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I_T_ODUCTIO_

For several yearsD a major category ct tu_l element failures h_s been the side corrosion
t_e_ characterized l_y localised accelerated fuel eleae_t Jacket corrosion. Since it has
been demonstrated A that _tsalll_ent of ,fuelelemnts in a process tube vtl_ produce
flov patterns ata accelerated corrosion, tez_e4 "hot-spots", failure to align the fuel
elements in process tubes is considered a contrl_ut_4_ factor in the production of side
corrosion failures. 2 Attempts have been _ to preyent mtssltgnment by use of tru-line
features on the ends of the elements. These have been onl:r partlal_ successful. Con-
eurrent_y_ testing of X-8001 nickel alu_inu_ alloy for fuel element Jacket _sterta_ has
shorn that th$s alloy ts _o_ ,o_pletel_ successflal in preventing corrosion failures.
Slnce mtsa_tsn_ent ts appe_ntl_ a "primary" cause of hot-spot corroston_ the proposal
has been ,_de to attach projections to the side of fUel elements to assure a_tsument
during irradiation.

_rell_inary testin8 of both self-supportin8 and "tn_nper"_ fUel elements ts undervay.
_at_ on the selt-support_ fuel elements have demonstrated that the brtdse-ratl pro-
_ecttons have sufficient support stren_l_ do not of the_elves create & corrosion
problem and in actuality probahl_r eltnLtnate a_ hot-spot areas. Although one tu_ of
bumper fuel elements In KWReactor_ ham been dlschar_ed_ da'_ are not as yet available.

_otenttal_, the most severe corrosion conditton_ exist durtn_ the summer months vhen
reactor inlet temperatures m hlSh. lt ts desirable then_ provided t_unper fuel elements
_t_tt hot-spot corroston_ to evaluate the bu_er concept for larie scale use possibly _y the
summer o1" l_O. To accomplish this, a demonstration lce£_n_ of the bumper _ype fuel
e_ements must be underv_ by about _ 1_. The ptw_x)se of this report la to present
the design of a test to _v_uate the fabrication proverbs and irradiation performance of
f_el elements havin8 pr o,lectlo_u_vhtch may prevent _le43.tEz_ent In ribbed process tubes _nd
meet the aforementioned _o_s.
O_CTIV3

.,..

_e objective of this test ts to demonstrate the feasibility of projection fuel elements
_or use in existing ribbed process tubes and to deuaonstrate the reduction In rupture
rates or hot-spot incidence so achieved.

To demonstrate the bu_par fuel element concept, _ts test vt1£ incorporate tvo parts;
_) trr&di&fiSh of 20 colu_n_ of bu_per tu_l electors and 20 colu_ne of controls per
reactor in B_D_DR_F_ and H Reactors to_50 per cent of the nor=al exposure _oals_ cud

i. _W-557_, "Final_aeport on PT-lO_631_A, ln°_'tle Cocked Slu_ Tests_" P. B_ McCarthy
and F. _. Van_or_er, _-2-_8. (Secret)

2. R_-591_, "A Postulated Hot-Spot Failure ._4ecb,anism," E. C. _ood_ 2-9-59. (Secret)

_ h_-5_525 C, "Production Test IP-183-A-98..FF, _valuatton Of Pro_ectlon Fuel Elements
For Use In K Process TU_.. l+" R. E. Ba_ _1._.._. (Secret)

"_umper fuel elements have brld_e-r_il t:rpe ribs attached to prevent mtsall_umen_ In
tubes havin8 stan_t hetEht ribs.
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b) irradiation of four columns each of enriched (0.9_ U-235) I & E fuel element, with
bu_pera and four columns of enrlched (0.9_ U-235) I & E fuel elements vlthout bumper_
until two ruptures are sustained in each or until one type demonstrates a significant
improve_en%.

BASIS

One of %he three ma_or categories of HAPO fuel element failures is %he side-corrosion
type of failure. Past experience has indicated that unifo___ corrosion, as calculated
vlth exls%tn8 techniques, could not account for the majority of these failures; _ut

ra_her,_so_e rapid corrosive mechanism must be assumed, lt has been demonstrated pre-viously that misaltgument of fuel elements in a process tube viii pr_oduce a hot-spot
type flow pattern and area of heavy corrosion. Calculations by Wood5 indicate that
temperatures sufficlen_l)' hl@h to produce a steam _cket on the fuel element can be
obtained with local annulus clearance yedu_tions to _ value of less than 15 mils.
Steam Jacketing of an area of a fuel element surface could permit further surface tem-
l_.-ra%ure increases, sufficient to initiate accelerated attack with relatively short in-
cubation periods, and presumab_v failure, If imperfect Al-St bonds are exlx)se_. Even
without encountering the steam Jacketing condition, sufficiently high surface tempera-
tures may be reached to give more rapid than predicted corrosion rat_s, however, this
effect is expected to be small unless several elements are =tsallsned as a group.

It has _een proposed that projections be attached to the side of the fuel element to
assure alignment. It ta poaslble %o prepare, on a production scale, a projection ele-
ment which will guarantee an annular clearance of more than 15 mils. This element,
termed a '_umper" fuel element_ is desired %o be supported on the rl_s of the process
tube, orlen*.ed such that the projections reduce the posstblllty of misaltgnaen%.

Testing to date has been confined to the self-supported type of fuel ele_en% primarily;
whe_-e_n it has _)een _e_onstr&ted that the supports have sufficient strength, do not
of _.hemselves create a corrosion problem and In actuality, _ost likely el_=tnate any
hot-spot area_. Currently, a preliminary test loadln8 of _uaper fuel elements is under
lrrad_ation in KW Reactor. ThSe test is destined to indicate any potential process or
discharge problems. It &l_o is destined to prove under current operating conditions,
the incidence of hot-spots t|_ In f&ct_ reduced or eliminated. This %est is scheduled
for .discharge _bout _u_v, 1959.

In order that fuel elements of the bu_per type may _e available by the su_er of 1960,
a demonstration loadin8 of slsniflcant numbers of columns of these elements _ust be
Initiated by about July_ 1959. Even though the test In KWReactor will not be out
at this time, preliminary dlschar_ln8 will have 1)ees acc_npltshed and if unforeseen
probleu are evidenced, this test may _e cancelled. The bulk of the bumper test in KW
_'ill k discharsed during August, 1959 (or possibly the end of July) and negative
results fro_ this test may be %he basis for discharge of the individual reactor demon-
stration loads, as well as the hish exposure test.

To insure that a si_ntficant number of colu_n_ for the demons%ration loadin@ will be
Irradiated, and since char@e machines will not be availed)le, it l_ desirable to put a
portion of this loading into each of the olAer reactors. The hlKh exposure test ts
scheduled to be Irradiated in F Reactor, since equivalent outage time losses are

_. Op. Ctx,. ilw-_J571_9. ""

_ o_. cit. _w-59_68.
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currently scheduled under other testing programs for the other older reactors.

PRCCE_E

A. Fabrication of Test Material

1. Fuel Element - Fuel elements for this test will be 91ght-ln_.h natural OIIN
cores clad lh X-8001 alloy components (lot code LD)°, and six-inch enriched
(O.94_ U-235) OIIE cores clad In C-6_ alloy components (lot code RC). °

2. Assembly - All fuel elements shall be fabricated in accordance with the 300
Area Procet:s Specifications.7 Each uf the bumper elements shall have eight
collapsible-type brld6e-rall supports spot welded to the Jacket s four approxi-
mately one-lnch from each end and spaced at 90 ° intervals around the element.
The ribe rill be in-line to facilitate charging between the ribs. Rib hei6hts
an& effective diameters are listed below:

Fuel Element OD Rib Helght Effective OD

Natural U Bumper Element l.h_5" 0.O_0" 1.525"

Enriched U Bumper Element 1.hAO" 0.0h25" 1.525"

3. _Quality of Material - All standard quality control measures vlll be applied in
the fabrication of fuel elements. Specifications for grading the quality of

projection welds will be established by Process En61neerlnK.

_. quantity of Material - Approximately 3550 acceptable OlIN X & E fuel elements
with bumpers attached are required for this test. These 3550 fuel ele=ents
will be divided equally amonK the 5 older reactors to make up the 20 charges of
test elements for each reactor.

In addition_ a total of 320 acceptable OIlE I & E fuel elements are required
for the high exposure test. Ha.lr of this total (160) are to have b_pers
attached.

CCMPARISON STANDARDS

A total of 3550 OlIN I & E control fuel elements vlll b_ r,..quired for the 100 tube
_.-monstratlon loadin&j and 160 OIXE controls for the enriched portion of the test.
All of these controls will be standard production I & E fuel elements assembled vthtout
bumper..

6 "LD. _._sl_teS e_''U"X _ _c_,,.._,. x O._16" core -.ld _ X-8OO1 alloy components with an
0.0_0" thick can wall.

HC designates a 6" x 1.351" x 0._16" core clad in C-6_ alloy c_ponents with an
O.O_O" thick can wall.

7. HW-_7029, "Process Specifications, Fuel Element Manufacturing Processes, Fuels
Preparation Department." (Confidential)

--'"LA',.,""'FLED..,,
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TESTING

Pre-Irradiation Testin_ an d Measurements

1. Pre-exposure measurements of warp and external diameter are required for ali fuel
elements to he utilized in the high exposure test.

2. Weight shall be measured and recorded for alternate p_eces 1-17 in all charges,
test and control•

3. All fuel elements for this test will be assembled in charges and stamped with series
and sequence numbers.

IRRADIATION

The high exposure test which includes four columns of OIIE, I & E enriched (0•94_ U-235)
fuel elements with bumpers and four columns of 0lIE, I & E enriched (0.94_ U-235) fuel
elements vlthout _umpersp Is scheduled to he Irradlate_ In F Reactor until two rul)tures
are sustained in the control =aterial and thereafter until a factor of improvement of
NiO is demonstrated. The entire hiEh exposure test is to he discharged if tvo ruptures
occur In the bumper columns charged under the high exposure portion of this test, or if
one occurs prior to both control failures.

1. All fuel elements from the hiKh exposure test and 10 columns of test and control
pieces in the demonstration loading from each reactor will he visually inspected
for surface conditions.

2. Post exposure measurements of wel6ht, warp and diameter are required from all fuel
elements from the high exposure test. We_rpmeasurements are required from 10
columns each of test and control pieces In the demonstration lo_din6 from each
reactor.

3. All measured fuel elements will be weaseled to determine specific exposure and
specific power.

_. Selected elements may be examined further in the radiometall_rgy laboratory.

TZST AVDIT

Notebook HW-60_ is to be used to record all data pertaintn K to this production test.
Any unusual inc idents_ whether or not they seem important at the t L-.e, are to be
recorded in the notebook. The a_pendix to this report is a guide for preparation of
the notebook.

TEST LIMITATIONS AND HAZARDS

Hazards peculiar %o this test are primarily associated with the presence of the bumpers
.on the fuel surface. These arise from the fact that the bumpers do restrict fuel element
displace,sent in the process tube so that it ts conceivable that these elements could
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, ii, I1'", ..... ii, lr '

.....



DECLASSIFIED
_- 6o'_',L, ,.

stick _lghter after rupture than do smooth elements, althou6h rib collapsibility should
reduce the problems asaociate4 with this. They also could Jam during charging or dis-
chargins; hovever, laboratory testing to evaluate this problem indicated no problems.
Should the results of the KWReactor test prove this concept to not _e feasible, this0

test will be cancelle_.

R. E. S_.I W. ;_: ec_8o,, //
Reactor Fuels Su_-Sectton Process Enstneertng_ub-Section
Process and Reactor Development Section Ensineerlng Section
Irradi_tion Processin8 Department Fuels Preparation Department
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DATA TO _E RECORIED EN PR01_CTION TEST NOTEBOOK

I. A. Fuel Element Core Lot RumOrs

B. Finished Dimensions (Pre-assembl_)

C. Properties
i. Orientation data
2. Tenslle data

3. Other slgnlflcant properties

D. Pre-assembly treatment (including inspection)

II. A. Can ° Lot Numbers
=

B. Finished Dimensions (Pre-assembly)

C. Pre-Assembly Treat_nent(Ineludlng inspection)

III. Assembly Process

A. Process Used
I 2. Brief Explanation of Process

i C. Attendant Conditions

IV. Post Assembly Treatment

i A. Protective Coating

B° Autoclaving
C. Other Treatment
D. Inspection

V. Pre-Irradiation Examlnatlon

A. Dimensions

B. Warp
C. Weight

VI. Irradiation

A. Coolant Temperature
1. Inlet
2. Outlet

J

i B. Panelltt and ¢rosaheader pressures

i C. Hum_er of shutdowns (controlled and scr_n)

D. Other

-7-
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VII. Post Irradiation Examination

A. Yieual
B. Warp (and other profilometer data)
C. Fracture data
D. Other

VIII. Log. Runnin8 account with de'_es recording the progress of the Ra unusual
incidento (euch xs a sXIsht ch_n_a in process during assembly)_ and other
deviations whether or not they seem pertinent at the ti_e of occurrence.
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