation 
fire conditions imposing an external temperature on the shipping con
tainer of 800°C (1475°F) for 30 min. Since no direct experiments 
have been performed to demonstrate the response of the IHS to this 
concatenation of circumstances, analyses are required to determine 
whether the IHS will be adversely affected to the point at which 
the plutonium fuel is exposed. 

A2.4.3.1 Effect of air on IHS graphite 

Air in contact with hot graphite oxidizes the graphite in an exo
thermic reaction to form either CO or CO2• The rate of oxidation 
is a function of the graphite temperature and the availability of 
the oxygen supply. To establish a worst case condition, it is 
assumed that the air is supplied by free convection currents set in 
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Table A-4 

MHFT-1 THRU MHFT-14 

Fuel Sphere 
Assembly 
Designation 

MHFT-1 

iyiHFT-2 

MHFT-3 

MHFT--4 

MHFT-5 ( 1 ) 

MHFT-6 (1) 

MHFT-7 

MHFT-8 

MHFT-9 (2) 

MHFT-10 (2) 

MHFT-11 (2) 

MHFT-12 

MHFT-13 

Vent 
Exposure Conditions Hole 

Temp. Time Size 
Status l^C) (hr) Environment (m.) 

C & E 

C & E 

C & E 

C & E 

C & E 

C & E 

C & E 

1440 2150 

C & E 1500 

C & E 1500 

C & E 1500 

C & E 1500 

1500 

1325 

1325 
700 

1500 
1150 

1500 
1000 

1500 
100 

1500 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

18 Vacuum 
8000 He (storage) 

18 
1244 

18 
3000 

Vacuum 
Helium 

Vacuum 
Helium 

Vacuum 
Sea water 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

0.0008 

Dimensional 
Change 
Re£Orted 

Yes: n/a 
swollen 

n/a 

n/a 

n/a 

Yes: -0.050 
m . 

Yes: -0.060 
m . 

n/a 

n/a 

He Release Check Method and Result 
Mass Spectrometer Bubble Test 
He Leak Detector He î  20 psig 
Test Vacuum 
Furnace Fixture Vent 1 Vent 2 

n/a 

n/a 

NOTES: 
C&E -= Test exposure conplete and specimen examined 
n/a = Not available (not done or not yet reported) 
(1) = Decontamination covers left intact during heat treatment 
(2) = Partially assembled henispheres heat treated one hour at 

1500'^C before final assembly 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a n/a 

Yes: shrank Open 

Open 

n/a 

Yes: shrank Closed 

Open 
breached 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

Closed 

n/a 

n/a 

n/a 

n/a 

n/a 

Closed Closed 

n/a 

n/a 

Open 

Closed 

n/a 

n/a 

Closed 

n/a 

Closed 

n/a 

n/a 

n/a 

Closed Closed 

n/a n/a 

Open Closed 

Open Open 

n/a n/a 

Closed Closed 

Metallographic 
Examination 
and Results 

Vapor deposited Ir m vents; 
breached m HAZ; swelled into GIS 

Impacted; impact face vent closed 

Impacted; vent destroyed 

Inpacted; I/F vent closed 

Vapor deposited Ir(V/D Ir) m vents 
clad breached m HAZ 

V/D Ir on interior; vent probably 
clean, decon cover ruptured 

V/D Ir on interior; n/a on vent 

V/D Ir internally; n/a on vent 
stored 11 months 

V/D Ir on interior; n/a on vents 

V/D Ir + PUO2 on interior; n/a on 
vents 

No V/D Ir; some V/D PUO2 on interior; 
vent area clean 

Impacted; PICS was destroyed by 
phosphorous contamination; n/a 
on vents 

On test in sea water 

V/D Ir + PUO2 on interior; n/a on 
vents 



H 
M 
M 
I 

00 Table A-5 

MHFT-15 THRU MHFT-33 

He Release Check Method and Result 

Fuel Sphere 
Assembly 

Designation Status 

MHFT-15 On test 

MHFT-16 (1) On test 

MHFT-17 (1) On test 

Temp. Time 
(°C) (hr) 

1440 2400 
(8-31) 

1150 2100 
(8-31) 

1150 2700 
(8-31) 

Vent 
Hole Dimensional 
Size Change 

Environment (in.) Reported 

MHFT-18 (1) C & E 1250 1365 

Vacuum 

Helium 

Helium 

Helium 

0.0015 

0.0015 

0.005 

0.005 

nya 

nya 

nya 

No 

Mass Spectrometer 
He Leak Detector 
Test Vacuum 

Furnace Fixture 

Erratic 

n/a 

n/a 

n/a 

nya 

nya 

nya 

n/a 

Bubble 
He g 20 

Vent 1 

nya 

nya 

nya 

Open 

Test 
psig 

vent 2 

nya 

nya 

nya 

Open 

On 

On 

On 

Metallographic 
Examination 
and Results 

test 

test in He 

test in He 

Clean; vent area fr« 

MHFT-19 

MHFT-20 

MHFT-21 

MHFT-22 

MHFT-23 

MHFT-24 

MHFT-25 

(1) 

(1) 

(2) 

(3) 

C & E 

On test 

On test 

On test 

On test 

— 

C & E 
(part) 

1440 

1440 

1250 

1440 

1150 

— 

1440 
1850? 

1105 

1500 
(8-31) 

2200 
(8-31) 

1800 

n/a 

— 

857 
5 m ? 

Vacuum 

Vacuuiii 

Helium 

Vacuum 

Helium 

— 

Vacuum 

0. 

0. 

0. 

0, 

0, 

0, 

.005 

.005 

.005 

.005 

.005 

— 

,005 

No 

nya 

nya 

nya 

nya 

— 

n/a 

Erratic; 
open 

Erratic; 
open 

n/a 

Erratic; 
open 

n/a 

— 

n/a 

n/a Open Closed 

of all V/D material; 
may be some V/D Ir on 
interior 

V/D ceramic around Ir 
granules in vent fil
ter: PuO, +Ca+Si+Al+0 

nya nya nya On test in vacuum 

nya nya nya On test in He 

nya nya nya On test in vacuum 

nya nya nya 

Open Closed Closed 
closed 

On test in He 

Disposal not reported (2) 

Vent(s) showed open 
before reentry thermal 
excursion; vent area 
nya by metallographic 
examination 



Table A-5 (continued) 

0 . 0 0 5 

0 . 0 0 5 

0 . 0 0 5 

MHFT-29,-30, On test 1440 ? Vacuum 0.005 
-31(3) 

MHFT-32 C S E 1370 30 m? Vacuum 0.005 

MHFT-26 

MHFT-27 

MHFT-28 

(3) 

(3) 

(3) 

On test 

On test 

C & E 
(part) 

1440 
700? 

1440 
700? 

1440 

857 
720? 

857 
720? 

744 

Vacuum 
air 

Vacuum 
air 

Vacuum 

MHFT-33 C & E 1370 30 m? Vacuum 0.005 

n/a 

n/a 

n/a 

n/a 

Ho swell
ing dimen
sions n/a 

nya 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

Open nya nya Impacted; not yet 
dissected; on test 
m air 

Open nya nya Impacted; not yet 
dissected; on test 
m air 

n/a Closed Closed 

nya nya nya 

n/a Open Open 

n/a Closed Closed 

V/D ceramic around 
Ir granules m vent 
filter: PuO2 + Ca + 
Si + Al + O + W 

Additional SST 

Impacted; vent 
area clean 

Impacted; vent 
area clean; metal 
lography shows no 
apparent vent fil
ter or vent blockage 

NOTES: nya = not yet available 
n/a = not available (not done, not reported, or not feasible) 
(1) = specimens on test m helium-filled furnace; He mass 

spec, detector cannot be used during testing 
(2) = specimen reported contaminated above allowable limits 

by ML/MRC; not shipped to LASL 
(3) = SSTs - safety sequential tests: exposure for 30 days at operational + reentry pulse + 

impact + post-impact exposure m air 
C & E = Test exposure complete and specimen examined 

H 
H 
H 
I 
N3 



motion by the heat of the IHS and unimpeded by the structures of 
the shipping container, SC, and the storage protection container, 
SPC (or the converter, RTG). 

The exothermic heating rate is given by: 

q = cj) m BTU/ft^sec (1) 

where: 

m = graphite mass loss Ib/ft^ sec 

4) = 3950 BTU/lb if reactant is CO 

<j) = 10500 BTU/lb if reactant is CO2 

The maximum graphite loss rate, as controlled by the oxygen supply 
rate (diffusion limited mass loss rate), is: 

•^^ = C (0.1716) h„ = Ib/ft^ sec 

where: 

h = mass transfer coefficient Ib/ft^ sec m 

C = 1.0, if reactant is CO 

C = 1/2, if reactant is CO2 

Exothermic heating has been calculated assuming the formation of 100 
percent CO , since this gives the maximum exothermic heating: 

q = 900 h ^exo m 

for CO2 DL. 

The mass transfer coefficient, h^^ is given by analogy to the heat 
transfer coefficient, h, since the Lewis number is approximately one; 

m̂ "̂  ^^°^ 
Using the laminar free convection heat transfer coefficient for a 
vertical surface yields: 

h = 0-29 / A_T Y BTU 
m cp \ L y ft^~hr °F 

where: 

AT = Temperature difference between surface and surround
ings °F 

L = Surface length 

For t h e IHS 

It 1 grpu 
h^ = 3 . 0 8 x 1 0 - ^ (AT)-* - 2 " ^ , p -



Figure III-17 shows the values of the CO2 diffusion limited exo
thermic heating rate calculated as a function of the IHS surface 
temperature, assuming the maximum free convection air supply, with 
the ambient air at 20°C (68°F) . At temperatures below 815°C (1500°F) , 
the graphite mass loss rate is lower than the diffusion limit be
cause the oxidation reaction becomes so slow that only a part of the 
oxygen which is supplied is consumed. The reaction rate mass loss 
rate is: 

n̂ R 99.5 exp [-25500/T(°R)] Ib/ft^ -sec 

in air at 760 torr using POCO AXF 5Q graphite rates. Using this 
mass loss rate in Eq. (1) for 100 percent CO2 gives the dashed line 
in Figure III-17. Also shown in Figure III-17, is the convection 
cooling term calculated ass 

q convection = hAT 

using the laminar free convection coefficient. 

The exothermic heating and convection cooling terms may be treated 
as a net heating of approximately 1 BTU/ft^-sec which is the value 
at 815°C (1500°F). For comparison, the surface flux to reject the 
internal heat generation of 2400 watts, based on a center section, 
one dimensional heat flow for the IHS, is 1.11 BTU/ft^-sec. 

A.2.4.3.2 Effect of an external fire 

2000 3000 

IHS Surface Temperature, °F 

FIGURE III-17 - Surface energy 
balance for a free standing lESt 

•Laminar free convection 

®Air at 70°F 

•Oxidation of graphite to 100% CO^ 

In a worst case analysis, the 
shipping container may be assumed 
to be at equilibrium at the 
'standard' fire temperature, 800°C 
(1475°F), and the steady state 
temperature of the SPC and the IHS 
calculated. The geometry and sur
face properties used are shown in 
Figure III-18. The analysis was 
done with a one dimensional center 
section model. The one dimensional 
calculation is based on a section 
of the IHS which is 2.18 inches in 
length, the distance between fuel 
sphere planes. 

The IHS area is 49.4 square inches, 
which for 4 00 watts of fuel, a 
single plane of spheres, gives a • 
flux of: 

QA E =1.11 BTU/sec-ft^ 
^A 

(2,11 BTU/sec-ft^ if 
exothermic heating 
is included) 

Both conduction and radiation were 
considered as heat transfer modes 
from A to B. 
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SPC 

SC 

IHS 

h 
3.6 in. radius 
4.75 in. ffldius 

12.0 in. radius 

<fnf^(^ 

\fK 

D C B A 
Surface 

A Iridium (or Graphite) 0.12 (or 0.8) in . 
B Staipless Steel 0.85 
C Stainless Steel 0.85 
D Stainless Steel 0.8 

FIGURE III-18 - Configuration. 

•KB K AB (TjY - TB) + F AB 
'AB 

(aV- oTg'*) 

Since Q 
t o D i s 

QCD 

-AB' the flux from C 

Ac 
= 0.635 BTU/sec-ft^ 

(1.21 BTU/sec-ft^ if 
exothermic heating is 
included) 

which is related to temperatures by 

Ac 
K CD 

CD ^^C " ^D) + ^CD 

(OT̂ '* - OT^^) 

The SC and SPC are assumed to be 
isothermal, therefore: T 

B 
T and 

Tĵ  = 800° C (1475° F), so the only 

unknowns in the above equations are 
the SPC temperature T and the IHS 
temperature T . These equations 
were solved for various parameters: 

AB 

'CD 

1.15 in. 

1.25 in. 

K =0.21 BTU/hr-ft °F (Helium at 1900°F) or 0.046 BTU/hr-ft°F 
^^ (Air at 1900°F) 

K =0.2 BTU/hr-ft °F (Helium at 1500°F) or 0.04 BTU/hr-ft °F 
^" (Air at 1500°F) 

•AB 

CD 

• 1 

EA 
+ AA 

AB 

1 

/ 1 

\ " B 
- 1 

) 

1 ^ Ac / _ i _ A 
C Ap \^D } 

0.18 or (0.8 for emissivity sleeve) 

0 . 8 5 

0 . 8 5 

^D = 0 - « 

AA / AB = 0 . 5 7 5 , Ac / Aj3 = 0 . 6 2 8 

I I I - 3 2 



A2.4.3.3 Temperatures produced in the IHS 

Steady state temperature distributions in the MHW-IHS have been 
calculated using a three dimensional model and the THT-D computer 
program (ref. Quinn 73a) for many different conditions considering 
either He or vacuum in the gaps. A summary of these analyses is 
presented graphically in Figure III-19. The temperatures given in 
Table A- 7 were obtained by locating the IHS surface temperature 
for the appropriate conditions in Table A-6 along the line labeled 
SLEEVE and reading the corresponding PISA and fuel temperatures 
assuming He in the IHS. 

Table A- 6 gives the steady state temperatures for the SC, the SPC 
and the IHS surfaces in the fire environment for several assumptions 
regarding the internal gas and the graphite reactions. These are 
conservative values because in the real case, the IHS would not 
reach a steady state condition after a thirty minute fire. Cases 1 
and 3 assume the SC maintains its He pressure; the SPC can contain 
either He or air without any effect on the temperature. Cases 1 and 
2 assume air in the SC and SPC with no reactions between the air and 
the constituents of the IHS. Cases 4 and 5 assume air in the SC and 
the SPC and exothermic oxidation of the IHS graphite as discussed 
above. 

Table A-7 gives the maximum temperatures for the PISA and the fuel 
assuming He inside the IHS. The corresponding PISA and fuel 
temperatures with air in the IHS would be about 10°C (18°F) higher. 
The temperatures for normal operation are also given for comparison. 
The worst case condition. Case 5, results in a PISA temperature 
about 100°C (180°F) lower than the operational temperatures. It 
may be reasonably concluded from this analysis that the impact plus 
external fire will not destroy the PISA. 

Table A-6 

TEMPERATURE SUMMARY °F 

Case 

1 

2 

3 

4 

5 

SC 

1475 

1475 

1475 

1475 

1475 

SPC 

1533 

1533 

1533 

1581 

1581 

IHS 
Surface 

1617 

1861 

1820 

1725 

2171 

Emissivity 
Sleeve 

Yes 

No 

No 

Yes 

No 

Gaps 

Air or Helium 

Air 

Helium 

Air or Helium 

Air 

Exothermic 
He 

No 

No 

No 

Yes 

Yes 
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3400 

3000 

2600 

2200 

1800 

1400 

1000 

600 

< 

< 

1 

PISA (max) 

1 ^ ^ - ^ ^ 

=̂ —=— Voceum Gaps 
. . . . . . Helium Gaps 

Fuel (max) ___,»»»«"***'**''^ 

^ 

PISA (mox) ^^, . ,«.«-»-^ ^ ^ 

Fuel (max) ^ / .„^^^ ^ 

Aeroshell y 
^^Emiss i v i t y 

j)^ sleeve 

// 

r 

® Design points 

1 

^ ^ 
" ^ 

1 

IHS 
in 70^F 

air 

Free IHS 
In space 

=T3 , „ , : . 10 (FF 

IHS on pad 
•xenon in 

RTG 

IHS in 
RTG 

-normal 
operation 

FIGURE III-19 - MEW IHS steady-state temperatures. 



Table A-7 

IHS TEMPERATURE DISTRIBUTION STEADY STATE-HELIUM IN GAPS 

Case 

1 

2 

3 

4 

5 

HSA 
Surface 

1617°F 

1861 

1820 

1725 

2171 

PICS 
Maximum 

2040°F 

2230 

2200 

2130 

2480 

Fuel 
Maximum 

2220°F 

2410 

2380 

2300 

2670 

Normal Operation - Vacuum in Gaps 

2000 2650 3050 

A2.5 Control of plutonium release 

Under normal conditions of use, it is recognized that there will be 
a small amount of plutonium activity on the outside of the PISA 
from residual contamination not removed at the time of assembly 
and from Pu-bearing material which may have migrated through the He 
vent as a vapor. It is expected that the Pu contamination, whatever 
its source, will be effectively absorbed on the internal surface of 
the GIS and that the external surface of the GIS/FSA will remain 
substantially free of contamination. Calculations performed by 
LASL indicated that the Pu-bearing materials vapor-transported to 
the inner surface of the GIS would require of the order of >10'* 
years at a continuous temperature of 1500°C to migrate to the 
external surface of the GIS/FSA (Ref. CMB-5-C-53, dated February 
1971). Although some question has been raised about the validity 
of these calculations, a review by GE-SD, indicates that there is 
no substantial error involved in either the concept or the calcula
tions. In addition, two pieces of experimental data have been 
reported by LASL. 

Compatibility test specimen MHW-II-2 3, in the configuration shown 
in Figure III-20 was exposed in vacuum at 1450°C for around 6000 hr. 
Since the effective impermeability of the GIS to Pu is a key concept 
in the MHW containment design, a check on the penetration of Pu into 
the POCO-ATJ graphite of the specimen holder was made. A section of 
the graphite capsule was mounted and cleaned to permit alpha auto
radiography. In this procedure, the specimen is placed in direct 
contact with sensitized photographic material and exposure is 
triggered by the alpha particles. The zone of the material contain
ing the alpha-active material is thus outlined. Figure III-20 shows 
the area which contained alpha-active material, in this case Pu. 
The autoradiograph showed penetration to a depth of about 2 mm, 
0.080 in. The Pu concentration is estimated at around 10^ yCi/cm^ 
at 2 mm and a lower concentration at the greater depth. 
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Limit of Pu permeation 

~1 mm Pu level around 

8 X 10^ g of Pu/em^ of 

graphite 

ATJ graphite 

Iridium capsule 

Thornel graphite 

Plutonio pellet 

Vim 

FIGURE III-20 - Specimen MEW-II-
23 enolosedysOOO hr in vacuum at 
1450°C. 

Exterior 
surface 

200-300 cpm 

The Pu permeation into the GIS from 
MHFT-18, a compatibility test sphere, 
was also measured at LASL, see Figure 
III-21. The inner surface of the GIS 
cap showed alpha counts in excess of 
10^cpm by direct counting. (TWX: 
Mulford, LASL to Goldenberg, AEC-SNS, 
23 July 1973). There was a pit on 
the cap inner surface corresponding 
to the position of the PISA vent, 
about 0.060 in. diam by about 0.020 
in. deep. The contamination in this 
pit was no greater than elsewhere 
in the cap inner surface, indicating 
that the contamination was not 
localized. The GIS cap delaminated 
about two-thirds of the way into the 
cap body, leaving a new surface about 
0.16 0 in. from the inner surface. 
An alpha count taken at this point, 
however, showed no substantial 
contamination, arguing that there was 
no significant permeation of the Pu-
bearing material into the GIS after 
1100 hr at 1250°C. 

The GIS is the first component of 
the MHW-IHS which inhibits release 
of Pu-bearing material which might 
escape from the PISA by any of the 

Exterior surface of 
delaminoted section 
of GIS cap - effectively 
at background ^ 100 cpm 

About two-thirds of 
cap delaminated 

Interior surface of 
G I S - > 10^ cpm 
(Calculated to be 
around 5 x 10 on 
the basis of Pu 
vaporization) 

FIGURE III-21 - Alpha radiation levels on MHFT-18 GIS - measured 
directly after removal of PISA - specimen exposed 1500 hr at GIS 
surface temperature of 1180°C calculated IR/PuOz interface of 1250°C. 
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possible mechanisms noted in the preceding discussion. Additional 
protection against any release of radioactive material from the 
MHW-IHS is provided by all of the internal graphite structural and 
compliance materials which will tend to scavenge any material which 
might come out of the GISs. Further retention capability is 
provided by the IHS aeroshell and the iridium outer clad which per
mits egress of materials from inside the IHS only through the He 
vent tube. There are therefore several successive layers of 
materials which will contain or entrap active material so long as 
the IHS retains its mechanical integrity. 

Even in the event that the IHS were fractured, the maximum calculated 
quantity of Pu-bearing material which could be available for release 
would not exceed around 7 yCi. This is the maximum quantity which 
can be vaporized through the 48 vents of all the PISAs in the IHS, 
at the operational and credible accident conditions at GE-VF, 

However, it must be emphasized that this protection against Pu re
lease » although it is primaryJ is itself contained within two addi
tional sealed structures at all times except when it is being 
transferred from the SPC or the RTG and when it is enclosed in the 
LAS. The SPC, and the HSSC and RSC are fabricated of 0.25-in. thick 
steel and all closures are sealed by gas tight gaskets. Conse
quently, during all shipping and handling operations except for 
transfers, the IHS is provided with very substantial additional 
protection from damage or Pu release. 

A3.0 Summary and conclusions 

1. The vented post-impact shell assembly. PISA, which contains 
the ^^®Pu02 fuel can release a limited amount of contamination 
to its external surface. 

2. Under normal conditions of handling and testing planned for the 
MHW-IHS at GE-Valley Forge, the only mechanism identified for 
Pu release is vaporization of Pu-bearing material through the 
PISA vent. The maximum calculated quantity of Pu which can 
reach the external surface of the PISA - the internal surface 
of the graphite impact shell, GIS, - will not exceed around 
0.28 yCi per sphere, 7 yCi per IHS containing 24 PISAs, when 
the IHS is subjected to the time/temperature sequence currently 
planned. This Pu inventory is not expected to be released from 
the IHS. 

3. Difficulties encountered in the initial stages of the program 
included: 

a. Leakage of Pu-bearing particulates around the tack-welded 
PISA vent filter (early design) and around an inadequate 
and incomplete circumferential weld in the current design. 

b. Cracking of the PISA in the equatorial weld area from 
excessive He internal pressure when the vents plugged. 

4. Leakage of Pu-bearing material around the vent filter has been 
corrected by better control of the weld process; 33 out of 34 
vent filters have successfully contained Pu. Units exceeding 
the permitted contamination levels are rejected. 
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5. Plugging of the vents at the temperatures which will be used 
at GE-VF, has been corrected by: 

a. Chemical and thermal cleaning of the iridium. 

b. Heat treatment of the PUO2 fuel at 1500°C to remove 
possible volatile impurities and reduce the O/Pu ratio 
below 2,000. 

c. Increase of the vent diameter to 0.005 in. diameter. 

6. The protected PISAs have been shown to be capable of surviving 
impact on granite at temperatures of 1400°C and velocities in 
excess of 280 fps. The maximum impact velocity attainable under 
the credible accident conditions at GE-VF does not exceed 51 fps. 

7. Pu contamination which is retained on or which reaches the 
external surface of the PISA will be effectively retained by 
the GIS. Exposure for 5000 hr at 1450°C shows permeation of 
Pu into graphite of around two millimeters. 

8. The handling of the MHW-IHS at GE-VF for the tests currently 
programmed is not expected to permit a release of more than 
7 yCi under the maximum credible accident conditions. 
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Bohr 13a 
Bohr, Niels: "On the Theory of the Decrease of Velocity of Moving 
Electrified Particles Passing Through Matter," Phil. Mag., Vol. 25, 1913, 
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Bronisz 73a 
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1. GENERAL. 

-'-•-'• Scope. This specification is for use in the fabrication and 
quality control of iridium forming blanks for the Multi-Hundred 
Watt Program, 

1.2 Classification. Iridium shall be supplied in the following 
type and form: 

Type W - 99.52% Ir (Min.) Forming Blank 



APPLICABLE DOCUMENTS. 

1 Non-Government Documents. The following documents of the 
exact issue shown form a part of the specification to the 
extent specified herein. 

STANDARDS and PROCEDURES 

ASTM B276 (1965) Evaluating Cemented Carbides for 
Apparent Porosity Rec. Practice for 

ASTM E45 (1963) Recommended Practice for Determining 
the Inclusion Content of Steel 

Copies of these documents may be obtamea from their control 
source as listed. 

ASTM = American Society of Testing and Materials 
1916 Race Street 
Philadelphia, Pennsylvania 1910 3 

MET-Mat P=FQ-21 ORNL Fabrication of MHW Indium 
Hemishell Blanks 

MET-NDT-Ir-Ul ORNL Ultrasonic Inspection of Indium 
Blanks for Lamilar Discontinuities 

MET-NDT-Ir-Pl ORNL Penetrant Inspection of Iridium-
Sneet and Blanks 

2 Reference Documents. The following documents of curient issue 
are to define the requirements of the ORNL procedures: 

3-9329 MRC Iridium Blank drawing 

3 Precedence of Documents. In the event of conflict between 
this specification or any other document, this specification 
shall prevail. 

4 Definitions. 

4.1 Fibrous Condition is that metallurgical condition of 
indium which results after 80-90o warm reduction m thickness 
from the prior recrystallation and does not exceed the 
amount of recrystallized grains per ORNL photomicrograph 
standard WC-53. 

4.2 Sheet or Ingot is that quantity of indium used throughout 
the ORNL fabrication process m accordance with 
the procedures established m section 2.1. 

4.3 A lot is that material from a common blend of starting 
powder nominally 2700 gram. (Typically 15 to 24 blanks) 
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3. REQUIREMENTS. 

3.1 General Material Requirements. 

3.1.1 Formulation. The product shall be the type defined in 
section 1.2 as designated by the applicable drawings. The 
composition of the finished product shall conform to the 
requirements of Table 1. 

Table I 

Chemistry of Iridium Forming Blanks 

Element Max. Content in ppm by Weight (Unless Otherwise Stated) 

Type W 

Bulk* 
Ir 99.52% (Min) 
Al 50 
Si 50 
Fe 50 
Cr 25 
Mo 5 0 

**C 35 
**0 50 
W 2000-4000 
Ta 50 
Ti 50 
Na 5 0 
Ca 50 

*The sum total of all other noble metals (Rh, Au, Ag, Ru, Pt, 
and Pd) shall not exceed 400 ppm for Type W and no other single 
detectable element shall exceed 50 ppm. 

**Carbon and Oxygen shall be taken in duplicate per each lot with 
retention of an historical sample from each sheet. 

3.1.2 Surface and Internal Defects. 

3.1.2.1 Dye Penetrant Examination. All surfaces excluding areas 
within 1/16 inch of the blank edges shall be free of pores 
and cracks in accordance with ORNL Penetrant Inspection 
of Iridium Sheet and Blanks MET-NDT-Ir-Pl. 

3.1.2.2 Visual Examination. All surfaces of each blank shall be 
examined with exception of the EDM edge. The blank shall 
be free of well defined slivers, burrs, fissures, cracks, 
seams, and blisters. 

Surface 
99.4% 

100 
100 
100 
50 

100 
Not Req 
Not Req 
6000 
100 
100 
100 
100 

(Mm) 

uired 
uired 

IV-4 



-̂ •-̂ •2 Rework and Retest: Units which have failed a test or 
requirement may be reworked to correct the defects provided 
the final product meets all of the specification requirements. 
Any rework procedures shall be approved by Monsanto Research 
Corporation. All cleaning operations after the final working 
operations shall be approved by MRC. 

3.1.4 Metallography. 

The Microstructure of each sheet sample shall be in the 
fibrous condition in accordance with section 2.4.1. 

The acceptable limits of defects in metallographically prepared 
specimens shall be in accordance with the following: 

Porosity 

a) No single void greater than 10 microns 
b) Maximum concentration of porosity shall not exceed the 

level of grouping shown in ASTM B276 Type A, Degree, A-1. 

Inclusions 

a) There shall be no continuous stringer longer than 
0.010 inch 

b) The combined length of all continuous stringers and 
individual inclusions in any 1/4 inch length of a sample 
shall not exceed a length of 0.015 inch. 

Second Phase Material 

a) There shall be no second phase material (other than 

inclusions) detectable at a minimum magnification of 200X. 

No Cracks or Laminations 

a) None Permitted. 

3.1.5 Hardness. The average of 5 hardness values on Type W 
finished material shall be from 450 to 550 DPH. 

3.1.6 Ultrasonic. Each blank shall be free of Ultrasonic indications 
as specified in section 4.3.2.4. 

3.1.7 Dimensions. Blanks shall correspond to the dimensions of 
the applicable drawings. 

IV-5 



4. QUALITY ASSURANCE PROVISIONS. 

4.1 Supplier Quality Control Program. 

4.1.1 The riujiplii.>r shall establish and maintain a quality control 
proqi.iui :,at isiactory to MRC that will provide product quality 
eun:.i:;tenl with specifications and known design intent. 

4.1.2 riu- i.uppiier shall produce material in accordance with MRC 
••[uv-i 1 1 cations and known design intent. The supplier must 
•̂e 1 lily as to material quality and be able to provide sub-
•>Lantiating quality evidence at the time material is submitted 
Lo MRC for acceptance. 

4.1.3 MRC shall be accorded the privilege of auditing the fabrication 
process to assure that the supplier quality control program 
is functioning effectively. 

4.2 Responsibility for Inspection. The supplier shall be responsible 
for the performance of tests to determine conformance prior to 
submission of material to MRC, except as noted in sections 6.6 
and 6.7. 

MRC reserves the right to perform any test deemed necessary to 
assure compliance with the requirements of this specification. 
When there is a conflict between the supplier's result and MRC's, 
MRC shall have the authority for final disposition of acceptance 
or rejection. 

4.3 Quality Conformance Inspections. 

4.3.1 Inspections. 

4.3.1.1 Visual Examination of Product. One hundred (100) percent 
of all surfaces of every blank shall be examined, to a 
maximum of 35X magnification, to determine conformance to 
3.1.2.2. Inspection for acceptance shall be performed after 
completion of all manufacturing operations'. 

4.3.1.2 Dye-Penetrant Examination of Product. All surfaces of every 
blank shall be examined with a fluorescent post emulsified 
penetrant to determine conformance with 3.1.2.1. The 
following TRACER-TEC Uresco products, or other approved 
equivalent, shall be used in this inspection: 

P 150 - Penetrant 
E 153 - Emulsifier 
D 495 - Developer 

Inspection procedure shall be in accordance with ORNL 
MET-NDT-Ir-Pl or MRC 1-14945. 



3.2 Tests. 

3.2.1 Analysis. A chemical analysis per ORNL MET-Mat P-FQ-21 
shall be performed on a sample obtained by the same EDM 
cutting and grinding operations as done on the final product 
and after being taken at random from the webbing of the 
final rolled sheet. A section of the unused sample shall 
be retained as an historical specimen. 

3.2.2 Hardness. Hardness tests shall bo performed with a diamond 
pyramid indentor at a load of 500 grams to determine con
formance with the requirements of 3.1.5. 

3.2.3 Microstructure. Using ASTM B276 and E45 examination for 
conformance to section 3.1.4 shall be performed on one (1) 
specimen representing all manufacturing operations performed 
on the final product. This specimen shall be approximately 
1/2 x 1/4 inch with its length in the rolling direction and 
taken from the webbing of each sheet after blanking. A 
duplicate sample shall be provided to MRC. 

An historical sample shall also be maintained as provided 
in ORNL procedure in section 2.1. 

3.2.4 Ultrasonic Testing. Using procedures for sheet and plate 
and in a.-ccordance with ORNL ultrasonic inspection document 
MET-NDT-Ir-Ul no indications (excluding a 1/16 inch band 
from the blank edge) m excess of those from a 1/32 inch 
diameter reference standard is acceptable. 

3.3 Documentation. 

3.3.1 Test Results. A certified test and inspection report 
covering the data taken during acceptance testing shall 
be submitted. The test report shall include the results 
from each test specified in section 4, plus ingot number, 
lot number, blank number, and the MRC specification number. 

3.3.2 Fabrication History. Retrievable records containing all 
processing information and changes shall be maintained by 
ORNL for a period of five years from the date of shipment 
of the final product. 

PREPARATION FOR DELIVERY. 

-'- Packaging. Each individual blank shall be separated from the 
others by a suitable material that will not scratch or other
wise change the surface condition of the finished product. 

2 Weighing. Each blank shall be weighed to the nearest 
miligram (Mg). 
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3 Identification. Each blank shall be bagged and tagged with its 
ingot and blank number in accordance with MRC marking specifica
tion 1-14684. 

CAUTION; DO NOT APPLY ANY MARKINGS DIRECTLY TO BLANKS 

4 Marking. The exterior package shall be marked with at least 
the following: 

Manufacturer's Name and Address 
Point of Delivery (Name and Address) 
MRC Specification Number 
MRC Order Number 
Lot, Ingot, and Blank Numbers of the Items Contained Within 

5 Certificate of Test. Unless otherwise specified, the supplier 
shall submit promptly to MRC at the point of delivery a certifi
cate of test showing results of tests to determine conformance 
to this specification. The certificate shall show this MRC 
designation, the lot number, the order number, and the ingot 
number(s) with date of manufacture so that the certificate 
may be identified with the shipment. 

DATA PACKAGE. The following information shall be provided 
with each shipment of components to MRC. 

1 The serial number of each blank. 

2 A certificate of inspection listing the fabrication and 
inspection documents used and a list of all deviations against 
the product in each shipment. 

3 A dimensional inspection report which includes all dimensional 
data requested per drawing. 

4 The weight of each blank to the nearest milligram. 

5 Dye penetrant test results. 

6 A metallographic inspection report for each final rolled sheet 
is to be provided within one week after shipment. 

7 Results of visual, chemical, hardness, surface finish, and 
ultrasonic inspections. (Chemical data to be provided within 
one week after shipment.) 

8 All variables data obtained shall be recorded and provided 
with each shipment. 
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1. GENERAL. 

•'••-'- Scope. This specification is for use in the fabrication and 
quality control of thin sheet for the Multi-Hundred Watt 
program piece part components. 

1.2 Classification. The Iridium sheet or foil shall be supplied 
in particular classes and types for s\ibsequent fabrication 
of piece parts. 

Class II (CL-2) for 0.005 inch thick decontamination cover 
Class III (CL~3) for 0.005 inch thick weld shield 

Type 3 (TY-2) 99.52 percent Ir (min.) 
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2. APPLICABLE DOCUMENTS. 

2.1 Non-Government Documents. The following documents of the 
exact issue shown form a part of the specification to the 
extent specified herein. 

STANDARDS 

Society 

ASTM B276 (1965) Evaluating Cemented Carbides for 
Apparent Porosity Rec. Practice for 

ASTM E45 (1963) Recommended Practice for Determining 
the Inclusion Content of Steel 

ASTM E165-65-A2 (1971) Dye Penetrant Inspection 

Copies of these documents may be obtained from their control 
source as listed. 

ASTM = American Society for Testing and Materials 
1916 Race Street 
Philadelphia, Penna. 1910 3 

2.1.2 PROCEDURES 

The Supplier's Iridium Sheet Fabrication Procedures and 
Specifications shall be approved by MRC. 

2.2 Reference Documents. The following documents of the current 
issue are to define the requirements of the supplier's pro
cedures : 

Monsanto Research Corporation - Mound Laboratory piece part 
drawings 

3-9313 Weld Shield 
3-9317 Decontamination Cover 

2.3 Precedence of Documents. In the event of conflict between 
this specification or any other document, this specification 
shall prevail. 

2.4 Definitions. 

2.4.1 Lot. A lot shall be that quantity of sheet produced from the 
same ingot in accordance with procedures and inspections 
established by the supplier and approved by MRC. 
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REQUIREMENTS. 

General Material Requirements. 

1 Type. The product shall be in one of a type and class 
defined in section 1.2 as designated by the applicable 
drawings or by specific order, 

2 Formulation. The composition of the finished product shall 
conform to the requirements of Table 1. 

TABLE 1 

Element Max. content in PPM by Weight (Unless Otherwise Stated) 
Type 3 

Ir 99.52% Min. 
Al 50 • 

Si 50 
Fe 200 
Cr 50 
Mo 5 0 
C 35 
O 50 
W 2000-4000 
Ta 5 0 
Ti 50 
Ca 50 
Na 50 

The sum total of all other noble metals (Rh, Au, Ag, Ru, 
Pt and Pd) shall not exceed 400 ppm and no other single 
detectable element shall exceed 50 ppm. 

3 Surface Finish. Unless otherwise specified the surface 
finish shall be 32 AA or better. 

4 Identification and Marking. All items in a given shipment 
shall be bagged and tagged per MRC specification 1-14684 
so as to maintain identity of the sheet and lot. 

CAUTION; Marking or attachments directly to sheet are 
unacceptable, except as noted in 3.1.5.2. 

5 Surface and Internal Defects. 

5.1 Dye-Penetrant Examination Class II. One hundred percent 
(100%) of all surfaces shall be examined and shown to be 
crack free. 
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3.1.5.2 Visual Examination. One hundred percent (100%) of all 
surfaces of finished Class II and III sheet shall be 
examined for slivers, burrs, fissures, cracks, and 
blisters and all defective areas marked with a felt 
tip pen. 

3.2 Metallography. The microstructure of acceptable finished 
material shall be completely recrystallized and no greater 
than ASTM 5. 

4. Quality Assurance Provisions. 

4.1 Supplier Quality Control Program. 

4.1.1 The supplier shall establish and maintain a quality control 
program satisfactory to MRC that will provide product quality 
consistent with specifications and known design intent. 

4.1.2 The supplier shall produce material in accordance with MRC 
specifications and known design intent. The supplier must 
certify as to material quality and be able to provide sub
stantiating quality evidence at the time material is submitted 
to MRC for acceptance. 

4.1.3 MRC shall be accorded the privilege of auditing the fabrication 
process to assure that the supplier quality control program 
is functioning effectively. 

4.2 Responsibility for Inspection. The supplier shall be responsible 
for the performance of tests to determine conformance prior 
to submission of material to MRC. 

MRC reserves the right to perform any test deemed necessary 
to assure compliance with the requirements of this specification. 
When there is a conflict between the supplier's result and 
MRC's, MRC shall have the authority for final disposition of 
acceptance or rejection. 

4.3 Quality Conformance Inspections. 

4.3.1 Inspections. 

4.3.1,1 Visual Examination of Product. One hundred (100) percent 
of all surfaces of every sheet shall be examined, to a 
max. of 35X magnification, to determine conformance to 
3.1.5. Inspection for acceptance shall be performed after 
completion of all manufacturing operations and after 
cleaning. 
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Dye-Penetrant Examination of Product. One hundred (100) 
percent of all surfaces of every class II sheet shall 
be examined with a fluorescent post emulsified penetrant 
to determine conformance with 3.1.5.1. The following 
TRACER-TEC Uresco products, or other approved equivalent, 
shall be used in this inspection: 

P 15 0 - Penetrant 
E 153 - Emulsifier 
D 495 - Developer 

Inspection procedure shall be in accordance with ASTM-165, 
Method A2 and at a magnification of 20 to 35X. 

4.3.2 Tests. 

4.3.2.1 Analysis. A chemical analysis shall be performed on 
a sample of the final sheet taken from a given lot as 
established in supplier's Fabrication and Specification-
section 2.1.2 to determine conformance to 3.1.2. 

4.3.2.2 Microstructure. Metallographic examinations shall be 
performed on a minimum of one specimen from each final 
sheet as established in supplier's Fabrication Procedure 
and Specification section 2.1.2 to assure compliance with 
section 3.2. 

4.3.3 Documentation. 

4.3.3.1 Test Results. A certified test and inspection report 
covering the data taken during acceptance testing shall be 
submitted. The test report shall include the results from 
each test specified in Section 4, the order number, the 
lot number, and the MRC specification number. 

4.3.3.2 Fabrication History. Retrievable records containing all 
processing information shall be maintained by the Supplier 
for a period of five years from the date of shipment of the 
material. 

5. PREPARATION FOR DELIVERY. 

5.1 Packaging. Each individual sheet shall be separate from 
the others by a suitable material that will not scratch or 
otherwise change the surface condition of the finished 
product. The material shall be packed in substantial exterior 
containers to assure acceptance by common or other carriers 
for safe transportation to the point of delivery. 

4.3.1.2 
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^ Marking. The exterior container shall be marked with at 
least the following information: 

Manufacturer's name and address, MRC order number, point of 
delivery (name and address), type and sheet identification 
number, MRC specification number and number of items contained 
within. 

3 Certificate of Test. Unless otherwise specified, the supplier 
shall submit promptly to MRC at the point of delivery a 
certificate of test showing results of tests to determine 
conformance to this specification. The certificate shall 
show the MRC specification number, the order number, and 
lot and type number(s) with date of manufacture so that the 
certificate may be identified with the shipment. 

DATA PACKAGE. The following information shall be provided 
with each shipment of components to MRC. 

1 The sheet identification number of the finished product. 

2 A copy of fabrication process identifying heat treats and 
rolling schedules and QC inspection documents which include 
a list of all deviations against the product in each shipment. 

3 A dimensional inspection report which includes all dimensions 
data as requested by order or per drawings, 

4 The weight to the nearest milligram. 

5 Dye penetrant test results. 

6 Metallographic inspection report for each sheet shall be 
provided within one week after shipment. 

7 Results of visual, chemical, and surface finish inspections. 
(Chemical data to be provided within one week after shipment.) 

8 All variables data obtained shall be recorded. 
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GENERAL. 

I'l Scope. This specification and procedure establishes the 
requirements applicable to the fabrication and inspection of 
prime qualified Multi-Hundred Watt iridium components. Quality 
Control requirements applicable to materials, component 
formation, inspection, and processes are specified herein. 
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DOCUMENTS. 

^ Required. The following documents are to be a part of these 
procedures: 

a. Drawings 

3-9318 Hemisphere 
3-9329 Blank, Iridium 

b. Specifications 

1-14941 Material Specification Iridium Blank 
1-14684 Marking Specification 
MD-10058 Quality Control Policy and Program 
MD-80026-183 Multi-Hundred Watt Chemical Analysis Specification 

2 Reference Documents. The following documents are to define the 
requirements of these procedures. 

NS 0060-01-10 GE Iridium Hemisphere Specification 
47C303115 GE Hemisphere 
47D303085 GE Pics Subassembly 
MD-70161-1 Multi-Hundred Watt Hardware Program Operation Sheet 

REQUIREMENTS. 

1 Definition of Terms. 

1.1 Prime Quality refers to those hemispherical shells which conform 
to the requirem.ents of this document and all the drawings and 
specifications as described in Section 2.1 above. 

1.2 Non-conforming Material refers to those hemispherical shells 
which do not meet all the requirements of this document and 
all the drawings and specifications as described in Section 2.1 
above. 

1.3 Tag End refers to the ring of excess hemispherical shell 
material. 

1.4 Lot refers to those hemispherical shells formed from a common 
blend of ORNL starting powder nominally 2700 grams. (Typically 
15 to 24 blank.) 

2 Quality Control. 

2.1 The quality control system shall be consistent with the 
general principles and policies of MRC-Mound Laboratory 
document MD-10058, Quality Control Policy and Program. 
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Material. 

1 All iridium materials shall be supplied to or purchased 
by MRC and shall conform to the requirements of the 
following specifications: 

1-14941 Material Specification Iridium Blanks 

Forming. 

1 All iridium hemispherical shells shall conform to the 
hydroforming procedures described in MRC Multi-Hundred 
Watt Hardware Program Operation Sheet, MD-70161-1. 

Cleaning. 

1 All surfaces shall be rendered and maintained clean of all 
foreign matter as per Section 3.7.1.2 Surface ppm. 

This shall be done per the cleaning procedures outlined in 
MD-70161-1. 

Heat Treatment. 

1 The required metallurgical condition of sections 3.7.1.3 and 
3.7.1.4 of the hemispherical shells shall be generated as 
per the heat treat procedures outlined in MD-70161-1. 

This operation shall be performed in a high temperature, high 
vacuum Brew furnace, Model 902 or its equivalent per 
Operation Sheet MD-70151-15. 

Inspection. 

1 The inspection program shall vertify that all metallurgical, 
chemical and dimensional attributes conform to this 
specification and procedure and the applicable documents in 
Section 2.0. 

1.1 Sample Technique for Quality Control - All chemical and 
metallurgical analyses will be performed on one fully 
processed hemisphere taken from each lot as defined in 
3.1.4. The selected hemisphere shall be EDM'd into 12 
equal pole to equator sections and cleaned per Operation 
Sheet MD-70161-1, Sub. Operation No. 26. Four equally 
spaced sections will be sent for chemical analysis (two 
for bulk and surface and two for analytical back up), 
four equally spaced sections will be sent for metal
lurgical analysis, and the remaining four will be held 
for historical use. 
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3.7.1,2 A chemical analysis shall be performed on samples as 
described in 3,7.1.1 to determine conformance to the 
following: 

Element 

Ir 
Al 
Si 
Fe 
Cr 
Mo 
Ta 
W 
C 
O 
Ti 
Ca 
Na 

99. 

Bulk 
Ppm 

,52% (min) 
50 
50 
50 
25 
50 
50 

2000-4000 
35 
50 
50 
50 
50 

The sum of all other noble metals (Rh, Ru, Ag, Au, Pt and 
Pd) shall not exceed 400 ppm. No single unspecified element 
detectable by Spark Source inspection shall exceed 50 
ppm. Carbon and oxygen shall be inspected for by using 
Leco carbon analysis and vacuum fusion respectively. 
Surface chemistry shall be measured and recorded. 

If the chemistry does not conform to the above table, 
further analysis shall be continued in accordance with the 
following outline. 

3.7.1.3 Hardness - The microhardness of the fully processed 
hemisphere shall be DPH-250 to 350 using a DPH indentor 
and 200 gm load. The averages of three hardness values 
normal to the centerline shall be taken at the pole, 45 , 
and equator of at least 2 sections provided in 3.7.1.1. 
The hardness shall be taken on the unetched surfaces of 
the mounted sections. If the hardness values of the 
individual sections are not in conformance with the above 
noted range, then further testing shall be done in accordance 
with the outline for hardness on the following page, 

3.7.1.4 Microstructure - The grain size of the fully processed 
hemisphere shall not exceed ASTM grain size 3 and any 
internal defects shall be kept within the acceptable 
limits as specified in the following table. 
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BULK SAMPLE 
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POROSITY INCLUSIONS SECOND PHASE MAT'L 

a. No single void 
greater than 10 
microns. 

b. Maximum concen
tration of porosity 
shall not exceed the 
level of grouping 
shown in ASTM B276, 
Type A, Degree, A-1, 

a. There shall be no 
continuous stringer 
longer than 0.010". 

b. The combined length 
of all continuous 
stringers and in
dividual inclusions 
in any 1/4 inch 
length of a sample 
shall not exceed a 
length of 0.015". 

There shall be no 
second phase mat'l 
(other) than inclu
sions) detectable 
at a minimum mag
nification of 200X. 

There shall be no cracks or laminations. 

3.7.1.5 

The microstructure of the entire cross-sectional area of 
the four sections shall be examined. Any anamolous 
metallurgical conditions shall be noted and photographed, 
If the microstructural results do not conform to the 
above specified requirements, further examination shall 
continue in accordance with the outline on page 8. 

Dye Penetrant - There shall be no cracks or pores in any 
of the surfaces of the fully processed hemispheres 
as fabricated by the procedures outlined in MD7 0161-1. 

3.7.1.6 Visual. All hemispherical surfaces except for the vent 
hole interior shall be free of slivers, burrs, fissures, 
cracks, seams, blisters, oxides, grit, dirt or metal. 
Visual examination will be made prior to grit blasting 
and after grit blasting and cleaning. 

3.7.1.7 Defect Removal - Defects may be removed provided that 
such conditioning does not: 

a. Violate minimum gage or surface finish established 
by the applicable drawings. 

b. Impart any foreign material; i.e. oxides, grit, shop 
dirt or metal to the surface of the hemispheres. 
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1. GENERAL. 

1.1 Scope. This specification defines the acceptance criteria and 
qaality control requirements for the Multi-Hundred Watt fuel 
sphere assembly. 

1.2 Abbreviations. Following are listed some abbreviations used 
throughout this document. 

MHW - Multi-Hundred Watt 
PICS - Post Impact Containment Shell 
PISA - Post Impact Shell Assembly 
FSA - Fuel Sphere Assembly 
CIS - Graphite Impact Shell 
PRD ~ Pressure Relief Device (vent) 
MRC - Monsanto Research Corporation 
GE - General Electric Company 
TIG - Tungsten Inert as 
EB - Electron Beam 

2. DOCUMENTS. 

2.1 Applicable Documents. Current issues of the following drawings 
and specifications form a part of this specification where 
applicable. 

Drawing Numbers Description: 

47C302135 
47C302509P1 
47D303085 
1-14813 
3-9318 
3-9313 
3-9317 
47B303131 
1-14941 
1-14942 
1-14944 
SPA740033 

Fuel Sphere Assy. 
Cap & Body-Mat. (GIS) 
Post Impact Containment Shell Sub-Assembly 
Fuel Sphere 
Hemisphere 
Weld Shield 
Decontamination Cover 
Filter Assembly 
Material Specification Iridium Blank 
Iridium Foil Components, MRC/ORNL 
MHW Hydroforming Iridium Hemisphere Spec. 
MHW Tungsten Carbide Grit Blasting Spec. 
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Information and Reference Documents: The following documents 
provide information for fabricating and inspecting the fueled 
heat sources. 

MD-10058 Mound Laboratory Quality Control Policy 
MD-10080 Product Index Preparation Instructions 
MDl-11533 Procedure for Nonconforming Material Request 
MD-10095 Engineering Change Notice Preparation 

Instructions 
MDl-14684 Specification for Marking of Parts and/or 

Assemblies 
SS47A14603 System Specification for the MHW RTG 

for LES 8 and 9 Satellites (GE Document) 
MRC/General Electric Company MHW Program 

Interface Agreement 

Operation 

Manual No. No. Title 

MD-70159 2 Test Capsule Assy, and Insp. 

MD-70151 1 Forming of Hemispherical Ir Shells 
MD-70161 2 (included in No. 1 above) 
MD-70161 3 Rework of Hemispherical Ir Shells 
MD-70161 4 MHW Ir Hemisphere Grit Blasting & 

Cleaning 
MD-70161 5 Fabrication of Weld Shield 
MD-70161 6 Fabrication of Decon Cover 
MD-70161 7 (Reserved for future use) 
MD-70161 8 (Reserved for future use) 
MD-70161 9 (Reserved for future use) 
MD-70161 10 Bake-Out Requirements, MHW 
MD-70161 11 Detail Hemisphere Part Assy. & Insp. 
MD-70161 12 EB Weld Schedule - Vent 
MD-70161 13 EB Weld Schedule - Decon Disc 
MD-70161 14 EB Weld Schedule - Weld Shield Butt 

Weld 
MD-70161 15 EB Weld Schedule - Weld Shield 

Tab Tack Welds 
MD-70161 16 Record of Fueled PISA Assy. & Insp. 
MD-70161 17 PISA TIG Tack Weld Schedule 
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Operation 
Manual No. No. Title 

MD-70161 18 PISA TIG Weld Schedule 
MD-70161 19 thru 22 (Reserved for future use) 

MD-70161 23 PISA Decon & FSA Assembly Sequence 

2.3 Precedence of Documents. In the event of conflict between this 
specification and any other documents, this specification 
shall prevail. 

'^' ^ Changes. Changes in this specification shall be handled in 
accordance with MD-10095 "Engineering Change Notice Preparation 
Instruction". 

3. REQUIREMENTS. 

MRC-Mound Laboratory shall conform to the following requirements. 

3.1 Nonconforming Material. Materials or components which do 
not comply with the requirements of this specification shall 
be handled in accordance with Mound Drawing 1-11533 "Procedure 
for Nonconforming Material Request" and the MHW Material 
Review Board defined in the MRC/GE Interface Agreement. 

3.2 Component Identification. The serial number of each component 
shall be used to control the part for gaging, material control 
and assembly. Detailed records of the disposition of each 
component shall be maintained. 

4. FUEL SPHERE. 

^ •'^ Fuel. The fuel shall be pressed plutonium oxide (PPO) meeting 
the requirements of MRC Specification No. MDl-14813. 

4.2 Thermal Output. The FSA fuel loading shall be 100 + 2 watts. 
Each sphere shall be measured to + 1/2% at a 95% confidence 
level (2 sigma). 
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3 Cleaved Spheres. Acceptance of spheres exhibiting cleavages 
diall be made based on a technical assessment of the usability 
of each sphere. 

3.1 Reconstructed PPO Sphere Size. The reconstructed PPO fuel 
sphere shall, while nested within its PICS hemishell, be 
completely cleared by a second MRC hemishell which has a 
reduced pole height of 0.74 inch. 

-̂ •2 PISA Thermal Output. The thermal output shall be determined 
by calorimetry of the PISA containing the reconstructed 
sphere to be 100 + 2 watts measured to + 1/2% at a 95% 
confidence level (2 sigma). 

•̂-̂  Record. PISA's having cleaved fuel spheres shall be recorded 
and identified by PISA number. 

GENERAL FABRICATION REQUIREMENTS. 

1 Inert Gas Process Box Atmospheres and Welding Gases. All final 
assembly operations will be performed with high purity grade 
helium which is circulated through an inert gas purifier in 
the weld and assembly boxes. The monitored 0 , N and H O 
content of the fuel loading, capsule assembly and welding and 
graphite assembly box atmospheres shall not exceed the values 
listed in Table 1 below. In the event of gas analyzer 
breakdown, a IT bend test will be performed on 0.020 inch 
thick Ta-10% W specimen which has been TIG welded without 
torch gas. 

The vent disc, decontamination disc and weld shield EB_ 
\«lds will be performed at a pressure less than 5 x 10 torr. 

The PICS TIG weld will be performed with high purity grade 
helium torch gas. 

TABLE 1 

IN He 
0 ppm-max 150 

N ppm-max 500 

H O ppm-max 200 
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5.2 Welding Repair. If in the course of welding or inspection, 
defects in the weld joint are detected, repairs may be made 
as follows. TIG closure weld repairs may be made only by 
using the same automatic welding schedule. EB subassembly 
weld repairs may be made either by using the same automatic 
welding schedule or by an autogenous manual repair. After 
a weld has been repaired but before any weld dressing is 
performed, the weld shall receive a visual inspection and a dye 
penetrant inspection (if applicable). If weld dressing is 
required, the weld shall receive a visual inspection after 
dressing. Repaired welds shall pass the same requirements as 
non-repaired welds. Repairs of welds shall be documented and 
submitted to the GE/MRC MRB for final disposition. 

5.3 Example Welds. One TIG example weld will be made prior to 
each production run. For the purpose of meeting weld requirements 
the welding performed by the same operators with the same 
equipment on one joint design in one continuous work period 
is defined as a production run. Example weld hardware shall be 
representative of the production hardware. 

6. WELD ACCEPTANCE CRITERIA (PICS SUBASSEMBLIES). 

6.1 Visual Inspection. All production electron beam welds on the 
vent discs, decontamination disc and weld shield band shall be 
given a careful, visual inspection at 20X to 50X magnification. 
These welds shall meet the following requirements. 

6.1.1 Cracks. There shall be no visible cracks in the weld or in 
the base metal adjacent to the weld. Cracks are acceptable 
in the weld shield welds which do not propagate into the 
PICS parent metal and are functionally acceptable. 

6.1.2 Surface Pores. There shall be no detectable surface pores 
in the weld exceeding 0.005" diameter. The total surface 
porosity in one inch of weld length shall not exceed 2% 
of an area equal to (1 x t) square inches, where t equals 
the thickness of the thickest member. 
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Leak Test. The hemisphere subassembly shall be helium leak 
checked after the vent and decontamination disc have been 
assembled and welded_^ The assembly shall have a leak rate 
not to exceed 1 x 10 std cc/sec as determined by a mass 
spectrometer type helium leak detector. 

7. WELD ACCEPTANCE CRITERIA [UNFUELED TEST POST IMPACT SHELL 
ASSEMBLY (PISA)]. 

7.1 Visual Inspection. All test capsule TIG production welds 
shall be given a careful, visual inspection at lOX to 30X 
nagnification. These welds shall meet the following 
requirements. 

7.1.1 Bead Width. The weld bead shall not be less than 0.08 in. 
wide nor more than 0.12 in. wide at any point around the 
entire weld. 

7.1.2 Cracks. There shall be no visible cracks in the weld or 
in the base metal adjacent to the weld. 

7.1.3 Surface Pores. There shall be no detectable surface pores 
in the weld exceeding 0.010 in. diameter. The total surface 
porosity in one inch of weld length shall not exceed 2% 
of an area equal to (1 x t) square inches, where t equals 
the thickness of the thinnest member. 

7.2 Dye Penetrant Inspection. All test capsule TIG production 
welds shall be given a dye penetrant inspection using an 
ultrasensitive fluorescent penetrant (Tracer Tech P-150 or 
equal) to determine if each weld meets the following 
requirements. 

7.2.1 Cracks. There shall be no linear indications in the weld 
or in the base metal adjacent to the weld. 

7.2.2 Surface Pores. There shall be no surface pores in the weld 
exceeding 0.010 in. diameter. The total surface porosity 
in one inch of weld length shall not exceed 2% of an area 
equal to (1 x t) square inches, where t equals thickness 
of thinnest member. 

IV-27 

6.2 



3 Test PISA Example Welds. If a pre-production TIG example 
weld is used for a particular test capsule production lot, 
it shall be examined and shall meet the requirements of 
paragraph 7.1, 7.2, 7.4 and 7.5. The pre-production example 
weld assembly shall be cut in half to expose the interior of 
the example weld assembly. Visual and dye penetrant inspections 
shall be made of the interior to verify that the underbead 
side of the TIG joint has been completely fused and that no 
cracks are present in the weld or adjacent base metal. Test 
capsule production welding may commence if the example weld 
meets all of the visual inspection criteria. 

4 Metallographic Inspection. Two sections, one of which is at 
the weld overlap, shall be removed from the pre-production 
TIG weld, polished, etched, and examined at 20X to 70X 
magnification. The weld and adjacent heat affected zone 
shall be photographed at 20X to 70X magnification for permanent 
documentation of this inspection. The data obtained in this 
magnification range shall be used to determine if the weld 
meets the following requirements. 

^•l Cracks. There shall be no cracks in the weld or in the 
base metal adjacent to the weld. 

4.2 Pores. 

Pre Lot 80 Hemispheres - All pores must be. generally circular 
in shape with no sharp corners or tails. There shall be no 
single pore with a diameter greater than 60% of the thickness 
of the thinnest member. There may be any number of pores in 
one transverse section, but the total cross-sectional area 
of all the pores shall not exceed that of a single pore of 
the maximum allowable size. 

Post Lot 80 or MRC/ORNL Hemispheres - All pores must be 
generally circular in shape with no sharp corners or tails. 
There shall be no single pore with a diameter greater than 
0.010 inch. There may be any number of pores in one 
transverse section, but the total cross-sectional area of 
all the pores shall not exceed that of a single pore of 
the maximum allowable size. 



3 Weld Joint Fusion. There shall be no lack of fusion in the 
TIG weld joint. 

4 Alignment. The inside contours of each half of the PISA 
sections shall be examined to verify that misalignment 
appears to be less than 0.004-inch. 

I^diographic Inspection. Straight-through radiographs shall 
be made of the pre-production TIG example weld after the two 
metallographic sections have been removed to determine if the 
weld meets the following requirements. 

-'- Cracks. There shall be no cracks in the weld or in the base 
metal adjacent to the weld. 

2 Pores 

Pre Lot 80 Hemispheres - All pores must be generally circular 
in shape with no sharp corners or tails. There shall be no 
single pore with a diameter greater than 60% of the thickness 
of the thinnest member. Total porosity in one inch of weld 
length shall not exceed 5% of an area equal to (1 x t) square 
inches where t is the thickness of the thinnest member. 

Post Lot 8 0 or MRC/ORNL Hemispheres - All pores must be 
generally circular in shape with no sharp corners or tails. 
There shall be no single pore with a diameter greater than 
0.010 inch. Total porosity in one inch of weld length 
shall not exceed 1.5% of an area equal to (1 x t) square 
inches where t is the thickness of the thinnest member. 

3 Weld Joint Fusion. There shall be no indication of lack of 
fusion in the TIG weld joint. 

WELD ACCEPTANCE CRITERIA [FUELED POST IMPACT SHELL ASSEMBLY 
(PISA)l]. 

Visual Inspection. The pre-production TIG example weld and 
all production welds shall be given a careful, visual inspection 
at lOX to 30X magnification. The example weld and all production 
welds shall meet the following requirements. 
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Bead Width. The weld bead shall not be less than 0.08 
in. wide nor more than 0.12 in. wide at any point around 
the entire weld. 

Cracks . There shall be no cracks in the weld or in the base 
metal adjacent to the weld. 

Surface Pores. There shall be no detectable surface pores 
in the weld exceeding 0.010 in. diameter. The total surface 
porosity in one inch of weld length shall not exceed 2% 
of an area equal to (1 x t) square inches, where t equals 
thickness of the thinnest member. 

Underbead Visual Inspection. The pre-production TIG example 
weld assembly shall be cut in half to expose the interior 
of the example weld assembly. Visual and dye penetrant 
inspections shall be made of the interior to verify that 
the underbead side of the joint has been completely fused 
and that no cracks are present in the weld or adjacent base 
metal. Production welding may commence if the example weld 
meets all of the visual (not to include dye penetrant) 
inspection criteria. 

8.2 Metallographic Inspection. Two sections one of which is at 
the weld overlap shall be removed from the pre-production 
TIG example weld, polished, etched, and examined at 20X to 
75X magnification. The weld and adjacent heat affected 
zone shall be photographed at 20X to 75X magnification for 
permanent documentation of this inspection. The data obtained 
in this magnification range shall be used to determine if the 
velds meet the following requirements. 

8.2.1 Cracks. There shall be no cracks in the weld or in the base 
metal adjacent to the weld. 

8.2.2 Pores 

Post Lot 80 or MRC/ORNL Hemispheres. All pores must be 
generally circular in shape with no sharp corners or tails. 
There shall be no single pore with a diameter greater than 
6 0% of the thickness of the thinnest member. There may be 
any number of pores in one transverse section, but the 
total cross-sectional area of all the pores shall not 
exceed that of a single pore of the maximum allowable size. 
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Post Lot 80 Hemispheres - All pores must be generally circular 
in shape with no sharp corners or tails. There shall be no 
single pore with a diameter greater than 0.010 inch. 
There may be any number of pores in one transverse section, 
but the total cross-sectional area of all the pores shall 
not exceed that of a single pore of the maximum allowable 
size. 

2.3 Weld Joint Fusion. There shall be no lack of fusion in the 
TIG weld joint. 

2'^ Alignment. The inside contours of each half of the PISA 
sections shall be examined to verify that misalignment 
appears to be less than 0.004-inch. 

3 Decontamination. The surface contamination as determined by 
a wipe of approximately one-half the surface of the completed 
PISA shall be less than 2000 disintegrations per minute. The 
vent activation fixture shall be examined by wipe for contamina
tion after each run. The value shall not exceed 2000 dpm. 

^ Leak Test. The fueled iridium post impact containment shell 
assembly shall be helium leak checked prior to the breaking 
of the decontamination burst disc. The assembly shall have a 
leak rate not to exceed 1 x 10" std cc/sec as determined by 
a mass spectrometer type helium leak detector. 

FSA/GIS Assembly. 

•^ Closure. After inserting the PISA in the graphite body, 
the graphite plug shall be inserted and rotated until a 
smooth spherical transition is achieved at the cap/body 
interface. This will occur when the indexing holes on the 
body and the cap are perfectly aligned. A proper fit may 
also be achieved when the holes are misaligned or not 
visible provided no step up or down is noted in the cap/body 
interface. Observation with the naked eye of the FSA in 
the glove box (a distance of not more than 36 inches) is 
adequate for these purposes. 
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Decontamination. The surface contamination as determined by 
a wipe of approximately one-half the surface of the individual 
FSA's shall total less than 1000 dpm for the total of 24 FSA's 
in any one HSA. 

Additional NDT Testing. 

MRC-Mound Laboratory shall perform any additional operations or 
tests which are considered necessary to insure the quality of 
the completed product. GE shall be informed of any additional 
work. It will be documented and available for review at 
Mound Laboratory. 

1 Data Package. The following information for each shipment 
will be provided to GE: 

1.1 The serial number for each fueled FSA and applicable 
revision levels of specifications and drawings. 

1.2 A listing of the serial numbers of all components and 
drawing numbers which make up each final assembly. 

1.3 A listing and description of all deviations and GE/MRC MRB 
dispositions associated with each fueled FSA. 

1.4 The thermal output as determined by calorimetry. 

1.5 The specific neutron emission rate for each processed fuel 
sphere. 

1.6 The surface contamination wipe count as referenced in 
Sections 8.3 and 9.2. 

1.7 PISA's having cleaned fuel spheres at the time of loading 
shall be recorded. 

DEFINITION SECTION. 

Commercial high purity grade and welding grade gases are 
defined as gases having total impurities less than 50 ppm; 
99.995% pure. 
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1. G E N E R A L . 

1.1 Scope. This specification defines the acceptance criteria 
arid~quality control requirements for the Multi-Hundred Watt 
heat source assembly. 

1.2 Abbreviations. Following are listed some abbreviations used 
throughout this document. 

MHW - Multi-Hundred Watt 
FSA - Fuel Sphere Assembly 
HSA - Heat Source Assembly 
GMS - Gas Management System 
TIG - Tungsten Inert Gas 
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D O C U M E N T S . 

Applicable Documents. Current issues of the following 
drawings and specifications form a part of this specifica
tion where applicable. 

Drawing Number Description 

47E302635 IHS (HSA) Assy. (Ground Handling Config.) 

Information and Reference Documents. The following docu-
ments provide information for fabricating and inspecting the 
fueled heat sources. 

1-14905 MHW Fuel Sphere Assembly Acceptance 

MD-10058 Mound Laboratory Quality Control Policy 

MD-10080 Product Index Preparation Instructions 

1-11533 Procedure for Nonconforming Material Request 

MD-10095 Engineering Change Notice Preparation Instructions 

MRC/General Electric Company MHW Program 
Interface Agreement 

Title 

Assembly of Eight-Pak 

HSA Assembly & Inspection 

Outer Clad Tack Weld Schedule 

Outer Clad Weld Schedule 

Preparation of SPC, GHC and Loading 
HSA into SPC 

3 Precedence of Documents. In the event of conflict between 
this specification and any other documents, this specification 
shall prevail. 

4 Changes. Changes in this specification shall be handled in 
accordance with MD-10095, "Engineering Change Notice Prepa
ration Instruction". 

R E Q U I R E M E N T S . 

MRC-Mound Laboratory shall conform to the following require
ments , 

1 Nonconforming Material. Materials or components which do 
not comply with the requirements of this specification shall 
be handled in accordance with Mound Drawing 1-11533 "Procedure 
for Nonconforming Material Request" and the MHW Material 
Review Board defined in the MRC/GE Interface Agreement. 

Operation 
Manual No. 

MD-70161 

MD-70161 

MD-70161 

MD-70161 

MD-70161 

No. 

24 

25 

26 

27 

28 
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3.2 Component Identification. The serial number of each com
ponent shall be used to control the part for gaging, material 
control and assembly. Detailed records of the disposition 
of each component shall be maintained. 

4. F U E L S P H E R E . 

4.1 FSA. The FSA's shall be fabricated to meet specification 
requirements of MDl-14905. 

4.2 Thermal Inventory. The twenty-four FSA's utilized in any 
HSA shall have a summed thermal inventory of 2410 + 18 watt 
excluding calorimetry error at time of fuel calorimetry. 
{The fuel spheres have been calorimetered to an accuracy of 
+ 1/2% at a 95% confidence level (2 sigma).} 

5. G E N E R A L F A B R I C A T I O N R E Q U I R E M E N T S . 

5.1 Inert Gas Process Box Atmospheres and Welding Gases. All 
final assembly operations will be performed with high purity 
grade helium which is circulated through an inert gas purifier 
in the weld and assembly boxes. The monitored O ^ ^nd 
H9O content of the subassembly and assembly and welding box 
atmospheres shall not exceed the values listed in Table 1 
below. In the event of gas analyzer breakdown, a IT bend 
test will be performed on 0.020 inch thick Ta-10% W specimen 
which has been TIG welded with torch gas. 

The PICS TIG weld will be performed with high purity grade 
helium torch gas. 

TABLE 1 

Allowable Excursion 
(<4 hours duration) 

^2 ppm-max 150 5,000 

N2 ppm-max 

H2O ppm-max 200 200 

*Off scale on analyzer readout. Assume normal ratio of 
N2 to O2 in air. 

Normal and 
During Final 
Closure Weld 

150 

500 

200 
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Welding Repair. If in the course of welding or inspection, 
defects rrTThe weld joint are detected, repairs may be made 
as follows. TIG closure weld repairs may be made only by 
using the same automatic welding schedule. After a weld has 
been repaired but before any weld dressing is performed, the 
weld shall receive a visual inspection and a dye penetrant 
inspection (if applicable). If weld dressing is required, 
the weld shall receive a visual inspection after dressing. 
Repaired welds shall pass the same requirements as non
repaired welds. Repairs of welds shall be submitted to the 
MRC/GE MRB for formal disposition. 

Graphite Torque Requirements. 

1 Eight-Pak Retaining Bolt. A torque of between 5 and 7 
in-lb. shall be impressed upon the retaining bolt at 
closure. 

2 Aeroshell Torque. The exposed aeroshell end cap shall be 
icFewed down until a maximum torque of 10 + 1 ft-lb. has 
been placed upon spanner holes. 

W E L D A C C E P T A N C E C R I T E R I A - O U T E R C L A D . 

Visual Inspection. The TIG closure welds shall be given a 
visual inspection at lOX to 30X magnification. The welds 
shall meet the following requirements. 

1 Cracks. There shall be no visible cracks in the weld 
or in the base metal adjacent to the weld. 

2 Surface Pores. There shall be no detectable surface 
pores in the weld exceeding 0.010-inch diameter. The 
total surface porosity in one inch of weld length shall 
not exceed 2% of the area equal to (IXt) square inches, 
where t equals the thickness of the thinnest member. 

Dye Penetrant Inspection. The bottom end cap TIG closure 
weld only shall be given a dye penetrant inspection using an 
ultrasensitive fluorescent penetrant (Tracer Tech P-150 or 
equal) to determine if the weld meets the following require
ments . 

1 Cracks. There shall be no linear indications on the weld 
or~Base metal adjacent to the weld. 

2 Surface Pores. There shall be no surface pores in the 
weld exceeding 0.010-inch diameter. The total surface 
porosity in one inch of weld length shall not exceed 2% of 
an area equal to (iXt) square inches, where t equals the 
thickness of the thinnest member. 

Leak Test. The outer clad subassembly (bottom cap welded to 
cylindrical can) and final HSA shall be helium leak checked 
with a mass spectrometer type helium leak detector to 
determine if they meet the following requirements. 



3.1 Subassembly. There shall be no leaks detected of greater 
than 1 x 10~5 std. cc/sec when the "sniffer technique is 
used. 

3.2 HSA. The final assembly shall not have a leak rate 
exceeding 1 x lO"'* std. cc/sec. As an alternate test, the 
T.I.G. enclosure weld and the area approximately one inch 
on either side of this weld shall have no leaks detected 
of greater than 1 x 10"^ std. cc/sec using the "sniffer" 
technique. Alternate test may be used only after the 
former method has been tried and found to be either 
unacceptably long in duration or otherwise difficult to 
perform. 

4 Verification Welds. Verification closure welds using 
appropriate caps and weld rings shall be performed periodi
cally during production to verify the facilities and operators 
are functioning as planned. 

D E C O N T A M I N A T I O N . 

The external surface of the completed HSA shall exhibit a 
standard wipe value of less than 220 dpm. 

A D D I T I O N A L N D T T E S T I N G 

MRC-Mound Laboratory shall perform any additional operations 
or tests which are considered necessary to insure the quality 
of the completed procedure. GE shall be informed of any 
additional work. It will be documented and available for 
review at Mound Laboratory. 

D A T A P A C K A G E . 

The following information for each shipment will be provided 
to GE: 

1 The serial number for each fueled HSA and applicable revision 
levels of specifications and drawings. 

2 A listing of the serial numbers of all components and 
drawing numbers which make up each final assembly. 

3 A listing and description of all deviations and GE/MRC MRB 
dispositions associated from each fueled HSA. 

4 The total thermal output as determined by calorimetry on 
individual fuel for FSA components. 

5 The specific neutron emission rate. 

6 The surface contamination wipe count as referenced in 
Section 7. 

7 Results of Health Physics neutron and gamma does rate 
measurements at time of shipment. 
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-'-• Scope. This fuel specification defines the chemical and 
physical requirements for plutonium-238 oxide oxygen-16 
exchanged spheres for the Multi-Hundred Watt Program. 

2. Applicable Documents. 

2.1 Current issues of the following drawings and specifications 
form a part of this specification where applicable. 

GE dwg 47B301663 - Fuel Spheres 
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2 Information and Reference Documents. The following documents 
provide information for fabrication and inspecting the 
Multi-Hundred Watt fuel sphere MD-10058 - Mound Laboratory 
Quality Control Policy; MD-10080 - Product Index Preparation 
Instructions; MD-10095 - Engineering Change Notice Preparation 
Instructions; MD-1-11533 - Procedure for Nonconforming Material 
Request. 

Manual No. Operation No. Operation Title 

MD-70132 1 Analytical Request 
2 Sample Preparation for Am-241 S 

Pu-236 Determinations 
3 Sample Preparation for Emission 

Spectrographic Analysis 
5 Sample Preparation for Actinide & 

Isotopic Analysis 
10 Normality and Total Alpha 

Determinations 
11 Apparent Density Determination 
12 Plutonium Absorbance Spectrum 
15 Carbon Determination 
16 Impurity Determination by Emission 

Spectroscopy 
21 Thorium Determination 
24 Am-241 and Pu-236 Determinations 
25 Actinide and Isotopic Analysis 
32 Dissolution Methods 
33 Qualitative Ammonium Determination 
36 Miscellaneous Determination 
37 Uranium Determination m Plutonium 
39 Sample Preparation for Liquid 

Scintillation Counting 
40 Standard Determination 

MD-70133 1 Dissolution of Plutonium Dioxide 
2 '"PuOj Precipitation 
5 ^^"PuOj Precrushmg and Sizing 

(<297pm) 
6 Calcining, "Oj Exchange and 

Sintering (<297Mm) 
20 MHW Sphere Pressing, Preliminary 

Gaging and Weighing 
21 "Oj Treatment (Sphere) 
22 Vacuum Outgassmg (Sphere) 
23 Final Gage and Weighing (Sphere) 

3 Precedence of Documents. In the event of conflict between 
this specification and any other documents, this specification 
shall prevail. 

4 Changes. Changes m this specification shall be handled in 
accordance with MD-10095, "Engineering Change Notice Preparation 
Instruction." 

Requirements. MRC - Mound Laboratory shall conform to the 
following requirements: 

1 Nonconforming Material. Materials which do not comply with 
the requirements of this specification shall be handled in 
accordance with Mound Drawing 1-11533, "Procedures for Noncon
forming Material Request" and the Multi-Hundred Watt Material 
Review Board, as appropriate. 
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4. Feed Materials. 

4.1 Plutonium-238 Dioxide. The plutonium-238 dioxide shall meet 
the limits specified below. 

4.1.1 Plutonium-238 Content. 8 0+2 percent of the atoms of plutonium 
shall be of atomic weight 238. 

4.1.2 Isotopic Composition. Mass isotopic composition of the 
plutonium shall be determined. 

4.1.3 Plutonium-2 36 Content. Plutonium-2 36 shall not exceed 2 ppm 
of the total plutonium content. 

4.1.4 Actinide Impurities. The actinide impurities of Am-241, 
Np, U and Th shall not exceed 1% of the total plutonium 
content. No individual impurity shall exceed 0.5% when back 
decayed to date of precipitation. 

4.2 Oxygen-16. Not less than 99.98% of the atoms of oxygen shall 
be atomic weight 16 if gaseous oxygen (02)-16 is used. 

5. Oxygen-16 Exchanged Sintered Powder Feed. 

5.1 Impurities. The total of all nonactinide cationic impurities 
analyzed in each blended batch of oxygen-16 exchanged sintered 
powder feed shall not exceed 2850 ppm (powder weight). Fe, Ta, 
and Si shall not exceed the limits listed in the following 
table; and the other listed individual elements shall be 
reported if they exceed the following limits; 

Concentration 
Element (ppm by powder weight) 

Al 150 
Ca 300 
Cd 50 
Co 100 
Cr 250 
Cu 100 
Fe 800 
Mg 50 
Mn 50 
Na 250 
Ni 150 
Pb 100 
Si 200 
Sn 50 
Ta 200 
Zn 50 
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2 Particle Size. The sintered powder feed shall pass through a 
U.S. Standard Sieve, Series No. 50 or equivalent. (References 

297iJm) , 

Plutonium-238 Dioxide Sphere. 

-'- Dimensions. All dimensions shall be corrected to 20 C using 
_6 

a thermal expansion coefficient of 9.13 x 10 inches per 
inch per degree Centigrade. 

2 Diameter. The diameter of the plutonium-238 dioxide sphere 
shall be 1.465+0.015 inches. 

3 Thermal Power. Each fabricated plutonium-2 38 dioxide sphere 
shall contain a thermal inventory of 100 (+3.0/-2.0) watts as 
measured by calorimetry. Calorimeter error is defined as +0.5% 
at the 95% confidence level. 

4 Specific Neutron Emission Rate. The specific neutron emission 
rate shall be determined on each as processed plutonium-238 
dioxide sphere and shall be no greater than 8.0 x 10^ neutrons/ 
^cond/gram of plutonium-2 38. (Reference: 6.4 x.10^ neutrons/ 
^cond/gram of total plutonium). 

5 Non-Integral Sphere. Acceptance of spheres exhibiting cleavages 
shall be made based on a technical assessment of the usability 
c£ each sphere. 

Testing. 

1 Additional Testing. Mound will do any additional testing 
yiich it considers appropriate to ensure the quality of this 
fuel form. 

2 Verification Analysis. One PPO sphere in every 25 spheres 
shall be subjected to chemical and physical analyses. The 
carbon content shall not exceed 200 ppm. The 0/Pu ratio shall 
not be less than 1.90 as determined by Thermo Gravimetric 
Analysis. 

3 Historical Samples. A portion of each verification sphere 
diall be retained as a representative historical sample. 

Records. 

1 Retention of Records, All production and analytical data 
shall be retained in accordance with AEC guidance or product 
specification requirements. 
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î  -iffiliil 

n. 

; ^ ^ i . 

DWG. NO. 3- S 3 1 3 SHT. I 

^ 

ir,Br.a;%w.J%TiVvrffiay»isiraH«K 



L)€.Q -e 
0e8CB8P?f®M 

-.4^0 OlA 

.015' SPHER. R. 

@ 

l40TtS? 

Z. 

MKT'U. »P«.«., imo ioH, SHeeTt Poiu 
PER D U ^ . M © t-l4§6i,CiAssETVPEZ 
05 H 0 t - t 4 « 4 l . 
PART To m. MA.MiirACTOR6.D ^MO 

Fbeniia^ i»n.ft)FteATioi4 s p ! - i4»»§ , 

oso 

No SHAftP B^iaD 

A j 'Z.-REQ'D.- IRIDIUM .005*-"" 'THK. 
^ ' ' ( M O T E . - * I) 

% 

I 
sa'/.".r.?.s'.a?a-.r. 
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(Sj»*ĵ.©««s) MniQi^i -•a.^-ga-T. 

•f-i?"OL aw 
s&3'3oa^ N©ii.v3'asvd /^Hw :5aw ox 

xsvig iiH^ soi®av3 NSi<5bNni. iwaoj^s^d 
EsooRVdS^ t^ftti-t ?iiN^v-in7oa oHw a^ 

aid "Stf^V-TS • UplQi'i&l'•33d'S •"'-xvw 

WOE -ji-'VJwns 

•xvw •viao9? 

soo's 

'A-nwo •wa ooc -aoj emu "39 ox SLL' 
* 1B3X0H 

03a ; Noixdiu^ssa 

J^^^^ 1^ 



mm. 
Q><.S:(S -e 

< 
I 

0^ 

S.OIO 
-^.-^15 Oi<\ • . o ^ s o 

S j HA.Tt.. ^ IRiOiuin TYPE. W 
(SE-e. McsT6.«*4.) 

& FOR PAHT NO. & ISaJE 

I iH(,-T3 ,aco 4-100141- H>-

O'^i 
!& 

B \ 

£i±2 

- - . QV i 

Wo 

^^^JZ^^^BZ^^""""*^"^""!'""""'!^^ 

hJOT£.S V 

i. E .D.M FR.OM S n e e r S T O C K . 

^ , • ^ A . A. OR LESS E.KCEPT P®Q EDM E0^£. 

3. AxL FuAT SUl|;P^ceS To Bt. QRooioo 
PER ORNL. MS.T-Ma.*P- F Q - X t . 

4. iRlDiUn Pl. f l MRC SPEC(FlCA.Tl»J MDI-l iMi, 

IRIDIUM WW teVELostiarr 
OfeUETC FUATMSSS 
CX) $ M0T6I -3 • 4. 
D£T. S W^•i'»i, 1.31f 

"Ts* : 

I 

http://Pl.fl


ami 

P3^/fl^/yO/Jb^y>-A/USU. 7IP/XtP ^^^^ ^MJ. (7/Vfr' 

•^i^US»/A 5>Mj.i/P/ 3PU. 'V^JSC^V/a 370-/ 
77/3^7 X^i^A// ^MJ. liP i3*C? a^4P AOog 3M£ JO 
SObaxuj. 7>a=' 3M^ A/o o.P3'Ps^b'3P>/ /y.5///v 

ItZ/^O S3P3^/f 9/Q 'ip ^O PVPlAf/piP/ tP 39 ~) It/PS" 

OhisaHJ. A0O& ^pj. yo ^^is'WMa 2>OP/IP 

•voripi^ 3PJ- /v^^pfJ3ff ^yf^3^^pwsJ.Nf 9PJ. 

/^OO0^^ 
b^iOotO 

Via oio' 
gW 
t/'M 

I 

> 

wwiw 
TTm rn BTvas 

IMiad 3ZIS 0330038 

X 

•^.^js>7diP0j 33'ip 53d'oasyos'p p/o/J:^^PS-pi/ 
j 9h/wyppp,pyiP i7b':^yjpip £ir-za-o''xx>^/v 

Z>^a>S- .^y J& <3'£ i^ pyh-c/ OP(P PS P2fPP JO 

•// SSV7J ^2S/Vf>// ^^€/ ^j". _ ,- J "— -,/^/> 
•a// ?¥/MPs -^.^^M„-i/€i7Sz<i'£yiPJz jŷ6<A/ •? Aaog'f^iPP>a:?HPPt^^ 
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REViSIONS 
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>-A 

DESCRIPTION 

I n c . A N ' 3 - 1 , - 2 , - 3 , - 4 r J j * ^ 

I n c . AN's -7^ - 8 , -9 
/ / / C . hN-fC 

5fiA'A. 

2£ 

DATE 
5-/^ ̂  

74-

APPROVED 

^i^ 

m 
m 

1.0 SCOPE 

This procedure def ine t the proc©i»«t and in«p«ction« t o be followed in 
the fabr ica t ion of PICS helium v e n t s . The vent* a re of the bonded f r i t 
design made from iriaiura f o i l and -325 mesh iridium poMer, 

2 . 0 APPLICABLE DOCUMENTS 

2.1 Government Doctments - None 

2.2 Non-Government Dociiinents 

Particulate Shield Assembly 
Filter Assembly & Cover i'iate 
Weld Disk 
Forming Die 
Frit and Weld Disk Bonding 
Fixture 

47C303127 
47B303131 
47B303132 
47C303151 

47D302677 

UNLt" ;S OTHfSWi ' . t b P i C ' l D 
D Me^ iS l0^b * » £ IN iMCHfS 
IOLER«NCES ON 

fRACTlONS DEClMSLi ANGLES 

ALL SURFACES y 
-.lATL 

SIGNATURES ^̂ ^ "o Y« 

CHECKED A] 

Issu " " 

E 

K IL 

i'/t.-ZAl. 

5 Pi t 
?7// IP, 

.W"/7i 

"TT^ fti^ X*, l'»h 

6 E i I i A imjl I I C T I I C 

FABRICATION OF BONDED FRIT VENTS 

<1 

"SIZE" 
A 

SCALE 

CODE IDENT NO. 
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M NS0060-02-78 2 of Ifl A C 

Vent Test Fixture 
Washer Weld Disc 

47D303122 
47E303153 

3 . 0 REQUIREMENTS 

3 .1 l 3 u i ^ ] i e n t 

3.1.1 High vacuum furnaca - Brew capable of 2000®C temperature and 
10~o torr preBSure. Purance controlled by means of tungsten -
tungsten-rhenium TC with strip chart tanperature readout, 

3.1.2 Ultrasonic Cleaner. 

3.1.3 325 Mesh Screen - 3" Diameter^ Stainless Steel« or approved 
equivalent. 

3.1.4 Hydrogen Furnace Capaole of 1500®C Operation Temperature 

3.1.5 Electron Discharge Machine 

3.2 Materials 

3.2.1 Prime Materials - Materials shall conform t© drawing requirements. 

3.2.2 Secondary Materials 

Hydrofluoric Acid - CP Grade 
Nitric Acid - CP Grade 
Acetone - CP Grade 
Deionized Water 
ATJ Graphite 
Tungsten Weight 10 lb weight * ,3 lbs (Z.O" + .l" high x 3.15 

+ .05 diameter). 

3.3 Regu_ired Procedures and Inspections 

3.3.1 Parts Fabrication 

Vent parts are to be fabricated per-applicable dwga. (section 
2.2) — ' * - - -

3.3.2 Inspection 

All parts are to be inspected for conforwanee to 
applicable drawings as well ae after bonding (Section 3.3.9). 

DRAWN 

CHECKED 

TiiiiM'^iTiiTiTi'' 
— 6 1 ^ LM> 

SIZE 

A 

SaLE 

CODE IDENT NO 

23991 

f 
NS0060-02-78 
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SHCET T 

3.3.3 Cleaning Vent Parts 

<?arts are to be cleaned according to the following steps after 
completion of 3.3.2s 

(a) Ultrasonic clean in acetone for 15 minutes ± 5 min. 
Cb) Ultrasonic rinse in deionized water for 15 minutes + 15 min. 
(c) Soak in concentrated hydrofluoric acid for 1 hour £~15 min. 
(d) Ultrasonic rinse in deionized water for 15 minutes ^ 5 min. 
Ce) Clean in 30% solution of nitric acid for 30 minutes * 5 min. 
(f) Double ultrasonic rinse in deionized water for 15 minutes 

^ 5 min. 

3.3.4 Annealing 

After cleaning per 3..1.3 all parts are to be annealed in an 
atmosphere of hydrogen at ISOO^C ± 50®C for 15 minutes j;, 5 min. 
Tungsten boats are to be used to contain parts during annealing. 

3.3.5 Spheredizing Disks and_Washer 

The weld disk, cover disk, and weld-disk washer are to be sphere-
dized according to the radius defined in the applicable drawing. 
This is done by placing one disk at a time in the forming die 
47C303.151 and impacting the segment of the die several times with 
a mallet head hainit.er until the disk 'takes a permanent shape. 

CAUTION; Be certain that the dies are clean and free from par
ticulate matter. 

3.3.6 Filter Construction 

Place approximately six spheredized disks 47C303131P1 on a clean 
flat surface with the convex side up and dust with iridium pow
der. This is done by placing -325 mesh iridium powder in a 3" 
diameter 325 mesh screen and lightly tapping the screen to allow 
the powder to coat the surface of the disks uniformly until the 
base metal is completely coated and obscure. This .initial coat
ing is then du3ted over the sint-.ered coating and again sintered 
in hydrogen at 1500*C + SCC for 15 minutes + 5 min. This step 
is »-epeated until total weight of the coating is 135 +Jg milli
grams. POWDER CHEMISTRY SHALL C0NF0RI4 TO REQUIREMENTS STATED 
ON TABLE I. 

3.3.7 Bonding Iridium Frit' 

The frit coating is to be bonded and fonried to meet configuration 
requirements of drawing 47C303131. This is done by stacking up 
to 12 disks in fixture 47D302677 spaced with 47D302677 P2-P3 and P4 

i i i i i A L ^ f i i C T i i i 

J^. 
I DRAWN 

I eHgCKED 
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A 

SOLE 

CODE IDENT NO 
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iK NS 0060-02-78 "WTW 
evidence of non-adherent p a r t i c l e s or foreign ma te r i a l s which s h a l l cause r e j ec t i on 
of the aasembl/ evalui . ted. Darkening or s t a i n i n g of the components s h a l l be con-
aide re J acceptable provided tha t the observed d i sco lo ra t ion i s t i g h t l y adherent 
since the nature of the process does not lend i t s e l f to the maintenance of br ight 
s u r t a c e s . 

Vent Covers (Par t No. 47C303131FI 
s ize of bl i .^ ters detected by any n 

_X - There i s no l i m i t a t i o n on the number or 
sans. 

Weld _ PI ska and Waahei-g - Magnificat ion i s not required for acceptance but when 
U3i»d s h a l l not exceed 20X. There s h t l l be a£_2iH&iS_Mi2l.%£ exceeding 0.032 inch 
in iDdK. dimension. When the max. separa t ion between any 2. or more, b l i e t e r s i» 
0.032, the t o t a l surface area of a l l the b l i s t e r s being considered s h a l l not excstd 
the area encompassed by a 0.032 inch d i a . c i r c l e . 

4 .0 QUALITY ASSURANCE PROVISIONS 

4 .1 Resj3on3lblltt_£^ for Ing^ectton 

GE r ' a l l perform acceptance t e s t i n g t o a t t e s t to the conforiaanca of p a r t i and ««i®mbliei 
ro requirements s ta ted here in «nd inspected per 3 .3 .2 . 

4.2 Monitoririj^ Procedures _for|qul|>ment^ ^•^!^,_l!L_??°£g£.* 

4 . 2 . 1 Brew_Furnace_ 

The tungsten- tungsten/rhenium thermocouple s h a l l be checked during every f i f t h run 
by means of a ca l i b r a t ed o p t i c a l pyrometer readout aga ins t the teaiperature readout 
of the thermocouples. A f i f t y degree d i f fe rence s h a l l requi re r e e a l l b r a t l o n of 
therroocouple and r e j e c t i o n of p a r t s . 

4 . 2 . 2 hydroj^en Furnace 

Furnace temperature readout s h a l l be checked with « c a l i b r a t e d o p t i c a l pyrometer 
reading taken in the thermocouple sensing zone of the furnace. A f i f t y degree 
d l f f e re rce s h a l l r equ i re r e c a l l b r a t i o n of tne themocouple and r e j e c t i o n of p a r t s . 

4.5 Test_Methods_ 

4 . 5 . 1 HeUuii Flow Teat 

The rate of Zlow of helium is to be measured f«r each vent and shall range between 
.06 and .09 ce per second at I psi input pressures at room temperature. The 
measurement la to be made by assembling the vent in test fixture 47C303I21GI and 
measuring flow rate by the downward volume displacement cf water In a graduated 
cylinder as a function of time. Total flow test time should be 3 minutes minimum. 

4 .5 .2 Tensi le Test 

Finished p a r t i c u l a t e sh ie ld assembly t e n s i l e t e s t i n g s h a l l be m indicated in 
Table I I to determine confonnance t o sec t ion 3 .3 .12 . Pu l l r o d i , approximately 1/4" 
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1 re NS ©060-02-78 •p^ 1 
dia. X 3 in. long shall be epoxy bonded to the cover disc and 
weld disc while being held in alignment with a "V* block. The 
pull-rod filter assembly will then be pulled in an Instron ten
sile tes*-ing machine and loaded until failure of the epoxy re
sin or filter assembly. Results of all testing shall be reported. 
All specimens shall be stored for a minimum period of 1 year for 
historical purposes. 

5.0 PREPARATION FOR DELIVERY 

Because of the high temperature processing the vents are extremely 
soft and therefore easily deformed. It is therefore necessary to 
handle the vents with plastic tweezers and insert them in foam 
rubber packaging material. 

"""Tiiiiir^iiiiTiiF""" 
OEPT LOG 

DRAWN 

CHECKED 

SIZE 

A 
CODE IDENT NO 
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p t . 
EH. 
p j . 
R«. 
Ag. 
S i 

ilT NS 0060-02-78 7 ^of" 

TABU: I 

MTERIAL PWDER SPECIFICATION 

(MMDfflM) 
PARTS/MILLION 

75* 
50* 
50* 
50* 
50* 
50 

Ic 

Fe 
Cr 
Al 
C 
O2 
Other 
Ir. 

50 
20 
20 

Information only 
Information only 

** 
Bal. 

* Total ft^ RH, Pdp to, Ag, *ud A« hliaH not exceed 200 parts/million. 

** Total Impurity content shall not exceed .29 percent and no single un
specified Impurity shall exceed 40 parts/million. 

H TMm I I 

NO. OF SPECimNS 
REQOTRED 

One per run 

One per every 
two furnace runs 

One per every 
four furnace runs 

NUMBER OF BOfflllNG 

ftin #1 through Fun #10 

Run #11 through Run#20 

ton #21 through Remainder of 
Runs in the Program. 

KMtMLffiELECTiie 
-oerT- ^ 

DRAWN^ 

CHECKtO 

SIZE 
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APPENDIX V 

AEC APPROVALS 

UNITED STATES 

ATOMIC ENERGY COMMISSION 

ALBUQUERQUE OPERATIONS OFFICE 

P.O. BOX 5400 

ALBUQUERQUE NEW MEXICO 87115 

FECb ism 

F r a n k K. P i t t m a n , D i r e c t o r 
D iv i s ion of W a s t e M a n a g e m e n t and T r a n s p o r t a t i o n , HQ 

A T T N : W i l l i a m A. B r o b s t , Ch, , T r a n s p o r t a t i o n B r a n c h 

A E C / A L C E R T I F I C A T E O F C O M P L I A N C E - DOT S P E C I A L 
P E R M I T NO. 9503, A E C - A L l I S A / 9 5 0 3 / B L F 

P u r s u a n t to the p r o v i s i o n s of C F R - 4 9 - 1 7 3 . 394-396 and IAD 5201-1 
a t t a c h e d in t r i p l i c a t e is C e r t i f i c a t e of C o m p l i a n c e ( F O R M - A E C ~ 6 l 8) 
p r e p a r e d in a c c o r d a n c e wi th i n s t r u c t i o n s in c i ted IAD (IAD 5201-1 
P a r a g r a p h E . ) 

By copy of t h i s , cop i e s of the C e r t i f i c a t e a r e be ing f o r w a r d e d to 
r e g i s t e r e d u s e r s a s a p p r o p r i a t e . 

L C : J N C 

J. h 1 

J o s e p h N. Cook 
T r a i f i c M a n a g e m e n t S p e c i a l i s t 
C o n t r a c t s Div i s ion 

A r t h u r F . H e i t k a m p , M o n s a n t o R e s e a r c h C o r p o r a t i o n , Mounc 
L a b . , P . O. Box 32, M i a m i s b u r g , Ohio 45342 
J a c k F . S t e v e n s , O p e r . Safe ty E n g r . , DAO 
R. J . K a t u c k i , E n e r g y S y s t e m s Div. , GE , Va l l ey F o r g e , P a , 
P . O. Box 8661 , P h i l a d e l p h i a , P e n n s y l v a n i a 19101 
E , L. B a r r a c l o u g h , O p e r a t i o n a l Safety Div i s ion , ALO 
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Form AEC-618 
(9 7 2 ) 

AECM 5 2 u l 

U.S. ATOMIC ENERGY COMMISSION 

CERTIFICATE OF COMPLIANCE 
For Radioactive Material Packages 

l a Number 

AEC , A L USA/9503/BLF 
l b Revision N o 

O r i g i n a l 
1c Page No 

1 

I d Tota l N o Pages 

2 
2 A u t h o r i t y 

This cert i f icate is issued pursuant to Sections 173 394 173 395 and 173 396 of the Department of Transpor tat ion Hazardous Materials 
Regulat ions as amended ( 4 9 C F R 170-189 and 1 4 C F R 103) and AEC Manual Chapters 5201 and 0529 

^ CONDITiONS 

3a This cert i f icate is issued on the basis of S A F E T Y A N A L Y S I S REPORT FOR P A C K A G I N G (SARP) 

(1) Prepared by 

Monsanto Research Corporation 
Mound Laboratory 
Miamisburg, Ohio 

(2) Number 

MLM-2074 (Draft) 
(3) Date Published 

December 1973 
3b The packaging described in the SARP and fur ther described in i tem 4 below wnen constructed and assembled as prescribed in the SARP 

w i t h the contents as author ized herein meets the standards prescribed in D O ! regulations 

3c The outside of each package must be plainly and durably marked w i t h the letters and number shown in i tem l a on this f o r m in accordance 
w i t h the standards for markings tn paragraph 173 24(b) of 49 CFR 173 

3d This cert i f icate does not relieve the consignor f ro n compl iance w i t h any requirements of the reguht ions of the U S Department of 
Transpor tat ion or other appl icable regulatory agencies 

3e Each user of pacoges approved under this cert i f icate shall register his name and address w i t h the issuing of f ice 

4 Descr ipt ion of Packaging and Au tho r i zed Contents Restr ict ions and References 

(a) Description of Packaging 

The Multi-Hundred Watt Heat Source Assembly Shipping 
Container (MHW-HSA-SC) consists of several parts which include: 

1. a "carrier" which is fabricated of aluminum and 
steel. The base of the carrier serves as a pallet 
and provides a means to secure the shipping container 
in the transport vehicle. The carrier weighs some 
1310 pounds with overall dimensions of 62 inches 
In height and width and length of approximately 
49 inches, 

2. A finned cask made of stainless steel with aluminum 
fins which is designed to dissipate 2400 watts of 
heat. The cask is about 43 Inches in height and 
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has an overall diameter of slightly less than 43 
inches. Its weight is approjiiraately 1100 pounds. 

3. An inner container called the "Storage Protection 
Container" (SPG) is shock mounted within the 
finned cask. The SPG is constructed of stainless 
steel and has dimensions of approximately 11 
inches in diameter and 34 inches in height. The 
Heat Source Assembly Is contained within the SPC 
during shipment. 

b, Authorized Contents 

Contents of the SPC is the HSA which consists of: 

1. 24 fuel spheres of solid plutonium-238 dioxide. 

2. 24 iridium post Impact shell assemblies each 
containing one fuel sphere, 

3. 24 grapliite impact shells each containing 
a fueled post impact shell. 

4. various graphite support structures, 

5. a graphite aeroshell, providing reentry protection, 

6. an Iridium outer clad, 

7. a graphite emissivity sleeve. 

The HSA contains approximately 6 Kilograms of Pu-238 
which generates a nominal 2400 watts of heat energy. 
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GLOSSARY 

DEFINITIONS FROM AEC APPENDIX 0529 

"SAFETY STANDARDS FOR THE PACKAGING OF RADIOACTIVE 
AND FISSILE MATERIALS" 

Containment Vessel means the receptacle on which princi
pal reliance is placed to retain the radioactive materials 
during transport. 

Package means packaging and its radioactive contents. 

Packaging means one or more receptacles and wrappers and 
their contents, excluding fissile material and other 
radioactive material, but including absorbent material, 
spacing structures, thermal insulation, radiation shield
ing, devices for cooling and for absorbing mechanical 
shock, external fittings, neutron moderators, nonfissile 
neutron absorbers, and other supplementary equipment. 
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EIDIOICTIfE MITEEIILS BEFIilTIOMS 
The following definitions are derived from the Code of Federal Regulations Title 49 -

Transportation, Part 173.389. 

FISSILE CLASSES - The groupings into which radioactive material packages are classified 
according to the controls needed to provide nuclear critlcality safety during 
transportation. (173.389(a)(l)-(3)) 

FISSILE MATERIAL - Plutonium-238, plutonlum-239, plutonium-241, uranium-233, uranlum-235, 
or any material containing any of the foregoing. (173.389(a) and 173.396(a)) 

LARGE QUANTITY RADIOACTIVE MATERIALS - A quantity the aggregate radioactivity of which 
exceeds that specified In Part 173.389(b). (Large quantities are quantities exceeding 
a Type B quantity, and also are sometimes referred to as "large sources." 

SMALL QUANTITY RADIOACTIVE MATERIALS - A quantity of radioactivity which does not exceed 
the limits specified in Part 173.391(a). Small quantities and certain radioactive 
devices 173.391(b), are exempt from specification packaging, marking and labeling 
requirements, but still are subject to certain requirements, such as shipping paper 
requirements. 

LOW SPECIFIC ACTIVITY MATERIAL - Material in which the activity is essentially uniformly 
distributed and in which the estimated average concentration per gram of contents 
does not exceed the specifications of Part 173.389 (c). 

SPECIAL FORM RADIOACTIVE MATERIALS - Those materials which, if released from package, 
might present some direct radiation hazard but would present little hazard due to 
radlotoxlcity and little possibility of contamination. (173.389(g)) 

NORMAL FORM RADIOACTIVE MATERIALS - Those materials which do not meet the requirements of 
Special Form Radioactive Materials. Normal form radioactive materials are grouped 
into "transport groups." (173,389(d)) 

TRANSPORT GROUP - Any one of seven groups into which normal form radionuclides are classified 
according to their radlotoxlcity and their relative potential hazard in transportation. 
(173.389(h)) 

TRANSPORT INDEX - A number placed on a package of "Yellow Label" radioactive materials by 
the shipper to denote the degree of control to be excercised by the carrier, i.e., 
the number of yellow labeled packages which may be placed in a single vehicle or 
storage location. The transport index is actually the measured dose rate of radiation 
at three feet from the surface of the package. (173.389(1)) 

TYPE "A" PACKAGING - Packaging which is designed in accordance with the general packaging 
requirements of Parts 173.24 and 173.393 and which is adequate to prevent the loss 
or dispersal of the radioactive contents and to retain the efficiency of Its radiation 
shielding properties if the package is subjected to the test prescribed in Part 
173.398(b) (Normal conditions of transport). (173.389(j) 

TYPE "A" QUANTITY RADIOACTIVE MATERIAL - That material which may be transported in Type "A" 
Packaging. (173.389(1)) 

TYPE "B" PACKAGING - Packaging which meets the standards for Type "A" Packaging, and in 
addition, meets the standards for the hypothetical accident conditions of transport 
as prescribed in Part 173.398(c).(173.389(k)) 

TYPE "B" QUANTITY RADIOACTIVE MATERIAL - That material which may be transported in Type "B" 
Packaging. (173.398(1)) 



The following definitions, though not derived from the Code of Federal Regulations, 
Title 49, are held as generally accepted meanings of the terras listed. 

ALPHA PARTICLES - One of the three primary forms of radioactive emissions from radioactive 
atoms. Alpha Particles are positively charged particles emitted from the nucleus of 
atoms having a mass and charge equal to the nucleus of a helium atom (2 protons + 2 
neutrons). Alpha Particles have very little penetrating ability and therefore are 
chiefly Internal radiation hazards. They travel very short distances in air and 
are shielded very easily. 

BETA PARTICLES - One of three primary forms of radioactive emissions from radioactive 
atoms. Beta Particles are negatively charged particles emitted from the nucleus of 
an atom and have a mass and charge equal to that of an electron. They travel 
greater distances in air than alpha particles, have an Intermediate penetrating 
ability, but still are relatively easily shielded. 

GAMMA RAYS- One of the three primary forms of radioactive emissions from radioactive atoms. 
Gamma Rays are not particulate (as opposed to alpha and beta particles) but are short 
wave length electromagnetic radiations from the nucleus of radioactive atoms. Except 
for their origin (the nucleus of the atom rather than the outer shell) they are 
identical In characteristics to X-rays. Gamma Rays are the most penetrating form of 
radiation and travel great distances In air. They require heavy shielding materials 
such as lead to attenuate the radiation. 

CURIE - An expression of the quantity of radiation in terms of the number of atoms which 
disintegrate (decay) per second. A curie (Ci) is that quantity of radioactive material 
which decays such that 37 billion atoms disintegrate per second. One 
ehousandth of a curie is a millicurie (raCl). 

RADIATION LEVEL - A term sometimes used instead of radiation "dose rate." It generally 
refers to the effect of radiation on matter, that is, the energy imparted to and 
absorbed by matter due to radioactive emissions per unit of time. 

MILLIREM -One-one thousandth of a Rem. The rem is a unit sometimes used to express 
radiation level or dose rate (rallllreia per hour). Technically speaking, the rem 
Is an expression of radiation level or dose rate which considers the effect of the 
radiation on persons. Do not confuse milllrem with cu£lê . 

ENCAPSULATION - A term used to denote an additional fabrication technique often used in 
preparation of radiation sources, wherein the basic material is physically placed 
within sealedj high physical integrity capsules or envelopes to provide further 
assurance that in the event a package breaks and the capsule escapes, there would 
be little possibility of a spread of particulate contamination. 

NUCLEAR CRITICALITY - This term denotes the occurence of an accidental chain reaction 
with fissile radioactive materials. The purpose of the Fissile Classes is to prevent 
the occurence of a nuclear critlcality during the transport of Fissile Materials. 
(Controlled nuclear critlcality is the objective within a nuclear power reactor) 

RADIOISOTOPE AND RADIOHUCLIDE - For the purpose of transportation, these terms are synonymous 
with "Radioactive Materials." 

RADIOTOXICITY - A term used to denote the relative hazards of the various radionuclides, 
that is, their internal radioactive effect within the body. 

SWIPE SAMPLE - A test for loose or removable radioactive contamination on surfaces (also 
sometimes referred to as a "smear" test). 

This material may be reproduced without special permission from this Office. 
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