PANE Lo

CORE DISRUPTION AND RELATED ACCIDENTS

Seismic Damage

1., The Hawley study states that the cOnsequences of a core-crushing
accident "would be some multiple of the consequences of the fuel-handling
accident” analyzed in the study, (p.26). Tha damsge to a single bundle
in a severe core-crushing accident induced by collapse of the building
above onto the cOre in a major earthquake would be substantially greater
than the damage induced in a fuel-handling accident t0 a single bundle.
Furthermore, one must presume most, if not all of the fuel bundles in a
core~crushing accident would be similarly affecteds, At minimum, then,
the consequences would be twenty times as great for a core-crushing
incident as for Hawley's assumed fuel-handling incident, *

2. uake-induced struct is of acce ed fire.
In this case, the struct damage c expose core interior to
more air than might be availalbe were the core intact, making propagation

of fire even easier.

3. The history of tie-bolt fallures for the fuel and the unreported

finding from the vibtration tests of reactivity oscillations due to the
saverely undermocderated current configuration, particularly with regards
coolant channels that are half the Optimum width, creates potential for
reactivity surges due t0 bowing Or Other plate and bundle spacing changes
induced by the seismic shock, An earthquake could also readily cause a
large negative worth sample t0 be removed from the core region rapidly,
without time for intervention of the conirol blades to compensate, resulting
in a power excursion, (One particularly wOrrisome scenario would be a

large negative worth sample in an irradiation port, the sample being in
ligquid form in a coOntainer which is squeesed Or shattered by the compressive
forces in the earthquake, rapidly expelling the contents from the core
region, In addition to effecting a positive reactivity insertion, if the
liguid were a soOlvent, the reactivity-induced temperature rise could

ignite the material,) A seismic jolt could jerk a control blade out of

the cOre, or cause a large Object to impact the drive mechanisa outside

the coOre, perhaps initiating an excursion,

4, The Argonaut reactor is severely undermoderated. The University of
¥ashington's Argonaut reactor reports that just a small change in the

@ap betwaen fuel bundles can cause a significant change in reactivity,

(see Exhibit C-III-1), At UCLA, it has been determined in addition that

the narrow plate spacing within the bundles creates an “extremely undermoderated”
situation 80 that any incident which caused an increase in that plate

¥ The Staff attempts tO make sOme comparison to guillotine-type breaks

in the fuel, First of all, the fuel is unlikely to shatter in clean,
guillotine-type cuts. The jagged exposed surfaces will have substantially
more surface area exposed, and therefore result in greater fission product
release, than the theorized clean cuts, The fission product release rate from
Jagged surfaces will not be substantially slower., But more importantly,

the assuaption of a mere three clean cuts per plate in a severe seisamically-
induced cOre-crushing incident is questionable., It is unrealistic to assert
that the damage that a severe core-crushing accident, as from a major earth-
quake which collapsed the building above the reactor onto the reactor core,
would produce the same Or even less damage than that which could result from a
fuel-handling accident to a single bundle.
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spacing could create a positive reactivity affect, (see Exhibit C-III-2),
Earthquake vibration tests revealed power oscillations caused by the fact
that an increase inplate spacing can amount t0 a positive reactivity in-
sertion, (see Exhibit C-III-3). (The misleading nature of the reference

in the Application to the vitration tests is especially serious, not only
because it Obscures this potential positive reactivity effect, but because
the information, if not s© obscured, mckes clear that the assertion elsewhere
in the Application that the reactor is optimally ncderated so that any
seisaically-induced Or Other rearrangemsat of the core or fuel would
decrease reactivity is simply not correct.)

5« As & result of vitration tests on the reactor, it was determined that
reactivity oscillations were detected, traced to the fact that the reactor
is substantially undermoderated with its presemt plate spacing. This

would be significant because core distortions, for example, those created

in an earthquake Or an otherwise non-destructive power excursion invelving
rapid steam formation and water expulsion, could potentially have the
equivalent of increasing plate spacing and thus amount to positive reactivity
insertion, Furthermore, ar undermoderated cOre presents the possibdlity

of power excursion through increased moderation being introduced. The

Hawley review indicated that up to 18,58 Ak/k extra reactivity could result
from catastrophic mechanical rearrangement and/or flooding of the core
(pe27), but concluded that such pesrfect rearrangement Or complete flooding
was not credibls, However, with 18,9% available, far less than perfect
rearrangement Or ?hu flooding is necessary for a disastrous power
excursion, which a yses appear to accept as Occwrring at least
with a 3% imnsertion, if not considerabiy less. Thus, fleoding from the
shield tank, a heavy water tank, broken pipes a2bove the reactor, or the
fallure of a nearby upstream reservoir could result in s substantial pos~
itive reactivity insertion, as could the use of wmater to fight a reactor
fire,

6. The machine room above the reactor contains numerous water sources and
piping systems. These pose the potential of leaking directly onto the
reactor below, creating an avenue for floeding of the reactor from a pipe
break above, These pipes have leaked in the past, flooeding the reactor
facility and damaging the control panel and related reactor instrumentationm,
(see UCLA Daily Bruin article, Exhibit C-III-4), Placement of plumbing
systeas above the reactor seems a poor choice from a safsty standpoint,

(see p.233 of 1965 operating log, attached, for heavy water leak incident,)

7. The history of control blade difficulties als® presents problems.

The vibtration tests indicate that seismically-induced core-shifting can
pin the drive mechanisas. The results were delayed from the vitwation
tests, but those tests simulated very small accelerations compared to

what can be expected in a realistic earthquake, Pinning of control tlades,
Jamning of the dump valve can make reactor shutdown impossible, perhaps
with operation at a power level far in excess of the design level which can
result in enough decay heat, Oonce the water is boiled off, to result in
fuel melting, (Note that Cort comcluded that melting could occur simply from
soisnically~induced blockage of cooling for a 500 kw Argonaut, Note alse
that the temperature rise for a 100 kw Argonaut could produce fuel ignitiom
and/or trigger Wigner energy releass,)

8. Severe core disruption could occur from initiating events Other than
an earthquake, For example, the means of shutdown in a power excursion,



-3-

rapid expulsion of water, generates substantial pressure pulses capable of
substantial alterations to the core configuration, even in a pOwer excursion
that does not reach the melting temperature of the fuel, If the excursion
were very severe, shield blocks weighing several toms could be thrown in
the air; the many~ton Sl-l reactor vessel itself was lifted to the

ceiling during that excursion, shearing piping as it went,

Fuel Handling Accidents

9. Hawley assumes a 2,7¥% release of gaseous fission products from a
fuel bundle involved in a handling accilent, COther than inadequate
demonstration that only those fission products one recoil-distance from
the exposed surface could be released, the estimate seems reastnable,

10, The Staff appears t0 assert that its consultant is in exrror in his
estimate and that the true amount of damage to a bundle in a fuel
handling accident would be 1/24 of what their consultant calculated,

In the abssnce of empirical data from actual crushing tests on fuel
like UCIA's, that assertion is unsupportable and non-comnservative, Ve
have commented above on the problems in assuming three guillotine cuts
rather than extensive fracturing, splintering, gouging, or shattering
of the thin plates.

11, UCIA ssserts that only the outer surface Of the two outer plates
(the equivalent ¢f damage to one of the eleven plates in the tundle) could
be damaged in a severe fuel handling accident, That seems unreasonabls,
particularly for an ineident, for example, in which a ten-ton shield
block was dropped on the bmadle, which is cOmposed of thin plates rigidly
bolted, In its design tasis fuel handling accident, UCLA further assumes
that the fuel has cooled down 21 days before the accident, an unreasonable
assumption, Review of UCLA's Operating records indicates Occaesions when
fuel was removed from the coOre only a few days after shutdown (e.g.,

see p, 215 of the 1965 Operating Log for 4/1-5/65; also, p.455-6, 1963
°m‘w Logy p. 144-5, 1964 Operating Log; p.4sé-8, 1964 Log; all

& .

12, UCIA, in addition t© assuming only Oone of the eleven plates is damaged

and that its inventory has decayed for three weeks first, als® assumes

that the fission product release is diluted by 14,000 cubic feet per minute

of air as the release is exhausted out the ventilation stack. However,

the exhaust system is tied in with radiation monitors to shut down upon

: high radiation reading (Application III/4~7), s0 the dilution assumption
s incorrect,

13, Only °ne form of fuel handling accident has been analysed in each
case, mOredver, that of mechanical damage t® the fuel plates, Other kinds
of fuel handling accidents that need t© be assessed include direet radiation
expOsure, criticality accidents, and contamination incidents during pre-
paration for shipment,

14, Radiation Use Committee minutes for December 22, 1977, at page 2,
(Exhivit C-I-5) assert that a mers four seconds of expOsure tO a person
near a fuel cask would result in a reportable incident, and a few minutes
for a lethal dose, should the shielding slip. The result of a fuel-handling
accident, be it in the reactor »oom Or in unrestricted areas during
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transfer for shipment could thus be more significant in terms of direct
exposure than release of fission products. (See photos of fuel transfer
location in public ares, attached to D, Hirsch testimony to the Galifornia
Highway Patrol about the June 1960 shipment incident, Further, note the
unanalysed potential for public exposure in a fuel handling inciient in
which fuel prepared for transfer has been accidentally contaminated by a
leaking radiation source.)

15, In addition to in-reactor reactivity accidents, poOssession of the
requested amounts of HEU pose potentials for out-of-reactor criticality
accidents, This is particularly true in connection with a facility that
additionally has had two suberitical facilities, with fuel (in addition

to the HEU in the reactor and in storage) and a large quantity (many
btarrels) of heavy water and graphite fOr experimental uses., BExperiments
have already been performed at the facility with fuel bundles in water
pools outside the reactor; extensive experiments were performed changing
spacing for fuel bundles and determining reactivity effects., MOTe creative
experiments can be assumed as the tasic reactor phydcs experiments that
can be done with such a reactor lave been exhausted. With poor administrative
controls, experiments by students involving the fuel without proper prior
review Or supervision could be dangerous,

Other Fuel Failures

16, The analyses done to date have not addressed the potential for
localized fuel melting during operation should sOme coolant channel(s)

be blocked, due t0 bwing of fuel plates Or Other blockage of the channel,
Nor has there been an analysis of the history of fuel failures for this
kind of fuel, UCLA has had such "leaky” fuel (see Operating log entry
for 4/29/63), WIR-type fuel has had problems related to distortion of
plates and subsequent blocking of flow channels, due in part to the
tendency of the thin plates t0 cause an unbalanced hydrostatic pressure
in the coolant channels, (See The Technol of Nuel ctor Safety,
vol, Z, p. 87). Other similar plates have gaﬁcd due tO poOr process
control in assembly, Or melted as a result of restriction of coolant flow
by detris from a gasket (ibid., p. 94).

Conclusion

17, As indicated by Mr Hawley in his report, the effects of a core-
crushing incident would be sOme multiple Of the effects he has estimated
for a fuel handling accident, In Our view that multiple is approximately
twenty, for severe mechanical damage without large fire, Wigner energy
release, Or pOwar excursion being triggered., HOwever, there are numerous
mechanisms whereby such cOre disruption could lead to those additional
lcz;ntc. in which case the fission product relesse would be substantially
ger.

18, Various fuel handling accidents not addressed in the current analyses~-
involving direct expoOsure, criticality accident, Or external coOntamination,
for example, during preparation for shipping-- could produce substantial
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exposures, And the potential for other fuel failures needs to be
reviewed, particularly through examination of experience with similar
fuel elsewhere,

19, The UCLA reactor is not inherently protected against mechanical
damage, If its fuel is damaged, a radiologically significant portionm of
the gaseous fission products can escape. If fire Or pOwer excursion or
Vigner release Or sOme combination is initiated by coOre disruption,
considerably more of the inventory could be released.
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Exhivit C-III-1 page 1 of 2

UNIVERSITY OF WASHINGTON

SEATTLE, WASHINGTON 98195
College of Engineering
Department of Nuclear Engineering
Nuclear Reactor Laboratory, FD-10 2 November 1981
Director

Division of Reactor Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Sir:

-
Y-
-

Re: Docket No. 50-139
License W73 '

1"

In accordance with Section K:1 of the Technical 55:3!rtcationl for the
University of Washington Nuclear Reactor this letter is being transmitted.
Section K:l requires a telephcne call within one working day to Region V
office and a written report in tem days to the Director of Reactor Licensing.
This item is for abmormal occurrences as defined in Section J:3 and specifi-

cally J:3:b, an uncontrolled or unanticipated change in reactivity.

As defined in J:3:b we may have an unanticipated reactivity change al-
though the explanation seems logical.

In summary, during September and October of this year we changed the
fuel-box gaskets. This required removal of tha fuel, core graphite and the
fuel boxes. During reassembly the fuel elements were returned to the same
boxes and positions they occupied originally.

On October 23, 1981 the reactor was taken critical and the excess re-
activity was calculated to be 1.052% Ak/k. On October 27 and 29 the calcu-
lated excess reactivities were 1.046% Ak/k and 1.055% Ak/k. These values
were then compared with original measurements and conditions (no samples).
On August 18 and 21 the excess reactivity was 1.182% Ak/k and 1.64% Ak/k.
The net change as a result of the unloading and reloading the fuel is there-
fore approximately -0.12% Ak/k.

Earlier experiments show that a change in the small gap between fuel
bundles can cause a change in reactivity. Data takem during the original
start-up of the reactor in April 1961 shows a reactivity difference between,
1. all fuel bundles wedged toward the central graphite island (minimum spacing
between bundles) and 2. the maximum gap between fuel bundles to be 0.54% Ak/k.
In the U. of W. reactor, fuel bundles are separated at the top by an aluminum
wedge which maintains maximum separatiou in one direction at the top of the
fuel box. However, there is no positive separation at the hottom except the ’4<>:}C>
bolts the bundles which give a minimum separation of 0.25 inch between s
i/o

8
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Director

Division of Reactor Licensing
2 November 1981

Page Two.

plates on adjacent bundles. 7The maximum separation between outside plates
from adjacent bundles could be 0.55 inch. In the other direction the fuel
bundles are separated by a plate support at the bottom of the bundles.

With the wedges in place at the top of the bundles, the bundles are
forced to the edge of the box and maintained there. This prevents the bundles
from rovement within the boxes. From prior operating experience there is no
evidence to indicate any movement of the bundles once the wedges at the top
are in place.

There are other possibilities to explain this reactivity change. Onme
is that there could be some water in the graphite, which we do not believe is
the case. The second is a neutron absorber in the primary water and we do not
think this is the case either. The primary water was retainad in the dump
tank and the specific resistivity is about 10® ohm-cm (same as prior operating
condition).

The change in reactivity can be accounted for by the possible difference
in the positioning of the fuel bundles at the bottom in that they may be closer
together in some cases than hHefore. We believe that this is the reason for the
unanticipated reactivity change and feel that our operations will be essentially
unaffected by the small change.

Another observation should be mentioned. As a result of the water spill
in December 1979 we found some corrosion on the outside of the fuel boxes be-
tween the aluminum boxes and graphite moderator interfaces where water made
contact. This corrosion is the result of a water-graphite-aluminrm reactionm.
Some minor pitting was observed on the outside of the boxes during cleaning;
however, none of the boxes showed any evidence of leaking during a static-head
leak-test prior to re~installation.

We called Region V on October 23, 1981 and will be meeting sooa with the
University of Washington Safety Advisory Committee.

Sincerely yours,

‘~

- / e A 3 »
iy 27 Ay o L
;/,/acz‘/f‘a/f//;”7€!/-/

o . G
W.S. Chalk
Director

WSC:mt

cc: Region V
Safety Advisory Committee
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AB3TRACT
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~PiCKED LATTICE IN THE ENGINEERING

S Tl A

wUCLTAR REACTOR

The primary objective of this thesis i3 to find the plate

spacing of the fuel .elemo of the uranium . packed

lattice {n the cnginearing ontimize

the eritical

utilizing
a nultiregion,

Proy rars

The experimental anslysis consists of tuo phages. The first

:

involves the variatinn of Spacing of the fusl glutes of a

sactor. Th is the calibra-
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CO.CLUDIC..S

After consideration of the results of the experimental and

cozputer anulyses, it 1s coacluded:

1.

The present 0.137" spacinz of the fuel plates in the Engin-
eering Nuclear Resctor places the urenium water close-packed

lattice in an extremely undermoderated conditlion.

A plate spacing of approximately 0.290" would yield the
minimun criticel mass for the uranium water close-packed

lattice in tic Sngineering “ucleer Reactor.
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UNIVERSITY Of CALIFORNIA

Los Angeles

Simulation of Earthquake-Induced

in a UCLA Reactor Fuel Bundle

A thesis submitted in partial satisfaction of the

requirements for the degree Master of Science

in Engineering

by

Richard Lee Rudman

Committee in charge:
Professor Craic

-

Professor Ralph B.

,‘

rYrotessor Robert B.
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control blades one through three are completely withdrawn
from the core and regulation of the power level is
achieved by moving control blade four. Since the shaker
induced motion was horizontal and in a direction perpen-
dicular to the control blade shaft it would be necessary
for the force of the horizontal motion, acting on the
center of gravity of the control blade, to be sufficlently
large to raise the blade up in order to produce a higher
power level. However, for a 100 kW run approximately 80%
of the regulating blade remains in the core and a very
large vertical component of horizontal force would be re-
quired to 1lift it from this position. Because of the
magnitude of this force it is felt that blade motion is
not a reasonable explanation for the observed power Os-
cillation.

The last possible explanation is that vibration
induced changes in the fuel bundle configuration are
responsible for the power variation. Vitti(l) has shown
that increasing the space between adjacent fuel plates
results in a positive reactivity change. The moderator
gap between adjoining fuel plates is approximately one-
half of the optimum moderating distance. The present
plate spacing is a nominal 0.137 in. while the spacing
required for optimum neutron thermalization was experi-
mentally determined by Vitti to be 0.290 in. Neutrons

that are produced in one fuel plate are insufficiently
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*
moderated when they come into contact with the adjacent :

fuel plate and the probability of fission is decreased.

L ,‘;:Q';;* e eeid \ 8 AT

As the plate spacing is increased the neutron enerqgy

decreases due to greater moderation and the fission rate

3 AT W

increases. Since the plates are secured only at their

enriched U-235. A typical plate is shown in Figure 1.1.

i
tops and bottoms and the direction of the reactor motion 51
-

during the shake test was perpendicular to the plane of 1 é
the plates it is possible that vibration-induced plate . %
gap changes could produce an oscillating flux level. ! iw
1.2 The Approach | ' é-
The purpose of this work is to predict reactor %W
power oscillations based on a study of the vibration %J
characteristics of a dummy fuel bundle. Three variables ;J
must be defined in order to estimate the magnitude of .5}
the power change: (1) the change in the plate gap di- .g‘
mension that occurs when the bundle is being vibrated at ;’/;;ﬂ
its resonance frequency, (2) the dependence of reactivity ;H. f}
on the plate gap dimension, and finally, (3) the manner i?;?fw
in which a sinusoidally varying reactivity is coupled to ;'E?Ed
reactor power. 1;%!2¢
RN
1.3 Fuel Plate and Bundle Description i}ﬁ;fi
The fuel loading of the UCLA reactor consists of g f;é‘

264 plates, with each plate containing 13 grams of highly i;;;?
(3) 1y o

oo

|
|

The dummy fuel plates used in the vibration tests are
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Reactor shut down

by water damage .

By Mary Astadourign
Staft Wilter '

A water leak developed in the contro| room of the Boelter
Hall nuclear reactor over the weekend, causing extensive
2 damage to the main control pancl, and yendering the reactor

inoperable for a week or more.
‘An anonymous phone caller told the Bruin about the leak, :
which started Friday in the de-ionized water tank, and rapidly

incapacitated the control room but 'iul not telcue any ’

radioactive waler,
Reactor supervisor Chuck Ashbaugh confirmed the report
Tuesday. Ashbaugh explained that two weeks ago the main

water pipe in the School of Engineering btoke A \emporary .

pipe was installed but not depressurized:
“This increase in pressure causéd the machine that makes

puriﬁcd water for the reactor to leak,” Ashbaugh said. He also -

rlamed that this water is used for expetlmem and “doesn’t
ong to the reactor.”

The damage, according to Ashhwlh-  hot gerious. “Some
of the instruments got wet and we're drying them out,” he
uu: u:dm.. “We don't think phat nylhlu ’ol burned out,
just we

Ashbaugh believes it will cost about ssoo primarily for
labor, to get the reactor operating again.

The anonymous caller blamed the damage on Ashbaugh's
carelessness. The caller reported that Mhbcu.h discovered

(Coptinued on Page 11)

-

Do - wew s w

O —— ey

/4/7:7},’ e Sy g

o

Reactor . ..

(Continued from Page I}
the leak on Friday afternoon
but called the Physical Plant

Office and told them to do i, |

shut off the water valve, because

he did not know how. But he -
forgot to check and sce if they

did, the caller said.
Ashbaugh denics this. “Two
people from Physical Plant

came Friday morning and said :

that they would take care of the
leak —
the time.” he said. Ashbaugh
believes the major leak began-
over the weekend when the
reactor was not in operation

and when none of the reactor !

personnel was present. “The
custodian found it and told the
custodian supervisor, who
called Physical Plant,”
baugh said.

Ashbaugh said he would

allow the Bruin to take pictures
of the damage in the Nuclear
Energy Laboratory. However,
Dean Tom Collins of the School
‘of Engineering refused to allow
a Bruin photographer to do so.
“You can chnfy the incident,”

said Collins, “but | dom think

you nced any pictures.”

was just a few drops at

Ash-
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