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JNL _ _i_e nt_ _ _ of _IR _ch ,r Z _

blinding February, 1958j quantit7 dip canned I_& ._
depleted uranimm fuel elements wu prepaid for L-Tad_a.tion to produce eleven •.kilo-_1
grsm of plutonimn, cen_ at lent %wo_t7 per cent of the Pu-_O isotope, as _

C rest%or ws:ro partially ohax_ed with the _J.n.'l.shed depleted fuel under Fr_ '-ZP132-AC_
To date, ton depleted ruptures have been 8ustoirMd, after being irradiated six to _:--_
eight months toward a planned accumulated goal exposure of 210 _ per column or a _
total irradiation time appz_imatinK 12-_ months. The mechanism and cause of these_'_

failures i8 being thorough3.y investlgated. ::_

This document suznarizes the fabrication history, irrad/Ation experience to date, .ii_
rupture examinations, and an investigation of process conditions which may have con-. _,_
tributod %0 the high incidence of ruptures. _

S ANn O Da OSS

Insofar as can be determined through a review of the fabrication and canning history-
of the depleted u.wmi_p the processing of this material did not deviate from process_.!
specifications for regular I & g produntion. Inherent problems in the fuel element _.:
preparation process, associated with cap wetting and braze porosity, are apparent
factors contributing to the high incidence oi" ruptures during irradiatica. "tr_

Three of ton depleted ruptures experienced to date are being e_s,,,tz_d in the Radio- ._!_
metallurgy Laboratory. Thus _ar, it appears that all three resulted from water entrT:_
through the cap closure 6r in close proximity thereof. Photographs of the rupture i_
sustained in tube 3789 are shown in Figures 1 and 2. Examination of this rupture '_ii

has progressed far enough to definite17 establish that water entry was gained th__
a mall pinhole in the cap weld and followed a channel of non-wet areas or braze _
porosity around the base of the cap %0 a point about one inch down the spire. Water_;_
uraniu_ reaction at this point created a m_ss of corrosion product of sufficient
magnitude to crack the uranium and collapse the spire wall. Although metallography ._.
18 incomplete on the other ruptures being examined, the failure mechanism appears .
to be the sam. :_. :_i

A complete statuaryof the depleted ruptures is shown in Appendix I/I. As indicated,,.
two ruptures oeeurrbd in ton tubes charged March I0, six in .nineteentubes charged

March 17, and oM each in eleven tubes charged on March 28 and April ii, 1958, :_
respeetivelT. Because of an apparent rupture prononeee of the naterial charged on ,,-_
these dates, all tubes have been discharged except ten tubes eha_Eed March 28. !:
Only _ of the original 8/_ charges are being ir_adiated, plus eight replacement

charges. Shipping and charging records (Appendix IX) indicate most of' the ruptures .
were from the first half of the produntion run on lot KP-OO1-A. ..

n ...... _ !
1 HAN-671_, Authorisation for Produ_tlon of High _2_O Plutonium," dated October _

29, 1957, J. g. Travis to W. K. MacUreaAT. _.

2 HW-5_250, "PT-IP-132-AC, Production of High Pu-2_O Plutonium at C Reactor,- datgd ._

February 12, 1958, S. R. Stamp. _ i_

OECLISSIFIEO
04/20/_Lee_



UEC£ASSIIEH, HW-58_I i_

_mtnation of unirradiated depleted fuel ele_nte remaining in inventor7 from the ?
virgin and recovered lots has confir_d a sap-wetting problem existed when this .:_

uterial _ processed. Non-deetr_etive and destructive tests to which these fuel _
el_nte were eub'Jectad included bond' test," ra_ographw, inspection of weld clos__

m_der __ication and with dy_heckp autoclave c_l_g and cap removal. Under .:_the au,t_lave cy_l_ test 259 depleted and 161 normal I & E fUel elements were
e_ehed in caustic to remove 10-15 nile from the Jackets prior to autoclave charging _
to &pproxi_te in-reactor corrosion conditions. After 61 cy0les, ranging from a
Few minutes to one hour at operating steam pree_ (100 psi) in a water autoclave, I
there were no failures. At this _t_ the depleted fuel elements were removed for
reeanning to partially replace rupture prone material discharged from the reactor.
Testing of the normal urani_ I & E f_el elements was continued through 76 cycles
without incident.

Based on available data it is postulated that the added thermal cycling the depleted
fUel elements have received, as a result of extended residence time in the reactor,
opened up pinholes or porosity in the weld beads _d_Ichwere too small to be detected
under inspection and testing standards applied at the time the material was processed
Although the overall data appears inadequate to predict the performance of the re-
malninK _3 tubes of I & E depleted fuel elements being irradiated or to make specific
ree©mmndati_8 relative to the possibility of carrTing the production test to com-
pletion, experience obtained from this test undoubtedly will benefit the quality of
I & E fuel elenmnt production. Igmdiate steps have been taken to subject the caps
on all I & E spires to a caustic (Al_An_x) etch prior and in addition to the
specified cleaning process to insure acceptable cap wetting. Preliminary evaluation
of this etchant has been favorable. This treatment was given to the spires used
reeentl7 to recan depleted uraniwn in inventory for partial replacement of rupture
prone material discharged from the reactor. Other planned process changes include
the following itemsp which should further improve the integrit7 of I & E fuel element
cap and base closures:

a. Chloride heat treating of ueanAum in blank form to aini_ze braze porosity
resulting from hydrogen outgaseing dm_.ng the canning assembly operation.

b. Improved mechanical vibration of can-sleeve assemblies tO expel any en-
trapped gasee8.

c. Revise spire preheat and submrge times for optimum cap wetting,and minimum
erosion losses.

d. Continue development of improved component cleaning processes and the
application of ultrasonics.

e. Extend bond test to full length of fuel elements to detect porosity or non-
wet areas in the cap and base closures.

f. Angle is being altered on radiograph tra_ to obtain better resolution of th
weld closures.

g. Better visual aids and standards _or weld inspection.
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HW-58281 .;_

D SCUSSZON_

I. Fabrication Hietor7 - _'_

a. Uranium Fabrioation '_

The depleted uranium was alpha rolledp beta heat treated in rod form _nd _i

oa_lons._ _er_r_ea chemical and spectrographic _ee_ of the depleted
ingot8 showed an impurity range eanparable to norual _x_niun. Tbe U_235
• 8o_opie content ranked _ 001_7 to 0015/_ per cent. .....

The cores were machined in accordance with _g. No. H-3-8512 ("C w size
normal uranium cores) except for length, which was reduced to 7.000 =
0.010" for identification purposes during processing.

A total of 3,000 depleted uranium cores was received at HAPO in February,
1958. Statistical e a_x_ee of this naterial indicated the core8 met all
surface and dimensional specifications. Hetallographtc ana_si8 of six
tendon core samples has confirmed that the grain size and orientation did
nor vary From beta heat-treated normal urania.

b. Fuel Element Preparation

Beg_(_ Fetnma_ 25, 1958, a total of 2,977 depleted, Z & E cores (Lot
_P-OO1-A) was dip_canned during three consecutive shifts (8-_ _-12, and "_
8-&) on the No. I canning llne. Thick wall (_5 nil) 12_5 aluminum alloy
components were used to provide m__ residual Jacket thickness for pro-
longed irradiation and corrosion resistance. A comparison of the I & _ _
depleted process rejects in lot _P-OOI-A with ten I & E normal and enriched _

lots canned Just prior to and following the depleted _aterial is shown in ,_
Appendix I. These data do not indicate an_ significant differences in re-
Jeetlon rates, _hich Light account for the high incidence of depleted
ruptures. Process variables of short duration, of course, would not
necessarily be revealed by reject data if they had existed. A thorough :,!.i
review of quality control records did not reveal any unusual conditions _
during the processing of the depleted fuel elem_te.

Because the deple _d material was ? inches in length, the assembled fuel _
eleaente were faced and welded on aanual_ operated equipment to avoid
special setups and interference with regular production. The end closures
were welded with two full weld passes rather than a single weld pass, _t_Lch
was being adopted at that time,

Out of the oz_nal lot (_P-OO1-A) of depleted material, 1836 pieces were
acceptable for irradiation. In addition 340 pieces rejected for internal
penetration, following statistical destructive caustic etching to assure
internal spire thickness was greater than 20 mils, were reproceeeed as lot
SP-0OI-A. All canning rejects were chemlcg_ recovered and recanned as Io_
CP-8OO-A.

3 _-37677, Rev. 2, "_peclfication8 for Uranium Fuel Element Cores,- dated SeptemberJ
I0, 1957, K. V. Staye.

_ 23786, "Certification of Analyses, FMPC Ingots-Shipping Order No. 6693,
Shipping date 2/5/58," dated Febmmr7 2A, 1958, H. W. Weinke_ National Lead
Compan7 of' 01,..t.Oo
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A sulma_ of the acceptable depleted T & E fuel ele.nt, by .._....
C in Ii.shipping dates and charging dates in reaotor p is shown Appendix

SAuce about half of lot KP-OO1-A was not finished for shipping until :_
April 2_., 1958, I% is concluded that most of the ruptures involyed pieces .:!._
canned during the first part of r_n on this lot. i",:_

Ma_or champs made in the processing and testing of I & E fuel elements "_!

since the depleted metal was processed are as follows: ._
,,}

I. Single pass welding was extended to all production. _

2. Mechanical vibration of spires in AI-Si canning bath was increased from _'_
6 to 11 seconds to improve cap wetting. .

3. Cores are submerged deeper in the lead layer of the duplex bath during _:
the preheat cycle, the temperature of the duplex bath has been raised :_
and the silicon content of the A1-Si layer decreased to reduce brittle
bonds.

6. Bond test standards have been gradua_ tightened from a 1 cm. circun- *i
ferential standard to a long memory count rate standard. ._

5. A second weld inspection under magnification (_3X) was introduced prior_
to autoclave testing in Jul_ to implement the visual inspection after i

welding. :i

mxPsr.zm cm

Eighty-four sol, rams in C reactor were partially charged (5 I & E normal, 26 I & g i_
depleted, 5 I & E normal per colt_n) with I & E depleted fuel elemer_ s from March lO! _
throu_ May 6, 1958, as indicated in Appendix IX. The charges were loaded into
three blocks of tubes on the far side of the reactor to make optin_m use of the hal_
rods to control anticipated local reactivity changes caused by the buildup of plutoni_
in the depleted metal. Irradiation progressed satisfactorily until the first of ten_i
ruptures was experienced on September 16, 1958. ,_

A summar_ of the ruptures, including reactor data, i8 tabulated in Appendix IIl. lh::!_
be noted that two ruptures were sustained in ten tubes charged March 10, six

in r_ueteen tubes charged March 17_ and or_ each in eleven tubes charged on _arch 28_
and April 11, 1958, respectively. _ecause of the apparent rupture proneness of the "
material charged on these dates, all but ten tubes charged March 28 have been dis- '
charged. Eight charges were replaced with recanned _ate_.al on November _, 1958,
leaving a total of 51 tubes under irradiation.

During the rupture csf_aKo on November 9_ 1958_ throe tubes of rupture prone material
charged on Mar_h 17 required abnormal discharge pressure. Prior to reactor 8tartup
the reualning columns of depleted fuel elements were back seated to assure there was
no further evidence of stuck charges. One additional column was discharged because
excessive pressure (_3000 psi) was required to _ove the charge. Examination of the_;
fuel elements from thls column in C Basin revealed average and maximum warp of 25 an_
70 mils, respectivel_. Maxim_ warp observed during measurement of the rupture _.:,.**.,_
was 63 mils, which is comparable to the maximum for irradiated normal uranium I & E
production.
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P,,upt'_e Examination , _"'___

the uranium to crack and collapsed the spire. Photographs of this rupture are shown, ,2!i
in Figures 1 and 2. Although metallography is incomplete on the other raptures, _!!_

sections show that similar masses of corrosion product were formad along the spire, _
water channels _ave been traced along the spire to the cap end, and the failure i_
m(_anlem appears to be the same as outlined aboveo Further, det4Lilsof these ex_

at:.ons will be reported by Radiometallurg7 when completed. _
_I

Examination of No.n-.IrradiatsdDepleted Fuel Elements _
/i'

Destructive and non-destructive tests were conducted on the depleted I & E fuel el_* :_
mente remaining in inventor7 to determine if an7 correlation existed between the !!_
observed quality level and the in-reactor performance of this material. A total of _:
206 canned pieces from the virgin lot (KP-OOI-A) and 19_ canned pieces from the _
recovered lot (CP-8OO-A) was available for these tests. _._

Cap and base welds were initially inspected under magnification (3X). Three defecti_ _
welds were obsezwed in material inspected from lot KP-OOI-A and one in lot CP-800-A !_!!

as indicated below. ._
?

Lot No. No. Pcs° Inspected Description of Defective Welds °,,, ,,, __ i _ H - , "n

KP-OOI-A 161 Cap weld with less than 50 mils penetration. "_
F.,_remel7 small pinhole in a cap weld. .!_
Extremel_ small pinhole in a base weld. _i_

CP-8OO-A 19_ Incomplete mixlng and evidence of AI-Si strlnger_

in a base weld. _:!

Dy-Chek was applied to the welds on fifty pieces from each lot. No evidence of _..
• pinholes was observed other than those noted under magnified inspection. Two cap

welds showed minor porosity in crater, fill region. _t is pointed out that weld _
soundness is largely dependent on the integrity of the underlying braze layer. Pin-

• holes and porosity in walds are in most Instances caused by either bra_e porosity
or non-_t areas underneath the w_l_ zone. _

All of the available canned material was re-radiographed. No rs_ects were found in ,_
the material from lot _P-OOI-A. TWo marginaA rejects for voids in the cap braze laye_

were noted in matsriai from lot CP-8OO-A. _!
:i
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Caps .b_ken off the fuel elements showed siKn_fiean_ anounto of cap non-wetting, ._
_Following a cap wetting rating system used b_ _alitF Oontrolp the rating on caps

removed from 20 cad pieces from each depleted lot was as follows: !g

KP-OOI-A CP-800-A _i
Ratin_ of Cap Wettin_ (No. of Pieces) (No. of Pieces)

i. Perfect wetting o 2

2. Non-wet area on base or radius _ 13

3. Non-wet Just past radius 12 5

. Between 3 and 5 _ 0

5. Non-wet path full length along side of cap O 0
20 20

Considering the above rating, cap wetting appeared to be significantly better on ._
pieces examined from lot CP-8OO-A,

In addition to the aforementioned tests, 259 depleted Z & E fuel elements (135 from
lot KP-001-A and 12_ from lot CP-800-A) and 161 normal urani_ l & E fuel elements
were cycled in a water au_elave at about I00 psi stream pressure and 175 C tempera-
ture to deteralne if failures could be induced _ this technique. Ten to 15 mils
of aluninun were removed fro_ the surface of these pieces by caustic etching prior to °
autoclaving to approximate in-reactor corrosion conditions. Autoclave cycles were _
varied from an initial I_ short cycles %o operating pressurep then IO cTeles holding _
naterial 15 Ltnutes at pressure, and the remainder for one hour at pressure. The
depleted fuel elements were subjected to 6_ steles without failure before it was

neceeeaz7 to reoan then to replace rupture prone material dischax_ed frem the reactor_
Testing of the T & E normal uranium fuel'elenmn_ was continued through 76 c_les _:_i,i
without incident. ,.

/

App_tel_ nid-wa_ through the autoclave oy_!ing test two depleted I & E fuel
Jackets were perforated to the urani_ with a 1/16" drill. One had four holes
drilled through the cap and the other had A columns of three holes each equally spaced
around the outer Jacket. After 10 one hour cycles in the autoclave at pressure the '
piece drilled through the outer Jacket had a blister around one hole about 1/8, _i'_
by I/2" in area. After 16 one hour cycles this piece showed definite blisters or
swelling as a result of corrosion products romans in s:tx holes and slight evidence .._
of blisters around three other holes in the Jacket. The piece that was perforated
through the cap had a blister on the spire wall about 1/2" below the cap after 16
cycles. •

From available data it is concluded cap wetting, c_bined with braze porosity, was
the prluary factor contributing to the high incidence of depleted ruptures.
Insofa_ u can be determined the cap wetting problem was no worse on the depleted
material than occasionall_ experienced on regular l & E fuel element production. It
is postulated that prolonged irradiation and associated thermal cycling _ay have
opened up pinholes in the welds that were too shall to be rejected under inspection

04/20/1994



DECLASSIFIED....._,ij. .

'" ?" i_ _es_ing etaudarde in effeot at %he time the depleted material was processed. " "
Experience oh_t_d from the irradiationof the depleted fuel elementswill
_doub_edl_ benefit the qvali_7 Of reg_ar pz_uetion. _dla_e stepm are
_lag taken to e_eh the cape on all Z &1 aplree in Al_Liaux (aaustie etehant) p_or
md in additloa to the standard eo_oaeat eleaming proeess to assure, aeeeptable
wetting.Preld_lna_ testsusing the etehanthave been wry favorable.

EngineeringOperation
Fuels PreparationDepartment

_AB..rhm
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Photographs of Rupture as Received !i
by RadiometaUurgy •

Transverse Section about One-Inch Below Cap Showing
Mass of Corrosion Product Resulting from Water-Uranium Reaction ,_

FIGURE 1 ._

UNCLASSIFIED "
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Section of Spire below Cap Base Showing
Porous Chlnnels in AISi Braze Layer

View of Cap Base Showing Water Path Connecting
with Porous Area in Cap-Can Braze Layer

Enlarged View of Porous Braze Area Under Cap

FIGURE 3

UNCLASSIFIED
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