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LEGAL NOTICE

This report was prepared as an t of Gove t sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the
accuracy, complet , 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 ony liabilities with respect to the use of, or for damages resulting from
the use of information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes ony em-
/ ployee or contractor of the Commission to the extent that such smployee or contractor
prepares, hondles or distributes, or provides access to, any information pursvant to his
employment or contract with the Commission.
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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.
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The purpose of environmental testing is to establish the

ATOMICS INTERNATION

A Division of North American Aviation, Inc.

I. INTRODUCTION

reliability of fuel elements by subjecting them to vibration
and shock, ramp heating and thermal endurance test inputs in
excess to those required for qualific:ition*. These inputs
simulate launch conditions, reactor start up, and reactor
operation, rcswectively. The pre-launch check-out is also
simulated by subjecting the Ffuel elements to thermal cyclinge.
The evaluation of the effects of these inputs is based upon
the chanpe of the hydrogen loss rate measured before and
after each test and during endurance testing. Further
evaluation is based upon chemical and metallosraphic analyses
after the comvletion of erndurance testing.

A11 fuel elements are tested in accordance with “3NAP 10A
Fuel Environmental Test Specification,'" D. H. Stone, NA=-0422-005
Rev. A, March 10, 1964, These fuel elements first receive
three thermal cycles to 1200°F. The elements are then assigned
to one of four test phases:

Phase I (30 elements)

All fuel elements in Phase I receive high level vibration
and shock (200 or 250% reference level), design level gradient
ramp heating, ** and endurance testing.

Phase II (30 elements)

All fuel elements in Phase II receive reference level

vibration and shock, reference level gradient ramp heat,

high level gradient ramp heat, and endurance testing.
*  NA=O422-006, "SNAP 10A Fuel Element Qualification Test
Specification," T. G. Parker, Jr. Rev. 5=7=63,

** The first ten elements received isothermal ramp heating at
150°F/min. to 1200°F,
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II.

Phase III (30 elements)

All fuel elements in Phase III receive a combination of high
level vibration and shock and high level pradient ramp heat

r

inruts followed by endurance testing.

Phase IV (50 clements)

All fuel elements in Phase IV receive reference level inputse.
These elements are to be used to determine the effccts of

reference level inputs and the subsequent permeation tests.

Zndurance testing will be conducted at three test tenperaturess:
1200°F, 13%00°F and 1350°F. Twelve clements from each phase
will be tested ot 1200°F (two endurance furnaces), twelve
elements from each phase alt 13%00°F (two endurance furnaces),
and cix elements from each vhase at 13%50°F ( one endurance
furnace). If one of the five endurance furnaces is required
for other testing, the elements will be removed from the

second furnace operating at 1300°F,

SOUTFMENT STATTS

l. Permcation Testing: unchanged since December 1963
(cef. NoA=-SR-Memo 9461).

2. Thermal Cycling: Unchanged since August 1963
(coef. Nid=-3R-lemo 9030).

3. Vibration and >hock: Unchanged since August 1963
(c.f. MAA-SR=lemo 9030).

k. Ramp Heating: A second induction heating unit has been
profiled for gradient ramp heating to a peak temperature
of 1200°F at a rate of 600°F/min at the blind end.

5. Thermal Endurance: Unchanged since October, 1963
(c.f. NAA-SR-Memo 9211).
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III. PROGRAM S©ATUS

The "ONAP 10A Fucl snvironmental Yest Spocification,'
HA=0h22-00%, has been revised to incorporate: 1) the gradient
ranp heat test, 2) cndurance testins at temperatures other
than 12.00°F, and 3) a fourth tusting phase. The gradient
raiin heat test was introduced in place of the isothermal
ram - heat toest because thic test more closelr sinmulates
the most severe thermal ftransients and the resulting mechanical
stresses in reactor start up. The endurance test temperature
was changed to incorporate tusting at 1300°r and 1350°F in
order to ascertain the behavior of SNAP 10A fuel elements
under these conditions. he fourth phase was added as a
"control! phase in order to determine the effects of reference
level inputs and the subsequent nerreation tests. This
vhase was necessary since the LJIVAP 104 JQualification Program
cannot te used to nwike these determinations due to the
chanres in tests listed wbove,

Thirty one adiitional elcements were roceived during
February and liarch bringing the number of fuel elements in
the prosram to ninety four. There are thirty fuel elements
in each of rhases I and II, twenty seven fuel elements in
Phase III, and seven fuel elements in Phase IV. The status

of these elements is:

Phase T

a. Ten fuel elements are undergoing endurance testing
at 1200°F.

b. ¥ive fuel elements are awaiting endurance testing
at 13500°F,

ce Nine fuel elements are awaiting ramp heatinge

d. Six fuel elements are awaiting permeation testing

after being vibrated and shocked,
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” Phae IT
a. mleven iuel elements hove undergone reference level
ramn heating.
b. ‘hree fuecl elements are awaitin;; reference level
rany heating.
c. rive ifuel elements are undergoing vibration and shock.
d. TFour fucl elements are avwaiting vibration and shock.
e. Wo Tuel elerents are awaitin; thermal cycling.
f. ¥ive elements nre awaiting nerneation tests prior to
thermal cycling.
N\
rhase IIT
' 2. Five Tuel elemcnus are owuiting therumal cyclinge.
he Twenty two fuel elements are avaiting permeation
) tesis vrior to thermal cycling.
. Seven elements nre cowaiting permealion tests prior to
thernal crcling.
-
.
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Iv. RESULTS AND DISCUSSION

Ten fuel elements have received 4440 hours of endurance
testing at 1200°F. These fuel elements received design level
thermal cycling, high level vibration énd shock, and design
isothermal ramp heats prior to endﬁrance testing. During the
LULO hours of endurance testing, the averace permeation
rates have fluctuated between 0.08 and 0.16 cc(STP)/hr.
However there is no indication that the endurance test has
caused any significant degradation of the ceramic hydrogen
barrier. The hydrogen loss from these ten elements has
been 0.2% of the initial hydrogen present during this 4440
hours at 1200°F,

The endurance data from each retort were fitted with

a leagst squares curve of the formt

L= L, exp (kt)
where L and t are permeation rate and time, respectively,
and L0 and K are constants. The table below shows the

resulting constants,

p——— LN
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Fuel Elecments cc(ggP)/hr l/iours
N-137, 146, 159 0436 -8.25 x 10°°
N-38, 101, 104 0.7k +1.14 x 1077
N-105 0.19 -1.17 x 1072
N-155 0.11 ~1.34 x 1072
N-97 0.11 ~1.20 x 107
N-165 0.23 -4.89 x 1077

An extrapolation of the data, usins the least squar: equations,
indicates that the permeation rates of five retorts are
decreasing. The constants for the retort containing elenents
N-38, 101, 104 indicate that the permeation rate will be

essentially constant during one year of endurance test.

Two compufer programs have been written to aid in data
reduction. The vrograms, outputs, and graphs of the data
are tabulated in Tart [I of this report which is on file at
the library.

The programs tabulated the performance and endurance
data, comoute the hydrogen loss for each element, graph
the endurance data, and compute a least squares curve of
the endurance data.

In order to calculate the hy“rogen loss of an individual
element, clustered with other elements during endurance
test, two subroutines* (¥N@RI! 2 and HCORRl) are used. KNORM 2

uses the following equation** for the permeation rates:

"SNAP FUEL ELEMENT FOR TRAN SUBRCUTINES," NAA-SR-MEM) 9564,
M. E. Nathan, 3-10-64 r 260

"FUEL ELZMENT PARAMETRIC STUDY ADVANCED SNAP 2 REACTOR,"
NAA-SR-MEMO 8526, M. E. Nathan, J. D. Watrous, 6-6=63,

T 0455

719-P




ATOMICS INTERNATIONAL

A Division of North American Aviation, Inc. ' l

P, _ NAA~SR-MEMO-9831
DATE _April 22, 1964
PAGE __8 oF__23

p p5/2 ,-28160/T

XK .
e—12760/T , -aging

L = P
KBLD T572 + 8.432 x 1015 P

-28160/T

where

L = permeation rate, cc(STP)/hr.

P = internal hydrogen pressure, atm.
T = temperature, °R

KBLD = constant associated with hydrogen permeation through
glass=-closure end and ceramic defects,
= constant associated with hydrogen permeation

Kaging 5
through the ceramic = 7.275 x 10

KN¢RM 2 is based on the assumption that the percentage change
of KBLD is constant for each element in a retort. From this
assumption, the individual permeation rate and hydrogen loss
of each element is calculated.

To date, seventeen fuel elements have received reference
level gradient ramp heat. Only one element, which had been
previously subjected to vibration and shock at 250% of the
qualification level, has shown a significant increase in
permeation rate after this input, i.e. 0.52 to 1.15 cc(STP)/hr
at 1200°F. The table below shows that on an average basis,
there is no degradation of the ceramic hydrogen barrier due

to gradient ramp heating.
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Hydrogen Permeation, cc(sTr)/hr

—’"W‘:’:u - }’:/ -

Permeation Before Test After lest

Test Temp. Average Range Average Range
1100 - 0.08 0.02=0,51 0.08 0.03%=0.29
1200 ()0)5 O.Oo‘—l.z.’LP Oo jLi' 0n08-1027

V. CCICLUSIONS

Ten fuel elements in Phase I (high level vibration and

shock, desirn isothermal ramp heat) have completed 4440
hours of endurance testing at 1200°F with no significant
degcradation of the ceramic hydrosen oarrier. These ten
fuel elements, during endurance testing, have lost an
average of O. % of their initial hydrogen.

One element, after receiving high level vikration and
shock, has shown a significant increase in permeation rate
after reference level ~radient ramp heat. However, the
average permeation rate of seventeen elements (including
the one mentioned above) shows no significant change due

to the gradient ramp heat test.
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