NOTICE
CERTAIN DATA
~ CONTAINED IN THIS
- DOCUMENT MAY BE
DIFFICULT TO READ

IN MICROFICHE
PRODUCTS.



DECLASSIFIED F--32600

DE93 006709

TR foeomert g
GENERAL @D ELECTRIC “ NN~

1. RO .
. HECORD CENTER FiLt
0o 3. LP PP .
) 4, JJ Cadwell
o i 5. OH Greager - WK Woods
° 6, M Lewis
7. WM Mathis
Classfeaton Cancersd 1 8. GE McCullough
i 9. PH Reinker ~ HL Henry
DECLASSIFIED ) 10. RB Richamds
1.. OC Schroeder -~ CW Botsford
ammya_QG-_ﬁ&;_%_ 12. JH Warren
Tten 13. CD Wilsen
A A ) 3 £ 14.° 300 File
N ety 12192 TS5>15. Yellow Copy
[=] <~ G [
o P ke t-9-9— Receive: v (1Q
° 8866@'&:;@ %jy’ ‘Dﬂ August 19, 195
R. 0, Mehann NOV 3 01992 EC™Y E@
Superintendent - Process 4
REACTOR SECTION |
JuL 196

CAUSES OF DAMAGE TO TUBE 1794-C

C T —————— 300 AREA
INTRODUCTION CLASSIrIED FILES

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 105-DR underwater viewing
facility by Pile Coolant Studies tube sx*mination personnel.

SUMMARY

A report is made of the examination of tube 1794-C which rgvealed areas of severe
pitting damsge, 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

© 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 the
slugs.

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

becomes excessive it is 1ecommended that the water flow rate in tubes containing "Cn
retal slugs be maintained as low as is rractical and consistent with corrosion
1imi tations,
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1N-PILE OBSERVATICNS
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Tube 1794-C was found t> te in good conditiorn except for a itsn foct sestion near the
center of the “ube. In this section, extending betwesn <1 and 31 feet from the rear
Van Stone flang?, a number of btuile%-shaped depresz'ons ware obasrved. The dspres-
sions; which occurred on the upper half of the tube, appsared tc be formed ty cocked
slugs that had been wearing into the tube. From the appearance of these depressions
it was concluded that the slugs had been cocked away from the ribs at one and, perhaps
the upstream end. The opposite ends of the slugs abraded the ribs and even the tube
wall between the ribs. At least nine positions of slug cockirg wers observed in this

tube. A photograrh of one slug depression and the rit abrasion caussd by the adjacent
slug is shown in Figure 1.

=]
The ™C® slugs from tube 1794-C were examined and photcgraphed by Fuel Examiration
personnel. At least eight slugs showed signs of cotking and deep rib grooves. The
bullet-shaped marks noted on the tube wall were mirrored on the slug surfaces. On
the ends and sides of the slugs opposite this characteristic mark desep rib grooves
were observed. The grooves occurred on the Rap ends; the tube wall scars occusred
on the can ends of the slugs. From flow laboratory observations i% was deduced that
the can ends of the slugs were upstream. Mgure 2 is a photograpn of the can end of

a slug that was cocked during exposure. Note hcw the marks on the slug match the
marks on the tube section of Figure Ilo

E¥.-PTILE OBSTRVATIONS

o]
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Tube and slug damage very si‘r’nilar to that described abova wes obsarved on minitubas
and minislugs discharged from a flow iaboratory ‘est. In this experiment the effect
of velocity on 2-S aluminum corrosion was determined by exposing minielugs tc process
vater at a temperature of G5 C and a% valocities of 45, 30, 22, amd 12 feet per
secord. Tho alugs amd the tube exposed to water at L5 feet pear second were found to
be smevarely damrgel. At the high velocity the light alimmtnum slugs apparently
"floated" in the water stream; the upstream ends rode against the top of the tube anmd
the downstream ends rode on the ribs. Slight witration ¢ chattering of the slugs
preduced ernded or abraled areas on the tube wall, siug surfeces and tube ribs., An
axample ~f attack is shewn in Figure 2° As in the caje of the in-pile chservations
the sluge ~xhihited bullet-shaped marks on one end and rib grooves on the opposite
enc. Figures 4 and 5 show the characteristic marks and rib grooves obesarved on some
of the minislugs which were cocked. None of the slugs or tubes expcsed at water

veloocities of 30 fee% per secomd or lower shoved any damage from slugs being cocked
or evidence that any slugs had been cocked.

Q
DISCUSSION
....-—L...g-—‘-l o
.
Whethar ¢r no* this phencmernon becomes a serisus in-pile zreblem “ernenls on its
reoccurronce. Large numbers of tubes containing low density slugs have besn

irradiated at Hanford. Even though these tubes operated at lower velocitiss than
tube 1794-C, the fact that no damage of this type has bSeen observed befcre points

up the fast that the problem is not tco serisus. Reocourrence of the situation in
tube 175,-C protably derends upon the causes of slug cocing., If tube i79,-C was a
"freak", i.e., the slugs were cocked by a unique charging pattern or %y the tube ribs
not being level cr by some other abnormal condition, then no real problsm exists, 1If

however ,the slug cocking was caused Ly some normal condition such &s ty routine
charging -

T by "floatizng®™ in a high veiocity stream then a recccurrance can be expecte?
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o!‘iguro 1. Section from tube 179/-C, discharged 7-15-54. Notes Hole in tube occur-

at b.unt end of bullet-shaped depression. Note abrasion of wall between
ridbs,

PPN R

Figure 2. "C® alug discharged from tube 179.-C on 7-15-54.

Note shiny area whe:-
slug touched tube wall.
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Figure 3,
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Minitube and slugs exposed to vater at 45 feet per second.
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Figure 4. Aluminum minislugs exposed i{n high velocity water stmeam. Note bullet-

shaped marks wvhere slugs touched tube walls. Slugs on right were not
cleaned, o °
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Figure 5. Opposite side of slugs szown in Pigure .
predominantly at dovnatream ends.
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One or two more occurrences will be sufficient to consider the probiem serioua.

It should be pointed out that slug cocking per se did not produce the danage observed
in the incidents reported hee, Although slug cocking is a necosaary vehicle the
damags iu actually caused by chattering or fluttering cf ‘he slugs.

As slug cocking is a necessary factor in the type of darage repcrted hers cne of the
promising avenues of attack would be the slimination of factors tending to promcte
cccking. The use of enriched heavy metal slugs to eliminate "floating"™ in a high
velocity stream, or a redesign of low density slugs to intrinsically eliminats cock-
ing are two possible solutions. However each of these suggesiions require a change
in the slug itself and would therefore require development wcrk. Another solution
to the problem would be the elimination or reduction of factors tendiing to promote
slug chattering., As chattering is brought about by extrems weter turlsience around
cocked slugs and as chattering becomes more violent at increassd wvater velocities the
most practical way to eliminate or reduce it i3 to roduce wator volecidy Tha

zaintenance of water velocities as low as possible is bolieved to be the‘best end most
practical solution to the problem.

CONCLUSIONS AI'D RECOMMEMDATIONS
It can be concluded from the observed in-pile ard flow laboratcry Jdada t
1. The leak in tube 1794-C was caused by the abrasion cf a ccoked sliug against

the tube wall, °

2. The damage observed both in this incident an! in scaled-.own laberatery tests
was produced by the chattering of slugs in a *iph wvelocity s'ruan.

+
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If reoccurronces show a sericus rroblen exists the tellowing corrcctive measures can
be taken:

Reduce the water flow in ‘ubes containing "C® metal to the lowest permiseible
flow. 1In the caso of tubo 1794-C the tube operated at 42 gpm minimum water flow
with temperatures of 14 C inlet ani €3 C outlet. The flow could be reduced to
approvimately 26 gpm without cxceeding the outlet water tenpcrature limit of

| C.AH

Pile Coolant Stulies Sub-Unit
Technical Seciion
ENGINEERING DEPARTMENT

Appmvai(ﬂ@; . gg___: ;- -/
Head - Pile Devialonmo 14

Tochraical o tion
ENGIMFERI NG DEPARTYENT

CD wilsonime



3 / 93






