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Tube 1794-C was removed from the pile as a leaker on July 15, 1954. The tube had

been in-pile since startup and had contained a charge of 32 "C" metal slugs Just
prior to discharge. The tube was slit and examined at the i05-DR underwater viewing
facility by Pile Coolant Studies tube examination personnel.

sw_A_

A report is made of the examination of tube 1794-C which r_vealed areas of severe

pitting damage. This damage was apparently caused by cocked slugs abrading the tube.
The attack was great enough to cause perforation of the tube at about 27 feet from

o the rear Van Stone flange. Examination of the slugs showed that a considerable numbor
had been cocked. Evidence of severe tube scarring and rib grooves was found cn theslugs.

Strikingly similar examples of pitting and grooving were observed on flow laboratory
=inltubes and slugs exposed in high velocity water. It is concluded that the damage
observed both in- and ex- pile was caused by the chatterir4 of misaiigned low density
slugs in a high velocity stream. If the number of in-pile occurrences of this attack

becomes excessive it is *_commended that the water flow rate in tubes containing "C"
m_-tal slu_s be maintained as low as is practical and consistent with corrosion!imltations.
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Tube 1794-C was lo'mhd t_ be in good cordltion except for a ten foci _e_tion near the

center of the tube. In this section, extending between 21 and 31 feet from the rear i
Van Stone flar_e_ a number of builet-_qh_ped depressions _re observed. The depres-

sion g; which occurred on the upper half of %.he tube, appeared to be formed by cocked
slugs that had been wearing into the tube. From the appearance of the._e depressions

it was concluded that the slugs had been cocked a_y from the ._Ibs at one end_ perhaps

the upstream end. The opposite ends of the slugs abraded the ribs and even the tube

wall between the rib,. At least nine positions of .,lug cocking were obeerved in this

tube. A photograph of one slug depression and the rib abrasion caused by the adjacent
slug is shown in Figure I.

0

The mC" slugs from tube 179"-C were examined and photographed by Fuel Kxamirmtion

personnel. At least eight slugs showed signs of ce:king and deep rib grooves. The

bullet-shaped marks note_ on the tube wall were mirrored on the slug surfaces. On

the ends and sides of the slugs opposit_ this characteristic mark deep rib grooves
o were obser-_ed. The grooves occurred on the _ap end_; the tube wall sc_rs oc:urred

on the can ends of the slugs. From flow laborato:7 obser_latlons it was deduced that

the can ends of the slugs were upstream. Figure 2 is a photograph of the can end of
a slug that was cocked dtu-ing exposure. Note how the marks on the slug match the

marks on the tube section of cFigure

___-PILE OBSERVATIONS o
0

Tube and slug damage very similar to that described abovB was observed on mlnitubes
and mlnl_lugs discharge_ _'rom a flow iaborator 7 te.,t. In this experiment the effect

of velocity on 2-8 aluminum corrosion was determined by. exposing mir/slugs to process
water at a temperature of _5 C and at velocities of 45, 30, 22, and 12 feet per

second. The sl_s and the tube exposed to water at 045 feet per second were _ourd to
be _everely damag_. At the high velocity the li_h_ al:_nu,_, slugs apparently
"floated" in the water stream; the u_stream ends rode against the top of the tube and

the downstream ends rode on the ribs. Slight vibration c_- chattering of the slugs
produced eroded or abraded a.-_as on the tube wall, slug _urfaces and tube ribs. An
_xample of attack is sho'.m in Figure _o As in the ca_e of the _ '.. _n-p_].e ob._e.--;aticns

the slug._ ".Nhlb_ted bullet-shaped marks on o_e end arL_ rib grooves on the opposite

e_, F L_rare_ 4 and 5 show the characteristic marks and r_b grooves observed on some

of the mlnislugs which were cocked. None of the slugs or tubes exposed at water

velocities of 30 feet per seco:_l or lower showed any damage from slugs being cocked
or evidence that any slugs .had been cocked.

@

_%Lsc_._s/._ o

_het._er _r n,:t t_s phenomenon becomes a serious _r.-o_e problem depn.%_s on its

reoccurrence. Large numbers of tubes containAng low" density slugs have been
irradiated at Hanford. m-_n though these tubes operated at lower velocitles than

tube 1794-C, the fac: t.hat no damage of this type has been obse_ed befcre points
'_u the f_ct ihat the pr_Jblem is not too se_.ous. Reoccu.._re._e of the situation in

tub._ l_.4_-C probably depend3 upon the causes of slug coc':ir_. If tube 1794-C was a

"frea/_', i.e., the slugs were cocked by a uniq,_ charging pattern or by the tube ribs
not being level or by some other _bn_rmal condition, then .nn real croblem exists. I:"

however,the slug cocking ',.'s_ caused by some normal condition such as _y routine

charg!r4 -r by "_oatizg" in a high velocity et.-eam then a reoccurrence can be expect_ _
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Flgur_ 2. "C" slug diBeharged froa %ube 179_.C on 7-15-54. NoSe eMr_ ar,a whe:-
,lu_ t,o_ched tube wall.
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l_igure 3. l_initube and slugs exposed to rater at 45 feet per second.
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Figure 4. Aluminu_aminisluge exposed in high velocity water =t.-eam. Note bullet-

shaped mar_s ,_ere sl'ags ot°uched tube. walls. Sl,._s on right wer_ not
cleaned, o
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FIF_ 5. Opposite side of" sl_4_ss_3wn in Fi#,_u-e&. _o_e r_.h groo_ occu:m_.r_
pr_domlnantly at downstr_ ends.
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One or two more occurrences will be sufficient to consider the problem serious.

lt should be pointed out that slug cocking per se did not produce the d._zageobserved
in the incidents reported he'd. Although slug cocking is a necos,_aD- ve,hiclethe

dama_6 i_ actually caused by chattering or fluttering cf the slu6_.

As slug cocking is a necessary factor in the t_pe of ds_,_ge repcrted he:_ one of t}_

promising avenues of attack would be the elimination of factors tending to promote
cocking. The use of enriched hea_-ymetal slugs to eliminate "floatlng" in a high
velocity stre&m, or a redesign of low density slugs to intrinsically eli._d.natecock-.
ing a,'_two possible solutions. However each of these suggestions reqttlrea change
in the slug itself and would therefore require development wcrk. Another solution
to the problem would be the elimination or reduction of factors te_,_r4_to promote
slug chattering. As chattering is brought about by extreme w_ter turb,,_ence,iround
cocked slugs and as chattering becomes more violent at increased u'ate.rvelocities the

most practical wskvto eliminate or reduce it is to reduce :_a_-rve.lcclt7. The
maintenance of water velocities as low as possible i,'3believed to be the best and most
practical solution to the problem,

lt can be concluded from the observed in-pile aralflow laboratcrV da:.r_ t:,,',*:

i. The leak in tube 179.4-Cwas caused by the abrasion cf a c,_c'<¢d_I',_against
the tube _mll. °

2. The dare,ge observed both In this incident a_! in ._caled-,,ownlaberatnry test,_
was pxod_,cedby the chattering of _.lug,,_in a ,-.i_;hw:Ioc!ty _',_n,.m.

If _occurrence, ..chowa serious _roh,ler,exist._the f¢llowin_ corrective measures _a.n
be taken,

Reduce the water flow in *ubcs containing "C" metal to the lowest permls_Ible
flow. In the case of tube 1704-C the tube operated at 42 gpm minimum water flow
_-Ithtemperatures of 14 C inlet and 63 C outlet. The flow could be reduced to

approx,imately 26 gpm without cxce_ing the outlet water teupc_mture limit of
95 C, o

° Pile Coolant _tu_ies Sub-Lhnit
Technical Section
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