POST MORTEM VIEW of top of
SRE core shows encrustation on
snorkle tube vent (vertical tube)
from center moderator can.
Loose fuel slugs are strewn about
ontops of other cans [fop center).
At time of picture core tempera-
ture was 325° F and radiation
fleld below top shield 100 r/hr

Coolant Block Damages SRE Fuel

By ROBERT W, DICKINSON

Atomics International, Canoga Park, California
? ol L] C

A leak of organic material from an
guniary cooing Sesfem amlo SR
primary loop hus subjected the SIUE fuel
lo a much severer trial than unyone had
barguined for. With the flow partially
blocked in several channels by deposition
of the material, temperalures got ligh
enough to cause the stainless-steel clad lo
elloy with the wranium-metal fuel and,
finally, to separate near the bottom end
(NU, Dee.’38,23).  Here's the sequence
of events as they appeuared to SRE person-
nel operaling the reactor. —Id.

On July 27, 1959, the Sodium
Reactor Ixperiment (SRI) was shut
down to determine, thiough viewing of
fuel elements by a clesed-vireuit tele-
vision system installed in the fuel cask,
if there were obstructions that could
explain rather wide temperature vibrin-
tions fuel channels, which
were preventing full-power operation of
the renctor.  As o result of this ex-
amination, twelve fuel elements out of
the 43 fuel clements installed were is-
covered Lo be damaged.  Preparations
are now in progress Lo put SRS hack in
operation on u new second core of S5-

between
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elad Th-U2s metal fuel around the
aidte of April, Individoal trials of
UC elements (which will probably
make up the third core) will begin late

in sumnier.

Tetralin Leakage

The SRE had previously run a totul
of 2,400 Mwd; during this time it
generated over 15 X 108 kwh of clee-
tricity in a serics of operations designed
to irradiate the alpha-rolled, beta-heat-
treated unalloyed uranium which com-
prised the first core. The length of
these power runs was determined hy
the [ucl elements  both
destructively and nondestructively, for

examining

evidence of radiation induced swelling,
and hwd varied from 150 to 300-Mwd
fuel exposure per run.  During the
shutdown period preceding the power
run of interest (Run No. 14) modifiea-
had made to the main
primary system; the most significant
of these was the replacement of the

tions been

tetradin-cooled shaft freeze seal on the
A Nulk-cooled

freeze seal was substituted,

nin primary pump.

This alteration, long contemplated,
was effected becanse, during the pre-
ceding power run (No. 13) there had
been evidence of tetralin leakage into

Tetralin
leakage was apparent from a char-
acteristic odor in the vicinity of the
pump, and, after shutdown, the ap-
pearance of napthalene and other
decomposition products of tetralin in a
vapor cloud over the reactor's top
sotdium pool.

the primary sodium system.

This vapor cloud, which
was visible through a glass window
inserted in the top shield after shut-
down, was purged by sweeping with
inert gas; approximately a pint of
tetraling napthalen , ol other de-
composition producis were condensed
out of the purged gas.  After stripping
hydrocarbons from the core with dry
nitrogen gas introduced at the bottom
of the core, no detectable hydrocarbons
could be observed in the core eos v gass
Some 4 X 10% ft? of nitrogen were em-
ployed; the stripping operation was
carried out with sodium at the normay
shutdown temperature of about 375° I°
felt
(Continued on p. 109)
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concerning the presence of tetralin and
its decomposition produets in the pri-
mary system, previous experiments®
had indicated the primary product
would be amorplious carbon. Al-
though carbon isa potential contributor
to system carburization, it was not
considered to be a short-term hazawd,
Ioxamination of fuel had indicated thut
radintion-induced swelling was already
suflicient to require removal of the fuel
following power Run Neo. 14, and the
effects of curbon on the thin-walled
cludding were not significant for this
periotl of time.

Temperature Maldistribution

Upon start up of the reactor in a nor-
mal fashion, wide variations in tem-
perature from individual fuel channels,
us monitored by thermo-couples on the
fuel hanger rods, were indicated.
Anulysis of temperature variations
throughout the renctor indicated that a
condition of unequal flow through fuel
channels existed.

Similar temperature spreads had
appeared following a shutdown in
December 1958 during which system
modifications had been performed and
considerable oxygen had entered the
system. At that time, clean up of the
system using cold traps and increasing
the reactor inlet temperature to 600° I
had reduced temperature spreads to a
normal pattern; following this full
power operations with sodium-coolant
temperatures as high as 1,060° I' were
performed with no indication of anoma-
lous behavior.

The same procedure was followed in
July, as oxygen had again been intro-
duced into the primary system by
pumpalterations. Thistime, however,
the temperature spreads were more
persistent.  The reactor was operated
at power levels of 0.5-3 M, controlling
on a maximum temperature differential
between fuel-channel outlet and ad-
jacent moderator-can coolnnt passages
of 100° I, This tempeiature dilfer-
entiul was established by stress con-
sidderations relative to the top head of
the zirconium-clad graphite logs that
form the SRE moderator. Increasing
the inlet temperature to the reactor,
by operating on an air-blast heat ex-
changer instead of the stcam generator,
did not appear to be helpful in reducing
the temperature spread, as had been the
case during December.

* NAA-SR-2178

In addition, some anomalies in
reactivity oceurred which were attrib-
uted at the time to the passage of gas
bubbles through the core, postulated to
have been due to the organic decom-
position products.  One of these reae-
tivity transients prompted a manual
scrum. Reconstruction of control-rod
positions during the period ol operation
also indicates w small reactivity de-
crease, oceurring from day to dayv in
sulliciently small amounts as to not be
readily apparent. The cause of this
gradual deerease in reactivity has not
been determined at this date; neither
have the reacavity perturbations ex-
perienced during operation heen un-
equivocably explained.

During two weceks of this low power
operation it was noticed that if some of
the fucl elements were moved slightly,
the exit coolant temperature decreased
significantly. A possible explanation
of this phenomenon was considered to
be the dislodging of oxide (and possibly
carbon) particles which had collected
on the orifice plates installed at the
bottom of the fuel elements.  Acecord-
ingly, it was decided to shut the reactor
down and inspect representative cle-
ments, to determine the nature of these
deposits if in fact they did exist.

Fuel-Element Inspection

On July 27 the reactor was shut
down and a fuel element withdrawn
into the fuel handling cusk, into which
a closed circuit television camera had
been incorporated.  The first two cle-
ments so inspected showed no anoma-
lics. The third element inspected,
however, appeared to have a cruck in
the cladding, although the element it-
self was intact. It was then decided
to examine a fourth eclement which,
when removed, showed that the bottom
third of the clement, including the
bottom hardware, was missing. The
separation of the seven rods, which
make up the clement bundle was
approximately at the same level and
was apparently complete, even in-
cluding the spiral wire wrap attached
to the top and bottom of the fuel rod.

A program for inspueling the re-
maining fuel elements was immediately
initinted.  As damaged clements were
discovered, they were removed from the
reactor and placed in storage. Ten
additional damaged [uel elements out
of o total of 41 inspected were dis-
covered Dby this means. Two adidi-
tional elements appear to be sccurely
lodged in their process channels and
are therefore assumed to be damaged.

(Continued on p. 110)
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Portable transistorized
ranlaminalion monitor
typs PW_4012,

PHILIPS

eqm'pmmt for
Nuclear P/Jysz'cs
and Atomic Euei'gy

This rugged, watertight and tropicallized battery-

operated instrument incorporating the Philips

G.M. countler lube lype 18503 has been designed

for the deleclion and measurement of radio-

activity in such applications as:

s General radialion inlensily checks in isolope labora-
lories, around isolope conlainers elc.

¢ Contamiralion checks ol benches and apparalus.

s Radiation exposure measuremenls ol personnel work-
ing with isolopes or X-rays.

I

-

incorporates the following features:

Three measuring ranges resp. 0-1, 0-10 and 0-100
mr/h (Ra}).

» Compensalion lor voltage drop during batlery life en-
sures mainlenance ol accuracy.

Pravisian 1o inser! probe extension. .
Beta sensilive G M. tubes 18504 (2-3 mgricm?) and
18505 (1.5-2 mgr/cm?) can be used as well,

s Large, easy readable and shock-proof measuring
instrumenl,

PHILIPS

Nuclear Equipment

PW 4012

" _with probe extension,

® Synchro-cycloirons
for various final
engrgles;

@ Cockcroft-Walton
accelerators.

® Generators for very
high d.c. voltages.

@ Linear electron
accelerators. | *

e Reaclor control
instrumentation.

@ Radiation measuring
and g i
‘detection equipment,

@ Civil defence
instruments.

@ Area moniioring
. Instrumentation,

@ Geiger counter tubes,

@ Photomuliipllérs.

® Radlo-active Isotopes.

® Air & gas liqueflers.

® Vacuum measuring
equipment. - L

PHILIPS

1

For further information please ap;ﬂy to one of the following addresses:
N V. PHILIPS GLOEILAMPENFABRIEKEN, Scienlific Equipment Department, Eindhoven-Holland

RESEARCH & CONTROL INSTRUMENTS LTD., Instrumenl House 207/215, King's Cross Road. London WC |
PHILIPS ELECTRONICS INC.. Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. US.A.
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The original fuel cask does not
contain a provision for handling fuel
elements in which wires and hardware
are widely spread out; the chain hoist
mechanism became fouled by projecting
portions of the 34th element removed.
After several days of manipulation in
the cask containing this damaged [uel
element (during the course of which at
least three fuel slugs and numerous
pieces of eladding were disloged into a
shielded cavity lorsted below the eask)
further efforts to free the cask operating
mechanism were suspended.
bly of a second cask, originally designeil
for handling moderator cans and/or
fuel clements, was commenced; this
rask was used Lo remove the remaining
elements, except for the two apparently
lodged in the core.

Causes of Damage

Iixamination of the fuel slugs re-
covered from the handling eask indi-
cated that cladding failure apparently
was responsible for the separation of the
fuel element. Sections of .010 in.
stainless-steel cladding acdhered to the
slugs; the intimate contact suggested
that an iron-eutectic had formed.
Chemical analysis of sections of clad-
ding and wire wrap recovered confirmed
this indication; uranium contents as
high as 109% were determined to be
present in cladding sections analyzed,
It is postulated that overheating had
oceurred in at least some of the chan-
nels, permitting fuel surfaee tempera-
ture to rise at least to the 1,340° F
necessary to form the IFe-U cutectie.

The thermocouples that monitor
exit-flow temperatures for each channel
at no time reacd higher than 900° I and
thus gave no clue to the excessive sur-,
fice temperatures.  Apparently, under:
the restricted flow conditions (which
caused the hot channels), the thermo-,
couple readings were thrown off by,
thermal contact with the sodium pool,
above the core. :

Altogether, an estimated 5,000-
10,000 curics was released at the time
of the damnge, 80% of which wns lcss
than one day in half-life. ;

An examination of the circumstances
surrounding fuel-clement damage was
commenced immediately on discovery;
deposits of a viscous, tar like substance
were identified on hot-cell examination
of a damaged fuel element. Deposits
were observed on the top spider which
supports the fuel rods and on the
moderator can hold-down tube which
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i installed immedigtely above the fuel
elements. Samples of this deposit
were analyzed; they proved fo be
rarbonaceous  materials “containing
These
were apparently decomposition prod-
ucts of tetralin. It is reasonable to
n=ame that such carbonaceous mate-

varying amounts of hydrogen.

o =hiolope sitedal peints of flow
restriction and may be the primary
canse of decreased coolant flow in those
channels which contain damaged fuel
elements.

into the
o0 the main
primary-coolant-pump-shaft freeze
geal. A metal-spraved layer in the
vicinity of the tetralin-cooled shalt
freeze scal, originally put on to build

up shaft diameter. where excessive

The point of tet-oliv atry

gyslem was deterni

wear had ance oeenrredd on the pump
shaft, had apparently come loose and
abraded the shaft-seal cooling chamber
to a point where tetralin was admitted
directly into the sodium stream, No
‘excessive  tetralin consumplion  had
been observed; there are constant
losses of tetralin due to evaporation in
the cooling tower and occasional piping
leaks ovtside the reactor arca. FExami-
nation of tetralin make-up did not
indicate excessive consumption during
the preceding power runs; it is helieved
that no more than two barrels of
tetralin were introduced into the sys-
tem, and quite probably considerably
less.

‘Future Plans

Development of fishing tools based
on possible conditions in the lower end
of the fuel channels containing dam-
aged clements was initiated immedi-
ately. It is known that the bottom
hardware of the fuel element would
come to rest, after a drop of some 10 in.
from its normal position, against the
stainless-steel pedestal on which the
moderator can s There-
fore, th> remnining sections of damaged
fuel elements would not fall into the
bottom plenum below the core.  Grap-
pling tools that attompt to engage the
hardwere below the fuel rods, and
bring the damaged section of fuel
element up throueh the fuel channel as
s unit were devised and tested in full
gcale mock-ups, The degree of fuel
gwelling, deposits of earbonaceous ma-
terinl, and degree of damage to the
bottem seetion of the element, is not
known at this time; the efficacy of re-
eovery procedures in an actual channel
is vet to be demonstrated. It s, how-
ever, expeeted that each channel will
present somewhat of a different prob-
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lem. the magnituie of which will be at ! §

least partially established by observa-
tion with a horescope specifically con-
structed for in-core examination.  This
boreseope contains its own illumination
and cooling system, and is capable of
being inserted completely through the
core if necessarv. It also contains
provisions for inspecting the under
side of the grid plate on which the core
is mounted.

Several facets of reactor operation
must be covered prior to restoration of
the SRI to full power operation with
its oo Tin
uranium fuel:

seconr]  core of thorium-
® [first, of course, is the removal of
fuel, its examination, and verification
of the cause of damage.

® Second is an inspection of the core
channels by borescope for ohvious

evidence of damage to morderator
cans.

® Third, it is planned to survey the
core using the neutron source in a fuel
channel and observing this source with
detectors in  adjacent channcls to:
determine, by neutron absorption, if |
sodium has been introduced into any
of the graphite moderator logs.

® Fourth, any carbonaceous material
remaining in the system, particularly
in the vicinity of the heat exchangers,
must be removed as completely as pos-
sible. Numerous schemes have been
proposed; these will depend on obser-
vations of the nature of the deposits.
It is currently planned to examine
visually the intermediate heat-ex-
changer primary (tube) side, inasmuch
as this exchanger showed a loss of heat-
transfer capacity toward the end of the
power run previous to the one during
which fuel element damage was dis-
covered.

® Fifth, the new fuel elements are
being modified to contain thermo-
couples further down in the element,
where they will be less affected by
godium-pool temperature. Additional
fuel elements will be provided with
thermocouples.

® Sixth, revision of the coolant systems
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e Quick and Easy to Operate 3

p Flip a switch and the. built-in auto- &
matic station does the work for you, r
electrically (no air supply required) f‘j
...lets you make up to 120 tests per 3
hour...safety interlocks eliminate o
operator -error, permits use of non- 1
technical personnel. B

e Guaranteed Accurate and Safe t
Constant 10-'* cc/sec accuracy guar- ;
anteed by the patented VEECO .
VEETUBE®, .. it cleans itself...uses i
safe, inerl hellum as tracer gas. £

o

e Thoroughly Tested

Each MS-9 undergoes a full week (168
hrs) of test run and inspection befora
shipment.

MS-9 SERIES
PACKAGED
Helium

Mass Spectrometer
LEAK DETECTORS

Finds leaks in
‘hermetically sealed
components

WITH/WITHOUT
- AUTOMATIC
4 ROUGHING STATION,

to remove what is now considered the
underlying cause of fuel clement
damage: introduction of carbenaceous
material.  Coolant systems which do
not involve materials incompatible
with sodium will be installed.

["pon completion of these steps, SRI;
will be returned to power with a loading
of thorium-uranium fuel, to continue
to provide high-temperature irradia-
tion of reactor fuels and further infor-
mation ¢+ high-performance liquid-
metal-coo. « reactor systems.
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FREE M5-3 BROCHURE
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performance, specifica-
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