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PURPOSE

The obJjective of this production test is to compare the dimensiocpal sability
characteristics of fuel elements with alloyed lov hydrogen dingot cores and
standard fuel elements with ingot cores. The basic 3‘ Siaeasicoal)
stability are the average wvarp(l) cnd the tube-£1lling ctpu:;!z () values
of the fusl elements.

BEST COPY AVAILAZLE
SUMMARY

The results of this production test indicate that under noraml exposzre con-
diticns the ingot and dingot fusl elemsnts exhitiit similar &imensiomal &istortiom
characteristics. The average warp for dingot fusl elements in this test is
slightly smaller (1.3 mils) than the average warp of the ingot fuel elements,
dut this result is only of borderline statistical significance and mcst of this
difference is introduced at the low exposure lavels. At the kigher exzosure
levels the difference between the average warps is small. There s mo signifi-
cant 4ifference between the average TFC values for the two frel elemer. types.

The average profile measwrements are small and except for 0Dy, there is mo
statistically significant difference between the fusl element types. THe 0D
variance may be of more interest here.

element .
(2) The tube-filling capacity (TFC) statistic wvas desigped to estimase the
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(1) The avercge varp is the average of the convex and concave varps 2€ & fusl Mﬁlgrgg
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i The results in this production test are based on 1l charges, b at low exposure
(361-389 MiD/ton) and 7 at high exposure (T61-826 MiD/ton). The sensitivity and
validity of the TFC value as a measwre of dimensional stability is indicated by
the clear-cut way the average TFC valus for & tude classifies the tube as dbeing
from either the low- or high-exposure category. All of the tubes 4in the high
exposure group exhibit much larger average TFC values. The same tendency is

here for average warp although the division between high and low exposure tubes
is not nearly as clear-cut.

PROCEDURE

In most production tests the tub: differences and position differences introduce
large sources of variation. When tvo types of fuel elements are being compared,,

the effects of these sources of variation can be eliminated by the simple expediént
of alterrating the two fuel element types in a tube. 'Thus, any fusl element and -
the adjacent fuel element are exposed to relatively the same envirommental effects,
so that differences beyond those expected due to random varistion, must de attridbut-
able to the differences in fuel element types. In this test, for instance, the '
ingot and dingot fuel elements are alternated in & tube. The differences &; be-
tveen a dingot and ingot fuel elements are used as the basic statistic. If there
are no differences betwveen the two fuel element types with respect to the dimen-
sional distortion characteristic under study, aversge &y = A should be close to O.
If A is a significantly large positive number, the dingot fuel elements are signifi-

cantly larger. If A is negative and of sufficient magnitude, then we can infer
that the ingot fuel elements are larger.

The distribution characteristics of the profile measurenents 0D,, on,_ » and 0D, are
1l 3
also descrided.

RESULTS
™c

The over-all averages for TFC values are:
MATRRIAL -AVERAGE TFC

Dingot 14.8 mils
Ingot 1h.1 mils

| The difference of 0.7 mils is not statistically significent. This is dstermined
: in the following way. ' let

1
=
=

Ai-dingotm-ingotm

for two adjacent fuel elements, vhere eachfuel element is used in only one & value.
Here

A = 0.7 « dingot TFC average minus ingot TFC aversge
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which 1s not statistically significant. The frequency distributions of the

dingot and ingot TFC values are given in the appendix. The following table
gives the tube averages. '

Table Y
AVERAGE TPFC BY TUBE (mils)
Dingot Ingot Tube
Low Tudr_No. Average Average Difference Average
Exposure 2679 7.1 7.1 0.0 7.1
277“ 7-3 800 '0-7 7-7
2680 7.8 7.8 0.0 7.8
2%7 h.s 7'2 -20 507
High
Exposure 2874 21.0 18.1 2.9 19.6
- 2881 19.6 18.0 1.6 18.8
- 2872 20.3 22.;. -1.8 20.7
277 15 03 15- -0-5 15.5
2668 19.8 13.0 6.8 16.4
2673 20.4 17.2 3.2 18.8
266,‘ 17 08 ]B 06 -O 08 18 na
Low BExposure 6.6 1.5 -0.9 7.1
BEigh Exposure 19.1 17.5 1.6 18.3
Over-all Averages 1k € 13.9 0.7 k.2

The most interesting feature of this table is the clear-cut &ivision between the
TFC values for the low- and high-exposure tubes. Tube 2668 is the only high
exposure tube where the dingot TFC average is appreciably higher, and this seems

to be due more to & rather low TFC average for the ingot fuel elements than to a
high dingot average.

"VERAGE WARP
The over-all averages for average warps are:

Material  Average Warp
Dingot 7.4 mils
Ingot 8.7 mils

Difference ~1.3 mils

Thie vesult, indicating a slightly higher aversge wvarp for ingot fuel elements, is
of borderline statistical significence. Most of the difference is in the fuel ele-
ments of lov exposure. For fuel elements at higher exposures, there is only a
difference of -0.8 mils detween the average varps for dingot and ingot fuel elements.

l
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. -6- - -1.3 nils . R . o ( T :.‘..,4.. .j I
&, = 9.1 S TR
|t] » 13 (16 = 1.9
9.1 ' , .
which 1s between the critical ¢t values of t 0.10 (179) = 1.7 and ¢ 0.05.(179) = 2.0.
From a practical standpoint, the dilference in average warps of the two fuel slemexnirs
is small particularly at the higher exposure levels. The large amount of data
involved makes the statistical test of significance sensitive to small differencea:
between fuel element types, and again even with a large amount of dats,the differ-
ence is only of borderline statistical significance.

The following table gives the tube averages.

Table IT
WARP VALUES BY TURE ‘uh!
Dingot Ingot Tudbe
Tube Ro. Average Average Difference Average
Lov ‘ .
Exposure 2679 7.0 6.8 0.2 6.9
27TTh 3.7 7.8 <h.1 5.7
2680 6 ok 7o~ -100 6 uz
2667 ho? 801 . -3-3 6.
High ' T
Exposure 28Tk 12.h 1.2 . 1.2 n.8
2881 9.2 ‘12.5: - «3.3 : 0.8,
2870 10.0 10.3 0.3 - < 20,1
2776 7.0 , 2.9 2.9 B
2668 8.2 R 3.3 1168
2673 8.7 78 . 0.9 , 88
2664 ' 4.8 9.5 - 4.7 -7 '_‘:7-1.. \
Low Exposure 5.k _ 7.{ S 2.1 - i;G.s
m&h mm 806 e 90 "008 R .. no 9.°$f
Over-all Average T 8.7 : <13 | . 8.1‘_:,

THE PROFILE MEASURMERTS 0D, ODp, AXD 0D,

The following table gives the results of the pmt:lh mm OD]_, Obg and @y

Teble IIT |
Measurements Dingot - Ingot Differenc - ' Remarks ‘
ool .3‘2 .302 o.o . sese
o 3.0 .05, _ 25 _ sutmmm am




Except for the
ingot and dingot fusl element types.
distridbutions as shown in the appendix.
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4 agreemen t etween the

measurements there is a good deal of
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