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ABSTRACT

The crl~ical mas:es and fission and explosive energy re-

leases of Pu02, PU02 - U02, U02 and U03 assemblies have been

calculated. The choice of parameters used In the model are

conservative and were chosen al’terreview of appropriate

plants that

the future.

include any

have been and are proposed for construction in

The resulting data envelopes are Intended to

conceivable set of ~ircumstances that could ul-

timately lead to a nuclear incident. All energy release an-

alysls was performed for initial fission spikes only; recrit-

icality mechanisms were not considered.
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Fl~ure 1. Critical lfassof PU02 Versus 1!20Content.

Flgu:-c2. Cr.ftical I’!assof NOM Versus :120Content.

Figure j. Critical Mass of U02 Versus Ii20Co~LcnL.

Figure 4. Crltlcal Maas of U03 Versus H20 Conte)~t.

Fi[:ure5 Fission EnerCy Release of PU02 Versus Reactivity

Insertion Rate.

FICure 6. Neutron Source StrcnCth of PU02 Versus keff.

Fi<ure 7. Fission Ener~y Release of MOX Versus Reactivity

Insertion Rate.

FiRure 8. Fission EnerRy Release of U02 Versus Reac:tlvlty

In3ertion Rate.

FiEure 9. Fission Energy Release of U03 Versus Reactivity

Insertion Rate.

Figure 10. Fission Energy Release of OXideS Versus Reactivity

Inscrtlon Hate.



Fission and Exploslve E1lcrCy Rclc&ccs Of I’u02,PU02-L!02, U02

and LV Assembles. J. J. thell~n~, (1.E. Ilnnsen, C. C. Dyers,
a

Unlvcrsity of’California, Los Al:M:oGSclrntific Lnborntory,

Los Alanos, New Kexico 87545.

For the purpose or determining off-site effects of

crltictilltyaccidents it has been normal practice to

postulate accidents in various confl~urations and media

(1,2,3)~)within a plant. )ese potential accidents then

assist In determining much of’the plant and process dcclgn.

For these accidents the off-site effects are dominated by

the relelse cf gaseous iodine and noble cases t.hrou~h the

vent~latlon system, out the stack, and to the cxclu~lon

boundary via appropriate dilution and decay factors. For

any speclflc proposed accldcnt it Is the fission ener~y

estimate that ultimately determines the dose at.tl~choul~dary

since a,llother factors, I.e., fission produtit yields, decay

rates, dilution e~fect, breath~n~ rates, plateouc, etc.,

Involved in the dose est~mate are relatively well.understood.

The f4ssion and explosive energy release from crltlcallty

Incidents inv~lvinC liquid and metal assemblies
(4,5,6,7,6)

has been well established from both accidents and experimental

induced excursion data; however, to dnte very little work has

been performed In the dry powder or near dry powder assem-

blies. With the possible advent of’ plutonium recycle9 it has

become increaslnCIV apparent that the upper limits of energy

release for PU02, U02 and PU02-U02 nssemblles similar to that



found in nitrate to ox~de conversion plnnts md mixed oxide

fuel fabrication plants should bc established. In additim,

it was decided to Invrstigatc U03 commonly found in ~6 plants.

This study focused on

blies:

a) PU02 assemhllcs:

the followlnC four typc~ of assem-

LiCht water reactor recycle pluto-

nium in oxide form with approximately 80% fisslle and 20% non-

fisslle pluton~.um lsotopcs. Mater content was varied frcm O

to 107 by wclCht.

b) PU02-U02 (IWX) asserr.blles: A mixture of recycle

plutonium with natural uranium, both in oxide form. The

mixture contained a naximum of’6S PU02. Water content was

varied from 5 to 10$ by weight..

c) U02 assemblies: Uranium oxide with a maxlmul)iuranium

enrichment of 5%. Water content was varied from 2.5 to 10%

>y wclght.

d) U03 assemblies: Uranium oxide with a maximum uranium

enrichment of 5%. Water content was varied l’rom2.5 to 7.5$ by

weight.

The density (oxide density) of all assemblies was maintained

3at 5 gin/cm . Reactivity insertion rates were varied from $1 to

$100/s. A nominal concrete composition was chosen for fully

reflected critical masses. Spherical geometry was chosen for

ease of modeling and for minimal critical masses, A Doppler

coefficient 1 dk = -0.02 was chosen for all uranium cases.
T?IT

All energy release analysiswas performed for 1~.itlalfission
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spikes only; recrlticality mechanisms, e.g. , recompactlon

under the Influence of Eravlty, were not considered.

The fission and explosive energy releases were deter-

mined with the Pajarlto Dynamics Code (PAD)(9) that has been

used by LASL personnel in estimating low order disassembles

which ml~t occur during a reactor or critical assembly

accident. PAD Is a one-dimensional coupled hydrodynamlc-

neutronlc code with Lagrangian hydrodynamics and the dis-

crete ordinates neutron transport code DTF-IV.(lO) Neutron

multiplication and period calculations were also performed

with the aid of DTF-IV. Hansen-Roach cross sections were

utilized In both the DTF-IV and FAD calculations.

For the PAD calculations, a two material option was

used whereby the fission energy Is deposited In the fuel

and then transferred to the water (if present) via a pre-

determined energy transfer rate. If no water was present

the energy remained In the fuel and ultimately changed the

state of the media to a vapor phase.

Figures 1 through 4 show the critical masses of PuO
2’

‘u02-u02’ U02 and U03 for various water concentrations,

For PU02, the critical mass Is flnl~e with no water, whereas

with MOX and both U02 and UO the “mlnlmum” water content
3

was 5 and 2.5% by weight, respectively. The upper limlt for

investigation was established when the water content filled

up the void space left by the oxide. For PU02, U02 and MOX

this water content was approxlmate?y 10% by weight but for
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U03 (at the same oxide densi~y) this value was 7.5% by

weight . Above these water levels, solution assembly data

exist In t},eliterature.

Figure 5 shows the enerCy release expected for PU02

assemblies for various water contents. At lcw ramp rates,

water vaporizes and initiates disassembly. At high ramp

rates fuel ~~aporlzation follows the water vaporization. For

O% water, air that fills the void spaces initiates dis-

assembly and may or ray not be followed by fuel vaporiza-

tion depending on the ramp Irisertlon. Gas viscosity and

smail particle size assure equal tielocfties In vapor and

condensed states.

In the cases

greater than what

accident analyses

studied, the total energy release becomes

Is normally considered acceptable in

only for high r~activlty Insertion rates

(>>$1/s). These rates are much greater than those obtained

by mayimum estimated material transfer rates (<<$1/s) achiev-

able In conversion and fabrication facilities. In addition

to the unlilcelihood of achieving these insertion rates, the

neutron emission rate from spontaneous fls~flonand the

(11)
Pu(a,n)02 reaction as shown In Figure 6 constitutes a

formidable neutron source that is easily detected while an

assembly Is still far subcritical. For example, at !{eff=

0.9, or more than $40 subcritical, the neutron source strength

7 9 n/s for a 100 kg assembly.is approximately 10 n/s-kg or 10

Figures 7 throu~h 9 show the energy releases expected

for MOX (Pu02 + U02), U02 and U03 for various wat?r contents.
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Except for thr Inherent PU02 source strcrl~tll( 62 of the

values statetifor the PU02 ass~~mbllcs) In MOX, all of these

low enriched oxides indicate approximately the same level

of energy release pcr kg ox:dc. ‘1’hehigher Yeleasc levels

of these 10N quality fuel assemblies arc due mainly to the

extremely large critical masses In comDarlson to the re-

latively sm~ll critical masses of FU02 asscr:blles. The

large masses ~mply small neutron leakage probabilities and

thus require larger dilations per unit reactivity reciuc-

tion.

Table I lists maximum kinetic ener~y (an Index of

“explosive” energy) as ?.function of assembly composition

ant reactivity Insertion rate.

Summary:

In all of the cases considered, water vapor pressure

constitutes the basic disassembly mechanism even in the

case of extremely small amounts (0.1% by wel~ht for the

PU02 study). The water content and subsequent vapor

pressures resultlng from the water will thus ultimately

determine the fission yield during an excursion for a git:en

reactivity Insertion rate. For zero water content as tn the

case for PU02, the air In the void spaces supplies enough

energy to start disassembly. If vapmization of the fuel

is necessary to complete disassembly as In the case of very

high ramp rates, very large energy releases can be realized.

Of course the calculated energy releases are academic if the
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nece~sary m~tci’1~1 to achieve a critical mass cannot be pre-

sent or If a strcnC inherent neutron source such aG seen In

PU02 cr PU02-U0. assemblies will preclude accumulation of~.

critical masses by prcper detection.

As lndlcate~ earlier, the choice of parameters used in

this invcstigatjon are conservative and were determined only

after review Gf appropriate plants. The resulting data

envelopes are thus intended to ~nclude any conceivable set

of circumfitancc~ that could ultimately lead to a nuclear

incident.
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Table 1. Maximum Kinetic Enel>gy iil Me.@joules as a Function

of Powder Composition and Ramp Reactivity Insertton.

Composition\ramp($/see)

?Uo2
Pu02+C.i w/o H20

PU02+2.5 W/O H20

PU02+10 w/o H20

MOX+5.O W/O 1120

M@X+7.5 W/O I-i20

MOX+1O W/O H20

U02+205 W1O H20

~lo2+5eo ~/o If20

U02+10 w/o H20

U03+2.5 W/O H20

U03+5.0 w/o H20

U03+7.5 W/O H2C)

5——

0.00

0.01

0.02

0.00

4

0.5

0.1

15
1

0.1

15

1

0.5

20

1,6

O*O2

0.19

0.07

50

7

2

120

10

1.5

150

10

E2

100

4.6

1.6

0.47

0.45

700

120

40

650

80

15

700

80

35

(Metric tons
per dollar)

0.001

0.001

0.0008

0.0005

32

2.7

0.3

9.1

3.4

0,03

8.5

3.0

0,1
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