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K .̂ .-.r̂ î sf̂ ^ DAIS 7I/12M 

This document contains Confidential-Restricted ^ '"* I^V't^'-'^'CA/' / "̂  2 . / 5 * ^ 

Data relating to the civilian applications °f Ewmjrt (hmt CCW» Re-ftVieW ReqWIWlWH 

(per Vnm DufF/Cau41f mefflorarKhm^ 
atomic energy. 

MONSANTO R E S E A R C H CORPORATION 
A e U B B I D I A R Y O F M O N S A N T O C O M P A N Y 

Monsanto 

M O U N D L A B O R A T O R Y 
MIAMISBURG, OHIO OPERATED FOR 

UNITED STATES ATOMIC ENERGY COMMISSION 
U.S.GOVERNMENT CONTRACT NO.AT-33-1-GEN-53 

1 5532 
« 

m> :•• ::•: WCT^SSIFIED 



r 

Printed in USA. Charge $0.50. Available from the U.S. 

Atomic Energy Commission, Division of Technical Infor­

mation Extension, P.O. Box 1001, Oak Ridge, Tennessee. 

Please direct to the same address inquiries covering the 

procurement of other classified AEC reports. 

LEGAL N O T I C E 
This report was prepared as an account of Government sponsored work. Neither the 

United States, nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or Implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any information, apparatus, method, or process disclosed in this report may not 
infringe privately owned rights: or 

B. Assumes any liabilities with respect to the use of. or for damages resulting from 
the use of any information, apparatus, method, or process disclosed In this report. 

As used In the above, "person acting on behalf of the Commission" includes any em* 
ployee or contractor of the Commission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee of such contractor prepares, 
disseminates, or provides access to, any information pursuant to his employment or con­
tract with the Commission, or his employment with such contractor. 



DISCLAIMER 
 

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



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



UWCLASSiFIEQI 

C O N MLM-1257 

M-3679 (41st Ed.) 

C-92a Isotopic 

SNAP Program 

FABRICATION AND QUALITY CONTROL TESTING OF SNAP-ISC CAPSULES 

D. L. Prosser 

D. P. Kelly 

J . A. Powers 

- N O T I C E -
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or theu- employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com­
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 

Date: July I, 1965 

Issued: January 17, 1966 

RE 'ATA 
Thli deJj^ptT'contalni rastrictad data at da-
flnad iJ^ha Atomic Enargy Act of 1994. Its 
tranfmlttal or the disclesura of It* contants In 
any mannar to an unauthorlzad parson Is pro­
hibited. 

UNCL ^SSIFIQ 
IT 

MONSANTO RESEARCH CORPORATION 

A SUBSIDIARY OF MONSANTO COMPANY 

M O U N D L A B O R A T O R Y 

MIAMISBURG, OHIO OPERATED FOR 

UNITED STATES ATOMIC ENERGY COMMISSION 

U.S. GOVERNMENT CONTRACT NO. AT.33.1.GEN.53 

GROUP 1 

Excluded from automatic 

downgrading and 

decl( ificati 
OtSTR»UTI0N Of Tm DOOUMEIT tS M R I M D 
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SUMMARY 

In cooperation with the 3M Company, Mound Laboratory fabricated and evaluated heat source capsules for 

the SNAP-I5C program. These capsules were fueled with sufficient plutonium-238 metal to provide approxi­

mately 7.3 thermal watts of power each. Fabrication procedures for these sources, fuel properties, and 

fabricated capsule parameters are presented. 
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INTRODUCTION 

In 1963 Mound Laboratory entered into a program with the Minnesota Mining and Manufacturing Company 

(3M Company) to provide fueled heat source capsules for a large mill iwatt generator. After prototype units 

were successfully tested under prescribed environmental conditions. Mound Laboratory fabricated six fuel-

units to be used in demonstration models of the generator. 

The generator capsule was originally designed to contain 6 watts (thermal) of plutonium-238 metal (-80% 

Pu" ' ) and to operate for two years with an electrical output of 125 milliwatts. During the course of the 

program the fuel requirements were increased by the 3M Company to 7.3 thermal watts without any increase 

in capsule dimensions. The change reduced the free volume in the capsule, which required a refinement of 

fuel loading and welding techniques to provide a sealed unit with good integrity. 

The fuel capsule consisted of an inner and an outer housing as shown in Figure I. The inner housing and 

cap were machined from tantalum-10% tungsten bar stock and the outer housing and cap from Hastelloy C. 

Ca^iuk Slwll 
(HittilUy C) 

Innar Cap 
(Tontalum.lOK Tungttan) 

Inntr Captult 
(Tontaluffl-IOS Tungtttn) 

Out«r Cop 
(Hoitallsy C) 

nnar Cap 

^ 

Inner Capsule 

Inrwr CaptuI* 

a 

Figure I. SNAP-/5C Fuel Capsule 



A large number of capsules were assembled for the environmental tests specified by the program prior to 

fabrication of the fueled units. At Mound Laboratory the work on the test capsules included effecting the 

welds on the inner capsules and brazing the inner and outer capsules together. For the fueled units the 

fuel was sized to f i t into the capsule and then was melted into position after the capsule was sealed. 



" • • • • • • • • • «« » , , , 
• • • • • • • • • • • • • • • » • « * • • • 

FABRICATION PROCEDURE 

At each stage of fabrication both the test capsules and the fueled capsules were subjected to a thorough 
inspection program developed by Mound Laboratory. For the fabrication of the test capsules the following 
operations were performed: 

1. Dimensional check of capsule components. 

2. Dye penetrant test of capsules. 

3. Visual inspection of inner and outer welds. 

4. Sectioning and metallographic examination of inner and outer welds. 

5. Radiographic examination of inner and outer welds. 

6. Mass spectrometer helium leak test of inner and outer welds. 

7. Dye penetrant test of welds. 

For the fueled units the following additional operations were completed: 

1. Chemical analysis of capsule materials. 

2. Chemical analysis of fuel. 

3. Differential thermal analysis of fuel. 

4. Calorimetric determination of fuel. 

5. Total neutron flux measurement. 

6. Decontamination check. 

Al l capsules, upon receipt, were gauged by conventional methods to check their dimensions against the 

specified values. 

The dye penetrant used to examine the outer surfaces of the capsules for defects and cracks was a Zyglo 

compound supplied by the Magnaflux Corporation. The surface to be inspected was cleaned by applying 

the Zyglo cleaner ZC-7 from a spray can. The cleaner was removed with a cloth and the penetrant ZL-22 

was sprayed on the part. The cleaner was applied again and wiped off to remove the excess penetrant. The 

developer ZP-9 was applied in a thin f i lm. The part was placed under ultraviolet light, and cracks or de­

fects were indicated by fluorescent lines or spots. 

After the proper welding parameters had been established, the inner and outer capsules were welded using 

the following procedure: 

The inner capsule was sealed using a Hobart 300-ampere AC-DC Tungsten 

Inert Gas Welder, Model AD 1-364. The housing was held in a steel collet 

which was mounted in an aluminum cooling block 4 in. in diameter and 5.5 

in. long. The block was positioned in the chuck of a turntable. The housing 

extended out of the collet by 3/16 in. A 2% thoria-tungsten welding elec­

trode, 1/16 in. in diameter, with the tip ground to a 60° included angle, was 

used. The electrode was held in an Airco water-cooled torch. Model H-35-B, 

which was mounted in a fixture to keep the electrode normal to the top of 
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the capsule. The electrode extended 0.25 in. beyond the gas cup; the tip 

was positioned 0.040 in. above the capsule and directly over the interface 

between the cap and the housing. The capsule was rotated at a rate of 

13.5 sec/rev while helium gas was passed over the work-piece at a rate 

of 15 cfh. During the rotation the arc was struck by starting the current 

and bringing it immediately to 85 amp with the capsule at positive d.c. 

polarity. The welding was continued while the capsule was rotated for 

16 sec. The current was then turned down quickly with the fine control 

and then shut off with the foot switch. The part was allowed to cool and 

was removed from the collet. These parameters were found to give the 

required penetration of 80% of cap thickness. 

The outer capsule was sealed using a Hamilton Standard high-voltage, 

3-kw welder equipped with a Zeiss gun. The cap was placed on the cap­

sule and six of these units were clamped down in a holding fixture. The 

fixture was placed in the welder, which was then evacuated. After the beam 

was focused, the cap was spot welded at six different points around the 

circumference. An electron beam at 90 kv and I milliamp was used for I to 

2 sec to make each tack. The tacking procedure was necessary to prevent 

the cap from warping during the closure operation. The welder was brought 

up to atmospheric pressure and the fixture was removed. 

Each part was placed in a chuck in the welder, which was again evacuated. 

The electron beam was adjusted to focus on the capsule and was aligned 

to fal l directly on the interface between the cap and the housing. The position 

was checked for concentricity with the interface. Welding was done with an 

electron beam of 95 kv and 1.5 milliamp and was continued for 5 sec with the 

capsule rotating at 3-3/4 sec/rev. The beam was brought up to full power im­

mediately to start the welding, then was reduced to zero over a period of 2 

to 3 sec at the end of the welding cycle. The welder was brought up to atmos­

pheric pressure and the part was removed. These parameters met the require­

ments for obtaining a penetration equal to 95% of the cap thickness. 

The inner and outer welds were visually examined under 30-power magnification. Control of the depth and 

quality of the welds was maintained by welding two inner capsules before and after each set of inner test 

capsules was sealed. One each of the pre- and post-weld inner capsules was sectioned and the others were 

placed in outer capsules and used as weld controls for welding the set of inner test capsules into the out­

er capsules. These outer capsule weld controls were also sectioned, mounted, polished and photographed 

to facilitate the examination of the grain growth in the weld area and the depth of the weld. 

The preparation of both the inner and outer metallographic samples was accomplished by cutting the cap­

sule in half along the diameter with a Buehler cut-off wheel. The sample was mounted in Selectron 5026 

mounting resin which was allowed to harden at room temperature. The sample was ground using first a 50-

grit silicon carbide paper grinding disc and water as a coolant and lubricant; for finer grinding a 180-grit 

silicon carbide paper grinding disc was used, and finally 600-grit silicon carbide. For the rough polishing 

1-micron alumina on silk was used and, for the final polish, 5-micron alumina on microcloth. The inner 

tantalum-10% tungsten capsule was etched with a solution consisting of three parts lactic acid, one part 
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nitric acid and one part hydrofluoric acid. The outer Hastelloy C capsule was electroetched at 4 to 6 v 

for about 20 sec in a 10% chromic acid solution. The weld area of the etched samples was photographed 

at 30-power magnification and the braze interface at 500 power. Typical photographs of the braze interface 

and of the inner and outer welds, before and after welding of the samples, are shown in Figures 2, 3 and 4. 

$.1... 
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Figure 2. Cross-Sectiona! View of Braze Bond Between Inner and Outer Capsules (500X) 

The welds were also examined by radiographic techniques to detect flaws. After the radiography parameters 

had been established the following radiography procedures were employed to examine the inner and outer 

welds properly. 

For the inner weld an iridium-192 gamma source, mounted in a Budd Multitron 

unit, was used to provide the required penetration of the dense metal in the 

inner container. The distance from the center of the source to the film is 36 

in. An exposure of about 45 curie-hours was used. Type M radiographic x-ray 

film was sandwiched between sheets of lead to give improved definition. The 

lead and film were arranged in the sequence S-M-l'/i-l'/2-M-5, where the numbers 

represent the thickness of the lead in mi llimeters and M represents the f i lm. 

The parts were held in intimate contact with each other either under vacuum 

or in a hard-back cassette while the fi lm was being exposed. Both methods ; 

have been used for the inner capsules with equal results. The developed im­

ages were examined with a 7-power eye comparator. Four views of each cap­

sule were taken - at 0°, 45°, 90°, and 135°. 

The outer capsule weld was examined using a 250-kv Picker X-ray Machine. 
A lead filter was used in the head. A hard-back cassette holding type M film 

mm^F^FmF ' " f 
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Figure 3. Cross-Sectional Views of Cap Welded into Inner Capsule (30X} 
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Figure 4. Cross-Sectional Views of Cap Welded into Outer Capsule (76X) 
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interspersed with lead sheet as described previously was used The exposure 

time was I 13 sec at a 15-microamp current The same developing procedure 

as for the indium source exposures was used The film was examined under 

a lO-power binocular microscope The exposure had to be made between the 

lugs on the capsule to obtain clear radiographs of the weld For this reason 

only two views were made for each capsule Representative radiographs for 

the inner and outer capsules are shown m Figures 5 and 6 

Figure 5 Radiographs of Inner Welds 

I I 
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Figure 6 Radiographs of Outer Welds 

The mass spectrometer helium leak test was performed on both the inner and outer sealed capsules by 

placing them under helium at a pressure of 600 psig for 30 mm The pressure was reduced and the capsules 

were placed under vacuum and connected to a leak detector to search for helium escaping from the cap­

sules The detector was calibrated with a standard leak and the leak rate of each capsule was calculated 

The maximum leak rate specified for the capsules was I x 10"' cc/sec, STP 

The inner and outer welds were inspected for surface defects using the dye penetrant method described 

earlier 
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CAPSULE FUELING PROCEDURE 

When the test capsules had passed the environmental require­

ments successfu l ly , the loading of capsules wi th plutonium 

fuel was undertaken A quartz tube (F igure 7) was made w i th 

a precise inside diameter and a f l a t bottom The diameter 

was held at a dimension of 0 010 to 0 015 in. less than the 

inside diameter of the inner capsule The tube was placed 

in a high-puri ty argon control led-atmosphere glove box and 

loaded wi th pieces of p lutonium. The tube was inserted in 

a quartz thimble (F igure 8) which was placed ver t i ca l l y in 

Tungsten Rod 

0-Ring 

Rubber Tubing 

To Vacuum 

Figure 7. Quartz Cast ing Tube 

a furnace, then evacuated and heated When the 

temperature reached 8 0 0 ^ the metal was stirred 

by a tungsten rod extending through a vacuum seal 

in the top of the thimble The metal was converted 

to a compact mass, free of vo ids, in the narrow part 

of the tube The tube was removed from the thimble 

and, after coo l ing, was broken away from the metal 

The metal was sawed to the approximate lengths 

required and weighed The excess weight of the 

metal s lug was further reduced unt i l the weight ca l ­

culated for the capsule was obtained 

Quartz 

The s lug was placed in the inner capsule and the 

cap was welded into place by hel iarc we ld ing in a 

contro l led atmosphere The capsule was decontam­

inated, using wet abrasive powder, to 500 cpm of 

alpha ac t i v i t y and was placed weld-end f i r s t into 

the outer capsule A d isc of brazing fo i l 0.375 in 

in diameter and 0 003 in th ick was placed on the 

inner capsule, and the outer cap was inserted 

Figure 8. Quartz Vacuum Thimble 



Both the bottom of the inner capsule and the underside of the outer lid had been plated prior to assembly. 

The plating consisted of flash-coating each part first with copper and then with silver. The flash coating 

on the mating surfaces allowed the braze to wet each surface adequately in the absence of a flux. The 

braze was expected to improve the transfer of heat from the fuel through the top of the capsule to the ther­

moelectric elements. The braze material was Lithobraze B.T. consisting of 71.8% silver, 28% copper and 

0.2% lithium, with a melting point of I435°F. 

The outer cap was sealed into place by electron beam welding. The capsule then was placed flange down 

in a muffle furnace at 1450°F for 20 mm to bond the inner and outer containers together with the braze and 

to melt and position the fuel into the bottom of the inner capsule. Location of the fuel in the capsule is 

illustrated by the radiograph in Figure 9. Finally the capsules were decontaminated, if necessary, to less 

than 10 cpm. 

M 
Figure 9. Radiograph Showing Location of Fuel in Capsule 

The braze was used in the test capsules as well as in the fueled units. The inner and outer fueled cap­

sules were also leak tested with the helium leak detector. 



FUEL AND CAPSULE TESTING 

Fo l l ow ing the fue l ing of the capsules the test ing of the fuel and capsules was started. F i r s t the capsule 

mater ials were analyzed using convent ional analyt ica l techniques. The composi t ion of the tantalum-10% 

tungsten is given in Tab le 1. The Haste l loy C analysis is given in Tab le 2. The analyses for both metals 

were w i th in the manufacturer 's spec i f i ca t ions . 

Table I 

COMPOSITION OF TANTALUM-10% TUNGSTEN 

Element 

W 

Mo 

Al 

C 

Mg. 

Content 

(%) 

10.5 

0.05 

0.008 

0.003 

<0.0005 

Element 

H 

N 

O 

Cr 

Ta 

Content 

(%) 

0.0004 

<0.000l 

0.0013 

Trace 

- 8 9 . 4 

Table 2 

COMPOSITION OF HASTELLOY C 

Element 

Ni 

Mo 

Cr 

W 

Fe 

Co 

C 

Content 

(%) 

55.8 

17.7 

15.6 

4.83 

4.8 

1.06 

1.09 

Element 

Si 

Mn 

Sn 

A l 

Cu 

Mg 

Content 

(%) 

1.0 

0.5 

0.3 

0.1 

0.06 

<0.002 

The meta l l i c plutonium fuel was also analyzed by spectrographic and chemical methods and by d i f ferent ia l 

thermal ana lys is . A typ ica l chemical analys is for elements in the fuel is given in Tab le 3. 

The di f ferent ia l thermal analys is was obtained from both the heat ing and cool ing curves for the sample. 

The curves were examined for peaks ind icat ive of unwanted impur i t ies . Typ ica l curves for the samples 

are shown in Figures 10 and 1 I. 

The heat content of the capsules was determined using a Mound conduct ion calorimeter. The heat outputs, 

in wat ts , for the s ix capsules fabr icated for the program were 6.99, 7.03, 7.06, 7.28, 7.40, and 7.37. Ac­

curacy of the measurements was ±0.2%. 



Table 3 

COMPOSITION OF M E T A L L I C PLUTONIUM FUEL 

Element 

Ag 

A l 

B 

Cr 

Cu 

Fe 

Content 

(%) 

Trace 

0.036 

Trace 

Trace 

Trace 

0.094 

Element 

Mg 

Na 

NI 

Si 

T l 

Pu 

Content 

(%) 

0.093 

0.063 

0.005 

Trace 

Trace 

- 9 9 . 7 
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Figure 10. Differential Thermal Analysis Curve (Heating) for Plutonium Metal 

The total neutron f lux was measured against an NBS cal ibrated standard using a DePangher precis ion 

long counter. The f lux values, in neutrons per second, for the s ix sources were: 8.7 x lO'', 6.7 x 10*, 

4.8 X \Q\ 6.3 X 10', 4.6 x I0«, and 4.5 x 10*. 

In the course of the program, 92 complete sets of capsules cons is t ing of inner and outer units wi th caps 

and 36 inner capsules were used. Of these, 57 sets were used for the various environmental tests , and 6 

were used for the fueled uni ts . The remaining 29 sets plus 36 inner uni ts were consumed in making weld ing 

s tud ies , in preparing welding control samples and in evaluat ing the compat ib i l i t y of the various materials 

16 ( ^ • ^ P P P M M W r i i M l w 
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Figure I I . Differential Thermal Analysis Curve (Cooling) for Plutonium Metal 

in the assembly The fueled capsules were shipped m a container which was spec ia l ly designed at Mound 

Laboratory to d iss ipate the heat of the capsules, i t is shown in Figure 12 

Figure 12. Shipping Container for Fueled SNAP-I5C Capsules 

17 
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In addi t ion to the fabr icat ion and tes t ing work described above, a group of capsules to be used for crush 

tests was sealed w i th a small rad ioact ive krypton-85 gas source in each one of them. The most minute 

fracture in the capsule wa l l or weld would be indicated by the release of gas during the test . The small 

gas sources were prepared by int roducing krypton-85 into small copper tubes, then cr imping and soft-

so lder ing the ends of each tube. A heat sh ie ld was devised to protect the soft solder from the intense heat 

present during the weld ing of the cap and to prevent the premature release of the gas. The gas source was 

wrapped in quartz wool and placed in a small quartz tube. The tube was then wrapped wi th s i x layers of 

quartz wool and aluminum fo i l and placed in th is heat sh ie ld in the bottom of the capsule. When the cap­

sule was sealed i t was heated to melt the soft solder and to release the krypton-85 into the in ter ior of the 

capsule. 

In addit ion to the safety tests performed on the empty capsules, a doubly encapsulated un i t conta in ing 16 

g (7.3 watts) of plutonium metal was subjected to s imulated f i re tes t condi t ions. The uni t was held at 

I800°F for 2 hr in a furnace to determine the compat ib i l i t y of the capsule mater ials wi th each other and 

the ef fect of heat on them. The cooled capsule was cut in half along i ts diameter under argon in a glove 

box. The fuel was removed to expose the interface of the fuel and the inner capsule material more c lear ly . 

The interface was pol ished and etched to determine if the molten plutonium had attacked the tantalum-10% 

tungsten metal . F igure 13 i l l us t ra tes the good condi t ion of the ins ide surface of the tantalum-10% tungsten 

capsule after i t had been po l ished. 

Figure 13. Inner Bottom of Tantalum-10% Tungsten Capsule after Contact with Molten Plutonium at I800°F 

for 2 Hours (Original Magnification BOX, Reduced 25% for Reproduct ion Purposes) 
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The right and left inner side walls of the capsule were also examined to determine if corrosion had occur­

red. These areas are shown in Figure 14. The right-hand view is for the wall about half-way up J.e oide 

Left Side (SOX) Right Side (SOX) 

Figure 14. Inner Side Walls of Tantalum-10% Tungsten Capsule after Exposure to Molten Plutonium at 

I800°F fori Hours 

of the capsule, whereas the left view is for the wall very close to the TIG-welded top. The plutonium, 

after being remelted in the capsule, occupies about one-half of the capsule volume. The surface of the 

plutonium would then be in the vicinity of the apparent corrosion indicated in the right-hand view. The 

area shown in the left-hand view is above the plutonium surface. The change in granular structure may be 

the result of plutonium which had been deposited in this area during the fabrication, or which had crept 

up the wall during the fire test. Figure 15 shows the condition of the underside of the cap and weld at the 

top of the capsule. This section was not in contact with the molten plutonium. It was exposed only to plu­

tonium vapor at a very low pressure. No attack of the metal is evident. 

The outside weld on the Hastelloy C capsule (Figure 16) was inspected for defects after the heating. Al­

though the weld was not exposed to plutonium during the test i t was exposed to air. The weld does not ap­

pear to have been adversely affected by this exposure. 

Additional work was also involved in the preparation and testing of the pressure burst capsules. To per­

mit pressurization of the capsule a small-diamete~r tantalum-10% tungsten tube was sealed into the cap of 

the inner housing by electron beam welding. The cap was then sealed into the inner housing by heliarc 

welding in the same manner as the inner welds for the other capsules were made. The tube was inserted 

through a hole in the bottom of the outer capsule and the outer cap was welded into place. This assembly 
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Figure 15. Underside of Cap and Weld of Tantalum-10% Tungsten Capsule after Exposure to Plutonium 

Vapor at I800°F for 2 Hours (SOX) 
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Left r\igni 

Figure 16. Outer Weld on Hastelloy C Capsule after Being Heated for 2 Hours at I800°F (SOX) 

was su i tab le for room-temperature pressure tes t ing . However, at elevated temperatures the tube had to be 

protected from ox idat ion to prevent i t from breakin^, away from the capsule before the test was completed. 

To provide th is protect ion a Haste l loy C tube was electron-beam welded to the bottom of the outer capsule. 

The inner tube was s l i d inside the Haste l loy C tube when the inner capsule was placed in the outer cap­

sule. F igure 17 presents three v iews of the capsule. The r ight v iew is of the tube sealed to the inner 
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Figure 17. Inner and Outer Capsules with Inner and Outer Tubes Attached 
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capsule, the middle view is of the inner capsule after sealing into the outer capsule, and the left view is 

of the outer capsule with the protective Hastelloy C tube. 

Figure 18 shows a metallographic cross-section of the tantalum-10% tungsten tube welded into the inner 

cap. The depth of weld penetration is equal to the wall thickness of the tube, which is satisfactory. 

Right 

Figure 18 Metal/ogrophic Views of Tantalum-10% Tungsten Tube after Welding into Cap (76X) 

The capsules could not be tested for leaks using the test method employed for the other capsules They 

were tested by introducing helium through the inner tube to a pressure of 300 psi while the capsule was 

immersed in acetone Bubbles escaping into the acetone were searched for while the capsule was viewed 

horizontally during illumination with light at 90°to the line of vision No bubbles were detected Independ­

ent investigations at Mound Laboratory established that the escape of the finest bubbles was equivalent 

to a helium leak rate of IO-» cc/sec, STP. This test could not be performed on the outer capsules because 

of the hole in the bottom through which the inner tube projected. However, all inner capsules for the pres­

sure burst test were examined. 
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CONCLUSIONS 

The preparation of the heat sources for the SNAP-I5C program has demonstrated that integral welds can 
be obtained and reproducibility of fuel content can be achieved. The inspection procedures have maintained 
good control over the quality of the operations performed on the capsules. It is suggested that this program 
be considered in the preparation of sources for future SNAP programs. 
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