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Introduction

A special study was 1lnitliated to determine the following items
concerning the homogeneity of the uranium-aluminum cores used
in the fabrication of Mark VI tubular fuel elements.

L. Axial and radial variations in uranium content throughout
the core,

2, Optimum sampling points for the chemical analysis of uranium
in the core.

3. Difference in the uranium content found by the analysis of
masgive samples and that found by the analysis of chip
samples.

4, The relationship between the amount of uranium charged to the
melt and the amount of uranium found by analysis of the core.

In this study, chemical determinatiocns for uranium were made on

two anecisl cores nremgred from virein materials Natnral nraninm
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was substltuted for enriched uranium in the preparation of the
cores. Perlod covered: September 20, 1956 to October 26, 1356.

Summaory

Lathe chip samples and massive segment samples taken from five
different locations in the cores (including the regular sample
areas at each end) and lathe chips from the inside and cutside
of the machined cores were chemically analyzed using a volumet-
ric oxidation-reduction procedure.

The data obtained from the analyses revealed that the cores are
not uniform, axially or radially, in uranium content. A range of
0.98% (absolute) was found for 20 uranium determinations made on
Casting No. 1, and a range of 2,67% (absolute) was found for

94 determinations made on Casting No. 2,

The uranium content obtained by averaging all determinations was
found to be 15.89% on each of the cores analyzed, This was in
excellent agreement with the calculated melt charge value of
15.91%., This type of sampling, however, is destructive and is
not practical for routine testing.

The averages of the male and female chip samples (the technique
currently used for estimation of uranium content) were 15,78%
and 15,33% on cores No. 1 and No., 2, respectively, confirming
rrevious observations that the uranium content of these samples
tended to be lower than the true uranium content. The optimum
practical samples appear to be male-end massive samples (16.04%
and 15,.83%) and male-end chip samples (16,14% and 15.86%), both
of which are 1in closer agreement with theoretical values than

the valu
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Discussion

.-

Preparation, Casting, and Sampling

With the cooperation of the 300-M Area Engineering Asslstance
Group, two special uranlum-aluminum cores were cast on
September 20, 1956, in Building 773-A. The raw materials used
were high-purity aluminum and nstural uranium metal. From the
charge weights used, each melt was calculated to contain 16.01%
uranium, assuming the uranium metal to be 100% pure; however,
assay of the uranium indicated & purity of 99.40% resulting in
a melt charge concentration of 15.91%.

The cores were cast following standaerd operatling procedure and
their appearance was descrlbed by & member of the Engineering
Assistance Group as belng above average with regard to surface
voids. The crucible and cup skulls, dross, and miscellaneous
scrap from each casting operation were collected separately, and
in addition, three melt samples were taken from each of the melts.
For ldentification, the cores were labeled Casting No. 1 and
Casting No. 2.

A materisl balance was established for the casting operation by

weighing the castings, scraps, and melt samples (table 1). These ,
welghts were also used for calculation of a theoretical uranium
content for the machined core. This calculation, shown in
table 2, represents Casting No. 2 only; the riser was not ana-
lyzed for Casting No. 1.

On September 25, 1956, Casting No. 1 was sampled using a lathe in
Building 773-A. A sampling scheme (figure 1) was used that was
designed to yield data for the various determinations llsted in
the  Introduction. Two weeks later, Casting No. 2 was sampled in
g similar manner with two modifications--closer control was main-
tained on the lathe settings resulting in more uniform sample
size, and the core was scribed so that the relative position of
the maseive samples could be maintained after they were removed
from the core.

The various samples were deflned as follows:

1. Rough chip cuts., Lathe turnings from the exterlor surfaces
of the cores The surfaces were removed to reduce the cores

2. Normal chip cuts, Lathe turnings normally collected at each
end of the Productlion cores and submitied to the Laboratory
for analysis.

3. Special chip cuts, Lathe turnings from areas specifically

selected for this study.



4, Massive samples, 1[4 inéh wafer, A ring cut out of the core
from which small segments were taken for analysis (figure 2),

5. Riser, 1/4-inch massive segments cut out of the head or

"riger" of the core at 90° intervals,

Each melt sample was taken by dipping a graphite spoon into the
molten charge and removing a spoonful of the metal. After solldi-
fying in the spoon, the metal was dumped onto the floor to cool.
The samples were taken from just underneath the surface of the
melt after stirring had been completed.

Cutting the massive J./‘:l:-.LI.I.(..H. wafers from thé cores was a slow,
difficult, and hazardous operation with the lathe (two cutoff
tools were broken), Using a 1/8-inch tool, a double cut was
made in order to keep the cutout area about 1/4-inch wide, This
prevented binding and overheating of the tool, and lessened the
hazard involved. An area of approximately 1/2 inch-width was
needed for the removal of each wafer from the cores.

In cutting the chlp samples from the cores, the chip size was

kept as constant as posslble in order to regulate the surface

area exposed to possible oxidation. A 0.020-inch lathe setting
was used.

Analysis

The core samples were analyzed for uranium and iron in the Bulld-
ing 320-M laboratory. Iron was found to be less than 0.01%, a
negligible interference, for which no correction was necessary.
Uranium was determined by hydrochloric acild disscolution of the
samples, reduction of the uranium in the solution with lead, and
titration of the reduced uranium with a standard ceric sulfate
gsolution. The relative precision of the method as determined in
the Building 320-M laboratory 1s 0.82% at the 95% confidence
level, The absolute precilsion of the analysls of & sample at
the 16% eenfidenece level 1s 0,13%.

Eprerentdrolcort

Table 3 contains a complete 1list of all the uranium values
obtalned for the determinations that were made on each of the
cores.,

For the massive samples, the wafer number ildentifies the posiltion
of the wafer In the core and the letter ldentifles the position
of the sample segment in the wafer,

Tables 4 and 5 give a summary of the uranium results showing
averages of multiple samples. These values show that the samples
from the male end compare best with the thecretical values. The
ranges glven Indicate the nonhomogenelty of the cores,
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Table 8 compares the various results to theoretical values calcu-
lated for the cores and polnts out the more reliasble sampling
locations. In these Tables, the position of the massive wafer

in the core is identified by the number and the position of the
sample segment 1n the wafer 1s ldentified by the letter.

Figure 3 presents a graphic illustration of the percent uranium
found in the analysls of chip and massive samples versus the
position 1n the cores from which the samples were taken,

Conclusions

Although gnalytical data on the two cores show that chips from
the male end are the most representative practical samples, the
wilde variatlons observed between cores indicate that more infor-
matlon is needed before any conclusions may be drawn leading to
changes in the sampling procedure. A study of the uranium analy-
ses of chip samples from the male and female ends of routine
productlon cores is helng conducted to esteblish the relation-
ships of these analyses with the uranlum content as determined
by the Nuclear Test Gage and by core denslity.
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Table 1, Material Balance from the Casting

Casting No. 1 Casting No. 2

Aluminum charge, grems 9,240,354 9,240,175
Uranium charge, grams 1,760,980 1,761.320
Total charge, grams 11,001,334 11,001,495
Casting weight, grams 10,380.3 10,556.3
Crucible skull weight, grams 45.2 45.5
Cup skull welght, grams 272.5 198,6
Dross welght, grams 178.1 90.7
Miscellaneous scrap welight, grams 88,4 59.5
Melt samples welght, grams 32,6 48,8
Total welght recovered, grams 10,997.1 10,999.4
Percent recovery 992,97 99.98

Table 2, {alculation of a Theoretical
Uranium Value for the Machined Core

"Riser" weight 3319.2
Scrap - melt sample welght 1169.1
Scrap - "riser" welght 4488,3
Casting WNo. 2 charge welght 11001.5
Serap - "riser" weight 4488,3
Machined core weight 6513.2
Uranium content of "riser" (15.60% wx 3319.2 grams) 517.8
Uranium content of scraps* (15,75% x 1169.1 grams) 184.3
Total uranium content scrap and "riser" 702.1
Weight of uranium in melt charge (99.40%) 1750,7
Weight of uranium in scrap and "riser" 702.1
Theoretical welght of uranium in machined core 1048.6

A hined .l.DAB..ﬁ_x_lQO_:lg,_l
Theoretidal % uranium in machined core o132 0%

* The scraps were not analyzed; the uranium value of the
melt samples is used as the best available assumption.
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Table 3.

Complete Tabulation of All Uranium Analyses

Sample Tdentity

Normal Chip Cut

Mzle

Female

Special Chip Cut

Male

Middle

Female
Chip Cut

Inside Machin
Outside Machin

Melt Sample

No.
No.
No.

Massive Sample

1
2
3

Wafer No.

No.

No.

No.

No.

3

4

5

[
oo

16.

15
15

15
i)

15
15
15

16

18

15

15

Casting No. 1

02
.95
.65

.45
033

.81
.71
W73

Casting No. 2

B
o
® ¢
=0

15,73
16.17
15.18

14.08
15.28

15,76
15.76
15.73

16.19
16.36
16.59
16.40
15.47
16.76
16.10
18,04

16.31
16,21
16.29
16.14
15.82
16,28
16.15
15.90

16,09
18.15
15,82
15.77
15.80
15.34
16.16
16.15

15.88
16.01
i6,29
16.33
16.05
16.52
18,23
15,76

15,71
15,84
15.87
15.83
14.38
15.82
15.88
15.70

15,52
15,68
15.52
15.69

-
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Table 4. Uranium Values of Samples Taken
from the Useful Sources of Sampling

Theoretical

% Uranium

Casting No. 1

Casting No, 2

Melt charge 15,91 15,91
Machined core - 16.10
Chip Samples
Male 16.14 15,86
Female 15,42 14.81
Average 15.78 15,33
Messive Samples (2)* (8)*
Male 16.04 16,31
Female 15.95 15.70
Average 16.00 16,01
Melt Samples
1 15.81 15,76
2 15.71 15.76
3 15.73 15,73
Average 15,75 15,75
* Number of determinations.
Table 5. Summary of Analytical Results for Both Cores
Casting No. 1 Casting No., 2
: No. of No. of
% U Analyses  Range % U Analyses  Range
Melt Samples 15.75 3 0.10 15.75 3 0.03
Chip Samples
Male & Female 15.78 2 0,72 15,33 2 1.05
Massive No. 1
Male end
a,e 16,04 2 .00 15.83 2 0.72
8,C,28,g 16.09 4 1,12
a,b,c,d,
e,f,g,h 16,31 8 1.29
Masslve No. S
Female end
a,e 15,85 2 0.07 15.25 e 0.73
8,C,8,E 15.61 4 G.50
a,b,c,d,
e,f,g,h 15.70 8 0.90
Massive No, 1 & No. S
a,e 16,00 4 0,13 15,54 4 l.21
a,c,e,g 15.85 8 1.61
a,b,c,d,
e, f,g,h 16,01 18 1,78
All Determinations¥* 15.89 20 0.98 15,89 54 2,67
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Table 8, Comparison of the Results
with the Theoretical Uranium Content
Difference in % U
Difference in % U of Machined Core
Charged (15.91) (16.10, theoretical)
and % U Found and % U Found
Casting Casting Casting
No. 1 No, 2 No. 2
Melt Samples -0.16 -0.16 -0.35
Chip Samples,
Male & Female -0.,13 -0.58 -0.77
Massive No. 1
Male end
a,e +0.,13 -0.08 -0,27
a,c,e,g - +0.18 -0.01
a,b,c,d,
e,f,&,h - +0,40 +0.21
Massive No. 5,
Female end
a,e +0.03 -0.57 -0.85
8,C,8,8 - -0.30 -0.49
a,b,c,d,
e,f,g,h - -0.21 -0,40 .
Magsgve No. L & No. 5 5,08  -0.32 -0.56
B,C,E,8 - -0.06 -0.25
a,b,c,d, 2
e, f,g,h - +0.06 -0.09
All Determinations* ~-0.02 -0.02 -0.21

* Tncludes all anelyses except the "riser "
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. ROUGH CUT, QUTSIDE
‘\ CHIF CUT, OUTSIDE MACHNED CORE
L ]
ROUGH CHIP CUT SPEGIAL CHiP GUT SPECIAL CHIP CUT ROUGH CHIP CUT
w W (MALE) (MALE} /I (FEMALE} L(FEMALE)
R ~
RISER oy
4 L
Male Female
End End
Y
T N
REER ]
4 ‘ 4
NORMAL CHIP CUT SPECIAL GHP CUT NORMAL CHIP CUT
(MALE} ‘ (MIDDLE) {FEMALE]
Key
T MaSSIVE SAMPLES, ROUGH CUT, INSIDE
3 1/4 INCH WAFER
CHIP CUT, IKWSIDE MACHINED CORE
* Figure 1, Axial Bisection of a Mark VI Core

Showing Location of Sampling Points

Figure 2, Locatione of Sample Segments
in the Massive l/4—inch.Wafers
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