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FABRICATION OF ALUMINUM-PLUTONIUM ALLOY FUEL ELEMB^TS 
BY COEXTRUSION 

ABSTRACT 

This report describes the developm.ent of the fabrication process 
and preparation of 144 coextruded fuel elem.ents for the Trans-Plutomuim 
Program. The fuel elements were requested by the Savannah River 
Laboratory (SRL) and were in the form, of coextruded rodSj 0, 94 inches 
in diam.eter and 60 inches in length. The cladding was alum.inum. 
(X-8001 alloy) and was 0. 040-0.120 inches thick. The fuel cores were 
aluminum-?. 35 weight percent plutonium. alloy. The fuel elements were 
coextruded in an extrusion press which was m.ounted in a plutonium.-
contaminated glove box. The extruded elem.ents were easily decontam.inated 
The cast fuel cores for the coextrusion billets were machined only on one 
end. The fuel elements were fabricated during February thru Julys 1959, 
and all are currently under irradiation. 
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INTRODUCTION 

In February, 1959, the Plutonium Metallurgy Operation received 

authorization to fabricate 144 aluminum.-plutonium. alloy fuel elem.ents 
( 1 2 ^ ) (Figures 1 and 2) for the Trans-Plutonium Program.^ ' ' ^ The 

Savannah River Laboratory (SRL) initiated the fabrication request. The 
(4 5 6) fabrication of elements was comLpleted during July^ 1959, * ' The 

fuel elements were in the form of rods and were clad with alum.inum. 
(X-800i alloy) and had fuel cores of aluminum-7, 35 weight percent pluto
nium. alloy. The coextruded fuel rods were 0, 94 inches in diam.eter5 
60 inches in length, and contained 83, 3 ± 4,2 grams of plutonium. The 
cladding thickness was 0. 040-0. 120 inches. Completed fuel rods v/ere 
autoclaved at the S-avaanah Elver Laboratory, Four aluihinum.-?. 35 w/o 
uranium alloy fuel elements for ex-reactor evaluation were prepared and 
snipped. 

SUMMARY AND CONCLUSIONS 

The required 144 coextruded fuel elements witn aluminum-7. 35 w ''o 
plutonium alloy cores clad with aluminum (X-8001 alloy) were fabricated 
and shipped. A total of 12 kilogramis of plutonium was involved. All 144 
fuel elemLents are being irradiated at SRL. Analyses on all of the fuel 
elem.ent cores were within five per cent of the nom.inal com.positiou. 

All fuel rods were coextruded in an extrusion press which was 
mounted in a plutoniumi-contaminated glove box or hood. The extruded 
rods were easily decontaminated to low levels (smearable plutonium 
contam.ination^ less than 500 disintegrations per nainute). In the majority 
of the cases no smearable contamination was detected. Plug and socket 
type end fittings were machined on all of the coextruded fuel rods. No 
radioactive contamination on the machined surfaces was detected. 

It was demonstrated that the fuel element fabrication process which 
was developed is capable of producing metallurgically bonded fuel elemients. 
The use of essentially as-cast fuel cores in the coextrusion billets sub
stantially reduced the amount of core machining required and fuel alloy 
chips generated. 



I-' o 
00 O l 
O i CD 
1*^ CO 
u i CO 

I - J 
1 - ' I 

IS3 

I 

FIGURE 1 

Coextruded, Aluminum-Clad, Aluminum-7. 35 w/o Plutonium Alloy Fue l Element 
Note End Fi t t ings in Close -up of Etched, Finished Fuel Rods 
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FIGURE 2 

Coextruded Aluminum-Plutonium Alloy Fue l E lemen t s at Var ious Stages: 
(1) Extruded and Straightened, (2) Machined, and (3) Etched and Inspected 
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DISCUSSION 

Coextrusion was selected as the m.ost promising method of fabricating 
the required metallurgically-bonded fuel elements shown in Figures 1 and 2, 
The 280-ton horizontal extrusion press (Figure 3) to be em.ployed was a 
hooded unit and was contaminated with plutonium. Developm.ent work was 
initiated to determ.ine a satisfactory fabrication technique. Aluminum.-
uranium. alloy billet cores were east and machined and placed in. machined 
aluminum (1100 alloy) jackets for cursoiy extrusion experiments to 
establish the approxim.ate billet core end configurations which would produce 
acceptable extruded fuel core contours and yet maintain adequate cladding 
thickness (Figure 4). The lead end of the coextruded rod presented m.ore 
of a problem than the trailing end. Using the experimentally determ.ined 
billet core shapes, aluminum-plutonium alloy cores and aluminum. (X-8001 
alloy, see Appendix) con-|air\ers were prepared and additional coextrusion 
experim.ents conducted. The aluminum-plutonium alloy billet cores were 
machined on a t racer lathe. The billet core configuration was modified and 
tested until satisfactory results were consistently obtained. The ideal billet 
core configuration for square core ends on the extruded rod was found to be 
a spherical end of 0, 840-inch radius connected to the billet core cylindrical 
surface by a cone with an apex angle of 60 degrees. However, a "dogbone" 
or an enlargem.ent of the lead and trailing ends of the extruded core was 
observed (Figure 4) when this contour was em.ployed. The enlargement was ' 
severe enough to decrease the cladding thickness on the first and last two 
inches of core to less than the minimum allowed (0. 040 inches). By making 
the design modifications shown in Figure 4, the core end enlargem.ent was 
reduced, although the squareness of the core ends was sacrificed to a degree. 
The entire fabrication process is shown in flow chart form in Figure 5, 

Briefly, the process consists of alloying alum.inum. (1245 alloy, see 
Appendix) with plutonium, either in the form, of metal or alunainum-plutonium, 
alloy, at 850-950 C in an a i r m,elting induction furnace. Melt tem.perature 
was controlled by therm.ocouples located in the crucible wall. The alloy was 
held at temperature for 10-20 m.inutes. Induction and manual st irr ing of the 
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FIGURE 3 
View of Al-Clad, Al-Pu Alloy Fuel Element During Coextrusion Operation 
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FABRICATION OF RODS 

FIGURE 4 

Development of A l -7 . 35 w/o Pu Alloy Coextrusion Billet 
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FIGURE 5 
Fabr ica t ion of Coextruded Alum.inum-Plutonium. Fue l E lemen t s 
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melt was employed. The melt tem,perature was reduced to 775 C and the 
billet cores were individually cast by pouring the melt into one-piece, hot 
(about 300 C) graphite molds. Depending on amount of scrap available for 
recycle^ 8-14 billet cores were produced per melt. An analytical sample 
was taken from the first and last billet core of each melt. One historical 
sample from every billet core was retained. A hot top was provided on the 
mold to feed the solidification shrinkage. The mold stood vertically and 
was filled rapidly in order to obtain a good surface on the billets. The 
billet cores shown in Figure 6 are cast to the correct diameter and with 
one end configuration to elim.inate as m.uch machining as possible. 
Radiation level for one billet core was about 160 m,iUiroentgens per hour 
(direct contact^ within two inches of the piece). The nominal plutonium 
concentration of the alloy is 7, 35 w/o. The analyses on all of the cast 
billet cores were within five per cent of the nom.inal composition. The 
billet quality was spot checked by radiography. The hot top was renaoved 
frona each billet core by a cut-off saw. Cropped billets cores were 
machined in a lathe with a pair of form cutters which produced the concave-
convex end on the billet core (Figure 4). A machined billet core weighed 
1100-1150 grams. 

The machined billet cores and billet cladding com.ponents (Figure 7) 
were cleaned and assembled. The cladding components were m.achined 
from extruded aluminum (X-8001 alloy) bar stock. All coextrusion billet 
parts were degreased with trichlorethylene, etched in sodium hydroxide, 
and etched in nitric-hydrofluoric acid. See Appendix for details. The co
extrusion billet was assemibled and fusion welded. The trailing-end plug 
was joined to the container and an aluminum. (3003 alloy^ see Appendix) 
tube, about 12 inches.long, was welded to the trailing-end plug protrusion. 

The welded coextrusion billets were outgassed for at least 12 hours at 590 C. 
-5 

The pressure obtained was 4 to 7 x 10 millim.eters of mercury as meas
ured at the m.anifold to which the billet outgassing tubes are connected. Ttie 
outgassed billets were sealed by pressure welding in the tube section and 
placed in the extrusion press billet furnace which was operated at 545 C. 
The pressure weld was effected by crim.ping the tube with a pair of modified 
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FIGURE 6 

Aluminum-7. 35 w/o Plutonium Alloy F u e l Core Cast ings (1/2X) 
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bolt cutters. The coextrusion billet was 2.5 inches in diam.eter and about 
12 inches long. The billet core was 1, 80 inches in diam.eter and the contain
er wall was 0. 350 inches thick. The die and the preheated billet were 
lubricated with a graphite-oil dispersion. The average extrusion pressure 
was 64s 200 pounds per square inch. The extrusion die container was 
operated at 525 C and the extrusion die at about 100 C. The ram speed 
was about 20 inches per minute. A streamline-flow type die with a 
90 degree entrance angle was used. The extruded rod was approximately 
70 inches long, had a fuel core length of 55-57 inches, had an outside 
diam.eter of 0. 94 inches and had a cladding thickness of about 0.10 inches. 
The over-all reduction in area was 6. 7 to 1, however, since the core was 
harder than the cladding, a difference in relative reduction was obtained. 
The former had a reduction in area of 5. 9 to 1 and the latter, about 11 to 1. 
The extruded rods were trimmed to 64 inches in length in length to facilitate 
subsequent handling and fabrication steps. A single coextruded rod exhibited 
a radiation level of about 26 m.illiroentgens per hour (direct contact, within 
two inches of piece). During the fabrication effort, the average production 
rate of rods at the extrusion step was 12 per eight-hour shift. Billet 
heating time and billet-furnace capacity were the lim.iting factors on the 
extrusion operation. 

Since the extrusion step was performed in a plutonium-contaminated 
hood and since unclad aluminum.-plutonium alloy billets for a different 
fabrication program were also periodically extruded from, the same extrusion 
press container, the coextruded fuel rods had to be decontaminated. The 
rods were decontaminated by etching in sodium, hydroxide and in nitr ic-
hydrofluoric acid. See Appendix for detailed information on solutions used. 
The rods were surveyed for possible remaining contamiination and if any 
were present, the treatment was repeated. The level of smearable contam.-
ination on the processed rods had to be less than 500 disintegrations per 
minute. Most of the processed rods had no detectable sm.earable contam.ina-
tion after one pass through the decontam.ination operation. The few excep
tions were rods which had m.arred surfaces, caused by handling or galling 
of the pieces in the extrusion operation. 
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Surface condition of the extrusions was im.proved by minimizing the 
amount of lubricant (oil-graphite dispersion) used on the extrusion die, 
however, this led to considerable galling and necessitated cleaning of the 
die in a caustic solution after one to three extrusions. 

The decontam.inated rods were processed through a rod straightener 
in order to meet the specified tolerance of 0, 010 inch m.aximum bow per 
foot of length and to produce a uniform diameter with a sm.ooth finish 
(Figures 1 and 2), By employing a guide tube on the extrusion press 
(Figure 3), relatively straight rods were extruded. This significantly 
reduced the num.ber of straightener passes to yield satisfactory rods. In 
general, two or three passes were normally required for the straightening 
step. Kerosene was used as a lubricant. A rod increased 0.05 inches in 
length after three passes and one end of the rod rotated about ten degrees 
with respect to the other end. Radiographs of the straightened rods were 
examined to estimate thickness of cladding, for presence of inclusions or 
voids, and to note location and appearance of the core ends. 

The rods were radiographed to determine fuel core integrity and 
size and were cut to length. Plug and socket type end fittings, 1, 00 inches 
long and 0.73 inches in diam.eter, were m.aehined on each rod (Figure 1), 
Care was taken to center the fuel core with respect to the rod ends. 
Normally the fuel core end was 0. 5-1 . 5 inches away from, the nearest 
portion of the rod end fitting, A minimum of 1/8-inch of cladding was 
required. The machining step was perform,ed in an open-front type hood. 
No contamination problemLS were encountered during this operation. 

Final radiographic inspection of m.achiRed rods consisted of two 
fuJl-length exposures (90 degrees apart) for cladding thickness m.easure-
m.ents. The cladding thickness was visually measured on the radiographs 
with the aid of a scale-equipped magnifier. 

Ultrasonic testing equipment was used to detect fuel rod discontin
uities, the most im.portant of which were non-bond a reas . The specification 
states that the m.aximum allowable single non-bonded area on a rod, as 
measured on the surface of the rod and by ultrasonic transmission, is 
1/8 of a square inch. The total non-bonded area on a rod must not exceed 
3/8 of a square inch. 
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The core-clad interface on a well-bonded fuel elem.ent is shown in Figure 8, 

A fuel elem.ent with a nonbond area, detected by the ultrasonic tester , is 

shown in Figure 9, The testing equipment was also capable of detecting 

fuel core flaws of the type shown in Figure 10, Details of the ultrasonic 

testing unit and its operation m.ay be found in the Appendix, 

The rods were etched in sodium hydroxide and in nitric-chrom.ic-
hydrofluoric acid for a final cleaning treatment. See Appendix for details. 
The cleaned rods were measured and were visually inspected for cladding 
surface defects greater than 0. 010 inches deep. Typical defects were 
inclusions, laps or seam.s, and galled a reas . The specifications for the 
finished rods were: diam.eter, 0.933 to 0.943 inches; length, 59.875 to 
60. 125 inches; and straightness, maximum of 0,010 inches of bow per 
foot of length. 

Detailed information on all fuel elements shipped to SRL is pre
sented in the Appendix. Isotopic concentration of plutonium. in the fuel 
elements may be found in HW-61439^'^^ and HW-61567^^^ 

The significant fabrication problems encountered were high boron 
content in som.e of the billet core castings, bl isters on extruded rods, and 
metallic inclusions on straightened rods, A boron pickup of up to 100 parts 
per m.illion was detected spectrographically in som.e of the billet cores. 
The boron pickup coincided with the use of clay-graphite crucibles (Figure 11) 
for melting. Previously, m.achined graphite crucibles were used. Sam.ples 
of the crucible material were analyzed. Only the glaze, normally sprayed 
on the exterior of the crucible before firing, was found to contain a sufficient 
amount of boron to have caused the am.ount of boron detected in the alloy. 
The boron pickup disappeared in later alloys naade in the sam.e and similar 
crucibles. It is suspected that som.e of the glaze was inadvertently sprayed 
into the interior of the crucible and was ultim.ately consumed. Since SRL 
indicated that 100 parts per million boron could be tolerated in the alloy, 
no rejects resulted frona this problem. 
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Al-Ni Alloy 

Al-Pu Alloy 

FIGURE 8 

Photomicrograph of T r a n v e r s e Section at Bond Interface 
of Coextruded A l - 7 . 35 w/o Pu Alloy Fuel Element 

(250X) 
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FIGURE 9 

Photomicrograph of T r a n s v e r s e Section of Ul t rasonica l ly Detected 
Non-Bond Area on Coextruded Al -7 . 35 w/o Pu Alloy Fuel Element 

(250X) 
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FIGURE 10 

Photomicrograph of T r a n s v e r s e Section of Ul t rasonical ly Detected 
Core Defects on Coextruded Al -7 . 35 w/o Pu Alloy Fuel Element 

(250X) 

AEC-fiE RtCRLAND. WASH 2971 
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Clay-Graphite 
Crucible 

SiO^ Crucible 

FIGURE 11 

Crucibles for Use in Air-Melt ing Induction F u r n a c e . Clay-Graphite 
Crucible is Placed in Si02 Crucible and Annular Gap Fil led with Loose-
Pack Bubbled Alumina, Therm.ocouples a r e Placed in the Single Hole 
in the Clay-Graphite Crucible Wall. 

Aec GE RICHLAND WASH 
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The m.ajority of the blisters on the rods extruded during the early 
stages of the fabrication effort were caused by blockage of the outgassing 
tube during the fusion welding step. The cladding com.ponents were modified 
to reduce the possibility of passageway restriction and the blister reject rate 
was sharply reduced. 

During final inspection of the rods a number of metallic inclusions 
were observed. The inclusion material was analyzed and found to contain 
mainly tin ¥/ith some lead and copper. It was determined that the rod 
straightener guides were edged with this material and that the m.etal was 
scraped off of the guides by rods which had slightly rough or bent ends and 
was imbedded in the cladding during subsequent straightening operations. 
Normally the as-extruded rods (Figure 3) were fairly straight (less than 
about one inch bow over the entire length) but occasionally rods would be 
produced which had rather severe bends within the first six inches of the 
lead end of the extrusion, A nitric-chromic-hydrofluoric acid etch solution 
was employed to selectively remove the inclusions. See Appendix for 
details. Even with the chromic acid inhibitor present, the base metal was 
etched at a rate of 0, 004 inches per hour. The m.aximum etch time for 
acceptable rods was set at 15 minutes, 
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APPENDIX 

ETCHING PROCEDURES 

A, Coextrusion Billet Cladding and Core Cleaning 

1. Degrease : Tr ich lore thy lene 

Cladding - vapor 

Core - liquid (20 C) 

2. Etch: Sodium Hydroxide 

Concentrat ion - 10 w^o 

T e m p e r a t u r e - 20 C 

Tim.e - 5 minutes 

3. Rinse: Running wa te r (20 C) 

4. Etch: Ni t r ic -Hydrof luor ic Acid 

Concentrat ion - 10 volume percent HNO„ 

1 volume percent HF 

T e m p e r a t u r e - 20 C 

Tim.e - 30 seconds 

5. Rinse: Running water (50-60 C) 

6. Dry: Warm, a i r 

B . Decontamination of Extruded Rods 

1. Etch: Sodium Hydroxide 

Concentrat ion - 10 w 'o 

T e m p e r a t u r e - 40 C 

Tim.e - 5 minutes 

2. Rinse: Running water (50-60 C) 

3. Etch: Ni t r ic-Hydrof luor ic Acid 

Concentrat ion - 10 volume percent HNO^ 

1 volum.e percent HF 

T e m p e r a t u r e - 20 C 

Timie - 20 seconds 

4. Rinse: Running water (50-60 C) 

5. Dry: W a r m a i r 

6. Survey: Scan for alpha contam.ination 



- 2 1 - HW-63151 

APPENDIX (contd.) 

C. F ina l Cleaning of F u e l Rods 

1. Degrease : Tr ich lore thy lene (liquid, 20 C) 

2. Etch; Sodium Hydroxide 

Concentrat ion - 10 w/o 

T e m p e r a t u r e - 20 C 

T ime - 4 nainutes 

3. Rinse: Running wate r (20 C) 

4. Etch: Ni t r i c -Chromic-Hydrof luor ic acid 

Concentrat ion - 10 volume percent HNO„ 

10 volume percent H„CrO^ 

2 volume percent HF 

Tem.perature - 20 C 

Tinae - 30 seconds (nornaal) 

15 nainutes (maxinaum) 

5. Rinse: Running wate r (20 C) 

6. Dry: Wipe 

7. Survey: Scan for alpha contanaination 

ULTRASONIC TESTING O F F U E L ELEMENTS 

A, Equipment Deta i l s 

1. T r a n s d u c e r - Li thium sulfate c ry s t a l , 3/4 inch diam.eter, 
focused to 1 8 inch dianaeter on the fuel 
rod surface 

2. F requency - 10 megacyc les 

3- F u e l Rod Rotation - 150 revolut ions pe r m.inute 

4. F u e l Rod Trans la t ion - 16 inches p e r minute 

5. Surface Scanned - 100 p e r cent of fuel rod cyl indr ica l 
surface is exam.ined 
Rod is fully i m m e r s e d in wa te r during 
examination 
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APPENDIX (contd J 

6. Measurem.ent Method - Manual observation of oscilloscope 
(Figure 12). Operator outlines on 
fuel rod surface the reject areas 
and records the defect type, size, 
and location 

Experiments with Al-7. 35 U Alloy Fuel Rods 
Initial experim.ents with the ultrasonic testing equipment 
were perform,ed on alum.inum.~7. 35 w/o uraniuna alloy 
coextruded fuel rods. The equipment was capable of 
easily determ.ining whether a fuel rod was well bonded 
(Figure 13), had nonbond areas (Figure 14), or had core 
defects (Figure 15). 

http://alum.inum.~7
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\*- 8 /4 sec. - ^ 

A. GOOD BOND-NO CORE DEFECT 

B, NON-BOND INDICATION 

C. CORE DEFECT INDICATION 

FIGURE 12 
In (A), Peak at left Represents Signal from Initial Water-Rod Interface 
and Peak at right is response from. Diametrically Opposite Water-Rod 
Interface. Note Distortion Produced by Defects in (B) and (C). 
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(a) lOOX 

v'-Al C l a d d i n g 

(b) 250X 

F I G U R E 13 

Photomicrographs of T r a n s v e r s e Section of Al-Clad, 
Al -7 . 35 w/o U Alloy Coextruded Fuel E lement . 

Ul t rasonic Tes t Indicated Good Bonding P re sen t 

1838 
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Cladding 
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Fuel Core 

FIGURE 14 

Photomicrograph of Ul t rasonical ly Detected 
Non-Bond Area on T r a n s v e r s e Section 

of Coextruded Al -7 . 35 w/o U Alloy Fuel Rod 
(SOX) 

AEC-SB KICHLAIIO WASH 1897 
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FIGURE 15 

Photomicrograph of T r a n s v e r s e Section of Al-Clad, 
Al -7 . 35 w/o U Alloy Coextruded Fue l Element . 
Ul t rasonic Test Indicated Core Defect P r e s e n t 

(250X) 

AEC-eC RICHULMD. WASH 1 O 4:VJ 
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III. FUEL ELEMENT DATA 

A detailed l is t ing of a l l e lements reques ted by the Savannah 
Rive r Labora tory , including specia l and e n d - r e a c t o r evaluation 
e lements , i s located in HW-67651.^3^ The 144 fuel e lements for 
i r rad ia t ion a r e l is ted below: (9» 10) 

Plutonium Plutonium. Minimum cladding Fue l co re 
(grams) th ickness (mils) length (inches) 

42 
45 
47 
40 
75 
60 
60 
45 
45 
55 
65 
45 
50 
65 
45 
47 
50 
60 
45 
55 
50 
45 
65 
50 
45 
50 
55 
40 
45 
45 
43 
55 
40 
40 
48 
44 
45 

Rod number 
18A 
19E 

F 
20B 
21F 

G 
22C 

E 
I 
K 

23J 
24D 

G 
I 
K 
L 
M 

25C 
D 
G 
H 
I 
J 
L 
M 

26B 
E 
G 
I 
K 

27A 
D 

, E 
H 
K 
L 

28C 

w/o 
7, 37 
7 .58 
T„58 
7 . 3 4 
7 .39 
7 .39 
7 .49 
7 ,49 
7 ,49 
7 ,49 
7 .06 
7 . 2 4 
7 . 2 4 
7 . 2 4 
7 . 2 4 
7 . 2 4 
7 , 2 4 
7 .26 
7 . 2 6 
7 ,26 
7 ,26 
7 . 2 6 
7 . 2 6 
7 ,26 
7. 26 
7 .10 
7 .10 
7 .10 
7 ,10 
7 , 1 0 
7 .30 
7 , 3 0 
7 , 3 0 
7, 30 
7 .30 
7 ,30 
7.2.7 

(grams) 
8 3 . 1 0 
8 6 , 3 4 
8 5 . 9 8 
8 3 . 4 0 
8 3 . 8 4 
8 3 . 5 7 
8 5 . 3 3 
8 4 , 0 7 
8 4 . 6 4 
8 5 , 4 5 
8 0 . 1 2 
8 2 . 0 7 
8 2 . 3 6 
8 1 . 8 8 
8 2 . 0 3 
8 2 , 5 0 
8 1 . 9 9 
8 2 . 4 2 
8 2 . 4 6 
8 3 . 0 5 
8 2 , 9 5 
8 2 . 7 9 
8 2 . 6 6 
8 3 . 2 1 
8 2 . 1 1 
8 1 . 1 4 
8 0 . 8 6 
8 0 , 2 3 
8 1 . 1 7 
8 0 . 5 5 
8 2 . 4 2 
8 2 . 8 9 
8 1 . 8 7 
8 1 . 3 2 
8 3 , 4 9 
8 1 , 7 0 
8 2 . 2 2 

56 
57-
55-
55-
56-
55-
57-
56-
55-
56-
56-
54-
57 
55-
56-
56-
54-
56 
57-
56-
56-
56-
57 
56-
56 
56-
56-
56-
57 
55-
56-
56-
55-
55-
56-
55-
56-

•3 /4 
-13 /16 
•1 /2 
-5 /8 
"1/4 
•1 /8 
•1 /4 
• 1 / 4 
•1 /4 
-3 /4 
•7 /8 

-11 /16 
-9 /16 
-3 )4 
• 1 / 2 

- 1 / 4 
-1^2 
- 3 / 4 
• 1 / 8 

•11 /16 

• 1 / 2 
•3^4 
- 7 / 8 

- 1 / 2 
- 3 / 4 
-1^2 
- 3 / 4 
- 7 / 8 
- 1 / 2 
-3 )4 
- 5 / 8 
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III. F U E L ELEMENT DATA (contd.) 

Rod n u m b e r 

28D 
F 

29A 
C 
D 
E 
F 
G 
H 
I 

30C 
E 
H 
I 
J 
L 

31A 
B 
C 
F 
G 
H 

32A 
B 
C 
D 
F 
J 

3 3D 
E 
F 
G 
H 
I 

34A 
B 
C 
D 
F 
H 
I 
J 
L 

P l u t o n i u m 
w / o 

7 . 2 7 
7 . 2 7 
7 . 2 1 
7 , 2 1 
7 . 2 1 
7. 21 
7. 21 
7 . 2 1 
7 . 2 1 
7 . 2 1 
7 , 3 4 
7 . 3 4 
7 .34 
7. 34 
7 . 3 4 
7 .34 
7 .49 
7 .49 
7 .49 
7 . 4 9 
7 . 4 9 
7 . 4 9 
7 .36 
7. 36 
7. 36 
7 . 3 6 
7, 36 
7. 36 
7. 30 
7. 30 
7. 30 
7. 30 
7, 30 
7. 30 
7 , 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 
7 . 5 3 

P lu ton ium. 
( g r a m s ) 

8 2 . 2 7 
8 1 . 8 7 
7 9 . 7 6 
7 9 . 1 7 
7 9 . 7 1 
7 9 . 8 8 
7 8 . 9 8 
8 0 . 1 8 
8 0 . 1 1 
8 0 . 1 8 
8 1 . 7 2 
8 1 . 9 2 
8 1 . 6 3 
8 1 . 6 9 
8 1 . 5 8 
8 1 . 6 1 
8 2 . 6 5 
8 3 . 2 5 
8 2 . 9 1 
8 3 . 4 0 
8 3 . 6 5 
8 3 . 0 8 
8 2 . 1 8 
8 1 . 9 6 
8 1 . 8 0 
8 1 . 72 
8 1 . 8 5 
8 1 . 6 0 
8 1 . 3 3 
8 1 . 4 0 
8 1 . 0 3 
8 1 . 0 3 
8 1 . 2 8 
8 0 . 9 9 
8 3 . 6 7 
8 3 . 8 5 
8 3 , 4 3 
8 3 . 70 
8 3 . 5 9 
8 3 . 5 1 
8 4 . 1 2 
8 3 . 8 5 
8 3 . 3 6 

Minim.um. c l a d d i n g 
t h i c k n e s s (m.ils) 

60 
45 
55 
55 
45 
60 
40 
55 
42 
40 
40 
40 
44 
45 
50 
40 
40 
47 
44 
40 
50 
60 
40 
40 
42 
40 
50 
40 
45 
45 
47 
42 
40 
40 
45 
41 
40 
40 
42 
42 
40 
43 
45 

F u e l c o r e 
l eng th ( inches ) 

5 6 - 3 / 8 
55 
5 4 - 1 / 4 
5 4 - 5 / 8 
5 5 - 5 / 8 
5 5 - 1 / 2 
5 5 - 3 / 4 
5 5 - 7 / 8 
5 3 - 3 / 8 
55 
5 5 - 7 / 8 
5 5 - 1 / 2 
5 5 - 7 / 8 
5 5 - 7 / 8 
5 6 - 1 / 4 
5 4 - 1 / 8 
5 5 - 3 / 4 
5 5 - 3 / 4 
5 5 - 7 / 8 
5 5 - 7 / 8 
5 5 - 1 / 4 
56 
5 5 - 3 / 8 
56 
5 5 - 5 / 8 
5 5 - 5 / 8 
5 5 - 3 / 8 
5 5 - 1 / 2 
56 
56 
5 5 - 1 / 2 
5 6 - 1 / 4 
5 5 - 1 / 4 
55 
5 5 - 7 / 8 
5 6 - 5 / 8 
5 5 - 1 / 8 
5 5 - 1 / 2 
5 5 - 5 / 8 
5 5 - 3 / 4 
5 5 - 1 / 4 
5 5 - 3 / 4 
5 5 - 1 / 4 
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III. FUEL ELEMENT DATA (contd.) 

...ioQ number 

3 5 B 
C 

36A 
B 
D 

3 7 A 
B 
G 
H 
I 
J 
L 

3 8 A 
C 
E 
G 
H 
I 
J 

3 9 B 
C 
E 
F 
G 
I 
J 

40A 
B 
E 
F 
G 
H 
I 
J 
K 
M 
N 

41A 
B 
D 
E 
F 
G 

Plutonium 
w/o 

7 .49 
7 ,49 
7 ,06 
7 . 0 6 
7 ,06 
7 . 1 1 
7 . 1 1 
7 . 1 1 
7 , 1 1 
7 , 1 1 
7 , 1 1 
7 , 1 1 
7 . 5 5 
7 , 5 5 
7 , 5 5 
7 , 5 5 
7 . 5 5 
7 . 5 5 
7 . 5 5 
7 .49 
7 .49 
7 . 4 9 
7 .49 
7 .49 
7 .49 
7 .49 
7. 16 
7 . 1 6 
7 . 1 6 
7 . 1 6 
7 . 1 6 
7 . 1 6 
7 . 1 6 
7 , 1 6 
7 .16 
7 .16 
7 . 1 6 
7 .29 
7 .29 
7. 29 
7. 29 
7. 29 
7 .29 

Plutonium 
(4>Tams); 

8 2 . 0 2 
82 . 35 
7 8 . 2 0 
79. 2'B 
7 8 . 6 5 
7 8 . 7 8 
7 8 . 9 9 
7 8 . 4 2 
7 8 . 3 6 
7 9 . 2 3 
79. 28 
7 9 , 3 8 
8 3 . 1 5 
8 3 . 7 9 
8 3 . 5 5 
8 4 . 0 0 
8 4 . 4 5 
8 4 . 6 4 
8 4 . 6 4 
8 3 . 3 3 
8 3 . 30 
8 3 . 1 6 
8 3 . 2 4 
8 3 . 0 0 
8 3 . 5 9 
8 3 . 5 5 
8 1 , 6 0 
7 9 . 9 6 
79 . 78 
7 9 . 9 7 
7 9 , 8 2 
7 9 . 8 7 
8 0 . 0 1 
8 0 . 0 5 
7 9 . 9 7 
8 0 . 0 5 
7 9 . 9 4 
8 1 . 4 7 
8 1 . 4 3 
8 1 . 1 7 
8 1 . 0 9 
8 0 . 9 4 
8 1 . 2 9 

Minimum cladding Fue l core 
th ickness (mils) length (inches) 

48 
50 
45 
65 
45 
40 
52 
62 
45 
50 
45 
48 
40 
45 
50 
65 
45 
40 
50 
60 
60 
60 
55 
45 
60 
55 
60 
40 
50 
55 
75 
40 
55 
60 
65 
50 
60 
55 
65 
50 
50 
40 
50 

5 5 -
55 
5 5 -
56^ 
56 
55 
5 5 -
5 5 -
5 5 -
5 5 -
55 
5 5 -
55^ 
5 5 -
5 5 -
55^ 
56 
56^ 
5 5 -
55^ 
5 4 -
55^ 
5 5 -
54 -
55^ 
5 5 -
5 5 -
5 5 -
54 -
5 5 -
55 
56 
5 5 -
5 5 -
5 5 -
5 5 -
5 5 -
5 5 -
5 5 -
55 
5 5 -
5 5 
5 5 -

- 1 / 8 

• 7 / 8 
- 1 / 2 

- 3 / 4 
- 1 / 8 
- 7 / 8 
- 1 / 4 

- 3 / 4 
• 1 / 2 
- 3 / 8 
- 3 / 4 
- 7 / 8 

- 1 / 8 
• 7 / 8 
- 1 / 4 
• 3 / 4 
• 1 / 2 
-3 /4 
- 7 / 8 
- 1 / 2 
• 5 / 8 
- 1 / 2 
• 1 / 2 
•1^2 
- 1 / 2 

• 1 / 4 
-5 /8 
-7 /8 
•1 /8 
• 3 / 4 
-3 /8 
•1 /2 

•3 /4 

-7 /8 
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III, FUEL ELEMENT DATA (contd.) 

Rod number 

411-
K 

43A 
B 
C 
D 
E 
I 

44A 
B 
C 
D 
F 
G 

45A 
B 
C 
D 
E 
F 
G 

Plutonium 
w/o 

7.29 
7.29 
7127 
7.27 
7.27 
7.27 
7.27 
7.27 
7.53 
7.53 
7.53 
7.53 
7.53 
7 .53 
7.35 
7, 35 
7. 35 
7.35 
7.35 
7.35 
7.35 

Plutonium 
(grams) 

81 .43 
81.28 
8 l : 0 2 
80,99 
81.18 
81.36 
81.09 
81.10 
84.06 
84 .11 
83.99 
84.15 
84.05 
84.26 
81.95 
81.88 
81 . 73 
81.95 
81.75 
82 .03 
81.79 

Minim.um cladding Fuel co re 
th ickness (mils) length (inches) 

60 
60 
60 
55 
50 
60 
55 
60 
60 
75 
55 
75 
60 
65 
60 
60 
65 
75 
65 
60 
60 

55-
55-
55-
55-
55-
56-
55-
55-
55-
55-
54-
55-
55-
55-
54-
55-
55^ 
55-
55-
55-
55 

-1/8 
"1/2 
-3/8 
•3/4 
-1/8 
-1/4 
-3/4 
•3/4 
•1/2 
-1/4 
-3/4 
-1/2 
-3/8 
-3/8 
-3/4 
-7/8 
-1/16 
•lys 
-1/8 
-1/8 
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IV. ALUMINUM ALLOY COMPOSITIONS 

X-8O01-F Alloy 

1245 Alloy 

300 3-F Alloy 

P e r cent 

0.9 - 1.3 
0 .45 - 0,70 
0,17 max imum 
0,15 
0,008 " 
0 .003 
0,001 
0.001 
0,05 
0.15 
Remainder 

0.70 " 
0 .05 
0.04 " 
0 .03 
0 .03 " 
0 .03 
0 .01 " 
0 .01 " 
0 ,01 
0 .01 " 
0 .01 " 
0.008 " 
0 .003 " 
0 .001 " 
0.001 

99.30 - 99.80 " 

0 . 6 
0 . 7 
0.20 
1.0 - 1.5 
0.10 
0 ,05 
0,15 
Remainder 

E lement 

Ni 
F e 
S i 
Cu 
L i 
Cd 
Co 
B 

o the r s , each 
o the r s , to ta l 

A l 

F e + Si 
T i 
Cu 
Mn 
C r 
Z n 
M g 
Sn 
P b 
B i 
N i 
L i 
Cd 
Co 
B 
A l 

Si 
F e 
Cu 
M n 
Zn 

o the r s , each 
o the r s , to ta l 

A l 
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1 
1 
1 
2 
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1 
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