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The Accident Evaluation Branch (AEB, has completed its accident acclysis
for the Safety Evaluation for license renewal for the University of

| California at Los Angeles Training Reactor (Enr.losure 1). Analysis of a :
conservative fuel clad darnage accident was performed, assuming extremely ,

adverse meteorology. The radiological accident consequences were a small |
fraction of the limits of 10 CFR Part IN. AEB, therefore, concludes ithat continued reactor operation is not inimical to the public health

Iand safety.
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Introduction ,

By letter dated February 28, 1980 the University of California at Los Angeles

(the licensee, UCLA) requested renewal of the license for operation of the

one hundred kilowatt UCLA Argonaut research reactor at the University of
.

California at Los Angeles c epus. This evaluation addresses potenttal conse-

quences of postulated accidents.

Discussion and Evaluation
i

The reactor site is located in the Westwoad district of the City of Los

Angeles, California, in the western sect if Los Angeles County (Figure 1). |
'

1

The reactor is housed at the Nuclear Energ., Laboratory, in the center of the |

|
! campus of the University of California at Los Angeles (UCLA) as seen in |

I Figure 2. The campus is located south of the southern base of the Santa

| Monica Mountains on a coastal plain about 5 miles east of the Pacific Ocean.
;

IThe reactor, an Argonaut type, is water-cooled and moderated, graphite

reflected, contains 935 enriched uranium in the fuel, and is licensed for a
e
' maximum core thermal power of 100 kilowatts. It is used primarily for

: activation analysis, class instruction, and research. Important fall-safe ce'

physics parameters are relatively large negative moderator void and temper.

coefficients of reactivity. Additionally, the substantial prompt neutron '

4
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lifetts largely a function :' grav ite refit:t . :'. . r t i t ,.

[ of reactivity insertion require: to achieve a Jue' 'i- ** re' rovtJina.

1

an increased measure of safet.,.

| Since the water acts as both coolant and .-iocerator, los; P ::..laat slJ

| drive the ritector subcritscal, not only by creatinj 1 ar .c . 13. anJ canse-

49ent fuel temperature rise, but al .c ty loss of -Merator. *
rea:ttvity'.4

j |

3 worth of all the core water i s appro s 19 ate ly 1,''. tai s . le e-crat, core e %Jn-
:

leal rearrangewnts or def ormations result in ac:2t t.c iacrs <-: .il re ac t i v it y .
;
4

The Reactor Facility, shown in Figure 3. is a two-story, reinforced structure
l

about 15 by 49 feet in plan and about 2* feet high. ine re i:: ar roor- is ec.idec

; on the north, east, and south sloes by space controlle: t.y im % clear Ener;e

Laboratory and shared alth the foA a% Fuston Laboratory. * *. cc 15 a clear

space of two stories above the reactor roo.. and thre( storics of bullcin;
I above the clear space. seactor-related air conditioning anc mater de-ineral-

tration equipment are located within a fenced-in structure on the reactor room

roof, which is in the clear space bet-een stru:tures. '.o s ital ecut; ent 15
i

i located in this area.
]
4

f The reactor high bay area is served by a separate 14000 cf ventilation syste,.
4

A negative pressure is maintained in this area relative to its surroundings.

The reactor is interlocked so that it cannot be operatea unless the ventila-
i

j tion fans are on.
<

Prior to defining a Design Basis Accident for the UCLA reactor, five broad

areas of potentially credible accidents were considered. These are (1);

rapid or stepulse insertion of reactivity. (2) rechanical core rearrange.ent,4

I as from a seismic event. (3) metal-water reaction. (4) graphite fire, (5)

fuel desage. [ach of these possibilities will be cuanined brlefly below.
!

:
,
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l [acess Reacttv11, . c ! n. : i*.J :n n. consicerc; *. ,c feas151t..i,

calculations merc de *;r 3 r. ira:verte- ster .st-t i.- of the tota:

nativ theoretical eacess core reactis tty. Tne asiv escess |

reactivity available for an inadvertent step insertton is 2.3% M A.

Though not possible, tf all the available reactivity were inserted

instantaneously, a pro ot pertoc of 7.2 se ul: result, prodscin:

a mastr calculatec ener;y release o' l. * Even if all theu - .t.

energy released te. tSe escurston is ass v.: to heat the fuel plates,

the te@ erature of the fuel =culo be or. tne oraer of 5000 C or less,
I well below the nettin; point of the fuel eutectic or the cladJing.

Based on the estinate: =cas te :erature troJucca le the SPERi-1

destructive test, the fuel hot spot te :erature mould be approntmately

$9;' C, still well >+ .>. tne cit tn; :aie.ts cf d:,tn tne fuel eutect ic

and. cladding.

Since cenouction heat transfer =t11 occur througn the graphite

in reality the actual fuel temeratares =111 be screwhat less.

Since the atme resu1*s are casco on the instantaneous insertion of all
! the available excess +4ctivity, any credible accident would produce a

esaximun fuel temperat re o greater than and in all likelihood much less
0

than the naalaus of $93 C estinated en the basts of highly conservattve
assumptions. Therefore % nelting or cladding perforation would res it

from this accidevit ano nc 'tssion proevet release would occur.

4
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(b Mechanical Core Rearrangenent/ Crushing Acciact. . -a.tsring tot
,

cladding and fuel eutectic would allow the escau of so:e f15510c

products, as discussed in the " Design Basts Accident" section, fra-

the fuel plates. One source of the compressive / tensile stresses that

could cause such fuel damage would be a cassive or, ject dropped on the

unshleided assembly. The Argonaut uses large, case concrete blocks

for shielding purposes. These blocks nust be removed to gain large.

scale access to the fuel elements as would be required by a fuel

unloading operation. While the most severe :,cenario mign: ce droppage

of the heaviest shleid block, the shield assembly conficsration .,Jy-

require that the heaviest block be removed v. nile the core is still

well structurally shielded. Thus, the block could not be droppc3

directly onto the core, since the shield blocks would prc,tect against

this possibility.

Another source of possible large mechanical loads appliec to the

core would be those occurring in a seismic event. If an extreme seismic

i acceleration of I g is assumed in such an t.ent, the maxi a Cppressive
;

! stress to which the graphite reflector and stringers are subjected is
!

still less than 1/10 of its compressive strength. Because the blocks
;

are not interlocked tensile stresses should not occur. Horizontal ;

acceleration can cause the graphite blocks to impact against the metal |

fuel boxes and. If the tapact is severe, it will partially crush the

!. bon and fuel elements laterally. The likelihood and extent of crushing
I

cannot be predicted without dynamic structural analysis. The core

might also suffer partial crushing in the vertical direttion, but would

be largely protected in this mode by the passive removanle concrete shield'

blocks.
|

|
|
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In summary, some core crusnir,; in the later.tl directiun st. *>ossible

under very severe accelerations. Vertical crushino is leu likely.

Any crushing that takes place will tend to result in the renoval of

air from between the fuel plates such that conduction from the surrounda

ing graphite will be improved relative to that in the uncrushed state.

Heat transfer analyses were perfomed to examine the effects of partial

seismic core crushing on fuel thermal behavior. The reactor is
0assumed to be at a uniform temperature of 311 K, operating initially

'

at a 100 kw power level. It is assumed that an equilibrium inventory

of fission products exists in the core. At time zero, the core water

is completely drained in less than one second. The reactor shuts down

immediately and the transient heat transfer calculation begins with

tha dry core condition. Stagnant air is in the spaces between fuel

plates. The calculated peak fuel temperatures following this sudden

removal of core water are sumarized in the table below:

Calculated Peak Fuel Temperature in 100 kw Argonaut following

Sudden Loss of All Core Water

fore Core Condition f' *

Air Configuration - Uncrushed Criishe'd
"

'
i

I
a b0 0 K 4100 K' Natural Convection Flow 396 K 478

D '
0 Ka 4600 K0 K 527No Air Flow 631

,

a. Coolant gap between fuel plates reduced to one-half normal
value.

b. Coolant gap reduced to 25 percent of normal value.

It can be seen that fuel melt is not plausible for any of the above
| 0tabulated cases, the melting point being approximately 940 K.

|
;

|
~
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I~ (3) Metal-Water Reaction: Studies of t U-Al fuel plate so: <..er'

reaction show that a heat irrput of cal /gm of fuel plate is

required before both damye is appa nt and reaction products can

be ascertained. (Ref. J. his is equivalent to 7.24 x 10

i
FN-sec/gm of fuel plate, or .156 HW ec/ fuel plate. With the nominal

j core loading of 240 fuel plates, th 12 MW-sec pulse generated from

) an inadvertent maximum reactivity i rtion would produce an average

of only .05 MW-sec/ fuel plate. Ah thetical maxinun nuclear'

i excursion might deposit one-luertn its energy in the central

j
one-sixth of 40 plates of the core. These plates would thus exper-

1ence .08 hw-sec/ plate from the put , or about half the energy

required to initiate the reaction. , looking at this from another
;

!

| perspective, a total of 43 x .156 = .24 W-sec would have to be

f
depe?ited in the central one-sixth the core and this would require

a burst energy release of 25 m -sec r about twice that available
/
'

from the maximwn credible excursion Thus, since the minimum energy

f
which initiates the reaction is app imately two times that available

;
.

from an inadvertent pulse, the Al-H chemical reaction could not
|
f occur from such an accident.
,

(4) Graphite Fire: In order to assess likelihood of a self-sustaining

| graphite fire, the three critical p ters of oxygen source, fuel, !
l
'

!
and *an ignition source were invest ted. Oxygen sources considered

were oxygen in argon dilution air f , in room air with the shield

blocks removed, in failed beam tube a failed rabbit tube, and in
;

i experimental gas flow. Fuel sourc onsidered were reactor graphite,

11guld fuels, gaseous feels, and so fuels. Ignition sources con-
<

2

f' sidered were Wigner Effect, electri malfunction, pyrophoric material,

.-f
,

f .+ friction, explosive material. nucle heating, power excursion, external I
'

-

: .

flame, and a bs11dlag fire.
. ,-
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uilding fire during an off- f. e.verinental period c.- <<

pastulated, while the reactor crete shield blocks are removed
.

and some reactor graphite is e sed. The fire could spread,

given an appropriate ventilati air flow pattern, to whatever

flamables were available arou the reactor work area. Since the

open shield would expose the g phite to room air, it can be ignited.

Appropriate smoke detection sy ems must be available to give warning

to security guards / fire fighte that such a fire is in progress,
1

so that available fire-fightin quipment may be employed to extin-

guish the fire. Appropriate t nical specifications will require

the installation of adequate e detection /alarn equipment. j

(5) Design Basis Accident: The t of accident rest likely to lead to
~

release of radioactivity from 1, excluding parttal fuel melt /

reassembly, which is notconsid ed credible in any of the previously

discussed scenarios, is an acc nt where fuel clad is compromised. j

This could occur in an out-of e fuel handling accident, where an

element might be dropped and d ged in some manner. It might also

occur, for instance, as a resul of mechanical damage in a seismic
\

event. In order to conservati y bound these possible scenarios, {
-

,

,
a non sechanistic OBA is deft with the following assumptions: ,

1

Reactor type: Argonaut !
!

Steady-state Power Level: 100 kw (for 1 yr.)
;

*s Exposed Feel Surface Area 2* j

17
due to Clad Damage 10,500 cm

{ Breathing Rate 3.47 x 104 m3/sec

Short-tern X/q at reactor 3
J' wall 7 x 10'3 sec/m

.

(no holdup or removal in )

.:

3)

a ,

M .O
,-- .
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Radionuclide I _entories

InventoryReleased,Ci
whole Bocy

, Dose, mre-Noble Gases Inventory. Cli

i

|
85m 78.5 2.2 28.7 !Kr

| Kr 1.1 0.03 0.2185

87 140.0 3.8 295.4'

Kr
88 Kr 215.0 5.9 --

13h 11.2 0.31 :
--

xe; I
133 xe 4.0 11.0 85.4'

I3b' Xe 62.0 1.7 32.9
:

135 397.0 11.0
'

--
xe

i Whole Total,tioble Gases: 443 mee-

;

"

Radiolodines Inventory, C1 _ventory Released, Ci Thyroid Dese,re-

| I3I 164 4.5 15.5I

132 - 244 6.7 0.8 I'
g

III I 399 11.0 10.6

I34 424 12.0 0.71

j 135 327 10.0 2.91
1

!

1
Total. Thyroid: 30.5 re-

i * Equivalent to the nominal exposed fuel s e area of all the plates of one
j element if all clad is stripped away.

!
** Assumed that all activity produced within range of the recoil particles

(1.37 x 10-3cn) escapes; referenced to th fuel element containing the
, saximum inventory; steady-state operation or one year (inventories much!

smaller for 8-30 hr. duty cycle); unco ed for burnup; instantaneous
4
~

release assumed.

***The volume of fuel from which the radi ides escape is'-

I " Vesc = 1.37 s 10-3 cm x 10,500
= 14 cm3

3
| c, The total fuel volume / element is $26 cm Thus, conservatively assuming a

uniform volume distribution of fission ts, the fraction of escaped'

. ' radionuclides is 14/$26 g .027 or 2.75.
. '1

4

>
-

f '.. ., :.
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The C*. :..tec 19yroid dose 15 a all fra:ta m n' the 10 CF'

Part le limit. The wnole bod ose is ver. lo. 4 1 re ,j.

IConclusions
!

We have considered as hypothetical accide scenarios the following: (1) |

Excess reactivity insertton. (2) Mecnanic core rearrangement. (3) Hetal-

Water Reaction, and 4) Graphite fire. of these .cre found to result

in releases teactng to appreciable offsit adiological consecuences. In |
J

order to have a release resulting in such sequences, substantial cuantities i

of fuel clad must be cogramised.

Using appropriately conservative release etions and meteorological modelling,

the staff finds that, even in the event o he occurrence of a fuel nandling

or seismic accident leading to substantia onprmise of the fuel clad, the~

radiological consequences in the near vict ty of the reactor building are a

small fraction of the limits of 10 CFR Pa 100.

We have concluded that (1) because licens renewal for operation of the

University of California at Los Angeles t ining reactor (Argonaut) does not

involve a significant increase in the p 111ty or consecuences of acetdents

considered and does not involve a signiff t decrease in a safety margin, it

f does not involve a significant hazards e ideration. (2) there is reasonable

assurance that the health and safety of public will not be endangered by

operation in the present manner and (3) tinued operation of the reactor will

not be inimical to the common defense a ecurity or to the health and safety;

&} of the public.
J3
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