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FABRICATION OF A LARGE PLUTONIUM SPHERE FOR USE IN 
LLL PULSED-SPHERE EXPERIMENTS 

ABSTRACT 

Two plutoniura-alloy hemispheres were cast, machined, and canned for use 
in pulsed-sphere experiments. LLL physicists will use che data from these 
experiments to improve physics codes. The total mass of Pu-1.0 vt% Ga was 
9.3 kg. The hemispherical shapes had a radius of 53.7 mm. Both hemispheres 
were cast with hollow polar cones. In one fa«t<nc> fhe cone was plugged; in 
the other casting the cone was left Co allow fitting to the neutron generator. 
The hemispheres were electron beam welded into close-fitting stainless steel 
cans so they could be used in a non-plutonium area. This report describes Che 
fabrication of the device, which is expected to have long-term research 
ut ility. 

INTRODUCTION 

In an effort to improve physics codes, LLL physicists designed a 
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Pu-1.0 wtZ Ga alloy* sphere for pulsed-sphere experiments. A 14-MeV neutron 
generator will be fitted to the 9.3-kg plutonium sphere to inititate fission 
reactions; time of flight and cross-section characteristics will be studied. 
The device (see Figs. 1-3) was fabricated in the t.LL Plutonium Facility. 

Safety restrictions dictated that this sphere be assembled into its 
largest mass configuration only in a specially designated place at the site of 
the experiment. Because the experiment was to be done using a 14-MeV neutron 
generator in a radioactively cold area (ICT facility), the parts had LO be 
encapsulated in a strong, clean container with minimum neutron interference. 

The sphere was made in two hemispherical parts. The parts were covered 
with cadmium and placed in stainless steel cans, which were electron beam (EB) 
welded closed. The purpose of the cadmium layer is to absorb reflected 
neutrons if the sphere were accidentally immersed in water. 

A container (Fig. 4) was specially made to allow safe assembly of the 
2-4 two hemispheres at the work site. MORSE C calculations revealed a maximum 

neutron multiplication of 0.869 ± 0.006 for the entire research assembly. 

*Designated Pu-lGa. 
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Polar view 

Waist view 
Fig. 1. The finished solid Pu-lGa hemisphere. This part was cast, machined, 

and canned in the LLL Plutonium facility. 
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Polar view 
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Waist view 
Fig. 2, The hollow Pu-lGa hemisphere for the pulsed sphere. 
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( 0 . 8 mm) 

Cadmium ( 0 . 5 mm) 

Pu-lGa 
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<EB weld 

3. The pulsed-sphere assembly. 
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Fig. 4. Special birdcage container that was made to allow safe assembly of 
the pulsed sphere. (Taken from U.L drawing AAA 76-118148-OB). 
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The practical way to make these parts was to c^st close to sise and 
machine to finish. A solid hemisphere would have had to be cast much larger 
(5.1 kg) than the finished part to insure proper cleanup of the casting. This 
would have put the part weight above Che allowable plutonium mass at availaule 
fabrication sites. The engineers also considered making the hemispherical 
parts of nested hemispherical shells. The exacting machine tolerances and 
extensive fabrication made this method expensive. 

The decision was made to do the job at LLL and cut costr, by using the 
following method: 

1. Make two hollow castings of the same size and shape (i.e., cone 
cvnter). 

2. Plug one casting near its finished size and machine it to finish 
colerance. 

This method required £ single mold design for both parts. The method also 
allowed us the latitude of selecting the best casting (surface perfection) for 
the largest part. 

CASTING 

Weapons grade Pu-lGa was obtained from Rockwell International, Rocky 
Flats Division. Me received ingots in tree form (i.e., all ingots of a given 
heat ir. one piece connected with runners). Jach segment of each heat was 
separated from the ingot and cast into feed slugs. The composition of each 
heat is shown in Table 1, Table 2 shows the isotopic composition of the 
e. 3tings. Table 3 shows the material balance for all the Pu-lGa that went 
into the products. 

The molds are shown in Fig. 5. The molds were made of A.T.J, carbon, 
spray coated with Y 0 . The casting was done using the bottom-pour vacuum-

5 induction method. No homogenization of the castings was contemplated, so 
we attempted to control coring by casting at a melt temperature (S50°C) low 
enough to preclude cold shuts, but allow the heat capacicy of the mold to 
bring the casting temperature rapidly through the two-phase e—6 region. 
The coolitig rate for the casting through the e-5 region was 10 to 12°C/minute. 
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Table 1 . Compositions of i n g o t s . 

Spectroscopic, ppn Chemical Atonic absorption, ppn 

Ingot 
heat No. Al p Be ca Cr Cu K MB An }fo Pb Si Sn Tl C, ppm U, ppm Ga, wt/£ 

180U 59 <10 .1 «5 62 44 <5 <5 18 5 ;0 68 30 10 198 264 1.00 1Z0 275 
18023 28 <10 <.l <5 33 25 <S <5 13 6 9 34 U <5 160 200 0.98 119 240 , 

— " — i 
i 
I 

Table 2. Isotopic composition of castings. £ 
Casting 

No. UtZ of Ingot 18014 WtSE of Ingot 1&023 Gamma spertroaeLric isocopic analysis of each casting 

RR--34SA 100.0 93.79 5.834 0.347 0.104 0.383 C2-17-77) 
•0.19Z 

BK-134SD 38.3 61.7 98-80 5.810 0.352 0.103 0.345 
j.0.142 

RK-1348E 22.2 77.8 93.77 5.839 0.358 0.104 0.363 
10.18% 

93.79 5.834 0.347 0.104 
.•0.03% !0.532 tO.27% .'2.4% 

98-80 5.810 0.352 0.103 
JO.02* •0.392 JO.202 M.8X 

93.77 5.839 0.358 0.104 
JO.03% '0.502 ;0.25Z = 2.37, 



Table 3. Material balance. 

Solid hemisphere 
Charge w, g Casting w, g 

Hemi-castinp (RR-1348D) 5232.4 5122.6 
Plug (RR-1348A) 186*.A 1822.6 
Total Pu assembly wt (RR-1348AD) = 5112.8 g (calc. p » 15.80 Mg/m 3) 
Stainless steel and Cd can parts = 257.52 g 

Total canned solid hemisphere wt = 5369.58 g* p 

Hollow hemisphere 
Bemi-casting 5371.3 5297.3 

Total Pu assembly wt (RR-1348E) = 4222.5 g (immersion p = 15.88 Mg/ro3) 
Stainless steel and Cd can parts = 277.20 g 
Cd cone = 25.80 g 
Total canned hemisphere - 4524.90 g 

*Component wts/finished parts wts — error within accuracy of balance. 

MACHINING 

Figure 6 shows the machining specification. Machining was done on a 
Model E.E. Monarch lathe with a tracer attachment. Figure 7 shows Che hemis­
phere and the plug. The polar radius of the plug was cut -3.1 mm long, A 
level projection -19 mm o.d. was cut at the minimal plug taper for future 
machine use. 

The hemispherical casting was roughed 0.13 mm oversize on the spherical 
radius and 0,38 mm on Che waist flat. The part was held by a projection on 
the waist surface (sprue casting). The hole taper was cut to match the plug 
taper ±0.01 mm. 

The solid hemisphere was made by driving the plug into the cone of the 
hemisphere with a soft hammer. The solid roughed assembly was then gripped 
in the lathe chuck by the plug projection (waist) and the spherical radius was 
finish cut. & vacuum pot chuck was made to hold the part for final waist 
cutting to finish size (Fig. 8). The hollow hemispherical casting was machined 
in the same way, except finishing was completed in one operation (Fig. 9), 
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Fig. 5. Hold for casting the Pu-lGa hemispheres. (Taken from LLL drawings 
AAA 76-115142-00, 76-115140-00, and 76-115141-00). 
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53,7 t 0.0025-
Spherica'l 
radius All dimensions in mm 

Fig. 6. Machining specifications for the plutonium sphere. The finish was 
« F A O unless otherwise specified. (Taken from VLL drawings AAA 76-115268-00, 
76-115276-00, and 76-113295-OB). 
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Plug, driven into, cone 
Fig., 7, '('he solid hemisphere before and after Che conical plug was driven 

into v-t-. hollow hemisphere. 
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Fig. 8. The solid hemisphere i.i the maasurirtg chuck. 
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Fig. 9. The hollow hemisphere in the lathe chuck. 
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CANNING 

Plutonium hemispheres were canned in 304 stainless steel containers made 
in the LLL shops. The cans were hydroformed from sheet, finish machined on 
_-dges and weldntent areas, and lined wit'i cadmium. Cadmium was verified by 

9 x-ray spectrometry. Thi finished plutonium castings had to be placed in cans 
and held in place for EB welding without contaminating the exterior surfaces 
of the cans. Fixturing was made for both the solid part (Figs. 10 and 11) and 
the hollow part (Figs. 12 and 13). 

The plutonium hemisphere was placed pole up on a down-draft Cable (i.e.) 
a Pu assembly area in which Pu can be handled in the open). The cadmium liner 
was placed over the pluton:_um then the stainless steel can was placed over the 
cadmium. The plutonium was then held securely in place from underneath and the 
assembly inverted and nested into the EB chuck base support (Fig. 10). The 
stainless steel lid was positioned over the flat face of the plutonium. 

An aluminum edge pressure plate was placed over tUe stainless steel. 
The fixture lid was eniplaced and the part within adjusted to the circumferen­
tial tacking holes (see Fig. 11). The lid was EB tack welded through the 
holes until a tack was completed behind each hole. The fixture lid was removed 
and a continuous weld was made over the tacks. Aftei. removal from the EB 
vacuum chamber no signs of external Plutonium contamination could be found on 
the part. 

The hollow part was canned in Che same way. Additional fixturing had to 
be provided (Fig. 12) so the additional weld on the waist cone face could be 
completed. Tuis weld was accomplished by ED tacking between the fingers of 
the center weld compression fixture (Fig. 13), removing the finger holder and 
completing a continuous EB weld. The waist perimeter was welded with the live 
center waist cover hold down in place. No external plutonium contamination was 
detected on this part after processing. 

CHARACTERIZATION OF FINISHED PARTS 

The machine finish on all plutonium parts exceeded the design requirements. 
The castings were sound and radiographic inspection showed no internal flaws. 
The experimenters wanted the total gap between the can and the plutonium to be 
as small as possible, and this depends on the aggregate part tolerances in 
the assembly. X-ray examination of the parts showed the aggregate wall and 
waist gaps to be £0.08 mm. 
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Fi; > 10- Components of the fixture used in welding Che can for the solid 
hemisphere. 
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Fig. 11. Solid hemisphere in the welding fixture. 
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Fig. 12. Components of the fixture used in welding the can for the hollow 
hemisphere. 
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Fig. 13. Hollow hemisphere in the welding fixture. 
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Samples were taken of each part for analysis and the historical record. 
Mecallographic detail was obtained on the plug, where most neutron Interaction 
will take place. The results are shown in Pig. 14. The low-magnification 
picture is given to show the general cleanliness of the alloy. It looks 
typical for the grade of material. The high magnification picture shows the 

o 
extent of coring (i.e., the a-phase Pu deposition between the grains of 
6-phuse Pu). The average grain size and coring are typical of this alloy cooled 
at 10 to 124C/minute through the two-phase 5+E region (~50*10 m). The immer­
sion density of this part is 15.83 Mg/m . 

The hemispherical component of the silid plutonium part was too massive 
at any stage of its fabrication to allow an immersion density to be taken in 
the LLL fae 
part size. 

3 
the LLL facility, but a density of 15.80 Mg/m was calculated from the finished 

3 An immersion density of 15.88 Mg/m was obtained for the hollow part in 
its finished condition. 

We consider the structure of all the castings to be identical. 
4 A can drop test was performed to show structural strength of the finished 

parts. This was included in the operational safety procedures allowing this 
part to bfc used in a nonplutonium area. 

The effort and cost figures for making this {.art are given in Table 4. 

Table 4. Summary of costs for canned parts and bird cage assembly. 

Man hours of effort: 

Engineering (NEED) 450 
Plutonium Metallurgy 327 
Shops (MFD) 613* 

Total 1390 h 

Purchase fabrication costs: 

Plutonium casting molds $390.00 
Bird cage $219.00 

Total $609.00 

*Note: Includes 270 h for can fabrication.. 
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Fig. 14. Metallography of as-cast Fu-lGa from the plug. 

-20-



ACKNOWLEDGMENTS 

The mass of the parts fabricated meant that close coordination of all 
efforts was essential to ensure safe working conditions. We give immense 
thanks to the following members of the Building 332 staff fov cheir groat 
teamwork in this very successful fabrication: 

• Pu Foundry — B. A. Kuhn 

• Machining - K. 0. Wlllard 

• Assembly & Logistics — R. A. Ramos 

• Welding - R. P. Link 

• FlXturiQg - W. L. Haugen 

-21-



REFERENCES 

239 
1. E. Coldberg, "Pulsed Sphere Experiments on the I.C.T, with L&rge Pu 

Sphere," LLL Operational Safety Procedure 312.30, Feb, 11, 1977. 
2. B. L. Koponen, "Criticality Safety Study for a Plutonium Sphere," LLL 

Critiaality Safety ttemomndm Ho. 276 Addendum 1, Feb. 10, 1977. 
3. Minutes of Che 27th Meeting of the Criticality Safety Advisory Committee 

on Feb. 4, 1977, LLL (U). 
4. R. L. Waldron, "Can Drop Test — Plutonium Neutron Cross Section 

Experiment, Bldg. 212," LLL fiech. E^. Safety Note BND77-90S, Feb. 9, 1977. 
5. R. L. Rose, "Plutonium Foundry Practices at the Lawrence Livermore 

Laboratory," American Fuundrymen's Society, Transactions of ??th A"3 
Casting Congress, Vol .38, pp. 233-237 (1973). 

6. J. A. Dutra, Mech. Eng. Dept. Spec, LLL Spec. MEL-800A (April 2, 1964). 
7. D. R. Harbur, B. N. Robbins, and J. W. Romero, Ceramic Coatings Used in 

Castiny Plutonium and Jits Alloys^ Los Alamos Scientific Lab., Rept. 
LA-4495-MS (1970). 

8. D. W. Ferrera, J. H. Doyle, and H. R. Harvey, Gallium Coring Profiles for 
Plutjnium-1 Wt% Ga Allocs, Rocky Flats Division, Dow Chemical USA, Rept. 
RFP-1800 (1972). 

9. P. L. Wallace, "Kevex Analysis of Unknown Metal," Kevex #532, 2/4/77 LLL. 
10. E. M. Placas, "Radiographic Inspection Reference #29194," LLL Memorandum 

Feb. 9, 1977 on Pu Specimens RR-134SAD and RR-1348E. 

HLL/gw/vt 

-22-



NOTtCE. 

I t s mfett wW jinfowit at is wcowt of w k 
ip>wmibyltoU>ui*SaMnCaMnRiU[.MtUwltw 
IWMit *»*« * » 0 * I M M SWU 3 m * • " * « * 
« PmUcim »»i>io>niin., w m of «Mk 
• i tWIMWomr of <»«ir ««IXC«!«».«*COI>««*M. 
« atk lioltyuu M M I apy wtraojy.. •«»«»• « ' 
•of** , ot — »y Hot boWBy: 9 nwf*m 
I K tt» owmry. ccffriium « ^ f c « of mgr 
rtwiion. n|iniii»,|iw*c> HT|MCMI illcleMO'.ot' 
lllllPmU * * : SB, u * w i * . MK 'MJa*» 
H»»lil/<.l>»«t riolm. 

NOTICE:.. 

Bill)MM la i wmptty on pf«J«t > m * « not 
tOfty HfOWll » HWIOMIMWiM Of l i t frtxIiKt ty 
It* I toMky of ftUbmUoiint. U.S. Ewtiy llomnk 
A rUml.HMML AdnMMiotto* W * • ucliMtM.pr 
rtJtm. * * wn b* wiukb. 

IHnMd In the U»i«d Sntt* q( Awiia 
AulUMe fioat . 

Nttiomt teckukaL IMQUIEHIUIVSer*U*' 
' VS. Otfvuwii of Cowance' 

SOS. tvtt. Royot Roxll 
SDtlKjfiekt. VA ;>t«t 

. h w : Mutt* Copy t l Jtkiofktw « . » 

' T>|0*0|0*l| 
nwitavo w» 
32D>M» KM© 
J51-J7S HUO 
}7*\-«0 . IIWS 
4P I - IS I U » 
«2*-45a . K.7S 
451-4TS ' KM 
«76-SO} R.50-
sot-si* • - IMS 
»6^55Q •IW» , 
SS1-57S lMOi 
J7S-6O0, IJ.T* 
Wt-up- * 

•*,""r fc»» 

0W-«5 » M» 
«*-0» 4 . » 
051-07} ts» 
QMMLCO *.oo 
101-12} S.5U 

• Ut - lHi - 6M 
* *H-»7S ,M* 

IW-MQ . ;->.« 3 9 t - 3 » > . . ' . ; ' ? . .«• 
Mtt-aftc -, >,*« M l - W -•'.•'. • • • ' • * « 

m-j** • • : » » 

»»-K* - ».75 

V*t JIM «* «KH i»im"i ml, m par: WmMMfmt <*r » i , w tapt; 
•M K M tot M*. iwinwt u* mt k m * * * »•" tow H*K. 


